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LOI CAM DOAN

T6i xin cam doan ring ludn 4n nay 13 cong trinh nghién ctru doc 14p cia ban than
t6i va mot sd két qua cong tac voi cac cong sy khac. Cac két qua nghién ctru, sb lidu
dugc trinh bay trong ludn 4n 1a trung thue, khach quan va chua timg dugc sit dung dé
bao vé cho bat ky hoc vi nao trudc day. Mot phén sb liéu da duoc cong bd trén cac Tap
chi, bao cdo Hoi nghi chuyén nganh véi sy ddng v va chip thuan cia cac dong tac gia.

Phan con lai chwa duoc cong b trong bat ky cong trinh nao khac.

T6i ciing cam két di ghi rd ngudn gdc tit ca cac thong tin, s6 liéu, va tai liéu tham
khdo str dung trong luan an. Moi su hd tro, gitp d& trong qua trinh thuc hién luan an

déu da duoc tran trong ghi nhan va cam on day du.

Néu c6 bat ky vi pham nao lién quan dén tinh trung thyc va ban quyén cia luan

an, to1 xin chiu hoan toan trach nhi€ém theo quy dinh cua don vi dao tao.
Hué, ngay thang nam 2025

Tac gia luan an

Nguyén Quang Hoang Vi



, LOI CAM ON -

Trude hét, to1 xin gui 161 cdm on chan thanh va tri an sau sac nhat dén hai co,
thiy huéng dan khoa hoc ciia téi — PGS.TS. Hoang Thi Kim Hong va TS. Hoang Tén
Quang. Bdi véi C6 PGS.TS. Hoang Thi Kim Hong - ngudi C6 d3 dong hanh cung t6i
sudt mot hanh trinh dai xap xi 10 nam, tir nhitng ngay dau tién cua luan van Thac si cho
dén gid phit hoan thién ludn an va dit but viét nhirng 101 cam on trong luan 4n nay.
Nhirng kién thtrc kinh nghiém, nhitng goép ¥ ciing nhu sy kién nhin, dong vién cua Co
da gitp to1 hoan thién luan an cling nhu cac cong trinh nghién ctru lién quan. Sy tan tuy
va nhiét huyét ciia c6 1a nguon dong luc 16n lao dé toi vuot qua nhirng thoi diém kho
khin trong qué trinh nghién ctru. Téi cling xin guri 101 cam on sdu sic dén thay TS. Hoang
Tan Quang — mot ngudi thdy ma hom nao cling goi 1a “anh” - ngudi da ludn sat canh,
chia sé kinh nghiém va tao diéu kién thuén loi tai phong thi nghiém Cong nghé Gene dé
t6i c6 thé phat trién y tuong va hoan thanh luan an mot cach t6t nhat. Sy hd tro, dong
hanh va nhimg 10i khuyén quy gia ciia 2 thay, C6 da giup toi khong chi hoan thién mot
cong trinh nghién clru, ma con trudng thanh hon trong hanh trinh khoa hoc nay.

T6i ciing xin guri 161 biét on sdu sic t6i Ban lanh dao, Phong Khoa hoc Pao tao
va Hop tac qudc té (Co Xuan Thu), Phong To chitc Hanh chinh (Vién Cong nghé Sinh
hoc, Pai hoc Hué) tan tinh huéng dan trong qua trinh thyc hién luan 4n tai Vién CNSH.
Dic biét, 16i cam on chan thanh xin giri dén Thay Tudng Lan va ¢6 Xuan Huong (Ban
DPao tao va cong tac sinh vién, Dai hoc Hué) da tan tinh hudng dan, tao diéu kién thuan
lgi nhat trong cac thu tuc lién quan dén qua trinh phan bién doc 1ap, Ho1 déng bao vé

luan an.

Qua day, t6i xin giri 161 cam on chan thanh dén cac anh chi em than thuong trong
phong thi nghiém Cong nghé Gene va phong thi nghiém Enzyme Protein — nhitng nguoi
d6ng hanh gin bé trong sudt hanh trinh “quay trd lai” nghién ctiru khoa hoc ctia ban than.
Tir nhitng ngay dau tién budc vao phong thi nghiém, nhitng budi ciy trai dau tién, nhiing
1an PCR déy hdi hop, cho dén nhitng dém tring miét mai hay nhitng “tdm su” lic thi
nghiém mai khong nhu mong doi. Su “déng hanh”, chia sé va hd trg vo diéu kién d tao
nhirng ky ni€ém quy gia trong chang duong lam luén an nay, mot moi trudng nghién ctru

than thién, gan bo va hi¢u qua.

i



T6i ciing xin chan thanh cam on Quy Dbi méi sang tao Vingroup (VINIF), Vién
Nghién ctru Dir liéu 16n (VINBIGDATA), ciing nhu ngudn kinh phi ctia dé tai Pai hoc
Hué. Nhiing hd tro tai chinh nay khong chi 1a hoc bong don thuan, ma con 13 ngudn
dong vién dong luc to 16n dé t6i c6 thé bat dau va mo rong cac khia canh cua nghién
ctru va kién tri theo dudi muc tiéu dé tai lugn 4n.

Dic biét, t6i cling xin giri [am cam on sdu sic dén cac ba con nong dan — nhiing
nguoi luén vui veé, san sang tao moi diéu kién, chia sé nhitng kinh nghiém thyuc té khi

thu thap mau bénh hai.

T6i xin giri 101 cam on sau sic dén ngudi ban “dong hanh” Nguyén Thi My
Nhung, ngudi da gop phan quan trong trong quyét dinh “& lai” ddy, gitr vitng quyét tim
hoan thanh luén an ndy. Cam on nhitng ngdy ning git cting nhau di thu mau trén nhiing
thira ruéng dén murc say nang, nhirng diéu nay nguén dong vién tinh than giita nhiing
ching duong hoc thuat gian nan. Cudi cing, t6i xin bay t6 1ong biét on cam on gia dinh
va ban bé than thiét khac da luén danh cho toi sy dong vién am tham va hd trg tinh than

v gia trong sudt hanh trinh hoc tap va nghién ctu.

Tran trong & Tri an sau sac

Nguyén Quang Hoang Vi

111



MUC LUC

LOT CAM DPOAN ..ottt i
LOT CAM ON .....ooioiiieiieieeeeee ettt tes sttt sttt ane st ii
MUGC LUC ...ttt sttt s st st as st ans s ns st sn st v
DANH MUC VIET TAT ...ttt e et s s vii
DANH MUC HINH, BIEU DO ........ooooiiiiiieeeeeeeeeeeeeeeeee e, X
DANH MUC BANG ........cooiiiieeiieseeeess e ese st asses s s sananans Xiv
1LY (0 2 2 N 65O 1
1. TINH CAP THIET CUA PE TAI .......oooviviietieieeeeeeeeeeee e 1
2. MUC TIEU CUA NGHIEN CUU. .....cooeviisreeeeeeesee e 2
2.1, MIUC €U CRUNE: ..o 2
2.2, IVIUC HHBU CU th&: ...ttt 2
3. POI TUQNG VA PHAM VINGHIEN CUU.......ccooovvveieneieieseeeerere e, 2
3.1. POi twoNg NGHICN CTU. .......covoveeceec et 2
3.2. Pham vi DEhICN CTU ......oooviiiiiiiii e 2
4. NOI DUNG NGHIEN CUU.....cooviiirereeeieeeeeeeeesessesses s iesssssses s 3
5. Y NGHIA KHOA HQC VA THUC TIEN CUA PE TAI .......cccooovvevernrnnnnne, 3
5.1. Y NZhia KNOA NOC..........oovoeevicvciceceeeeeee e 3
5.2.Y NEhTa thUe tiBN..........cooveveeveiciceeeeeee et 3
6. NHUNG PONG GOP MOI CUA LUAN AN .....cooooiiinicieieeeeers e, 4
CHUONG 1. TONG QUAN VE VAN PE NGHIEN CUU .....ooovveeeeeeeeeeeeeen, 5
1.1. GIOI THIEU CHUNG VE CAY SEN .....c.ooosviiimreeneieieeieeeesssseses s sensensenennens 5
1.1.1. Ngudn gbc, lich sir va sw phan bd cia CAY Sen...........ccoooovvvvereerervereresenisennenne, 5
1.1.2. Pic diém sinh trudmg clia CAY SeN ...........o...oovvveervererreierseienseeiesssssessssssesnseeons 6
1.1.2.1. TROT GIan SinA tFUONIY ..o 7
1.1.2.2. Ddc diém Sinh 1) ClUQ CAY SEM ...veeeeeeveeeeeeeeeesseeeeeeseseseresssesseesssessessssssses 8

1.2. TONG QUAN VE CACH TIEP CAN VA CAC TIEU CHIi NHAN DIEN,
PHAN DINH LOALNAM ........oooiiiiiiieeeeeeeeee et 9

1.3. TONG QUAN TiNH HiNH NGHIEN CUU BENH HAI TREN CAY SEN 14

v



1.3.1. Thyc trang va tinh hinh bénh hai trén ciy sen trén thé gi6i.................. 14

1.3.2. Thue trang va tinh hinh nghién ciru bénh hai trén cay sen ¢ Viét Nam...... 16
1.3. TINH HINH NGHIEN CUU VE NANO BAC VA UNG DUNG TRONG
QUAN LY BENH HAI CAY TRONG. .........coooooiiiiieerereseeeeeesesessssss s senaeninen 19

1.2.1. Co ché Khang ¢iia NANO0 DAC ............c.ooerveeeveeereeceieee s ssesesssssssssnsens 20

1.2.2. Cic yéu t6 anh huong dén hoat tinh khang ciia nano bac................ccco.......... 21

1.2.3. Ung dung nano bac trong ndng nghiép va quan Iy bénh hai thue vit......... 25

CHUONG 2. VAT LIEU, NOI DUNG VA PHUONG PHAP NGHIEN CUU......35
2.1. VAT LIEU NGHIEN CUU ....cooooiieveeeiceeeeeeeeee s e ss s 35
2.2. PHUONG PHAP NGHIEN CUU ...ccoooovviiriiiiniineissiseissiesssseessssesseens 35

2.2.1. Phuong phap thu thap va phan lap tac nhan gay hai trénlasen................. 35

2.2.2. Phwrong phip tich chiét DNA, khuéch dai va gidi trinh tw ............coo..coe...... 36

2.2.3. Phuong phap phan tich phat sinh loai da locus...............ccocooeiiiniiiinnenn 37

2.2.4. Phuong phap danh gia anh hwéng ciia nano bac dén cac tac nhin gay hai

trén cay sen & dicu kién phong thi nghiem................ccoo.cooevveeerrvciereeierrcsnseeessieenseeons 39

2.24.1. Anh huwong cua nano bac den su phat EVEEN SOT TN eeveoeeeeeeeee e 39
2.2.4.2. Phuong phdp danh gia do nhay cua nano bac (gid tri EC50) ......oovevenenenne. 39

2.2.4.3. Phwong phdp xdc dinh nong dé ikc ché toi thiéu, nong dg diét nam toi thiéu.40
2.2.4.4. Phwong phdp xdc dinh dnh hwéng ciia nano bac dén sinh khoi (kh6) nam....40

2.2.4.5. Phuong phap xdc dinh do dan dién ngoaqi bao va mirc do ro ri acid nucleic .41

2.2.4.6. Phuong phdp xdc dinh ham lwong MDA (Malondyaldehyde) ......................... 41

2.2.4.7. Phwong phdp xdc dinh ham lieong ergosterol ciia SOi RAM ........v.ecveeeveeereene. 42

2.2.4.8. Phurong phdp xdc dinh hoat @6 cic enzyme chong oxy hoa ....oeeeneeereeeee. 42

2.2.5. Phurong phap Xit 1y S0 HEU ...........ovvvoeveereeeceeeceeeeseeee e 43
CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN .......c..ccoooovvvvvreinnnnn, 44

3.1. SU DA DANG CUA CAC TAC NHAN GAY HAI TREN CAY SEN TRONG

O THANH PHO HUE .......o.coooiiiiieeeeeeeeee et 44

3.1.1. Pic diém phéan bd ciia cac tic nhan giy hai trén ciy sen theo chi, giong sen,
dialy vasinh cAnh ... 45
3.1.2. Pa dang thanh phan loai nim giy hai trén cy sen dwa trén ky thuit sinh
ROC PRAN B ... s 49



3.1.2.1. Neofusicoccum va Lasiodiplodia.................cooucrnineconnicsnneesneeenneennns 49

3.1.2.2. Curvularia va EXSETONIIUNL ...........ccooieecueiiiieinsse et 54
3.1.2.3. NIQEOSPOF Q... e 64
3.1.2.4. COletOtICHUM............oecoiiiiiiiiiic s 67
3.1.2.5. NeOPESIAIOTIOPSIS ........covuvviviiririririsiiicisieees s 75
3.1.2.6. ASPEFGIIIUS ...ttt 78
3.1 2.7. DIGPOVIRE ...ttt 80

3.2. PANH GIA ANH HUONG CUA VAT LIEU NANO BAC PEN CAC TAC
NHAN GAY HAI TREN CAY SEN O PIEU KIEN PHONG THi NGHIEM ....90

3.2.1. Anh huéng ciia nano bac dén sw phat trién nAm trén méi trwong rén..... 90
3.2.1.1. Hiéu luc irc ché su sinh truong soi NAM CUA NANO DAC..vveveeeeeerseerreene. 90
3.2.1.2. Do nhay cua nano bac (Gid tri EC50) .....ccoceiveiiieiiiiiiiieseeseeneee e 93
3.2.1.3. Anh hudng ciia nano bac dén hinh thdi tan nAM ............c.covveveeeveeneereeneene, 96

3.2.2. Anh hwéng ciia nano bac dén sy sinh trwéng nam trong méi truomg long

.......................................................................................................................................... 106
3.2.2.1. Nong dg vrc ché toi thiéeu (MIC) va nong dé diét nam t6i thiéu (MFC)............ 106
3.2.2.2. Anh hurong ciia nano bac dén Sinh kRGi NAM ............cooevvveeeeeeeeeseeseeesseneeei 108

3.2.3. Anh hwéng nano bac dén diic diém sinh héa va tinh toan ven ciia mang
B€ DA ... et 109
3.2.3.1. Ro ri thanh phan néi bao (acid nucleic — OD260)......eeeeeeeeeeereereereerecsseseerenn 110
3.2.3.2. B¢ dan dién ngoai bao (Extracellular electrical conductivity — EEC) ............ 112
3.2.3.3. Ham [uong EFZOSIOFOL ...ttt 115
3.2.3.4. Qua trinh peroxy hoa lipid — MDA ... 117
3.2.3.5. Anh huréng ciia nano bac déi véi hé thong cdc enzyme chong oxy hoa........... 119
3.2.4. Anh huéng vi md ciia nano bac dén sy sinh truéng cia nam................... 122

3.2.5. M6 hinh héa va gia thuyét tac dong ciia nano bac dén kha ning trc ché sinh

truéng phat trién nAm trong diéu kién phong thi nghiém .................ccoocoooervvenncns 132
CHUONG 4. KET LUAN & KIEN NGHLL..........ccocoiviiiieisieseeeeesess s 136

DANH MUC CAC CONG TRINH CONG BO LIEN QUAN PEN LUAN AN ..137
TAILIEU THAM KHAO .........ocoooiiieiieieeeeeeeeeesvs e nes s ness s 138

vi



DANH MUC VIET TAT

Tir viét tit

Dién giai diy du tir viét tat

Dién gii nghia Tiéng Viét

ACT Actin Gene actin
AgNPs Silver nanoparticles Nano bac
_ ) Locus t6 hop (chimeric locus) trinh tur
ApMAT Partial mating type (Matl-2) gene : Y .
di truyén két hop ving Apn2—Mat1-2
APX Ascorbate peroxidase Enzyme ascorbate peroxidase
bp Base pair Cap base (cap nucleotide)
Cong cu so sanh trinh tu truy van voi
cac trinh tu co san trén co sé dir liéu
BLAST Basic Local Alignment Search Tool NCBI dua trén thuat toan heuristic tdi
wu hoa viée tim kiém cac ving tuong
dong cuc b (local similarity)
Phuong phép phan tich phat sinh loai
BPP Bayesian Phylogenetics & stt dung suy luan Bayesian dé phan
Phylogeography dinh loai va suy luan cay loai dua trén
mo hinh dong quy da loai
CAL Calmodulin Gene calmodulin
CDS Coding Sequence Trinh ty ma hoa
CFU Colony Forming Unit Pon vi hinh thanh khuén lac
CHS-1 Chitin synthase Gene chitin synthase
CLSI Clinical and Laboratory Standards Vién Tiéu chuan Lam sang va Phong
Institute thi nghiém
DEG differentially expressed gene Gene ¢6 mtrc d6 biéu hién khac biét
DMSO Dimethyl sulfoxide Dimethyl sulfoxide
DNA Deoxyribonucleic acid Acid deoxyribonucleic
Half maximal effective _
ECso ) x v Nong do c6 hiéu qua 50% hoat tinh
concentration

Vil



EEC

Extracellular electrical conductivity

D¢ dan dién ngoai bao

FRAC Fungicide  Resistance  Action Uy ban hanh dong chdng khang thudc
Committee trir/diét nAm
GAPDH Glyceraldehyde-3-phosphate Intron cua glyceraldehyde-3-
dehydrogenase phosphate dehydrogenase
Nguyén tdc nhan dién loai, xac dinh
GCPSR Generalized Consolidated ranh gidi loai dya trén phat sinh
Phylogenetic Species Recognition  chiing loai theo mau hinh dong ddi di
truyén
GIS Geographic Information System Hé thong thong tin dia 1y
Phuong phap dé phan dinh cac loai
tién hoa doc lap str dung dir li€u cua
mot locus duy nhét tir cay ultrametric
GYMC Generalized Mixed Yule Coalescent bang cach tim cac diém giy giita
nhénh gid dinh phan dinh loai sang
déng quy ndi bo loai (Yule —
coalescent)
Viung dém phién ma bén trong cua
cum gene rRNA - gém hai ving bién
ITS internal transcribed spacers thién ITS1 va ITS2 ngan cach boi
gene rRNA 5.8S, nam giira 18S va
28S rRNA
Ph hap Monte Carlo dua tré
MCMC Markov chain Monte Carlo uf,ng phap iofte L-ario ciia tren
chuoi Markov
MDA Malondyaldehyde Malondyaldehyde
MIC Minimum Inhibitory Concentration Noéng do trc ché téi thiéu
MEFC Minimum Fungicidal Concentration No6ng do diét nam t6i thiéu
NCBI National Center for Biotechnology Trung tam Thong tin Cong nghé Sinh
Information hoc Quéc gia (Hoa Ky)
OD Optical density Mat d6 quang
PCR Polymerase chain reaction Phan {mg chudi polymerase
PDA Potato Dextrose Agar Moi truong thach khoai tay
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PDB

Potato Dextrose Broth

Moi truong khoai tay 1ong

Phuong phép phan dinh loai dua trén

PTP Poisson Tree Processes cay phat sinh chung loai, st dung mo
hinh thdng ké Poisson

TCA Trichloroacetic acid Acid trichloroacetic

TBA Thiobarbituric acid Acid thiobarbituric

_ _ ving gene ma hoa protein yéu té kéo

TEFI-a translation elongation factor 1-a e N
dai dich ma 1-a

TUB2 Gene beta-tubulin Gene ma hoa protein beta-tubulin
Cac goc oxy hoa tu do c6 ngudn gbc

ROS Reactive oxygen species . 8 Y ' 8 8
tu oxy

UV-Vis UV-Vis Mé}i ql%img pho hap thu phén tir ngoai
- kha kién

SDW Sterile Distilled Water Nuéc cat khir tring

WA Water Agar Moi trudong thach nudc
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MO PAU
1. TINH CAP THIET CUA DE TAI

Sen (Nelumbo nucifera) 12 mét loai hoa dep, thanh khiét, 13 biéu twong gan lién
v6i Phat Gido ciing nhu vin hoa va lich st. Bén canh do, ciy sen con mang nhiéu gia tri
kinh t& gén lién véi sy da dang cua cac san pham dic san dia phuong va cac yéu to lién
quan dén canh quan sinh thai. T4t ca cac bo phan cua cdy sen tir hoa, 14, ngé sen, guong
sen va hat sen déu duoc s dung dé 1am mon an va vi thude cod gia tri trong y hoc cd
truyén (Pokhrel et al., 2022; Sharma et al., 2017). Hat sen va cu sen 13 hai bo phan duoc
str dung phd bién nhat, tir 1au cling dugc dung trong ché bién thuc pham hay thirc uéng
nhu tra thdo moc. Cac hop chit c6 hoat tinh sinh hoc cao nhu alkaloid, flavonoid,
triterpenoid va vitamin c6 trong hoa, 14, hat va ct sen dd dugc chirng minh tiém ning
chdng viém va chong oxy hoa cao ciing dugc ghi nhin & cac bao cdo gan day (Chen et
al., 2018; Lin et al., 2023; Liu et al., 2015; Zheng et al., 2016).

San xuat néng nghiép thuong xuyén phai doi mat v6i nhiéu mbi de doa khéc
nhau, trong d6 c6 nhiéu loai mam bénh thuc vat giy anh hudng nghiém trong. Nhiing
tac dong nay dan dén thiét hai 16n vé nang suét ciy trong va ton that kinh té, vai udc
tinh khoang 25 — 30% san luong bi mét di hang nim (Ahmed et al., 2023; Fisher et al.,
2020; Gai & Wang, 2024). O Thira Thién Hué, cay sen duoc trong tap trung trong céc
ao, hd & ca noi thanh va ngoai thanh nhu mot tap quan truyén théng cé tir 1au doi, véi
c4c giong ban dia di tao thanh mot thuong hiéu “sen Hué” ndi tiéng, dic biét la céc
gidng sen trang c6 bén canh gidng sen hong Bong Thap (sen cao san) duoc tréng phd
bién. Tuy nhién, trong qua trinh trong, canh tac cay sen ghi nhan nhiéu tac nhan gay hai,
dan dén thiét hai 16n vé ca chat luong, san lwong, anh huong truc tiép dén cac ho ndng
dan trong va kinh doanh vé sen (Trang et al., 2017). Pang chua y, b4o céo cua S¢ Tai
nguyén va Moi truong tinh Thira Thién Hué vé tinh hinh vy moa 2019-2020 cho thay
mot s dién tich tréng sen & cac dia phuong & Hué da ghi nhan hién tuong chét va bénh
Véi ty 1é cao, mot s khu vuc ¢d ty 1¢ ghi nhan 1én dén 50-70%. Hay theo théng ké cua
UBND Phong Pién, ¢6 dén 100 ha trong sen bi chét trén tong 317 ha trong sen trong
sen trén toan huyén (Vi, 2019). Hién tuong nay khdng chi anh huéng dén ning suét va
chat lugng cua cay sen ma con tiém an nguy co lan rong cac bénh hai, dac biét trong hé
théng thity dao dic trung ciia Thanh phd Hué, de doa céc thiét hai mang tinh day chuyén
trong san xuat ndng nghiép dia phuong. Phuong thuc xir Iy duoc ap dung phd bién hién
nay |a st dung thubc diét nam, thudc trir sdu. Tuy nhién, cuong d6 sir dung va phé hoat
dong hep cua hau hét cac loai thudc diét nam tong hop din dén cac van dé vé khang

thudc va gia tang chi phi xir Iy méi truong do du lwong thude con lai trong méi truong.
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Nhiéu giai phap chién luoc d6i méi va cdng nghé tién tién duoc phat trién dé
giam thiéu nhiing thiét hai. Trong d6, cong nghé nano dang ndi 1én, thu hit sy quan tam
cua cac nha khoa hoc véi tiém ning ¢ng dung, cach mang hda manh mé nhiéu linh vuc
nhu khoa hoc, cdng nghé, y hoc va ndng nghiép nho cac dac tinh 1y hoa doc dao, dién
tich bé mit tac dong Ién, kha ning phan tng cao (Davidovits, 2025; Vijayaram et al.,
2024; Siddiqui et al., 2015). Hién nay, viéc phat trién va ang dung cac hat nano sinh
t6ng hop di mé ra con dudng maéi trong nghién ctu ndng nghiép hudng téi phat trién
cac phuong phap kiém soat bénh cy than thién véi moéi trudng va hiéu qua. Trong céc
vat li€u nano, nano bac (AgNPs) voi dac tinh khang dac trung va dién tich bé mat 16n
d3 dugc minh ching va tiang hiéu qua ¢ liéu thap, hira hen s& cung cap mot giai phap
thay thé phu hop, than thién voi moi truong (Roy et al., 2013; Zhang et al., 2016). Nhu
vay, viéc ing dung céac vat liéu nano dugc ky vong sé tré thanh mot giai phap tiém niang
dé thiic day tinh hiéu qua va tinh bén virng ciia cac hoat dong nong nghiép doi hoi it
dau vao, tao ra it chat thai, giam thiéu vat chat thira so v&i phwong phap canh tac
truyén thong.

Xuat phat tir nhitng nhu cau thyc tién néu trén, dé tai “Nghién ciru anh hwong
ciia vt ligu nano bac dén mét sé bénh hai trén cdy sen (Nelumbo nucifera) trong 6
Thira Thién Hué” duoc tién hanh nhim xac dinh céc tic nhan gy hai va danh gia hiéu
qua ctia nano bac trong viéc phong chdng cac tac nhan gay hai trén cay sen.

2. MUC TIEU CUA NGHIEN CU'U.
2.1. Muc tiéu chung:

Xéc dinh cac tac nhan gy hai trén cay sen (Nelumbo nucifera) trong & Thira
Thién Hué va danh gia anh hudng cua vat liéu nano bac ddi véi su phat trién cua cac tac
nhan ndm gay hai.

2.2. Muc tiéu cu thé:

- Phan 1ap, dinh danh duogc c4c tAc nhan nam gay hai trén cay sen.

- Déanh gia dugc hi¢u luc uc ché va phan tich dugc cac tac dong va co ché anh
hudng cia nano bac 1én qua trinh phat trién ctia cac ndm gy bénh hai trén cdy sen trong
& Thanh phd Hué trong diéu kién phong thi nghiém.
3.POI TUQNG VA PHAM VI NGHIEN CUU
3.1. Poi twong nghién ctru: Nhiing tac dong clia nano bac 1én cac dén (hiéu luc trc ché kha
nang sinh trudng, dac diém hinh thai, tinh toan ven mang té bao, bién dong sinh hoa) céc tac
nhan ndm gay hai trén cay sen trong & Thanh phé Hué.

3.2. Pham vi nghién ciru
- Pham vi thoi gian: Luén an dugc thuc hién tur thang 01/2021 dén thang 04/2025



- Pham vi ddi twong: T4p trung vao cac tac nhan gy hai (ndm) trén 14 cua 2 gidng sen:
sen trang Hué va sen hong cao san (sen hong Pdong Thap).

- Pham vi khong gian: Qu4 trinh khao sat, diéu tra va thu mau bénh hai trén cay sen
dugc ghi nhan va tién hanh tai ving trong sen dic trung & Thanh phé Hué* (Phl Xuan,
Thuan Hoa, Huong Tra, Huong Thuy, Phong Pién, Phu Loc). Qua trinh phan 14p, danh
gia cac chi ti€u anh hudng cua vat li¢u nano bac dugc tién hanh thi nghiém tai Vién
Cong ngh¢ sinh hoc, Pai hoc Hué.

* Tén dia danh Thira Thién Hué cic phudng, huyén, thi x3 dugc thay d6i thanh Thanh
phd Hué va cac quin, huyén, thi xd twong Ung theo Nghi quyét s6 1314/NQ-
UBTVQH15, Uy ban Thuong vu Qudc hdi (c6 hiéu luc tir 1/1/2025).

4. NOI DUNG NGHIEN CUU

- Néi dung 1: Piéu tra, phan 1ap va xac dinh cac tac nhan nam gay hai trén cay
sen trong ¢ Thira Thién Hué.

- Noi dung 2: Panh gia anh hudng cta nano bac dén cac tac nhan ndm giy hai
trén cay sen trong diéu kién phong thi nghiém.

5. Y NGHIA KHOA HQC VA THUC TIEN CUA PE TAI
5.1. Y nghia khoa hoc

Két qua nghién ctru ctia dé tai cung cip dan lidu khoa hoc méi c6 tinh hé thong
va c6 gia tri vé phan loai hoc cuia cac tic nhan gay hai trén cdy sen trong & Thanh phd
Hué, tir d6 1am rd sy da dang vé ching loai va phan b cua cac tac nhan nim gay hai
trén cay sen, dong gop bd sung dir liéu hé théng hoc va sinh thai hoc cho nhém nim gay
bénh trén ciy trong tai Thanh phé Hué cling nhu Viét Nam. Viéc ap dung két hop céac
phuong phap méi, hién dai nhu giai trinh ty DNA, phan tich phat sinh loai da locus,
phuong phap xac dinh ranh gidi loai (GCPSR va PTP) cung phén tich hinh thai cho phép
xéc dinh chinh x4c loai ndm gay hai, nang cao do tin cdy trong nghién ciru.

Nghién ctru cung cip dit liéu quan trong vé hiéu qua khang ndm va co ché sinh
hoa cta nano bac 1én c4c chung phan l4p nim gay hai, qua d6 gop phan mé rong hiéu
biét vé& co ché khang ndm cua vat liéu nano bac. Két qua nghién ctru nay ciing 1 ngudn
thong tin va tai liéu tham khao hiru ich cho viéc tng dung nano bac trong phong chdng
va quan ly bénh hai trén cay sen.

5.2.Y nghia thue tién

Nghién ciru cung cap co sé khoa hoc dé img dung nano bac 1am chat khang nim hiéu
qua trong quan ly bénh hai trén cay sen, giam thiéu viéc sir dung thude bao vé thuc vat hoa
hoc truyén thong, tir d6 gop phan bao vé méi truong. Viée xac dinh cac chi sé nong do uc

ché tdi thiéu, ndng do diét ndm tdi thiéu va ECso gitip dinh hudng lira chon lidu lwong nano



bac phu hop, t6i uu hda hiéu qua phong chéng nim gay hai va giam thiéu nguy co phat sinh
khang thudc.

Két qua nghién ctru cho thiy nano bac c6 tinh dic hiéu cao d6i v6i cac ching
nam gy hai trén cay sen, gop phan ning cao ning suat va chat lugng cay trong. Day 1a
co sO, md ra hudéng di méi trong viéc ing dung cong nghé nano vio nén ndng nghiép
bén viing, ddc biét trong kiém so4t sinh hoc cac bénh hai thuc vét, gop phﬁn thuc déy
phat trién néng nghiép xanh, sach va than thién véi méi trudng.

6. NHUNG PONG GOP MOI CUA LUAN AN
- Nghién ctru trong luan an dd dong gop mot s6 két qua méi sau day:

1. Nghién ctru da xay dung mét b dir li€u chi tiét vé su da dang cac loai nam
gay hai trén ciy sen trong tai Thanh phd Hué, bao gom thong tin vé thanh phan loai gy
hai dic diém phan bd dia Iy va diéu kién sinh canh dua trén cach tiép can téng hop da
bang chimg. Viéc két hop dong thoi cac phwong phap phan tich hinh thai, phat sinh loai
da locus cung v&i cac phuong phap xac dinh ranh gigi loai GCPSR va PTP, nghién ctru
da xac dinh 21 tac nhan gay bénh dén cép do loai, thudc 9 chi ndm khac nhau. Trong do
13 loai ndm ghi nhan méi ¢ Viét Nam, 17 loai 1a tdc nhan bénh mdi trén ciy sen trén
pham vi toan cau, va 20 loai la ghi nhan ma&i trén cay sen tai Viét Nam. Nhitng dir li¢u
nay khong chi gop phan hoan thién hé thng phan loai hoc ctia nhoém ndm gay hai trén
ciy sen tai Thanh phd Hué va Viét Nam, ciing nhu trén thé giéi ma con tao nén tang
khoa hoc virng chic cho cac nghién ctru tiép theo.

2. Nghién ctru da cung cép céc dir liéu vé hiéu luc wre ché cua nano bac 1én 29
chung phan 1ap thir nghiém dai dién cho céac chi gay hai dugc xac dinh. Nghién ctru cling
da tng dung 3 md hinh khac nhau dé uéc tinh gia tri ECso. Trén co sd so sanh, mé hinh
hdi quy phi tuyén tinh Probit logio dugc lwa chon dé phan nhém mirc d6 dap tng, phan
loai hiéu qua ctia nano bac, mirc 46 khang/nhay cam cua chung nAm phan lap thir nghiém
thanh 4 nhém dua trén phuong phap thdng ké tir phan vi. Phuong phap nay cung cip
mot cach thire hiéu qua gitp danh gia hiéu luc khang ndm cua nano bac va kha ning
khang cua cac chung nam.

3. Nghién ctru da lam 13 co ché tic dong cuia nano bac 1én 8 chung ndm phan 1ap
dai dién. Cung cap bang ching khoa hoc nano bac vé céac tic dong ctia nano bac 1én tinh
toan ven cua mang té bao nam, lam tang ro ri vat chat nodi bao, giam ham lugng
ergosterol, ting peroxy hoa lipid va 1am suy giam hoat dong enzyme chéng oxy héa noi
bao nhu SOD va CAT, tir d6 1am mét can bang oxy hoa khir va tic ché sy phat trién cia
nam. Bén canh d6, nghién ctru nay ciing cung cip cac minh ching tac dong ¢ cap do vi

thé 1én soi nam va bao tir.



CHUONG 1. TONG QUAN VE VAN PE NGHIEN CU'U

1.1. GIOI THIEU CHUNG VE CAY SEN
1.1.1. Ngudn goc, lich sir va sw phan bo ciia ciy sen

Cay sen (Nelumbo nucifera Gaertn.) thuéc ho Nelumbonaceae, mét ho thuc vat
nho, gdm céc loai thuc vat hai 14 mam (eudicot) ¢ lich st tién hoa 1au doi. Ho thuc vat
nay chi chira mot chi véi hai loai: N. nucifera Gaertn. (danh phap dong nghia: N.
speciosa Willd, Nelumbium speciosum Willd). va N. lutea Willd. (danh phap dong
nghia: N. pentapetala (Walter) Fernald va Nelumbium luteum Willd.) Pers (Ming et al.,
2013), véi tén goi tuong g pho bién tuong wng 1a sen chau A (phan bé chii yéu ¢ Chau
A, chau Uc) va sen My (chu yéu ¢ cac bang phia Pong, phia Nam Hoa Ky). Cay sen c6
ho hang phan loai gén nhat véi Proteaceae va Platanaceae (Li, Smith, et al., 2014; Li,
Svetlana, et al., 2014; Mukherjee et al., 1996). Mic du vé mit lich sir, chi Nelumbo dugc
xem la c6 quan hé ho hang gan véi Nymphaeales, cac cong trinh nghién ciu hé théng
phan loai m&i d& nhém Nelumbo voi cac loai thyc vat c6 14 thap hon, dic biét
la Platanus. Do ho Nelumbonaceae giit vi tri quan trong trong mdi quan hé phat sinh
loai, cay sen tro thanh dbi twgng cd gia tri trong nghién ctu tién hoa thuc vat (Gandolfo
et al., 2004). Tam quan trong cta cdy sen khong chi nim ¢ vai tro trong phan loai hoc
va nghién ctru tién hoéa ma con ¢ kha ning tao canh quan sinh thai, tng dung trong y
hoc va nghién ctru nguén gdc phat sinh loai, tir ¢6 thu hut sy quan tdm ngay cang 16n tir
cong dong khoa hoc.

Tai Trung Qudc, dién tich tréng sen tap trung chu yéu ¢ vanh dai trung, ha luu
song Duong T, bao gom cac tinh Ho Bac, Giang To, Chiét Giang, An Huy, Giang Tay
va Hd Nam, véi ba phan nhém céng dung chinh: sen lay cu, sen iy hat va sen canh.
Quy md canh tac sen lay cu wéc tinh khoang 200.000 ha cho san lugng hang ndm 3 triéu
tan cu tuoi, trong khi sen 14y hat khoang 20.000 ha véi 15.000 tin hat khd (Guo, 2009).
Do han ché quy dat, phan 16n dién tich sen (u6c tinh khoang 75% tai Vii Han) sir dung
luan phién hoic thay thé cho rudng lua nuée — diéu ndy phan anh p luc, ciing nhu xu
huéng chuyén d6i dat ndng nghiép giira cdy lwong thuc va cay dic san gia tri cao (Guo,
2009). Trong khi d6, ¢ Viét Nam, ciy sen duoc trong chii yéu trong céc ao, ho, ruong
chuyén d6i véi muc dich chu yéu 1a 1ay hoa va lay hat. Tong dién tich tréng sen & nuéc
ta hién tai wéc tinh trén 3.000 ha, tap trung & mot s6 tinh nhu: Hung Yén, Hai Duong,
Thai Binh, Nghé An, Nam Binh, Hué va ving Dong bang séng Ctru Long (Pdng Thap,
Vinh Long, Tra Vinh, Long An, Bén Tre). Nam 2024, dién tich trong sen tai tinh Pong
Thap hién khoang 1.108 ha, véi san lwong dén cudi thang 10/2024 wdc dat 12.163 tan (Cong
thong tin dién tor Bo Nong nghiép va Phat trién néng thon).
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Hinh 1.1. Phan b6 cua cay sen (N. nucifera) trén thé gioi. (Dit liéu duoc thu thap tir
GBIF: https://www.gbif.org/species/2882449, ngay truy cap: 15/09/2023)

Theo khao st cta Trang (2021) vé tinh hinh trong sen tai tinh Thira Thién Hué,
téng dién tich tréng sen tai Thanh phd Hué trong cudc diéu tra nam 2017-2018 14 341,12

ha. Theo tirng nam, dién tich trong sen ngay cang dugc mé rong, wdc tinh nam 2020 1én
dén 638,92 ha. Gan day, trong bao cao méi nhat ciia Chi cuc Trdng trot va Bao vé thuc vat
Thira Thién Hué nam 2024, dién tich trong sen toan tinh dat khoang 655 ha. Dién tich nay
tap trung chi yéu & Phong Dién, Phli Vang, Pht Loc, Huong Tra (nay 1a Kim Trd) va thanh
phé Hué. béng chu y, di¢n tich tréng sen trén dat rudng chiém ty 1¢ 1on, dat 314,77 ha
(twong tmg voi 92,28% tong dién tich trong sen toan tinh). Trong khi d6, dién tich trong
sen trong cac hd, chil yéu tap trung tai nhitng ving, dia diém gan lién v6i quan thé di tich,
lich st vin hoa ctia Hué nhu Dai Nbi, cac lang tdm va va cac hé théng thuy dao thuoc khu
vuce ndi thanh, wée tinh chiém 7-8% téng dién tich tré)ng sen toan tinh. Hau hét cac giéng
sen dia phurong, bao gdm sen trang, dugc trong trong cac hd niy. Ngoai ra, giéng sen cao
san cling duogc tréng phé bién trong toan tinh, chu yéu tai cac rudng dat phu can ¢ thi xa
Huong Tra, huyén Pha Loc, Pha Vang va Phong Dién, trong khi chi mét phan nho dugc
trong trong cac hd ¢ Thanh phé Hué (Trang, 2021). Vé phan bé dién tich trong sen theo
dia phuong, huyén Phong Pién dan dau véi dién tich 196,70 ha, chiém 57,66% tong dién
tich trong sen toan tinh. Cac dia phuong tiép theo 14 huyén Phu Vang, Huong Tra, Thanh
phé Hué (bao gdm ca khu vuc bén trong Dai N6i) va huyén Phu Loc (Trang, 2021).
1.1.2. Pic diém sinh truéng ciia cy sen

Tam quan trong caa cay sen trong tao canh quan sinh thai, st dung lam thudc va
phét sinh loai thuc vat, sen ngdy cang duoc giéi khoa hoc quan tdm. Hoa sen 1 biéu twong
cua sy thuan khiét tim linh va “sy truedng ton” trong ca Phét gido va An Do gido, mang
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nhiéu gié tri vé mat tén gido, kinh té va y hoc. V& mit sinh hoc, cay sen khong chi so hitu
cac dic diém chung cua thyuc vat thiy sinh ma con ¢6 nhitng dic tinh doc ddo gitip phan
biét rd véi cac loai thuc vat khac, bao gom: tudi tho, hat vuot troi, dic tinh siéu ky nuéc
cua 1a va co ché diéu nhiét doc dao ¢ hoa. Su hiéu biét vé cac co ché dan dén sy hinh
thanh cac dic tinh doc ddo nay 1a rat quan trong, khéng chi ddi véi sinh hoc thuc vat co
ban ma con tiém ning st dung to 16n cua chdng théng qua sinh hoc. Tinh dén nay, da co
gan 1.000 cong b khoa hoc va nghién ciu lién quan dén cay sen, tap trung vao nhiéu
khia canh khéc nhau, cha yéu bao gom céac huéng: phan tich cac hop chat chuyén hoa tha
cap va cac hoat chat co tac dung duoc ly; nghién ctru dic diém hinh thai hoc cua cay sen;
va céac nghién ciu gan day vé phat sinh loai, méi quan hé di truyén ciing nhu giai ma hé
gene cua cay sen.
1.1.2.1. Thoi gian sinh truong

Thoi gian sinh truang cia cac giong sen dugc tinh tir Idc trong dén khi 1a khé hoan
toan (sen tan). Két qua nghién ctu vé thoi gian sinh trudng cua cac giong sen tai Thua
Thién Hué cho thay, thoi gian trung binh tir trong dén khi sen tan 13 159,3 ngay, dao dong
tir 152 dén 171 ngay (Trang, 2021).

49-61 ngéy

30-52 ngay 132 148 ngay

26-45 ngay 152-171 ngay
6- 11 '
-

| lllllvnz 7 8

T
~ 3 thang

Hinh 1.2. So d6 qu4 trinh sinh truéng phat trién cua cay sen. 1. L4 trai dau tién 2. La du
dau tién 3. Nu hoa dau tién 4. Hoa nd dau tién 5. Két thuc ra hoa 6,7. Hoa tan 8. Hinh
thanh cu sen 9. Cay con. Ngudn anh: Ludn 4n Tién si ciia Nguyén Thi Quynh Trang.

C6 3 gibng co thoi gian sinh truong dai nhat 1a sen cao san (157 ngay), sen tring
tret 16i (169 ngay), sen trang tret 16m (171 ngay). Ba gidng con lai c6 thoi gian sinh truéng
ngan hon dao dong tir 152-154 ngay. Trong khi d6 két qua nghién ctu cia Nga et al.
(2017) céc gidng sen duoc trong tai Hoai Duc - Ha Noi ndm 2014 c6 thoi gian tir trong
dén khi sen tan kéo dai tir 193-208 ngay, lau hon cac gidng sen nay trdng & Thira Thién
Hué khoang 1 thang. Tuy nhién thoi gian tir khi hoa né dén két thiic hoa sém hon véi 63-
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70 ngdy. Diéu d6 cho thy cac gidng sen trong trong diéu kién ty nhién cua Thira Thién
Hué c6 kha ning sinh truong tét véi thoi gian xuat hién cia hoa nhanh hon (53,16 ngay)
va thoi gian kéo dai cta hoa l1au hon (84-90 ngay).

1.1.2.2. Dic diém sinh Iy ciia cdy sen

Quang hop va ho hip 1a hai qua trinh sinh ly quan trong va duoc nghién cau
nhiéu nhat trong khoa hoc thuc vat, bai sy can bang gitta hai qua trinh nay anh huong
I6n dén kha nang sinh truéng va ning suat cua hau hét cac loai cay trong (Sharkey,
2024). Quang hop la qua trinh sinh ly gitp thuc vat chuyén hoa cac chit vo co don gian
nhu khi CO: va nuéc thanh cac hop chét hitu co phic tap, st dung niang luong anh séang
mat troi va su tham gia cua cac hé sac to quang hop. Co quan chinh thuc hién chic ning
nay ¢ thuc vat 12 14. O cay sen c6 2 dang 4 chinh: 14 trai va 14 du. Phién 14 cua céac 14
non nho, va cudn lai & hai bén. Cau tric nay gidp 14 dé dang vuon 1én tir than ré dudi

nude dén bé mit, di cdy moc & ving nude sau hay ving nudc néng co bun.

Qua trinh phat trién caa 14 ciy sen dién ra qua ba giai doan chinh, mdi giai doan
mang nhirng dic diém sinh 1y va hinh théi riéng. Giai doan dau tién 1a giai doan 4 trai,
trong d6 14 nam phang trén bé mit nuée, téi wu hoa qua trinh quang hop bing cach tiép
nhan anh sang mat troi va ti da hoa dién tich tiép xdc véi nude trong giai doan som cua
cay sen. Tiép theo, cly sen chuyén sang giai doan 14 du, dic trung véi sy ghi nhan dang
14 vuon 1én khoi miat nudc, tao ra sy Xuat hién dong thoi cua ca hai loai 1a. Giai doan
nay vai sy xuat hién 2 dang 14 s& gitip cay sen tdi wu sinh trudng trén bé mit nudc, ciing
cho qua trinh tiép nhan 4nh sang, tich iy ning luong, dinh dudng cho giai doan ra hoa,
tao hat. Cudi cung, trong giai doan tao hat, 14 dU van gitr vai tro quan trong trong viéc
duy tri sy séng cua cdy, trong khi 14 trai bt dau phan huy mét phan hoic gan nhu hoan
toan, gop phan vao chu trinh dinh dudng va tao diéu kién cho sy phat trién cua cac thé
hé cay sen tiép theo. Sy phat trién va bién d6i qua cac giai doan nay khong chi thé hién
kha nang thich nghi sinh hoc cua cady sen vdi moi truong nudc ma con giup dam bao
hiéu qua quang hop va phu hop véi cac giai doan phat trién khac nhau caa cay sen. Tubi
tho cua hat, tinh ky nudc cta 14 va kha nang diéu nhiét cua hoa 1a dic diém ndi bat khac
cua sen, cling thu hut nhiéu nha khoa hoc. Hiéu biét vé cac co ché dan dén su hinh thanh
cac dac tinh doc ddo nay la rat quan trong, khong chi dbi véi sinh hoc thuc vat, ma con
vé tiém ning st dung 16n cia ching théng qua cac thiét bi sinh hoc (Divakaran et al.,
2023, 2024). Cac nghién ctru trude ddy da chi ra rang yéu té dau tién gdp phan tao nén
suc nay mam manh mé& cta hat sen c6 thé 1a thanh phﬁn hoa hoc cua vé hat sen - chira

nhiéu polysaccharide (galactose, mannose), proanthocyanidin va tanin (Wang et al.,
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2016; Yu et al., 2022). M6t dic trung dang chi ¥ 13 14 sen thé hién tinh ky nudc cuc cao,
con dugc goi la “hiéu trng hoa sen” (Darmanin & Guittard, 2015). Pac tinh siéu ky nudc
nay dam bao rang 16p biéu bi trén cua 14 khong bi nudc bao phi, do d6 duy tri chirc ning
binh thudng caa khi khong, dong thoi giam tinh nhay cam véi mam bénh (Ensikat et al.,
2011). Do dé, tinh siéu ky nuéc duoc cho 1a mot loi thé dugc bao ton trong qua trinh
tién hoa cua cay sen. CAc nghién ctru da chi ra rang lgi thé nay 1a nhd mét 16p nha sap
day dac trén bé mat 14 sen (Marmur, 2004; Zhang et al., 2012). Cac hat nuéc khi xuat
hién trén bé mat 14 sen, s& d& dang lan c6 thé gidp loai bo cac hat bui ban bam trén bé
mat |14 va dan dén hién twong tu 1am sach va hién tugng nay phu thudc 16n vao goc tiép
xuc (Bhushan et al., 2009; Shao et al., 2020). Nhiéu nghién ctru hon vé thanh phan hoa
hoc va cau tric cua 4 sen c6 thé rat hitu ich trong viéc tao ra cac vat liéu co tinh ning
siéu ky nudc va tu lam sach trong tuong lai (Divakaran et al., 2024).

Hé gene cua ciy sen di duoc giai trinh tir va cong bd (Ming et al., 2013; Wang et
al., 2013; Zheng et al., 2022). Theo quan diém di truyén, ca hai loai sen déu la loai ludng
boi voi s6 luong nhiém sac thé 2n = 16. Kich thudc du doan cia bod gene sen la 929 Mb,
sb lugng gene ma hoa protein la 32121, dac biét 1a chira nhiéu doan trinh tu 1ap lai, cac
yéu t6 chuyén vi (TE) chiém khoang 50% trinh ty cta bo gene (Mekbib et al., 2020; Pan
etal., 2011). Bén canh, h¢ gene cua lyc lap va ty thé cta sen cling da dugc giai ma thanh
cong thé hién trong cong bd ciia Gui et al. (2016), Wu et al. (2014), gop phan hoan thién
ban do di truyén tao diéu kién cho nhiéu nghién ctru chuyén sau vé sen sau nay. Nhiing
nghién ctru nay sé 1a co sé khoa hoc ving chic cho cac nghién ciru chuyén sau vé phan

tir lién quan dén cdy sen trong tuong lai.

1.2. TONG QUAN VE CACH TIEP CAN VA CAC TIEU CHi NHAN DIEN,
PHAN PINH LOAI NAM

Du 13 don vi co ban trong sinh hoc, “loai” van 1a khai niém gay tranh luan kéo
dai, dic biét trong ndm do dic trung sinh san da dang, pho vo tinh rong va cau triic quan
thé phuc tap. Tir quan diém c6 dién cua John Ray (1686) nhdn manh tinh 6n dinh cta
cac thyc thé cung ngudn gdc, qua hé thong danh phap chuan hoa cia Linnaeus va tu
tudng tién hoa ctia Darwin, khai niém loai lién tuc dugc hiéu chinh theo tri thirc duong
tho1. Budce ngoat quan trong 1a khai niém loai sinh hoc (Biological Species Concept) cua
Ernst Mayr (1942), xem loai 1a cac quéan thé tu nhién c6 kha ning giao phéi thuc hoic
tiém ning va duoc cach ly sinh san voi cac quan thé khac (De Queiroz, 2005). Tuy nhién,

khi ap dung dinh nghia nay cho nam, khai niém loai sinh hoc boc 16 nhiéu gii han do



nhiéu taxon thé hién sy da dang chién luoc sinh san, phd 16n cac dong vé tinh, chu ky
song da pha, tai t6 hop khong dong nhat, va rao can giao phdi kho quan sat.

Sy phat trién cta sinh hoc phan tir, dit liéu trinh tu va bd gen vi thé da cung cap
céc tiéu chi nhan dién méi c6 do phan giai cao hon, ddng thoi thuc day cac dé xuat thay
thé. Mic du di c6 nhiéu tién bo trong phéan loai nam, viéc két hop ky thuat phan tir voi
cach tiép can hinh thai va sinh thai da boc 16 nhiéu thiéu hut clia cac tiéu chi phan dinh
loai tirng duoc dé xuit. Nam c6 hinh thai da dang, vai trd sinh thai phong phu va céac
kiéu dinh dudng khac nhau, vira quan trong ddi v6i on dinh hé sinh thai vira c6 gia tri
cong nghiép, vi viy dinh danh chinh x4c 14 t6i quan trong. Hién nay, toc do mé ta loai
méi ghi nhan hon 2.000 loai/nim; tuy nhién, chi dwa vao hinh thai dé gay sai léch do lai
hoéa, loai an, hoi tu va tinh déo kiéu hinh. Trong khi, chi dua don thuan vao phat sinh
phan tir ciing gap van dé do hé qua cua viéc str dung hé thong danh phap kép trude thoi
phan tu, thiéu hodc sai 1éch dit liéu trinh tu trong co s¢ dir licu NCBI. Cach tiép can
omics (transcriptome, proteome, metabolome) mang tinh bd tro nhung doi hoi tiéu
chuan hoa diéu kién, tai 1ap va khung phan tich da bién 1 rang dé tranh suy luan qua
mttc. Do d6, lya chon chién lvoc t6i wu van 1a mét thach thire phu thude bdi canh nghién
clru, muc tiéu phéan giai va ngudn luc sin co.

Trong phan loai ndm, cau hoi cdt 18i “khi nao mot quan thé xting dang duge cong
nhan 13 10ai?” van tiép tuc gdy tranh luan (Dupuis et al., 2012; Xu, 2020). Ngudn goc
clia cac tranh luan phan 16n bat ngudn tir viéc nham 13n hai 16p khai niém von phai duoc
phan biét rach roi: (i) khai niém loai (species concept) — nén tang, co sé 1y thuyét dinh
nghia ban chat ctia “loai”; va (ii) tiéu chi/tiép can phan dinh ranh giGi loai (species
criteria/species delimitation) — tap hop bang chimg va quy trinh thuc nghiém nham
hién thyc héa khai niém d6 trong thyc tién. Sy thiéu rach roi nay d& din dén két qua
phan dinh mo hd va thiéu tinh ddng nhat. Hon nita, cac khai niém va tiéu chi c6 thé mau
thuan nhau, tao ra cic ranh giol va $6 luong loai khac nhau (De Queiroz, 2007;
Stankowski & Ravinet, 2021). N6i cach khac, tranh cdi vé loai phan 16n bit ngudn tir
viéc ddng nhat hoa dinh nghia Iy thuyét véi cac bang ching van dung. Cho dén nay,
chua c6 mot dinh nghia thdng nhit 4p dung nhét quan cho toan bd cay su séng. Taylor
va cong su (2000) da dé xuét st dung “species recognition” cho cic tiéu chi thao tac
nhu hinh thai, sinh hoc (cach ly sinh san), phat sinh va “ddng quy pha hé phat sinh”
(GCPSR), thay vi goi chung la “species concept”. Qud trinh hinh thanh loai 14 su phan
ky dong dudi tac dong ctia chon loc tu nhién, dot bién, di nhap gene va troi dat di truyén.
Bdi canh dia ly dic biét quan trong: cach ly dia 1y (allopatry) thuong gip, nhung ciing
c6 truong hop dong vi tri (sympatry) qua ting cudng hoa cach ly tién hop tir. Lai hoa va
nhap gene c6 thé chi phdi manh ciu trac di truyén, dic biét trong cac hé nAim gy bénh
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cay trong chiu ap luc chon loc cua ky chii va canh tic. Qua trinh thuan héa ciy trong
thuong kéo theo dong tién hoa ky chi—mam bénh, qua d6 thic day phan ky & cac dong
nam dong hanh. Pa dang hinh thirc sinh san (v6 tinh, hitu tinh) ciing cac bién cb thay
d6i boi thé (da boi/thiéu bdi) gop phan tao bién di va thiét 1ap rao can sinh san & nhiéu
muc do.

Cho dén nay, c6 khoang 30 tiéu chi ghi nhan/phan dinh loai duoc dé xuat
(Chethana et al., 2021). Tuy nhién, chi mét sd it dwgc dung rong rii trong thuc hanh
phan loai nAm. Cac nhém tiéu chi phd bién gém: (i) sinh hoc (cach ly sinh san), (ii) hinh
thai/phenetic, (iii) sinh thai (hdc sinh thai/khi hau/ky chu), (iv) cum kiéu gen/di truyén
quan thé, va (v) phét sinh—dong quy (da locus, GCPSR). Viéc lya chon va két hop céc
ti€u chi nay can phu thudc vao dir liéu sin co, lich sir tién hoa cua ting chi. Trong thuc
hanh ghi nhan va ranh gidi loai, cac hé tiéu chi hién hanh bd sung cho nhau nhung mdi
hé déu co gi6i han can can nhéc theo dir liéu va bdi canh nghién ctru.

+ V@& tiéu chi ghi nhan loai, hinh thai tiép tuc hitu dung rong rai nhung dé& bi tac
dong boi cac yéu td chu quan, chiu anh hudng moéi truong va khéd xtr 1y loai 4n hodc
vong doi khong day du (giai doan hitu tinh it khi ghi nhan & cac loai ndm), do d6 kho
phat hién “loai tiém an” va dé dan dén cac két luan cha quan néu khong tich hop dit liu
khac.

+ Tiéu chi sinh hoc dua trén cach ly sinh san c6 gia tri khi co thé ghi nhan giao
phéi hitu tinh va kiém chimg lai thir. Dau vay, cach tiép can nay khong kha dung cho
nhom vo tinh, tu phéi, hoac cac quﬁn thé c6 su cach ly dia 1y - noi khong thé thuc hién
thir nghiém giao phdi. Trong bénh cdy, nhiéu tac nhan ndm hinh thirc sinh san vo tinh
chiém wu thé, khién tiéu chi nay thuong chi mang tinh tham khao.

+ Tiéu chi sinh thai nhdn manh su thich nghi v&i héc sinh thai (chuyén hoa ky
chu, vi moi trudong trén mo cay-vat chu, diéu kién canh tac). Mac du hiru ich dé nhan
dién khac biét chirc ning va tiém ning dich t& hoc, tiéu chi nay hiém khi du manh dé
xéc dinh ranh gidi loai mot cach doc 1ap, do hoi tu thich nghi va su chong 1ap héc sinh
thai giita cac dong ddi gan giii.

+ Tiéu chi phat sinh loai dya trén dir li€u trinh ty DNA hi¢n 1a mdt tru cot cia
phan dinh ranh giéi loai. Trén nén tang niy, nhém phuong phap dwa trén nhan dién dong
quy (coalescent-based species recognition) — cadc mé rong cua nhan dang loai theo pha
hé — duoc ap dung rong rii, vdi cac phuong phap tiéu biéu gdm GMYC (General Mixed
Yule Coalescent), PTP (Poisson Tree Processes), BPP (Bayesian Phylogenetics and
Phylogeography), mé hinh MSC (multispecies coalescent), STACEY (Species Tree and
Classification Estimation, Yarely), va split networks. Cac phuong phap dong quy nay
dic biét hiru hiéu trong: (i) phat hién loai tiém an (cryptic species), (ii) truc quan hoa va

11



dinh vi cac tin hiéu khéng tuong hop giita locus, va (iii) tach biét cac don vi tién hoa
doc lap trong cac phtrc hop loai c6 phan nhanh néng hoac tin hi¢u hinh thai héi tu. Tuy
nhién, chiing ciing ¢6 nhing han ché: nguy co “qué chia nho” (over-splitting) khi tin
hiéu phan nhanh néng hay khi thiét ké 1y mau chua t6i wu. Trong nhimng bdi canh cay
phat sinh loai c6 muc do hd tro yéu hodc dit liéu han ché, cac phuong phéap dua trén
khoang cach (distance-based species recognition) c6 thé dong vai trd hd tro. Pang chu
v, ABGD (Automatic Barcode Gap Discovery) 1a mot phuong phép dua trén khoang
cach duoc dung phd bién dé goi ¥ ranh gidi loai bang cach phat hién “khoang trong ma
vach” trong phan bd cac khoang cach theo timg cip. Phuong phap nay khong yéu cau
ciy phat sinh chung loai, vi dua truc tiép trén ma tran khoang cach di truyén. ABGD dic
biét hitu ich dé dé xuit ranh gi61 loai so bg, phat hién cac cum tiém ning va ho tro nhan
dién sai léch phan loai (Kekkonen et al., 2015; Puillandre et al., 2012). Du vay, phuong
phap nay thiéu ngit canh tién hoa (khong moé hinh hoéa qua trinh sinh loai) va phu thudc
manh vao ngudng khoang cach. Vi vay, cac két qua can duoc kiém chimg bang phuong
phap phat sinh/xéc suat va ddi chiéu véi dir lidu sinh thai—ky chii va kiéu hinh gay bénh.

Bdi canh nay cang phirc tap hon & cac nhém nam gay bénh thuc vat va cac sinh
vat gibng nAm (oomycetes) — luén dat ra yéu cau vé tén goi chinh xéc, diéu c6 ¥ nghia
thiét yéu ddi v6i chan doan bénh, kiém soat, kiém dich, thwong mai cy trong va céac
nghién ctru lién quan. Tén loai khong chi phuc vu muc dich chung 1a truyén dat ngan
£on ma con rat quan trong cho viéc kiém dich thuc vat hiéu qua, ngan chan sy xam nhap
ctia cac mam bénh méi vao mot khu vuc. Diac biét & mot sd chi, su bat déng gilta cac
dinh nghia khai ni¢m loai phé bién din dén nhiéu tranh cai vé cac loai tiém an. Bén canh
d6, nhiéu tac nhan gay bénh thé hién tinh da hinh rd rét, ton tai ca dang vo tinh
(anamorph) va hitu tinh (teleomorph) khac nhau trong vong doi. Trudce ky nguyén phan
tir, cac dang nay thuong duoc dit trong hé thong danh phap kép (dual nomenclature),
gdy nham 14n va can trd tong hop tri thirc. Sy phat trién cua sinh hoc phan tir, cong nghé
DNA da cho phép lién két cac dang hinh khac nhau vé ciing mot thyc thé tién hoa, thuc
d'fly sur chuyén dich sang mogt hé théng phan loai ty nhién hon, trong d6 mdt chi va mot
loai duoc gin véi mot tén duy nhat “One fungus = One name”, va duoc khang dinh véi
tuyén bd Amsterdam vé danh phap nim. Ung dung cong nghé trinh tw DNA d¢é lién két
cac dang hitu tinh (teleomorph) va vo tinh (anamorph) ctia nAm duogc khai thac sém nhat
& cac nhom c6 ¥ nghia y hoc va & nAm men, tir d6 thuc ddy budc tién manh mé& trong
sinh hoc bénh cdy, thiic ddy mot hudng nghién ciru méi 1a sinh hoc phan tir bénh ciy
phat trién: x4ac dinh va phan loai nAm gy bénh thuc vit ngdy cang dya trén trinh ty cia
cac chi thi di truyén chuin hoa, con goi 13 mi vach DNA (DNA barcoding). Nén tang
ctia cach tiép can nay dya vao cac kho luu trit cong cong nhu International Nucleotide

Sequence Database Collaboration (INSDC; http://www.insdc.org/) va UNITE (co s¢ dir
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liéu chuyén dung cho nhan dién phén tir ndm; http://unite.ut.ee), hay cac trang thong tin
co s& dir liéu nAm nhu Mycobank, Index Fungorum noi cung cap hang trim nghin trinh
tu nAm d3 duoc tham dinh vé chat lugng va gén ding tén khoa hoc. Bic biét, dy an trinh
tu kiéu mau (TYPE sequence) cia NCBI cho phép truy xuat cac trinh tu lién két véi
chung TYPE (TYPE material) — tirc mdi tén loai ¢6 mot ching TYPE duy nhét kém
thong tin dit liéu lién quan (metadata) — nho vay tang do tin cay khi suy luan dinh danh
va ddi sanh trinh ty (Liicking et al., 2021).

Song song v&i hé thdng hoc phan tir, phan loai tich hop (integrative taxonomy)
da tr¢ thanh dong luc chu dao cho céac nd luc phan loai lai nam, bao gém ca tac nhan
nam gay hai trong linh vuc bénh hai thuc vat. Cach tiép can nay su dung déng thot va
d6i chiéu nhiéu dong bang chimg doc 1ap — hinh thai (vi mo/vi mo), sinh thai—sinh dia
1y, hinh thire sinh san, lich st ky chu, dit liéu phan tir da locus/da gene, va céa dir li¢u hé
gene — nham nhén dién va phan dinh loai mot cach hi¢u qua (Cao et al., 2021;
Damodara Shenoy, 2025; Jayawardena et al., 2021). Thay vi phu thudc mét chi dau hay
khai ni€ém don 1¢, muc tiéu cach tiép can nay tim kiém sy déng thuan lién nguSn (cross-
evidence concordance), dong thoi nhan dién va xem xét cac bat dong gitra gene, kiéu
hinh va sinh thai. Du vay, viéc gan tén chinh xac cho loai van d6i mat v6i nhiéu thach
thirc do bién thién hinh thai, tai to hop hiém, lai hoa, va su khong dong bo gitra dit licu
hinh thai, sinh thai va gene (James et al., 2020; Smith, 2024).

Bén canh d6, mét khia canh quan trong cua DNA barcode 1a chon dung locus
hodc dau hiéu chi thi (marker) dé tién hanh so sanh. Hiép hoi Ma vach Sy sdng
(Consortium for the Barcode of Life - CBOL) da dé¢ xuat ving Internal Transcribed
Spacer (ITS) ctia cum rDNA nhan nhu ma vach DNA pho quat cho gigi nam. Dén nay,
ITS van la marker dugc st dung rong rdi va chimg minh tinh phd quat cao trong nhan
dién ndm & quy mo rong. Tuy nhién, dbi v6i nhiéu chi ndm, locus ITS chi phan giai tot
cac don vi phén loai dén cap chi. Nhiéu ma vach DNA tht cap khac nhau tir d6 da duoc
dé xuét, img dung cho mot hang loat cac chi nAm hay phtic hop loai quan trong khéac
nhau nhu Colletotrichum, Diaporthe, Trichoderma, Aspergillus hay cac loai nam gi sat
(Pucciniales) (Liu et al., 2022; Norphanphoun et al., 2022; Tedersoo et al., 2025;
Tedersoo et al., 2025; Torres-Cruz et al., 2025; Voigt et al., 2021; Wang et al., 2022;
Zhao et al., 2023). Tuy muc dich nghién ciru va boi canh tién héa ciia ting chi, cac locus
nhu TEF[-o (translation elongation factor 1-alpha), RPBI/RPB2 (RNA polymerase II
largest/second-largest subunit), TUB2 (B-tubulin), CAL (calmodulin), ACT (actin), hodc
GAPDH (glyceraldehyde-3-phosphate dehydrogenase) da ching minh gia tri ting
cudng do phan giai ¢ mirc loai va dudi loai. Vi tac nhan giy bénh thyuc vat, cach tiép
can nay truc tiép cai thién dang ké kha ning nhan dang tic nhan gy hai va giam sat

bénh; danh gia nguy co xam nhap, tir 46 xdy dung céac chién lugc phong chdng hiéu qua.

13



1.3. TONG QUAN TINH HINH NGHIEN CUU BENH HAI TREN CAY SEN

Cay sen (N. nucifera) la mot loai cay thuy sinh c6 vai tro quan trong khong chi
vé mat kinh té ma con mang dam gia tri van hoa tai nhiéu quéc gia nhiét dé1 va can nhiét
d6i. Tuy nhién, diéu kién 4m wét, nén nhiét cao phia trén bé mit 13, dién hinh ciia moi
truong thuy sinh ban ngap nudc tai cac vung tréng sen d3 tao diéu kién thuan 1gi cho su
phat trién va 13y lan ctia nhiéu loai tac nhan gy bénh, bao gdm nim, vi khuan va virus.
Nhitng tac nhan ndy anh hudng tiéu cuc dén ning suat, chit luong cia cay sen, gy thiét
hai dang ké kinh té cho ngudi nong dan. Trong nhitng ndm gan déy, nhiéu nghién ctru
da duoc tién hanh nham xac dinh, danh gia thuc trang va lam rd nguyén nhan cac bénh
hai trén cay sen tai cic ving trong sen khac nhau trén thé gidi.

1.3.1. Thyc trang va tinh hinh bénh hai trén ciy sen trén thé gioi

Tai thanh pho Quang Xuong, tinh Giang Ty, Trung Qudc, bénh dém 14 trén cay
sen da anh huong khoang 20% trong tong dién tich 7500 ha trong sen. Triéu chimg ban
dau gém cac ddm nho 1-3 mm, mau niu vang, tam ddm den nhat va vién vang nau, sau
d6 14 xudt hién hoai tir ro rét. Bénh phat sinh va phat trién manh tir thang 6 dén thang 9
hang ndm. Nam 2019, nghién clru cua Zhang et al. da phan 1ap, xac dinh tac nhan gay
bénh dua trén dic diém hinh thai hoc va dinh danh tac nhan gay bénh 13 ndm Alternaria
tenuissima. Ngoai A. tenuissima, nghién ctru cia Gong et al. (2022) ciing ghi nhan mot
loai Alternaria khac lién quan dén triéu chimg ddm 14 trén cdy sen 13 A. alternata. Bén
canh d6, chi Curvularia — mdt chi ¢6 phat sinh loai chi em véi Alternaria cling dugc xac
dinh c6 lién quan dén triéu chimg d6m 14 trén sen & Trung Quéc véi loai duge xac dinh
13 Curvularia lunata. Cu thé, ban dau trén bé mit 14 xuat hién cac ddm c6 mau nau tim,
kich thuéc tir 0,5 dén 3 cm. Sau dé, cac ddm nay phat trién thanh cac tdm mau trang
xam, bao quanh béi cac dai mau nau den & mép dém (Cui & Sun, 2012).

Zhang et al. (2018) da thuc hién khao sat nguyén nhan gy chay 14 trén gidng sen
Taikonglian 36 tai Phiic Kién, Trung Quéc. Két qua cho thiy hién trgng nay anh hudng
dén 40% dién tich 14 sen, trong duong 0,75 ha trén tong s6 4 hd trong. Triéu ching ban
dau xuét hién trén 14 1a cac ddm nho khong déu mau trrfmg xam, kich thudc tir 1-3 mm,
c6 dudng vién nau bao quanh. Sau d0, cac vét bénh lan rong 1én 1-2 cm, chuyén sang
mau nau voi vién vang nhat bao quanh. Nhém nghién ctru tién hanh phéan 1ap va dinh
danh phan tir bang cap moi (primer) ITS1 — ITS4. Két qua so sanh trinh ty véi co s di
liéu Genbank cho thay tac nhan gay bénh 1a ndm Nigrospora oryzae véi do tuong dong
98%. Pay 1a bao cdo dau tién ghi nhan N. oryzae gy bénh trén cdy sen tai Trung Qudc
Gan day, Gong et al., (2023) d3 xac dinh mot loai Nigrosopora khéc - N. pyriformis lién
quan dén cac triéu chirng trén 13 va gan 14 sen tai Quang Xuong, tinh Giang Tay, Trung
Quéc. Qua trinh dinh danh phan tir dira trén ba ving gen ITS, B-tubulin TUB2 va yéu t6
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kéo dai TEFI-o dé xac dinh chinh x4c tdc nhan nay. Triéu chung dién hinh cua bénh do
N. pyriformis gy ra la cac ddm den gan tron xuét hién & giai doan dau cua sy 1ay nhiém.
O giai doan tién trién, vét bénh lan doc theo gan 14, tao thanh cac vung hoai tir dang luéi,
dan dén tinh trang nhiém bénh toan bo 14 va gay chét khoang 20% s 14.

Bénh phén trang trén mot sb 14 cdy sen di duoc phat hién tai hd trong sen & Thanh
Do, tinh Son Péng, Trung Qudc. Tac nhan gay bénh duoc xac dinh 1a ndm Erysiphe
takamatsui thong qua viéc phan tich cac dic diém hinh thai va phan tir dya trén trinh ty
gene rDNA ITS va rRNA 28S (Zhou et al., 2019).

Niam 2018, Chen & Kirschner tién hanh mét nghién ctru v6i muc dich phan lap,
xéac dinh nam tir 14 sen (N. nucifera) & Pai Loan, bao gdm nam ngoai ky sinh, ky sinh
va noi sinh bang cach sir dung két hop cac dic diém phan tir va hinh thai. TUr tong s6
1002 mau bénh thuc vat, nhom nghién ctru da phan 1ap nudi ciy 476 ching, voi 33 loai
chinh. Cac loai chu yéu thudc cac chi Colletotrichum (phan 16n C. siamense), Diaporthe
(D. tulliensis va D. ueckerae) va Fusarium (F. solani). Két qua ciing cho thiy ty 18 16n
cac chung nAim duoc phéan 1ap tir phién 14 (chiém 71%) so véi cudng 14 (chiém 29%).
Dang chu ¥, nghién ctru 1an dau tién ghi nhan su xuat hién cta Erysiphe takamatsui va
Pseudoscopora nymphaeacea tai Pai Loan. Trudce do, E. takamatsui chi dugc ghi nhan
tai Nhat Ban va Trung Qudc. Pay duoc xem 1a mot trong nhitng nghién ciru mang tinh
hé théng toan dién dau tién vé cac vi sinh vat (nAm) lién quan dén cay sen (N. nucifera)
trén thé gidi tinh dén thoi diém hién tai.

Céc nghién ctru khac cling ghi nhan sy hién dién phong phu va da dang cua tac
nhan nam Fusarium, cht yéu lién quan dén cac bénh thdi nhiin va héo trén cay sen. Nam
2020, Wang et al. da phan 1ap dugc tac nhan gay bénh thdi nhiin trén cdy sen tai cac
rudng trong ¢ Vi Han, Trung Qudc vdi cac triéu chimg dién hinh nhu mép 14 héo va vét
bénh mau niu sdm. Qua trinh dinh danh phén tr duoc tién hanh v6i két qua 1a Fusarium
innarcatum v&i mic do twong déng twong tng 100% va 99%. Trude do, Li et al. (2016)
d3 bao cdo tac nhan gdy bénh thdi nhiin trén cay sen 1a F tricinctum. Trong khi, Tang et
al. (2017) ciing xac dinh ndm F. oxysporum 1a tac nhan gy bénh sau thu hoach trén cu
sen. Gan day, nhom nghién ctru ctia Cai et al. (2022) dwa trén cac dic diém hinh thai két
hop dinh danh phan tir dya trén céc vung gene ITS, calmodulin (CAL), TEF'1-a. va RPB2
da xac dinh duoc F. proliferatum 1a tac nhan gy héo kho guong sen tai Trung Qudc.

Bén canh cac loai Fusarium, sinh vat giébng nAm Phytopythium helicoides ciing
dugc bao cdo la tdc nhan lién quan dén triéu ching thdi ngo sen, md rong danh muc cac
nhom tac nhan giy bénh trén cay sen (Yin et al., 2016). Ngoai cac tac nhan nim va sinh
vat gidng nam, nghién ctru tai tinh Giang Tdy nam 2021 ctia Kuang va cong su da phat
hién vi khuan Serratia marcescens 13 nguyén nhan giy hoai ttr hat sen véi ty 16 mic

15



bénh tir 12% dén 18%. Viéc xac nhan nay duoc thuc hién thong qua phan tich dac diém
hinh thai, giai trinh ty DNA va thtr nghiém danh gia doc luc vi khuén. Day la bao cao
dau tién cho dén nay ghi nhan vi khudn gay bénh trén ciy sen (Kuang et al., 2023).

Ngoai ra, cic nghién ctru vé virus trén cy sen ciing cho thdy mirc d6 da dang
dang ké. Yu et al. (2015) phat hién sy hién di¢n virus kham Dasheen (DsMV) trong 30
mau dugc khao sat trén cay sen. La sen nhiém bénh nang biéu hién triéu chirng cong, co
lai va than r& phat trién kém, v6i ty 16 nhidm bénh trén dong rudng 1én dén 8%, gy anh
huong tiéu cuc dén ning suit va chit lugng ciy sen. Cho dén nay, bén canh DsMYV, it
nhat bén loai virus khéc cling di dugc bao céo trén cdy sen, bao gdbm Cucumber mosaic
virus (CMV), sweet potato latent virus (SPLV), badnaviruses (LBV) va apple stem
grooving virus (ASGV) (He et al., 2019, 2020; Wang et al., 2019).

Thuc trang bénh hai trén cay sen cho théy su da dang va phtrc tap cao cua cac tac
nhan gy bénh. Phan 16n cac nghién ctru vé bénh hai trén ciy sen thuong tap trung ghi
nhan mot hodc vai loai nim riéng biét, dan dén viéc tiép can theo hudéng “mot bénh —
mot loai — mot ky chu”. Piéu nay tuy co gia tri khoa hoc nhung lai tao ra cac két qua
don 1¢, thiéu sy tong hop va dong bd. Su phan manh nay mot mit phan anh tinh da dang
sinh hoc phong phu trong hé sinh thai bénh hai trén ciy sen, dong thoi chi ra ring van
con nhiéu loai gdy bénh tiém an chua dugc phat hién hoic nghién ctru day du. Do do,
viéc mo rong cac khao sat toan dién, két hop phan lap va xac dinh chinh xéc céc tac
nhan gdy bénh mdi 13 hét strc can thiét. Nhitng nd luc nay sé gitp xay dung cac chién
luge phong trir hiéu qua, gop phan nang cao ning suat va bao dam chét luong cdy sen
mot cach bén viing trong tuong lai.

1.3.2. Thuc trang va tinh hinh nghién ctru bénh hai trén cay sen ¢ Viét Nam

Cay sen (Nelumbo nucifera) khong chi 1a mot biéu twong vin héa ma con 1a mot
ngué)n tai nguyén nong nghi¢p quan trong, chu luc tai mot s6 dia phuong tai Viét Nam.
Tuy nhién, thyc trang nghién ctu vé bénh hai trén cay sen hién nay van con nhiéu han
ché, dic biét 1a trong bdi canh cac bénh hai ngay cang gia ting va c6 thé anh hudng
nghiém trong dén ning suét va chit lugng san pham. S6 lugng béo cdo nghién ctru vé
bénh hai trén cdy sen tai Viét Nam con tuong dbi it, va cic bao cdo nay ciing chi tip
trung & mot sb tinh, khu vuc nhu Hué hay cac tinh ¢ khu vure ddng bang Song Ctru Long,
ddng bang song Hong. Piéu nay cho thiy su thiéu hut thong tin va dit liéu can thiét dé
hiéu rd hon vé phd céc tic nhan gy bénh ciing nhu tinh hinh bénh hai trén ciy sen. Hé
qua 12 bénh hai khong chi lam suy giam ning suit ma con anh huéng tiéu cuc dén chat
lrong san pham cay sen.

Nam 2016, ba loai Colletotrichum: C. acutatum, C. lagenarium, C.

gloeosporioides d3 dugc nhoém nghién cru Tudng et al. xac dinh lién quan dén bénh
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than thu trén cdy sen tir cac mau thu thap & cac tinh Déng Thap, Can Tho, Hau Giang,
Vinh Long, Bac Liéu va Ca Mau. Bén canh d6, mot ) nghién ctru doc 1ap khac tién
hanh sir dung cac chung xa khuan cho thdy c6 hiéu qua quan 1y bénh than thu do
Colletotrichum gay ra (Tuong et al., 2022; Tuong & Qui, 2016). Tuy nhién, hién nay,
v6i nhitng stra doi trong hé théng phan loai, tén goi C. lagenarium khong con dugc chap
nhan 13 tén goi chinh thire (chi dugc xem 1a ddng nghia danh phap véi C. orbiculare)
(Damm et al., 2013; Stevens, 1931). Do khong c6 cac thong tin trinh ty hay ti€u ban
mau dé kiém tra, nén co thé loai trong nghién ctru cua tac gia la mot loai dugc chi dinh
trong phtrc hop loai orbiculare (hi¢n nay c6 8 loai dugc chi dinh thudc phirc hgp nay).
Sinh vat gidng niAm - Phytophthora sp. ciing dugc chi dinh gay bénh chay 14 va thdi than
cay sen trong mdt bao cdo cua Thai & Tuong, (2016). Tuy nhién, nghién ctru nay tap
trung vao danh gia kha ning ddi cta cac chung xa khuan, nén cac tic nhan trén cling
khong dugc chi rd vé mat hinh thai, cach thtc phan 1ap, phan loai va chi dinh véi cach
goi chung Phytophthora sp.

Tai Thira Thién Hué, Chi cuc Bao vé Thyc vat da ghi nhan hién tugng cay sen
chét va tan lui tai mot s6 ving trong trong tinh & nam 2018 véi nguyén nhan duoc xac
dinh 13 do ndm than thu. Nghién ctru cia nhom tac gia Truong & Vuong, (2020) dua
trén giam dinh vé hinh thai va lay nhiém nhan tao d3 bao cao Fusarium 1 tac nhan giy
bénh thdi than, thdi cu sen va ghi nhan réng bénh dac biét nghiém trong & giai doan thu
hoach. Trong mdt nghién ctru khac thuc hién trén ba giéng sen Yén Thanh, Kim Lién va
cao san da ghi nhan 7 dich hai trén cdy sen, bao gom: sau khoang, bo tri, rdy mém, siu
rém, 6¢ buou vang, 6¢ sén nho va bénh than thu. Trong d6, sau khoang, bo tri va riy
mém 14 13 nhitng tac nhan ghi nhan phd bién v&i mat d6 cao. Bén canh d6, nhém nghién
ctru ciing chi ra rang thubc Map JOWO 700W c6 hiéu luc cao voi 3 tic nhan nay (Phic
et al., 2021). Gan day, Lasiodiplodia theobromae dugc xac dinh 13 tic nhan gay nén tridu
chung tan lui trén cay sen trong ¢ Thira Thién Hué duya trén thong tin trinh tu ctia 3 locus
ITS, TEFI-a va TUB2 (Cuong et al., 2023). Tuong tu, trong mdt nghién cuu doc 1ap tai
huyén Thap Muoi, Pong Thap, L. theobromae ciing duoc chi dinh 13 tac nhan gy bénh
thbi cuéng 14 cay sen, dya trén trinh ty ITS (H@)ng et al., 2024).

Bang 1.1. Thong ké vi sinh vat (ndm va sinh vat gidng nam) gay hai trén cay sen dugc
bao cao tir 2008 - 2025

Loai ghi nhén Pia diém ghi nhan Nguén tham Khio
Arthrinium rasikravindrae Dai Loan, Trung Qudc Chen & Kirschner (2018)

) ] Chen & Kirschner (2018)
Alternaria alternata Trung Quoc

Gong et al. (2022)

Alternaria tenuissima Trung Qudc Zhang et al. (2019)
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Agroathelia rolfsii

Quan ddo Andaman va Nicobar, An D9

Mahadevakumar et al. (2025)

Cladosporium oxysporum Hoéng Koéng, Trung Qudc Farr & Rossman (2024)
Trung Qudc Farr & Rossman (2024)

Colletotrichum gloeosporioides ~ Hong Kéng, Trung Qudc Farr & Rossman (2024)
Han Qubc Farr & Rossman (2024)

Colletotrichum siamense Dai Loan, Trung Qudc Chen & Kirschner (2018)

Colletotrichum tropicale Pai Loan, Trung Qudc Chen & Kirschner (2018)

Colletotrichum acutatum Mot s6 tinh tai khu vuc dong bing song

C. lagernarium Cuu Long, Viét Nam Tudng & Quy (2016)

C.gloeosporioides

Curvularia lunata Trung Qubc Cui & Sun (2012)

Diaporthe nelumbonis Pai Loan, Trung Qudc Chen & Kirschner (2018)

Diaporthe ueckerae

bai Loan, Trung Quodc

Chen & Kirschner, (2018)

Dissoconium nelumbonis

Pai Loan, Trung Qudc

Chen & Kirschner, (2018)

Erysiphe takamatsui

Nhat Ban
bai Loan, Trung Quéc

Trung Qudc

Meeboon & Takamatsu (2015)
Chen & Kirschner (2018)
Zhou et al. (2019)

Fereydounia khargensis

bai Loan, Trung Quéc

Chen & Kirschner (2018)

Fusarium commune

Trung Qudc
Nhat Ban

Deng et al. (2022)
Watanabe et al. (2023)

Fusarium solani

bai Loan, Trung Quéc

Chen & Kirschner (2018)

Fusarium incarnatum

Hb Bic, Trung Qudc

Wang et al. (2020)

Fusarium oxysporum

Trung Qudc

Tang et al. (2017);
Deng et al. (2022)

Fusarium proliferatum

Fusarium tricinctum

Giang Tay, Trung Qudc

Hb Bic, Trung Québc

Cai et al. (2022)
Li et al. (2016)

Fusarium sp.

Hué, Viét Nam

Truong & Vuong (2020)

Globisporangium proliferum

Malaysia

Farr & Rossman (2024)

Lasiodiplodia theobromae

Hué, Viét Nam

Cuong et al. (2023)

Podng Thap, Viét Nam

Hong et al. (2024)

Nigrospora oryzae

Dai Loan, Trung Qudc

Phuic Kién, Trung Quéc

Chen & Kirschner (2018)
Zhang et al. (2018)

Nigrospora pyriformis

Giang Tay, Trung Qudc

Gong et al. (2023)

Pestalotiopsis nelumbonis

Trung Quéc

Farr & Rossman (2024)

Phytopythium helicoides

Trung Qudc

Yin et al. (2016)

Pseudocercospora nelumbonis

Pai Loan, Trung Qudc

Chen & Kirschner, (2018)
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Pythium afertile Nhat Ban Farr & Rossman (2024)

Rhodosporidiobolus odoratus Pai Loan, Trung Qudc Chen & Kirschner (2018)

Sclerotium hydrophilum Nhat Ban Farr & Rossman (2024)

Nhin chung, cdy sen noi riéng va thuc vat néi chung chiu anh huéng tir nhidu
nhom vi sinh vat gay hai da dang, tdn tai doc 1ap hodc déng thoi, dan dén su phat sinh
va biéu hién céc triéu chirng bénh phuec tap, khién viéc x4c dinh chinh x4c tc nhan gay
bénh trd nén khé khin. Bén canh do, su 130 hoa hoic ton thuong cua vat chu (thuc vat)
c6 thé kich hoat qua trinh chuyén doi tir dang ndi sinh sang thé xam nhap giy bénh
(Hiruma et al., 2016; Prusky & Lichter, 2007). Cac hoa chét, thubc diét nAm, thude trur
sau khac nhau nhu tebuconazole, azoxystrobin, metalaxyl, mancozeb va carbendazim
da dugc su dung dé kiém soat cac mam bénh thyuc vat. Tuy nhién, viéc lam dung thude
chéng ndm va cac hop chat hoa hoc doc hai di thuc ddy su gia ting dang ké kha ning
khang thudc ctia cac mam bénh, dong thoi gy tich tu du lugng hoa chat trén cdy va cac
san pham tir thie vat. Ca hai yéu t6 nay déu tiém an nguy co nghiém trong ddi véi stc
khoe cong dong va méi truong. (Baémaga et al., 2022; OuYang et al., 2021; Patrice et
al., 2021; Saha et al., 2022). M{t trong nhitng tdc dong nghiém trong la cac dang hoa
chit duoc dua vao chudi thic an va dé lai du lugng hoa chit trén cac sinh vat khong
phai muc tiéu. Vi vy, diéu quan trong 13 phai phat trién mot giai phap thay thé hiéu qua
va an toan dé kiém soat bénh hai thuc vat trude va sau thu hoach.

1.4. TINH HINH NGHIEN CUU VE NANO BAC VA UNG DUNG TRONG
QUAN LY BENH HAI CAY TRONG.

Cung voi tbe do phat trién tng dung va cac thach thire dit ra, d3 c6 mot sy “bung
nd” mdi quan tdm cta khoa hoc d6i v6i cong nghé nano duoc ching minh qua cip sb
nhan theo timg niam cila cac 4n pham khoa hoc. Trong céc vat lidu nano, cac hat nano
bac (AgNPs) thu hut sy chtl y hon ¢4 nho nhitng dac tinh ndi bat vé d6 on dinh, d6 dan
dién, kha nang xuc tac, dac biét 1a kha nang khang vi sinh vat va ty 1¢ dién tich bé mat
16n. Nhitng dic diém nay da gop phan dua dén tinh rong rai, phd bién ngay nay cila nano
bac trén nhiéu san pham ung dung nhu linh kién ban dan, chat khir tring — khang khuan,
san pham cham séc stc khoe, vat liéu phu - son, vat lidu dong goi thuc pham, xir Iy nude
va cic cam bién sinh hoc (Bouafia et al., 2021; Bruna et al., 2021; Burdusel et al., 2018;
Kale et al., 2021; Moond et al., 2022; Mukherjee et al., 2016). Nano bac ciing c6 thé
dung lam “vién dan ma thuat” mang phan bon nano-thudc trir sdu, nham vao cac bao
quan té bao cu thé trong thyc vat dé giai phong “chat mang” bén trong (Tripathi et al.,
2017). Vi c6 dic tinh khang ndi bat va tiém nang ung dung nhu mét thay thé “xanh” cho
thudc hoa hoc, huéng nghién ctru ndy thu hat nhiéu sy quan tdm ctia nha khoa hoc véi

nhiéu cong bo chuyén sau ¢ nhiéu doi tugng khac nhau.
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1.4.1. Co ché khang ciia nano bac

Nano bac da thé hién tac dung khang cao chong lai nhiéu loai vi khudn, nAm gay
hai v6i nhiéu bao céo khac nhau ghi nhan. Tuy nhién, co ché chinh x4c ma nano bac giy
ra hoat tinh wc ché tdng trudng hodc diét khuan, diét nAm van chua duge 1am 16 hoan
toan (Cavassin et al., 2015; Polinarski et al., 2021).

Nhiéu bang ching thyc nghiém cho thay cac co ché tic dong khac nhau ctia hat
nano bac chu yéu dua trén céac dac tinh hoa 1y cia nano bac (kich thudc va bé mat), cho
phép cac hat nano bac c6 thé twong tac hoic tham chi di qua thanh hodc mang té bao va
anh huong truc tiép dén céc thanh phén ndi bao. Bén canh d6, muc d da dang 16n cua
hat nano bac tf)ng hop (sinh hoc, vat 1y, hoa hoc) gay kho khan cho viéc gidi ma mot co
ché hoat dong duy nhat. Hién nay, cac bang chirng ghi nhan duoc cht yéu hd trg ba co ché
da duoc quan sat dong thoi hodc riéng biét, qua d6 nano bac phat huy tac dung khang khuan,
khang nim (Durén et al., 2016; Marambio-Jones & Hoek, 2010; Roy et al., 2023).

Gia thuyét dau tién cho rang nano bac hoat dong ¢ cAp d6 mang, noi chung co
thé xuyén qua mang ngoai, tich tu & mang trong, gdymat 6n dinh cau trac mang, tir d6
lam tang tinh thdm va gy r0 ri vat chat ndi bao nhu protein, lipid va din dén sy chét té
bao (Dakal et al., 2016; Duran et al., 2016; Ivask et al., 2014; Terzioglu et al., 2022).
Cho dén nay, khong c6 thu thé t& bao hodc kénh mang nao dugc mo ta vé su hép thu
bac. Tuy nhién, chat van chuyén ddng co 4i luc cao (high-affinity copper transporter -
Ctrl) da dugc xac dinh la “kénh” cho phép sy xam nhap cua ion Ag" (Mussin et al.,
2021; Ruta et al., 2018). Nhiéu nghién ctru ciing chitng minh rang cac hat nano bac ¢6
thé twong tac voi cac protein chtra lvu huynh trong thanh té bao cta vi khuan, mot tuong
tac co thé gay ra ton thuong cu tric dan dén v thanh té bao (McQuillan & Shaw, 2014;
Skora et al., 2021).

Co ché thtr hai dé xuét rang cac hat nano khong chi ¢6 thé pha v& va xuyén qua
mang té bao, lam thay ddi ciu tric va tinh thAm ma con ¢ thé xam nhap vao té bao noi
ma AgNPs s€ c6 ai luc tuong tac voi luu huynh hoac phospho cua cac nhom hién dién
trong noi bao nhu DNA va protein lam thay doi cau tric va chirc niang. Theo cach twong
tu, nano bac c6 thé lam thay d6i dén chudi ho hap & mang trong bang cach tuong tac véi
céc nhém thiol trong cac enzyme tao ra cac loai oxy phan img (ROS) va cac goc ty do,
gay ton hai cho bo may ndi bao va kich hoat con duong chét theo chuong trinh
(apoptosis) (Alborés et al., 2023; Senthil et al., 2018).

Co ché thir ba duge dé xuat xay ra song song véi hai co ché khac 14 giai phong
cac ion bac tur cac hat nano, do kich thudc va dién tich cua chung, c6 thé tuong tac voi
cac thanh phén té bao lam thay ddi con duong trao ddi chat, mang va tham chi ca vat
liéu di truyén (Agnihotri et al., 2013; Salleh et al., 2020; Shen et al., 2020; Li et al.,
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2022). Nhin chung, c6 thé cu thé cac con dudng tic dong cta nano bac khi & trong té
bao nhu sau:

+ Dan dén sy tich tu cac loai oxy phan g ndi bao (ROS), giy ra qué trinh apoptosis
(Adam & Khan, 2022; Dong et al., 2019; Hwang et al., 2012; Radhakrishnan et al.,
2018).

+ Su tich ty Ag" ndi bao lam bién d6i ciu tric mang té bao, thay doi hé thong
tham thau. Piéu nay tao ra dong ion kali va 1am mat gan nhu hoan toan cac ion kali ndi
bao, din dén wrc ché hoat dong H* -ATPase ctia mang (Cyert & Philpott, 2013; Rohde et
al., 2021; Vagabov et al., 2008).

+ Jon Ag" di vao ty thé théng qua chét van chuyén dong Pic2, chit nay c6 ai luc
v6i Ag* cao hon so véi cac ion dong (Cu®). Piéu nay dan dén giam ndng d6 ion Cu* va
tang tich tu cac ion Ag" trong chét nén ty thé, din dén giam hoat dong cta cytochrome
¢ oxidase phu thudc ddng va do d6 lam giam tdc do ho hép té bao (Teodoro et al., 2011;
Vest et al., 2013).

+ Jon Ag" va hat nano bac (AgNPs) diéu chinh hé phién m4, hé gene biéu sinh va
hé chuyén hoa va lam thay doi dang ké cac chirc ning quan trong ctia t& bao nim, té bao
vi khuén (Das & Ahmed, 2012; Marathe et al., 2021). Su diéu hoa (theo xu hudng giam)
hoat dong cac gene lién quan chu trinh acid tricarboxylic (TCA), cac gene lién quan dén
chuyén hoa oxy hoa khir va cac gene lién quan dén tong hop ergosterol va chuyén hoa
lipid, dan dén nhirng thay d6i cdu trac chi yéu & cdp do mang sinh hoc ciing da duogc ghi
nhan trong nhiéu nghién ctru (Babele et al., 2019; Barros et al., 2021; Horstmann et al.,
2019; Marathe et al., 2021; Radhakrishnan et al., 2018).

Nhin chung cho dén nay, mét sé con dudng tac dong di dugc ching minh, bao
gd6m pha v& protein, san xuat ROS va suy thoai chat chong oxy héa, suy giam cu tric
mang (ph4 v& mang, thiéu tinh tham ctia mang), gay dot bién va diéu hoa biéu hién gene
protein van chuyén (Carrapico et al., 2023; Lemire et al., 2013). Tinh linh dong cta
mang va cac hoat dong trao ddi chat bi gian doan do su thay ddi hinh thai cta mang té
bao bi anh hudng bai nano bac (AgNPs) va qua trinh khir cyre mang, cudi cing dan dén
t6n thuong thanh phan té bao. Sy ro ri cic phan tir bén trong té bao, chang han nhu
enzyme, protein, chat chuyén héa va DNA, 1a do sy pha v cau triic té bao. Hon nita,
nano bac c6 thé tao thanh cac “16” bat thuong trén thanh té bao vi sinh vat, cho phép céc
hat nano bac nady xam nhap vao khu vuc ngoai bao va ndi bao.

1.4.2. Cac yéu to6 anh huwdng dén hoat tinh khang ciia nano bac

Cung véi viée 1am sang to cac khia canh co ché khang ciia nano bac, nhiéu nghién
ctru cling da xac dinh duogc tinh chét ctia cic hat nano bac. Cu thé 1 kich thuéc hoa hoc,
dién tich va bé mat, anh huong dén kha niang khang vi sinh vat. Cac tai liéu hién c6 cho

thdy hoat tinh diét khuan, khang nim cta nano bac chu yéu duoc xac dinh bdi kich
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thudce, tinh cht bé mat va néng dd sir dung. Cac hat nano bac c6 kich thudc nhd hon
dugc cho la doc hai hon (Kong et al., 2020).

Lién quan dén kich thudc — hinh dang, nhém nghién ciru ctia Lu et al. (2013) da
xac dinh va lam rd vai tro ciia cac ddc diém hinh thai hoc ndy trong hiéu qua khéng
khudn cua nano bac ddi véi cac loai vi khuan nhu E. coli, Fusobacter nucleatum,
Streptococcus mutans, S. sanguis, S. mitis va Aggregatibacter actinomycetemcomitans.
Nghién ctru ndy chi ra rang cac hat nano 5 nm (so v&i 10 va 15 nm) ¢6 tac dung khang
khuén t6t hon, v6i nong do trc ché tdi thiéu (MIC) trong khoang tir 25 dén 50 pg/mL ddi
V61 céac vi sinh vat dugce thir nghiém, ngoai trir chung E. coli dugc khao nghiém co6 gia
trt MIC 1a 6 pg/mL. Su khac biét 16n nay lién quan dén MIC cua céc vi sinh vat khac
dugc thir nghiém 1a do dic tinh hiéu khi ctia E. coli so voi cac vi khuan gy bénh ky khi
khac. Trong nghién ctru ciing dua ra gia thuyét rang tac dong nay co thé 1a do qua trinh
oxy héa ciia nano bac trong méi truong nude khi tiép xtc véi khong khi, phan tmg lam
giam kha nang khang khuén.

Kich thuéc hat nano ciing anh huéng dén su phan bd chung trong cac co quan
thuc vat khac nhau sau khi 4p dung trong diéu kién thuc té. Nghién ctru cua Zhang et al.
(2021) cho thay cac hat nano c6 kich thudc nho (~6nm) dugc wu tién chuyén vi dén cac
14 non, trong khi cac hat nano 16n hon (~35 nm) chu yéu tich lily trong ré cta cay ca
chua. Kich thuéc nhé hon cua cac hat nano c6 thé thuan loi cho viée chuyén vi vao nhu
mo cua 14, do d6 c6 loi cho sy phan phdi dén cac 14 non va 14 gia hon, trong khi cac hat
nano c6 kich thude 16n c6 thé uc ché qua trinh chuyén vi, dan dén su tich tu nhiéu hon
cua cac hat co kich thudc 16n trong ré. Bén canh d0, cic hat nano bac anh huong dén su
phat trién cua vi sinh vat ciing phy thudc 16n vao liéu luong, ndng do tiép xtic. Trong
mot nghién ctru dugc thuc hién bdi Agnihotri et al., (2014) , sit dung nano bac voi néng
d6 10 va 20 pg/mL (10 nm) gdy ra mirc dd wrc ché twong tng lan luot 12 18 va 53% véi
vi khuan E. coli. Trong khi do, néng dd nano bac & muc 30 va 40 ug/mL da tc ché hoan
toan sy phét trién cia vi khuan nay.

Hinh thai ctia vét liéu nano bac ciing 1a mot yéu t6 quan trong quyét dinh muc do
anh hudng ctia chiing dbi vai sinh 1y va sy phat trién ctia cdy trong. Nhom nghién ciru
cua Syu et al. (2014) da nghién ctru tdc dong cia nano bac ¢ ba hinh dang khac nhau
(hinh cau, hinh t dién va hinh tam giac) dbi voi cay Arabidopsis. Két qua thu dugc cho
thdy rang vat liéu nano bac hinh khdi thiic day sy phat trién cta ré cao nhét, mic do tich
tu Cu/Zn superoxide dismutase (CSD2) thap nhat. Vit liéu nano bac dang tam gi4c ciing
cho thay kha ning kich thich su phét trién cta ré, trong khi cac vét lidu nano bac dang
hinh cau khong thé hién sy thac déy su phat trién cua ré, nhung lai gay ra sy tich tu
anthocyanin & mirc cao nhat. Piéu nay cho thiy rang cac hinh théi, hinh dang khac nhau

cua vat li¢u nano bac thé hién cac mirc do anh hudng khac nhau doi voi cay Arabidopsis
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no6i riéng va thyc vat noéi chung Tuong tu, trong cong bd gan ddy cia Osonga et al.,
(2020) khi thuc hién nghién ciru khao sat anh hudng ctia cac hat nano bac c6 ngudn goc
luteolin tetraphosphat mang cac hat nano bac (LTP-AgNPs) va cac hat nano vang (LTP-
AuNPs) véi cac kich thudce, hinh dang khac nhau (hinh cau, ban cau va hinh khéi). Thir
nghiém khang khuan dugc thuc hién véi cac ching ndm: Aspergillus nidulans,
Trichaptum biforme, Penicillium italicum, Fusarium oxysporum va Colletotrichum
gloeosporioides, trong khi nhom vi khuin Gram am bao gdém: Pseudomonas
aeruginosa, Aeromonas hydrophila, E. coli va Citrobacter freundii, nhém vi khuan
Gram duong v6i cac dai dién la Listeria monocytogenes va Staphylococcus epidermidis.
Kha ning khang ndm da duoc nhom nghién ciru chimg minh phu thudc vao kich thudc
va hinh dang cua hat nano, trong d6 cac AgNP hinh cau (9 nm) va ban hinh cau (21 nm)
thé hién hoat tinh c ché 100% cac loai nAm va vi khuan duoc thi nghi¢m. Bao cdo
cling cho rang, LTP-AgNPs thé hién hoat tinh khang khuan cao hon so voi LTP-AuNPs.
Két qua ndy cila tac gia ciing 1a minh chimg cho thiy, cac hat nano c6 kich thuéc nho sé
tich lity d& dang va c6 tac dong 16n hon dén bao quan dich so véi cac hat nano ¢6 kich
thudc 16n.

Céu truc 14 ciing anh huéng dén sy hip thu va qua trinh chuyén vi hat nano &
thuc vat (Hu et al., 2020; Matras et al., 2022; Spielman-Sun et al., 2019). Cay hai 14
mam, so voi cdy mot 14 mam, cho thdy kha ning hép thu cac hat nano cao hon do 16p
biéu bi ¢6 tinh thim cao hon. Piéu nay dugc chirng minh trong trudng hop ciu tric nano
dang 16ng phu lipid, dugc str dung 1am phuong tién van chuyén. Su khac biét nay 1a do
ciu trac khac nhau cua thanh té bao ¢ thuc vat mot 14 mam va thuc vat hai 14 mam. O
thuc vat mot 14 mam, polymer pectin it lién két chit ché hon véi cellulose. Mot sy khac
biét dang ké vé mat giai phiu 1a trong cau tric cua 14, nhu sy hién dién ctia khi khong
hinh qua ta & khi khong mot 14 mam va khi khong hinh than & thuc vat hai 14 mam, dan
dén murc do hap thu va hiéu qua dich chuyén cia vat liéu nano. Ngo, thudc nhoém cay
mot 1a mam, chii yéu hap thu cac hat nano phun qua 14 thong qua khi khong. Nguoc lai,
cdy bong, thudc nhom cay hai 14 mam, hap thy cac hat nano khong chi qua khi khong
ma con qua 16p biéu bi 14, thé hién co ché hap thu da dang hon (Hu et al., 2020). Cac
loai thyc vat khac nhau ciing c6 pham vi pH cua bé mat 14 kha rong (5-10), dan dén cac
hé vi sinh vat khac nhau c6 kha nang tuong tac khac nhau véi céc vat li¢u nano, cling
nhu thay d6i con duong hap thu (Zhang et al., 2023). Dic biét, nhiéu nghién ciru cho
thdy sy hién dién cta vi khuan va nim ré cong sinh anh hudéng dang ké dén qua trinh
hép thu hat nano ¢ thyc vat (Chen & Xiao, 2023; Feng et al., 2013; Noori et al., 2017).
Nhin chung, cac hat nano c6 mirc dg “linh hoat” 16n vé co ban dua vao su hép thu, hép
thu va van chuyén cua chung bén trong thyc vat. Su tuong tac hoa 1y cua vat li€u nano

véi thuc vat dudi tac dong ctia ning lugng va dién tich bé mit ciia chiing c6 thé dan dén
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bién ddi céac thu thé bé mit, chit van chuyén va protein mang dac hi¢u (Barbieru et al.,
2019; Juarez-Maldonado et al., 2019).

Thanh té bao cua 14 thyc vat chita ca thanh phﬁn ky nudc va uva nude, dan dén su
phan bé dién tich khong dong déu trén bé mit ciia cac ciu triic chinh nhu soi cellulose
va lignin. Cy thé, dién thé bé mat cua soi cellulose va lignin lan luot 1a khoang —15 mV
va —45 mV (Santiago et al., 2013; Zeng et al., 2017). Vi vay, thanh té bao tich dién am
tao diéu kién cho su hép thu cua céc hat nano tich di¢én duong vao trong mo. Thanh té
bao thyc vat tich dién am déng vai tro 12 bé mit trao ddi ion c6 kha ning thic day su
xam nhap cua céc cation thay vi anion (Meychik et al., 2005). Nguoc lai, hi¢u qua van
chuyén dugc nang cao dang ké d6i v6i cac hat nano tich dién am. Sy hip thu va van
chuyén hat nano vang (AuNPs) phu thudc vao dién tich bé mat duoc gidi thich boi
nghién ctru ctia Zhu et al. (2012) cho thiy kha ning hap phu cao hon nhiéu cta céac hat
nano tich dién duong & bé mat ré. Tuy nhién, cac hat nano tich dién am dugc quan sat
thdy c6 téc d6 nodi hoa va chuyén vi cao hon Trong bdi canh ndy, cac xeri nano ocid
(CeONPs) mang dién tich dwong hap phu manh trén bé mit r& (tich dién 4m), trong khi
cac hat nano CeO tich dién am cho thay su tich liy ré thip nhung kha ning ndi hoa
choi cao hon, chu yéu béng cach khic phuc luc déy tinh di¢n. Tuong tu, mot nghién ctru
gan ddy cua Milewska-Hendel et al. (2019), da chimg minh mot cach toan dién su hip
thu ctua hat nano vang (AuNPs) phu thudc vao dién tich bé mit bén trong 1é va su van
chuyén tir ré dén choi.

Su khac biét vé mat giai phau & thuc vat va dién tich bé mit ctia vat liéu nano c6
lién quan rat chit ché v6i nhau. Céc hat nano ceric oxide (CeONPs) tich dién duong cho
thay kha ning tac dong 16n & cac cdy hai 14 mam nhu ca chua va rau diép véi dién tich
bé mit r& 16n hon. Tuy nhién, sy chuyén vi tir gbc sang chdi tét hon dugc quan sat thiy
v6i cac hat nano tich dién 4m hodc trung tinh (Spielman-Sun et al., 2019). Diéu nay goi
y rang su khac biét vé mit giai phau va sinh 1y & thuc vat dan dén cac kiéu hap thu khac
nhau cua thyuc vat di véi cac vat liéu nano. Thuc té, nhiéu nghién curu da chi ra rr:ing cac
loai cdy trong khac nhau thudc cac loai khac nhau cho thdy mé hinh tich lity va hap thy
khéc nhau cua céc 16p phu khac nhau (Cifuentes et al., 2010; Daghan et al., 2020; Larue
et al., 2012; Matras et al., 2022). Ngoai ra, kha niang cdy trong hap thu cac hat nano ciing
phu thudc vio phuong thirc 4p dung, tirc 12 bo phan thyc vat ma nano bac tiép xic: 1é
hap thy chat dinh dudng tir dat, 14 c6 nhiém vu trao d6i khi va 16p biéu bi can tré sy xam
nhap cua bat ky chat nao mot cach tu do (Schwab et al., 2016). Pic biét, cac thuc vat
chiu han dién hinh phat trién thanh té bao chit hon, 16p biéu bi, dai Casparian va céc rao
can khac hitu ich dé giam thiéu mat nudc trong diéu kién khan hiém nudc (Riederer &
Schreiber, 2001). Mot s6 yéu té khac nhu ham lugng chat hitu co va axit humic giap
tang cuong kha dung sinh hoc, tinh 6n dinh cta nano bac (Navarro et al., 2012).
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1.4.3. Ung dung nano bac trong néng nghiép va quén ly bénh hai thue vat.

Tinh bén viing trong phat trién nong nghiép da ndi 1én nhu mot trong nhitng méi
quan tim quan trong nhat cta thoi dai hién nay, do viéc giam dang ké ning sut cay
trong gy ra boi nhidu loai mam bénh thyc vat khac nhau di 1am nay sinh cc van dé an
ninh luong thyc toan cau. Trong s cac phuong phap phong chong bénh hai thyc vat,
viéc st dung hat nano bac sinh hoc dé kiém soat sinh hoc mam bénh mang lai giai phap
than thién véi moi trudng, tiét kiém chi phi va bén viing. Nong nghiép dong mot vai tro
quan trong trong viéc cung cip dinh dudng va phuc vu nhu mot ngudn thu nhap cho
nhiéu qubc gia. Udc tinh 86% déan s6 phy thudc vao san xuat nong nghiép dé duy tri sinh
ké (Dinesha et al., 2024; Tuan, 2023). Khoang 15-18% thiét hai vé cay trong xay ra do
sau bénh hay dong vat, trong khi co dai va cac bénh do vi sinh vat giy ra thiét hai lan
luot 1a 34 va 16%. Va trong cac tac nhan vi sinh gay hai, ndm 13 tac nhan chinh chiu
trach nhiém cho 80% bénh hai & thyc vat (Atiq et al., 2020; Shuping & Eloff, 2017).
Khoang 1,5 tri¢u loai nam d3 duoc ghi nhan dudi dang ky sinh va hoai sinh trong tu
nhién, gy ra cac bénh khac nhau trén ciy trong néng nghiép. Nam gy bénh c6 thé 1am
giam nghiém trong ning suét cta cac loai cdy trong khac nhau trén toan thé gi¢i mdi
nam (Worrall et al., 2018). Sy phat trién cta cac loai thude diét ndm hién dai c6 sin trén
thi truong d3 gop phan cach mang hoa nén ndng nghiép, dic biét 14 trong trudng hop
cac mam bénh thuc vat kho kiém soat. Bat chap nhimg loi ich khéng thé nghi ngd, viéc
st dung rong rai thudc diét ndm thong thuong mang nhiéu hé luy vé van dé méi truong
va an toan thuc pham, d6 13 1y do tai sao ngay cang c6 nhiéu hoat chat trong thudc diét
nam bi loai b, cdm st dung theo quy dinh vi muc dich an toan.

Céc hat nano bac dong mdt vai tro quan trong trong viéc kiém soat nam bénh trén
nhiéu loai cdy trong (Al-Zubaidi et al., 2019; Siddiqui et al., 2015). Viéc sir dung nano
bac thay thé cho thudc diét ndm tong hop 1a mot cach tiép can tuong ddi méi véi hiéu
qua cao hon. Cho dén nay, mot s6 nghién ciru da duoc thyc hién vé viéc trién khai, ing
dung nano bac vao nghién ciru kha ning phong chdng lai cic tac nhan gay hai thyc vat.
% Trén thé gioi

Céc dang nano bac khic nhau da duoc khai thac dé chéng lai vi khuan Gram am
(Acinetobacter, Escherichia, Pseudomonas, Salmonella va Vibrio), vi khuan Gram
duong (Clostridium, Enterococcus, Listeria, Staphylococcus) va lién cau khuan (Abo-
Shama et al., 2020; Bates et al., 2024; Camargo et al., 2023; Gondil et al., 2019; Rai et
al., 2012; Yakoup et al., 2024). Kalishwaralal et al., (2010) da nghién ctru va chung minh
kha ning trc ché mang sinh hoc ctia cac hat nano bac ddi voi vi khuan Pseudomonas
aeruginosa va Staphylococcus cholermidis — hai tic nhan chinh giy ra nhiéu bénh
nhiém tring méin tinh. Két qua cho thay, hon 95% sy hinh thanh mang sinh hoc bi tc

ché bang cach xur Iy cac vi khuan nay véi nano bac, tr d6 e ché hi¢u qua sy phat trién
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ctia vi khuan. Ngoai ra, nano bac ciing thé hién kha niang trc ché dang ké dén su phat
trién cua vi khuan E. coli va S. aureus. Cac ion bac va cac hat nano ngan chdn sy sao
chép DNA ctia vi khudn bang cach lién két va giy bién tinh DNA, lién quan dén twong
tac ion bac véi protein thiol (-SH), bao gém sy xuat hién phosphatidylserine (apoptosis
som) va ton thuong DNA (apoptosis mudn), dan dén apoptosis (Bao et al., 2015; Rai et
al., 2012). Mot co ché khac 1 su can thiép ctia nano bac hodc cac ion hoa tan vao chudi
ho6 hap ctia mang té bao.

Ngoai kha niang khang khuan di dugc biét dén, nghién ctru nay s& tap trung tong
quan cac nghién ctru, hudng img dung ctia nano bac trong viéc kiém soat cac loai ndm
gay hai, nham mo& rong va danh gia mdt cach toan dién hiéu qua va co ché tac dong, va
tiém ning ctia nano bac d6i voi cac loai ndm gay hai thyuc vat. D6i v6i hoat tinh khang
nam, Gajbhiye et al. (2009) da ghi nhan hiéu qua khang nim rd rét khi két hop
fluconazole va nano bac trén cac tac nhan gay bénh: Phoma glomerata, P. herbarum,
Fusarium semitectum, Trichoderma sp. va Candida albicans thong qua phuong phap
khuéch tan dia thach. Savithramma et al. (2011) d3 tong hop nano bac tir cac cay duoc
liéu nhu Svensonia hyderobadensis, Boswellia ovalifoliolata va Shorea tumbuggaia,
chtrng minh hiéu qua khang nim d6i v&i Aspergillus flavus, A. niger, Curvularia spp.,
Fusarium spp. va Rhizopus spp. Trong cac ché pham, cac hat nano tir S. hyderobadensis
thé hién hoat tinh vuot tréi hon ca Mot nghién ctru khéac ctia Ouda (2014), chi ra réng
su két hop nano dong-bac cho thay kha ning trc ché sy phat trién ctia ndm Alternaria
alternata va Botrytis cinerea bang cach gay ra cac bién doi sinh hoc vé cau tric va chirc
nang ctia mang té bao.

Vit liéu nano bac dugc diéu ché bang phuong phap khir AgNOj3 chiét xut tir qua
mam xdi, véi kich thudc 60 nm, da dugc nghién ctru vé hidu qua khang nam d6i véi hai
loai Cladosporium cladosporioides va Aspergillus niger. Nghién ctru cua Pulit et al.
(2013) cho thdy nano bac c6 hiéu g trc ché rd rét dbi véi su phat trién ciia ca hai loai
nam nay. Két qua cho thiy, khi ndng do nano bac ting, hiéu qua e ché nam ciing ting
theo. Cu thé, & néng do 12,5 ppm, nano bac da tc ché hon 60% su phat trién cta ca hai
loai nAm. Khi néng d6 dugc nang 1én 50 ppm, hiéu luc e ché dat khoang 90% dbi vai
C. cladosporioides va 70% d6i v&i A. niger. Mot nghién ciru khac Krishnaraj et al.,
(2012) ciing chi ra ring nano bac tong hop tir dich chiét 14 Acalypha indica c6 kha ning
{rc ché su phat trién ctia nhiéu loai ndm gdy bénh thyc vat. Cu thé, & néng do 15 mg/L,
nano bac di cho thay hiéu qua e ché dang ké ddi voi cac loai nAm nhu Botrytis cinerea,
Rhizoctonia solani, Curvularia lunata, Macrophomina phaseolina, Alternaria alternata
va Sclerotinia sclerotiorum. Pac biét, cac hat nano bac nguén géc tir nAm Agaricus
bisporus c6 kha nang trc ché hiéu qua Sclerotium rolfsii, A. niger va R. solani, nhing tac
nhan gay bénh théi than va thdi ré ¢ cdy lac (Papaiah et al., 2014).
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Mot nghién ctru khac cia Mahdizadeh et al. (2015) cling da chirng minh hi€u qua
ctia nano bac trong viéc kiém soat cac tac nhan giy bénh thuc vat. Sinh vat gidng nam
Phytium aphanidermatum va nam Macrophomina phaseolina ¢6 mirc d6 nhay cam cao
vo1 su tiép xtic v&i nano bac, véi su tc ché tdng truong soi nam dugc ghi nhan & tat ca
cac néng do thir nghiém (6, 8, 10, 12, 14 va 16 mg/L). Nam Sclerotinia sclerotiorum
cling cho théy sy nhdy cam vé1 nano bac, bi trc ché hoan toan & néng do cao hon 6 mg/L.
Sy ting trudng cua ching ndm Rhizoctonia solani AG4 bi rc ché dén 90% khi tiép xtic
v6i nano bac ¢ ndong do 10 mg/L, trong khi ndng d6 cao hon giy ra su wrc ché 100%.
Trong khi d6, kha ning ting trudng cta chung R. solani AG1 giam 75% va 80% & nong
dd nao bac 6 va 8 mg/L, va gidm manh hon véi 90% tc ché & néng do 10-14 mg/L, va
hoan toan trc ché & n@)ng do 16 mg/L. Mt bao cao ghi nhan hi€u ung tich cuc tuong tu
cua nhom tac gia An Do Jyothi et al. (2020), khi sir dung céc hat nano bac duong kinh
16,5 nm chiét xudt tir 14 Ita danh gia kha ning ¢c ché ndm R. solani giy bénh kho van.
Két qua cho thay xur Iy nano bac c6 kha ning trc ché dang thé soi 1én dén 96,7% & ndng
d6 10 pg/mL. Xir Iy ¢ hat nano bac & ndng do 20 pg/mL e ché hoan toan ty 1& bénh.
Nghién ctru nay ciing chi ra, xir Iy nano bac & néng d6 10 pg/mL lam ting 1,3 va 1,5 1an
chi s6 strc sdng (Virgo Index) cdy con

Kumari et al. (2017) d& danh gia hiéu qua wrc ché cta viée xur Iy nano bac dén su
phat trién ctia nAm Alternaria solani gy bénh Ga sém (bénh dém vong) trén ciy ca chua
(Solanum lycopersicum). Cac cdy ca chua bi nhiém bénh ta sém dugc xir 1y bang nano
bac 6 nong d6 5 pg/mL bang hinh thirc phun 1én 13. Két qua ghi nhan sau khi xt 1y nano
bac cho nhiing tac dong tich cuc: giam 48,57% bao tir ndm, ting 23,52% va 32,58% lan
lugt & cac chi tiéu ham luong chlorophyll tong s va trong luong tuoi khi so voi dbi
chimg khong duoc xtr 1y. Céac chi s6 vé ham luong proline, enzyme chéng oxy hoa déu
tang voi 1an luot 1 39% va 30% dé cai thién tinh trang dap tng “stress sinh hoc” ton
thuong do A. solani giy ra. Cac bao cao tuong tu khi tiép xtic véi nano bac ciling dugc
ghi nhéan & cac nghién ctru cua Dixit et al. (2018); Jyothi et al. (2020).

Mishra et al. (2017) ciing dd dénh gia tiém ning ctia nano bac tong hop tir
Stenotrophomonas sp. BHU-S7 (MTCC 5978) trong quan ly bénh hai trén 14 va trong
dat. Trong mot nghién ciru cia Haroon et al. (2019), nano bac dugc diéu ché bang chiét
xuit Azadirachta indica da ghi nhan trc ché dang ké dén sy phat trién cia mam bénh
gay hai Penicillium sp., Aspergillus sp., Fusarium sp., va Ralstonia solanacearum.

Nim 2019, nhém nghién ctru ciia Malandrakis da tién hanh khao sat danh gia kha
nang diét ndm cta cac hat nano khac nhau: nano déng (Cu-NPs; CuONP), nano bac
(AgNPs), nano kém (ZnONPs) véi 7 loai ndm gay bénh trén 14 va cac bénh truyén qua
dat ddc trung: Alternaria alternata, Botrytis cinerea, Monilia fructicola, Verticillium

dahliae, Colletotrichum gloeosporioides, Fusarium oxysporum fsp radicis lycopersici
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(FORL) va F. solani. Trong diéu kién mai truong dia thach PDA, hiéu qua khang ndm
dugc ghi nhan trén ca 7 loai dugc khao sat khi xur 1y va1 Cu-NPs, chi s6 ECso dao dong
trong khoang tir 162 pug/mL (V. dahliae) dén 310 pg/mL (F oxysporum). Gia tri ECso
nay tuong Ung véi ZnONPs dao dong tir 235 pg/mL (4. alternata) dén 847 pug/mL
(FORL). Trong khi, nano bac (AgNPs) hau nhu khong c6 hiéu qua trc ché sy phat trién
cua cac chung nghién ctru, chi ghi nhan hi¢u qua trén B. cinerea. Cling trong nghién ctru
nay, mot thi nghiém in vivo - rc ché triéu chirmg mdc xam (thdi xam) trén qua mén ciing
duoc tién hanh dé danh gia hi¢u qua hoat tinh thuc té ctia cac hat nano so véi ddi chirng
1a thude diét nam bo sung Cu(OH),. Két qua cho thay, cac hat nano bac lai cho hi¢u qua
trc ché 1én dén 85% va 100% twong tng lan luot & cac ndng do 100 va 1000 pg/mL. Xir
Iy voi hat nano ddng cho hiéu qua trc ché thap (16%) ¢ ndong d6 100 pg/mL va hiéu qua
trc ché cao hon dang ké khi duogc xir 1y véi ndong do cao. Trong khi khi xir Iy bang nano
kém khong cho théy hiéu qua khac biét so voi st dung thudc diét nAm & céc néng do
(Malandrakis et al., 2019). Giai thich cho sy gia ting hiéu qua &c ché nhu vy cua hat
nano bac trén qua man co thé 1a do su khéc biét gifra thanh phén moi truong sinh trudng
va bé mit mo thye vat tiép xuc voi chung nam. PDA 13 mdt méi truong tang trudng dinh
dudng, chira ham luong protein cao hon, giau acid amin. Céc sulfide duoc biét 13 lién
két voi [Ag'], hay phan tng truc tiép véi AgNPs dé tao thanh két tua can trd qua trinh
hoa tan Ag-NP, do d6 co thé dan dén gidm doc tinh so vdi bé mat qua man, noi chit nén
nhu vay khong cé sin.

Mot nghién ciru danh gia tac dong khang nam Fusarium culmorum va Alternaria
alternata cta hat nano bac dua trén dong luc tang trudng, hinh thai va sinh hoc phan tir
duoc thuc hién boi Ganash et al. (2018). Két qua cho thay nong d6 nano bac khac nhau gay
ra su te ché su phat trién cia nAm va bién dang cAu tric ciia nAm khac nhau, dic biét 1a &
néng d6 cao 40 va 60 mg/L ctia nano bac. Cac bao tir A. alternata & n6ng do 40 mg/L bi
bién dang manh va cic mat cat doc khong thé ghi nhan. Mét khac, nhitng loai nam nay
khong thé tao ra bao tir binh thuong khi c6 tiép xtic nano bac 60 mg/L nhung lai tao ra dang
bao tir chéng chiu (chlamydospores). Ciing trong nghién ciru nay, anh huong cia hat nano
dén acid amin va acid béo cta F. culmorum dugc nghién ctru so sanh véi anh hudng clia
bac nitrat (AgNOs). Nano bac & cac nong do ap dung khac nhau da kich thich sy tong hop
cac acid amin dugc phat hién nhiéu nhét bao g@)m acid aspartic, threonine, serine, acid
glutamic, glycine, alanine, valine, leucine, tyrosine, arginine, proline va lysine. Néng do
clia cac acid amin dugc phat hién tang 1én khi tang nong do 1én t6i 60 mg/L. Acid aspartic,
serine, glycine, alanine, arginine, leucine va proline 1a 11,52, 6,53, 21,51, 12,51, 27,34, 9,40
va 22,17 pg/mL so v6i ndng d6 cua chung 5,90, 0,34, 21,51 va 9,91 pg/mL & ndng do 40
ppm tuong ung cia AgNP va AgNOs
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Kriti et al. (2020) di quan sat thdy hoat tinh khang nim dang ké cta vat liéu
AgNP - citrate (ddc biét ¢ ndong do 100 mg/L), d6i voi Bipolaris sorokiniana va
Alternaria brassicicola vé su phat trién soi nAm thuc vat va su nay mam cia bao tu.

Dic biét, su tc ché hoan toan su phat trién sgi ndm cua cac loai Fusarium, bao
gf)m: Fusarium graminearum, F. culmorum, F. sporotrichioides, F. langsethiae, F. poae,
F. proliferatum va F. verticillioides dugc ghi nhan sau thoi gian tiép xtac 20-30 gio voi
nano bac két hop v6i chat 6n dinh citrate & ndong do 30 va 45 mg/L (Tarazona et al.,
2019). Mot nghién ctru khac cta Jo et al. (2009) ciing cho thay riang ca ion bac va hat
nano bac (dudng kinh 20-30 nm) duoc str dung 3 gid trudc khi cay bao tir B. sorokiniana
va Magnaporthe grisea lam gidm mdt cach hiéu qua mirc do nghi€ém trong cua bénh
d6m 14 trén co lta mach den 1au nam. Hiéu qua ctia cac hop chat bac giam dang ké sau
24 gid xtr 1y. Piéu ndy cho thiy su tiép xuc truc tiép, thoi gian xu Iy clia nano bac véi
bao tir 14 rat quan trong trong viéc trc ché kha ning séng sot va han ché su tién trién cua
bénh. Nhiéu thi nghiém hién truong khang dinh thoi gian phun nano bac ¢6 anh huong
dén tac dung uc ché. Minh chiing tuong tu dugc xac nhan boi nghién ctru cua Lamsal et
al. (2011), khi nghién ctru tac dong cta nano bac (7-25 nm) di voi bénh phan trang &
dua chudt va bi ngd. Nano bac ¢ nong d6 10, 30 va 50 mg/L dugc ap dung khoang 3-4
tuan trude khi dich bénh bung phat c6 hiéu qua hon nhiéu so véi viéc 4p dung ching
sau khi xuét hién cac triéu chirng bénh trén cay. Trong khi do, xtr Iy nano bac & néng do
100 mg/L da trc ché dang ké bénh phén tring trén ca hai ciy trudc va sau khi bénh bung
phat, cho thiy rang viéc giam cac mam bénh thuc vat gdy ra cac bénh nay phu thudc vao
thoi gian xir 1y va nong d6 ap dung. Trong khi d6, nghién ctru ciia Kim et al. (2008) chi
ra rang khi phun nano bac 10 ppm 1én hoa hong 2 ngay trude khi cAy mam bénh d3 lam
giam ty 18 mac bénh phan trang t&i 95%.

Trong nghién ctru ctia Vera-Reyes et al. (2022), cac hat nano bac dugc tong hop
tir dich chiét cay thong ddc (Larrea tridentata) cho thiy hiéu luc tc ché dang ké dén su
phat trién soi nam. Cu thé, mirc do (rc ché 1én dén 65,43% d6i voi Macrophomina spp.,
va 39,04% ddi v6i Fusarium oxysporum & ndng d6 120 ppm. Pang chua y, Alternaria
solani va Botrytis cinerea c6 muc d0 nhay cam cao hon véi nano bac, khi muc tic ché
tang truong lan lugt 1a 70,76% va 51,75% da dugc ghi nhan ¢ nong d6 thap hon 1a 60
ppm. Trong khi d6, nghién ctru ciing chi ra rang tic dong cua hat nano bac 1 khong 16
rang voi cac ndm Pestalotia spp., Colletotrichum gloesporoides, Phytophthora
cinnamomi, Beauveria bassiana, Metarhizium anisopliae va Trichoderma viridae. Két
qua nay cho thay hiéu qua khac biét ciia nano bac d6i v4i timg loai nam, dong thoi khang
dinh tiém nang ing dung ctia chiing trong kiém soat cac bénh do nim gay ra.

Ribeiro et al. (2023) di nghién ctru tong hop bay loai nano bac sinh hoc khac

nhau tir cac loai nAm thu thap tai hé sinh thai rimg ngap min & Brazil. Hoat tinh khéng
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ndm cua céac loai nano bac nay dugc thir nghiém véi cac nim gay bénh thuc vat co y
nghia kinh té nhu Fusarium oxysporum, F. phaseoli, F. sacchari, F. subglutinans, F.
verticillioides va Curvularia lunata, vén 1a nguyén nhan giy thiét hai nghiém trong
trong néng nghiép. Két qua cho thay cic nano bac c6 kha niang e ché cac loai nim gay
hai thuc vat nay vaéi gia tri MIC tu 4 dén 250 uM.

Gan day, Singh et al. (2024) da tong hop hat nano bac tir chiét xuat 14 Azadirachta
indica. Vit liéu ndy cho thiy kha niang tc ché hoan toan (100%) ddi véi Sclerotinia
sclerotiorum va Colletotrichum falcatum & ndng d6 2000 ppm, dong thoi e ché 68-80%
su phat trién ctia Colletotrichum gloeosporioides va Rhizoctonia solani & cing néng do.
Trong nghién ctru nay, cac gia tri ECso cling duoc bao cao dya trén phén tich hdi quy phi
tuyén tinh véi gia tri ghi nhan lan luot 1a 66,42; 157,7; 19,06 va 33,30 ppm cho S.
sclerotiorum, C. falcatum, C. gloeosporioides va R. solani. Ngoai ra, nano bac thé hién doc
tinh té bao dang ké trén dong té bao u nguyén bao than kinh dém US7MG, vdi ty 18 trc ché
74,96% tai 250 ppm va gié tri ICso 1a 56,87 ppm, cho thiy tiém ning tng dung trong diéu
tr1 ung thur.

Trong 3-5 nim gan day, phan tich phién ma (RNA-seq) dan dugc st dung pho bién
dé 1am 13 co ché tac dong & cip do phan tir cia nano bac, cung cap su hiéu biét toan dién
vé cac gene biéu hién khac biét (DEG) tiém ning lién quan dén cic qua trinh sinh hoc cu
thé (Habeeb Rahman et al., 2022; Lu et al., 2020). Co ché phan tir ciia nano bac rc ché sinh
truong nam Fusarium sp. (F. graminearum, F. solani) d3 dugc nghién ctru sau. Nano bac
c6 thé 1am suy giam cau triic té bao, viéc sir dung ning luong ciia té bao, chuyén hoa ning
luong va chat, duong dan truyén tin hiéu va gy ra dang ké sy biéu hién ctia cac chat van
chuyén biang cassette lién két ATP (ABC) (Jian et al., 2022). Nghién ctru cua Li et al. (2022)
da chi ra rang nano bac ¢ néng d6 75 mg/L e ché hiéu qué sy phat trién soi nam va su nay
mam bao tr cia bén mam bénh giy théi qua Kiwi, bao gdm Alternaria alternata,
Pestalotiopsis microspora, Diaporthe actinidiae va Botryosphaeria dothidea. Bén canh do,
nano bac cling lam tang tinh thim cua mang té bao soi ndm, sy 1o ri vat chit ndi bao. Phan
tich trinh ty phién ma ctia soi nAm duoc xir Iy bang nano bac sau cac khoang thoi gian nhét
dinh 24 git va 48 gio, da tao ra lan luot 1.178 va 1.461 gene bicu hién khac biét DEG & 4.
alternata, 517 va 91 DEG & P. microspora, 1.287 va 65 DEG & D. actinidiae, 239 va 55
DEG ¢ B. dothidea. Cic DEG dugc phat hién c6 lién quan dén hoat dong xc tac, lién két
phan tr nho, lién két ion kim loai, qua trinh van chuyén, t6 chire thanh phﬁn té bao, qua
trinh trao d6i chét protein, qua trinh trao doi carbohydrate. Phan tich cia KEGG ciing tiét
16 rang “chuyén hoa carbohydrate, chuyén hoa acid amin, chuyén héa ning lwong va chuyén
hoa va phan hity sinh hoc xenobiotics 14 con dudng duoc 1am giau nhiéu nhét cho cac DEG

nady trong bon mam bénh khi tiép xtic voi nano bac.
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# Trong nudc

Céc nghién ctru trén thé gidi da khing dinh tiém ning 16n cua cac hat nano bac trong
viée trc ché nhiéu loai ndm gay bénh quan trong ddi véi nong nghiép, dong thoi 1am sang
t6 cac co ché phén tr lién quan dén tac dong khang ndm ctia nano bac. Trén co so nhitng
thanh tyu nay, cac nha khoa hoc tai Viét Nam ciling da tich cuc trién khai nghién ctru nham
g dung nano bac trong kiém soat cic vi sinh vat gay hai, trong d6 nim gay hai cdy trong.
Nhimng nghién ctru trong nudc khong chi tap trung vao viée tong hop va danh gia hiéu qua
khang nam cua cac ché phém/vat liéu nano bac ma con phat trién cac cong ngh¢ ché tao vt
liéu nano phu hop véi diéu kién thuc tién, gop phan ning cao hiéu qua bao vé ciy trong va
thiic day su phat trién nong nghiép bén viing tai Viét Nam.

Dién hinh vé&i nghién ctru ddnh gia hiéu qua khang ndm ciia ché pham nano bac
- chitosan ddi v6i Phytophthora capsici, tac nhan gy bénh chét nhanh & cay ho tiéu, da
duoc thyc hién béi Luan et al. (2014). Cac ché phém keo nano bac véi kich thudc hat 5,
10 va 15 nm duoc tong hop bang phwong phap chiéu xa tia gamma (Co-60), sir dung
chitosan 1% lam chat 6n dinh. Két qua nghién ctru cho thdy, trong khoang nong do bac
tir 20 dén 100 ppm, hiéu luc e ché sy phét trién ctia P. capsici ghi nhan ty 18 twong tng
tir 22,6% dén 92,9%. Pic biét, hidu luc (e ché nay ting tir 62,5% 1én 100% khi kich
thudc hat nano bac giam tr 15 nm xuéng 5 nm. Cu thé, ché phém co kich thuodc hat 5
nm dat hiéu luc @c ché 100% & ndong do 40 ppm, trong khi ché pham c6 kich thudc hat
10 nm chi dat 92,9% ¢ nong do 100 ppm.

Hay trong nghién ctru cia Ngoc et al. (2015), hi¢u qua tc ché cta hat nano bac
duoc tong hop bang phuong phap khir hoa hoc véi su hién dién cua chitosan va acid
citric (kich thudc tir 2 — 10 nm) da duoc danh gia doi véi mot sé ching nam gy bénh
thuc vat, bao gébm Fusarium oxysporum, Colletotrichum, Rhizoctonia solani va
Corynespora cassiicola trong diéu kién phong thi nghiém. Két qua cho thay hat nano
bac c6 hoat tinh khang nam vuot troi so véi cac thude diét nAm thuong mai, vdi ty 1€ Urc
ché dat dén 79,57% & néng do 100 mg/L.

Tiép ndi nghién ctru nay, Hanh et al. (2020) d3 tién hanh danh gia hiéu luc khang
nam cua dung dich nano bac tong hop tir chitosan & cac nong dd khac nhau. Két qua cho
thiy nano bac c6 kha ning trc ché dang ké dén sy phat trién cta nhiéu loai nAm gay bénh
phan 1ap tir cac cay trong dia phuong tai Cao Bang nhu gimg, 6t, ... Bon loai ndm khac

nhau di dugc phan 1ap va thir nghiém trong nghién ctru ndy bao gdm Proxipyricularia
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zingiberis, F. oxysporum, Colletotrichum spp., Alternaria spp., va H. teres (tac gia
khong ghi 16 tén chi, c6 thé 13 Helminthosporium teres — danh phap cii cua Pyrenophora
teres). Tuy nhién, hiéu luc e ché khéng dong nhét gitta cac ching ndm & cac ndng do
khéc nhau. Cu thé, & néng do 20 ppm, nano bac chi dat 2,9% hoat tinh khang nam doi
v6i P. zingiberis, trong khi khong c6 hiéu luc e ché ddi v6i F. oxysporum. O nong do
50 ppm, nano bac &rc ché dugc 27,8% su phat trién cua nam Alternaria sp., va & nong
do 100 ppm, ty 1€ Grc ché tang 1én 33,3%. Dac biét, & néng do 60 ppm, nano bac uc ché
39,5% su phat trién cua P. zingiberis va 48,5% d6i véi F. oxysporum. Béi véi ndm H.
teres dung dich nano bac ghi nhan hiéu luc khang nam & tat ca cac néng d6 thur nghiém
(25, 50 va 100 ppm), véi hiéu luc &c ché dao dong tir 40 - 53,3% so voi ddi ching.
Chau et al. (2017) da tong hop thanh cong vat liéu nano Ag/CTS/Bentonite dang
hinh cau, kich thudce tir 5 dén 90 nm. Céc thi nghiém in vitro cho théy, nano bac & néng
d6 400 ppm trc ché hiéu qua Fusarium oxysporum va Rhizoctonia solani 1an lugt 66,7%
va 92,8% sau 2 ngay nudi ciy. Pic biét, ndng do tir 100 dén 400 ppm ngin chin hoan
toan sy hinh thanh hach nim cua R. solani. Nghién ciru khac ctia Chau et al. (2020) vé
kha nang trc ché nim gy bénh trén cay thanh long, cho thdy hdn hgp nano bac va nano
dong (ty 16 Ag/Cu 30/18, twong duong 48 ppm) trc ché ndm 72,9% su phat trién cia
Neoscytalidium dimidiatum, vuot tri so véi nano bac don 1€ & 50 ppm chi dat 69,8%.
Ngoai ra, vat liéu nano Ag/Cu v6i ndng do 40 ppm dat hiéu qua we ché t6i da 100% ddi
v6i ndm Colletotrichum sau 7 ngay va 93,3% d6i véi nam N. dimidiatum sau 3 ngdy
nudi cdy. Hiéu qua tc ché ndm Neoscytalidium sp. ciing dugce Linh et al. (2022) ghi
nhén, véi muc @c ché cao nhat 59,61% tai néng do 25 ppm, trong khi nano ZnO cho
hiéu qua trc ché tdi wu 65,91% & nong dd 100 ppm. Gan day, Danh et al. (2024) da thanh
cong trong viée tong hop 18 mau ché pham sinh hoc nano tir nhwra dau nghé két hop véi
nano bac va chitosan. Cac ché pham nay thé hién hoat tinh khang nam hiéu qua dbi voi
nam Colletotrichum spp., tic nhan gy bénh than thu, v6i mic e ché dao dong tir
15,55% dén 46,72% sau 3 ngay thir nghiém. Dong thoi, cac ché pham nay ciing cho thay
kha ning kiém soat bénh thdi qua do Phytophthora spp., véi hiéu qua tc ché tir 13,78%
dén 65,98% trong cung thoi gian. Mot nghién ctru tién hanh danh gia anh hudng cua
nano bac dén hién twong nhiém khuan va qua trinh ting trudng ciy cuc trong hé vi thiy
canh cling dugc thuc hién boi Tung et al. (2016). Két qua cho thdy bo sung 7,5 ppm

nano bac vao mdi trudng nuoi cay giap cay cuc phat trién tot nhat sau 2 tuan, dong thoi
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giam dang ké ham luong vi sinh vat gdm 8 loai vi khuan va 3 loai nim gy hai. O giai
doan vudn wom sau 4 tudn, cay cuc xt Iy véi 7,5 ppm nano bac c6 ty 1& séng 100% va
tdng trudng vuot troi vé chiéu cao, s 14, s6 ré, kich thudc 14 va khdi lugng tuoi, kho so
v6i cac nghiém thire khac Nhitng nghién ctru, bdo céo twong tur, da cho thiy su két hop
chitosan oligosaccharide v&i cac loai nano cho hiéu luc cao trong trc ché vi sinh vat gay
bénh cay trong. Két qua cta nhirng nghién ctiru ndy khing dinh tiém ning tng dung cua
céc ché pham nano sinh hoc trong viéc kiém soat nam bénh trén cay trong, mé ra huéng
di méi cho cac bién phéap bao vé ciy trong bén viing va hiéu quéa hon.

Céc nghién ctru hién c6 da ching minh 6 rang tiém ning 16n cta cac ché pham
nano, dic biét 1a nano bac két hop v&i cac vat liéu sinh hoc nhu chitosan oligosaccharide
va cac kim loai khac (d6ng, bentonite), hay cac 16p phii bé mat khac di tao ra cac ché
phém c6 tinh hi¢u qua trong viéc kiém soat hiéu qua nhiéu loai vi sinh vét gay bénh trén
cay trong. Su da dang, da nang va tinh ing dung, thuong mai rong rii clia cac hat nano
bac di gop phan mo rong pham vi nghién ctru tmg dung trong nong nghiép. Tuy nhién,
bén canh nhiing loi ich, nano bac ciing da lam day 1én méi lo ngai véi cac tic dong bat
loi khong chi ddi v6i thuc vat ma con ddi véi sinh vat séng, hé sinh thai, moi truong ma
con v6i con ngudi thong qua chudi thire an vai thuce vat 13 “dau tau” ctia mang ludi.

Nhin chung, qua tong quan tu liéu cic nghién ctru cho thdy hé bénh hai trén ciy
sen (Nelumbo nucifera) cé tinh da dang va phtic tap cao, bao gdbm cac nhém nam, sinh
vat gidng nam, vi khuan va virus, trong d6 cac chi ndm gay hai pho bién nhu Alternaria,
Nigrospora, Curvularia, Fusarium, Lasiodiplodia cing mot sd tic nhin khac nhu
Erysiphe, Pseudocercospora, Phytopythium dugc ghi nhan véi tan suat dang ké tai nhiéu
qudc gia trong sen. O Trung Qudc, Pai Loan va mot sé nude Pong A, nhicu khao sat c¢6
hé thdng két hop hinh thai va dinh danh phén tir 43 mo ta tinh hinh bénh hai twong ddi
toan dién, trai lai tai Viét Nam s6 lugng nghién ctru con han ché, roi rac theo khu vuc,
va khong it bao cao cii thiéu dit liéu trinh tu, tiéu ban ddi chiéu, dan dén d6 tin cay dinh
danh chua cao. Bén canh dé, trong bdi canh Hué c6 dién tich canh tac sen 16n, gan lién
sdu sdc voi hinh anh vin hoa dia phuong, phan bé ca trén rudng va hd, diéu kién vi khi
hau am — néng thuén loi cho tac nhan gay hai phat trién. Tuy nhién, nghién ctru trong
nudc con phan manh, thiéu cac khao sat tich hop va dinh danh phan tir da locus ddi véi
tac nhan bénh hai trén sen. Tiép can dinh danh cac loai nAm gay hai doi héi tich hop da

ngudn bang chtng (hinh thai, sinh thai — ky chu, va phét sinh loai phan tir da locus/dong
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quy), trong d6 viéc chudn hoa va sir dung cac marker tht cap ngoai ITS (nhu TEFI-a,
TUB2, GAPDH, CHS1, LSU, RPB1/2) la can thiét dé nang cao do chinh xac dinh danh.
Song hanh v&i do, nano bac dugc ghi nhan 1a vat licu co tiém nang ung dung cao trong
quan ly bénh hai thyc vat nho co ché tac dong da muyc tiéu, bao gém pha v& cAu tric va
tinh thAim mang, cam mg stress oxy hoa (ROS), twong tac ion. Cac két qua trong va
ngoai nude déu cho thiy hiéu luc e ché dang ké ddi v6i nhiéu loai ndm gay bénh quan
trong, song murc do hi¢u quéa phu thuoc manh vao dac trung hoa — ly cua hat (kich thuoc,
hinh dang, dién tich, 16p pha 6n dinh), ndng d6 sir dung, thoi diém va phuong thire ap
dung ciing nhu nén mé tiép xuc va diéu kién méi trudng. Mic di ¢6 nhiéu tin hiéu tich
cuc, nano bac van dit ra cac yéu cu danh gia an toan, bao gém tiém nang tdn luu Ag/Agt
trong mo thuc vat/san phém, tac dong dén hé vi sinh vat déng cu va h¢ sinh thai vi mo,
nguy co hinh thanh tinh khang va anh huong dén sinh 1y — ning suit cdy trong khi tng
dung thuc dia lau dai.

RO rang, co thé nhan dién mot sb khoang tréng khoa hoc — thyc tién chu yéu. Thu
nhat, chua c6 mot khao sat tich hop, quy mé du 16n vé pho tac nhan nim giy bénh trén
sen trong & Hué véi quy trinh phan 14p, mo ta va dinh danh da locus chuan héa. Thit hai,
thiéu cac danh gia dinh lugng, so sanh co kiém soét vé& hiéu lyc ctia nano bac trén céc
tac nhan nim cha luc ctia sen Hué dé 1am nén tang 1y thuyét ing dung nano bac trong
diéu kién dong rudng cua dia phuong. Cac khoang trong nay dinh hudng cho muc tiéu
va thiét ké nghién cru cta luan 4n nham vira 1am rd ddi twong gy hai, vira danh gia
dugc muc d§ hi¢u qua ctiia nano bac trong kiém soat cac tic nhan nay trong diéu kién

phong thi nghiém.
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CHUONG 2. VAT LIEU, NOI DUNG VA PHUONG PHAP NGHIEN CUU

2.1. VAT LIEU NGHIEN CUU

Céc tac nhan gay hai trén cay sen dugc thu thap va phan 1ap & cac dia diém trong
sen khac nhau tai Thanh phé Hué. Vi tri cac dia diém thu thap mau, bo phan thu thap,
gidng sen duoc trinh bay chi tiét trong Bang phu lyc 1.1

Dung dich nano bac duoc tong hop tir chiét xuit cAy nha dam Aloe vera, cung
cép boi1 Khoa Vat 1y, Pai hoc Khoa hoc Hué. Hat nano c¢6 duong kinh tir 5-40 nm. Néng
d6 dung dich gdc 14 40 mg/L. Cac théng tin duoc trinh bay & Phu luc 2
2.2. PHUONG PHAP NGHIEN CUU
2.2.1. Phuong phap thu thip va phan 1ap tiac nhan gay hai trén 14 sen

Céc mau 14 sen cia hai giéng sen hong cao san va sen trang Hué xuat hién triéu
chirng bénh dién hinh dugc ghi nhan va thu thép tai cac dia diém tréng sen khac nhau
trén dia ban Thanh phd Hué. Sau khi ghi nhan céc triéu ching va thong tin lién quan,
nhirmg mau dugc bao quan trong tai zip va van chuyén vé phong thi nghiém nham tién
hanh phan 1ap tac nhan gy bénh. Cac mau 14 c6 tridu bénh rira sach bang nudc cat vo
tring (SDW), sau d6 dung kéo vo tring cét tir ria mép bénh thanh cdc manh nho (5 x 5
mm). Cac manh nay dugc khir tring bang cich ngam tuan tu trong dung dich natri
hypoclorit NaOCI 1% (nong do hoat dong) (w/v) trong 1 phut, ethanol 70% (v/v) trong
15 gidy sau d6 rira ba 1an bang nude cat vo tring. Lam kho bang gidy thim, dat 1én trén
dia petri chita moi truong thach nudc (Water agar - WA) va u & 30°C trong bong toi.
Céc soi nAm méi moc ra tir md duge chuyén vao cic dia petri chira méi truong thach
dextrose khoai tay (Potato dextrose agar - PDA) va i & 30°C trong bong toi. Lam thuan
mau nam bang cach cdy dinh sinh trudéng ndm tir moi truong cii sang moi trudng nudi
cdy PDA méi. Cac mau nim duoc xac dinh 13 tac nhan gay hai bang cach xac minh lay
nhiém nhan tao theo quy trinh Koch (Schénbach, 2013).

Céc dic diém ting truong (dudng kinh tan nAm) duoc ghi nhan theo cac mdc thoi
gian 3, 5 va 7 ngay trén moi truong PDA. Cac dang moi trudng phu nhu WA (water agar
— moi trudng thach nudce), OA (oatmeal agar — méi truong thach yén mach), SNA
(sucrose nitrate agar) ciing duoc str dung dé so sanh, danh gia. Riéng cac ching phan
1ap thude chi Neofusicoccum va Lasiodiplodia dugc thuc hi¢n nudi céy phu trén moi
truong PNA (thach nudc agar bo sung 14 thong da hap khir tring) dé kich thich san sinh
bao tir. Sau hai tudn trén moi truong PDA, cac quan sat vé hinh thai vi mé (hinh dang,
kich thude bao tir, sgi ndm, vach ngan...) duoc thuc hién, mau sdc cling dugc mo ta theo
thang mau Rayner (McKnight & Rayner, 1972) va tén goi ctia mau sic dugc xac dinh

theo ma mau cua trang web truc tuyén Color Name (https://www.color-name.com/)
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2.2.2. Phwong phap tach chiét DNA, khuéch dai va giai trinh ty

Soi ndm 7 ngay tudi tir cac ching phan 14p duoc thu truc tiép bang dao vo trung
tir cac dia phan l1ap nudi cdy trén méi trudng PDA. DNA tong sb duoc tach chiét bang
bd Kit thuong mai Genomic DNA Extraction (ABT, Viét Nam) theo quy trinh hudng
dan ctia nha san xuit.

Qua trinh khuéch dai PCR dugc thyc hién bang may SimpliAmp™ (Thermo
Fisher Scientific Inc., Waltham, MA, Hoa Ky). Tong thé tich mdi phan tng PCR (50
uL) bao gom: 25 pL Go Taq Green 2X Master Mix (Promega, Hoa K¥), 5 uL (20 - 100
ng) gDNA khudén mau, 5 pL mdi primer (10 pmol/pL) va 15 pL ddH,O (Promega, Hoa
Ky). Thong tin chi tiét cac moi (primer) dé khuéch dai PCR céc ving gene/locus tuong
ng dugc trinh bay trong Bang 2.1. Cac san pham PCR sau khuéch dai dugc quan sat
dudi gel agarose 1% (w/v) st dung dém TAE 1X (Thermo Fisher Scientific, Lithuania).
Qua trinh dién di thuc hién & 75V trong 35 phut. Tinh sach va giai trinh tu cac san phém
PCR dugc thuc hién thuong mai tai Cong ty FirstBASE (Malaysia).

Bang 2.1. Trinh ty cac mdi (primer) str dung trong qua trinh dinh danh loai

Ving . . N Sit dung trong
Primer Trinh tu (5°-3%) Nguon .
gene/locus chi
ITS1 TCC GTA GGT GAA CCT GCG G
Internal
. ITS5 GGA AGT AAA AGT CGT AAC AAG G .
transcribed spacer White et al. (1990) Tat ca céc chi
(ITS) ITS4 TCC TCC GCT TAT TGA TAT GC
GDF1 GCC GTC AAC GAC CCC TTC ATT GA Templeton et
Glyceraldehyde- preton Colletotrichum
3-phosphate GDRI GGG TGG AGT CGT ACT TGA GCATGT  al (1992)
dehydrogenase gpdhl-F CAA CGG CTT CGG TCG CAT TG Curvularia,
(GAPDH) Berbee et al. (1999) )
gpdh2-R GCC AAG CAG TTG GTT GT GC Exserohilum
Actin ACT-512F ATGTGCAAGGCCGGTTTCGC Carbone & Kohn
Colletotrichum
(ACT) ACT-783R TAC GAG TCC TTC TGG CCC AT (1999)

Chitin synthase CHS-79F TGG GGC AAG GAT GCTTGG AAGAAG  (Carbone & Kohn
Colletotrichum

(CHS-1) CHS-354R  TGG AAG AAC CAT CTG TGA GAGTTG ~ (1999)
O’Donnell & L .
T1 AAC ATG CGT GAG ATT GTAAGT . . Lasiodiplodia
Cigelnik (1997)
) Nigrospora
B-tubulin 2 Glass & Donaldson
Bt2a GGTAACCAAATCGGTGCTGCTTTC Colletotrichum
(TUB2) (1995)
Diaporthe
Glass & Donaldson
Bt2b ACCCTCAGTGTAGTGACCCTTGGC (1995) Neopestalotiopsis
Apn2-Mat1-2 ApM-F TCATTC TAC GTATGT GCC CG
intergenic spacer
and partial mating Silva et al. (2012) Colletotrichum

ApM-R CCA GAA ATA CAC CGAACT TGC
type Matl-2 gene

(ApMat)
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Carbone & Kohn

EF1-728F CAT CGA GAA GTT CGA GAA GG (1999) Lasiodiplodia
Translation Neofusicoccum
clongation factor EF1-983F GCY CCY GGH CAY CGT GAY TTY AT Schoch (2009) Nigrospora
1-alph -
alpha Carbone & Kohn Colletotrichum
(TEF1-a) EF-986R TAC TTG AAG GAA CCC TTA CC (1999) Diaporthe
EF1-2218R  ATG ACA CCR ACR GCRACR GTYTG  Schoch (2009) Neopestalotiopsis
LROR ACC CGC TGA ACT TAA GC Rehner & Samuel
Large Subunit (1994)
ribosomal RNA ) Curvularia
(LSU) LR5 TCC TGA GGG AAA CTT CG Vilgalys & Hester
(1990)

2.2.3. Phuwong phap phan tich phat sinh loai da locus

Céc trinh tu thd DNA thu duoc tir ca hai chiéu dugc xir ly dé thu nhan cac trinh
tu dong thuan cho timg phan 14p bang phin mém BioEdit v7.0.5 (Ibis Biosciences,
Carlsbad, CA, Hoa Ky) (Hall, 1999). Can chinh da chudi bang MUSCLE vdi ting ving
gene dugc thuc hién déng thot céc trinh ty phan 1ap voi céc trinh ty tham chiéu c6 lién
quan chit ché& duoc thu thap trong co s& dit liéu NCBI bang phan mém MEGA 11 theo
céc tham sb6 mac dinh (Hinchliff & Roalson, 2013; Tamura et al., 2021). Cac can chinh
tho (raw alignment) nay sau d6 dugc t6i uu hoa bang Trim Al (Capella-Gutiérrez et al.,
2009) theo phuong phap “gappyout” dé loai bo cac vi tri du thira dua trén phan bd
khoang tréng trong mdi cin chinh, nhim thu nhan tép trinh tu cdn chinh hoan chinh cudi
cung. Cac tép dir liéu cta cac vung gene lién két nay duoc diéu chinh thi cong khi can
thiét. Tat ca cac khoang tréng (gap) duoc xem la dit liéu thiéu va viéc ndi cac locus trinh

tu da can chinh duoc thuc hién béng phﬁn mém MEGA 11 hoic Mesquite v. 2.75.

Cay phat sinh da locus dugc xay dung dya trén phuong phap Maximum
Likelihood (ML) bang céng cu IQ-TREE v. 2.1.3 (Minh et al., 2020). ModelFinder duoc
stt dung dé xac dinh mé hinh phu hop nhit cho viéc phan tich phat sinh loai
(Kalyaanamoorthy et al., 2017). Hé s6 hd trg duoc xac dinh bang cach st dung cac thong
sO: ultrafast-bootstrap, xac suat hau nghiém aBayesian va SH-aLRT (t6i thiéu 1000 lan
1ap, tuy theo mirc d9 phtrc tap cua ting chi, 1.000 — 10.000). Céc cay phat sinh loai thu
nhan tor phan tich trén dugc hién thi bﬁng FigTree v. 144
(http://tree.bio.ed.ac.uk/software/figtree) (Rambaut, 2018) hodc Interactive Tree of Life
(iTOL) v.6 (Letunic & Bork, 2021), dugc xir Iy d6 hoa chi tiét bang PowerPoint
(Microsoft, CA, Hoa Ky) va Adobe Illustrator CC 2021 (Adobe Systems, CA, Hoa Ky).

Tt ca cac don vi phan loai (taxa) duoc str dung cho cac phan tich trong nghién ctru duoc

trinh bay chi tiét trong cac bang twong tmg véi timg chi (Phy luc 2, Bang phu luc 2.1-
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2.9). TAt ca céc trinh ty méi thu duoc trong nghién ctru hién tai da duogc gui té1 Genbank

NCBI (www.ncbi.nlm.nih.gov).

Bang 2.2. Cac locus két hop duoc lwa chon st dung tuong tng véi timg chi

Chi Cic locus két hop dwoc sir dung

Neofusicoccum ITS + TUB2

Lasiodiplodia ITS + TUB2 + TEF I-o.

Nigrospora ITS+ TUB2 + TEFI-o

Curvularia ITS + GAPDH + LSU*

Exserohilum ITS + GAPDH
Phuc hop ITS + GAPDH + TUB2 + TEFI-0. + CHS-1 + ACT +
gloespoerioides ApMAT

Colletotrichum
Phtrc hop ITS + GAPDH + TUB2 + TEFI-o.+ CHS-1 + ACT
orchiaderum

Neopestalotiopsis ITS + TUB2 + TEFI-a

Diaporthe ITS+ TUB2 + TEFI-a hodc TUB2 + TEFI-o

Aspergillus ITS

Ghi chui: LSU dugc stt dung nhu mot locus bo tro - vi rat nhiéu trinh ty LSU khong

dugc ghi nhan & rat nhiéu loai tham chiéu thudc chi Curvularia trén Genbank

Ranh gi6i loai dugc xac dinh bang mo hinh nhan dang loai phat sinh gene phu
hop pha hé (Genealogical Concordance Phylogenetic Species Recognition - GCPSR) dé
phan tich cac ching phan lap/loai c6 phat sinh gene khong rd rang theo phuong phap
duge mo ta boi Quaedvlieg et al. (2014). Cay phat sinh loai da locus dugc sir dung dé
xéc dinh su xuét hién cua su kién tai to hop trong cac phirc hop loai, thong qua kiém tra
chi sé tuong dong timg cip (Pw, PHI) bing phan mém SplitsTree v.6.4.14 (Huson &
Bryant, 2006). Dé phat hién su tai té hop noi gene, cac locus riéng 1 ciing dugc phan
tich bang xét nghiém PHI. Su tai hop déng ké duoc ghi nhan khi chi s6 PHI dudi ngudng
0,05 (dw < 0,05). Mdi quan hé giita cac don vi phan loai c¢6 lién quan chit ché v6i nhau
duoc xac dinh bang cach xay dung mang phat sinh gene (Split Network) tir tip dit liéu
dugc ndi da locus, sit dung phép bién ddi LogDet va cac tiy chon thudt toan
NeighborNet/Split Decomposition.

Phan tich PTP (Poisson Tree Processes) duoc thyc hién (trong trudng hop can

thiét) bang cach sir dung tép phén tich phat sinh loai ML tao ra (chuyén doi dinh dang
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NEXUS). Phan tich PTP duoc thuc hién voi 100.000 thé hé Markov chain Monte Carlo
(MCMC), cac tham s6 khac bao gom thining: 100, burn-in 0,1% va tién hanh trén web
truc tuyén PTP (http://species.h-its.org/ptp/). Su hdi tu cua cac lan lap MCMC dugc

danh gia bang cach truc quan héa biéu do log-likelihood.
2.2.4. Phwong phap danh gia anh huéng ciia nano bac dén cac tic nhin giy hai
trén ciy sen & diéu ki¢én phong thi nghiém
2.2.4.1. Anh hwéng ciia nano bac dén sw phdt trién soi nim

Mau nam thuan duoc cit tir ria cla tan ndm sau 72 gid nudi cay & 30°C, sau d6
dit vao tim cac dia petri (dudng kinh dia 9cm, dudng kinh sinh trudng tbi da thyc té 8,5
cm) chtra méi trudng PDA (Potato dextrose agar — thach khoai tiy) ¢ cac nong do nano
bac khac nhau (0 — d6i chimg, 0,1 mg/L, 1 4mg/L, 10 mg/L, 20 mg/L, va 30 mg/L).
Hexaconazole (Anvil 5SC, Syngenta) v&i nong do khuyén nghi 0,2% (ndng do hoat chat
ban dau: 50 g/L) dugc sir dung lam ddi chimg thuong mai. Tién hanh nudi ciy & cung
nhiét do va thoi gian. Mdi thi nghiém duoc 1ap lai 3 1an. Puong kinh tan nam dugc do
sau 3, 5, va 7 ngay béng thudce kep dién tir va ghi nhan hinh anh. Hi¢u lyc uc ché cua
nano bac dugc tinh theo cong thirc dugc mo ta bdi Abbott (1925).

HLUC(%) = [ ]xlOO

Trong do:

HLUC (%): 1a hiéu luc trc ché caa nano bac tinh theo phén tram

C (mm): Puong kinh trung binh tan ndm trong dia d6i chimng

T (mm): Puong kinh trung binh tin nim trong cac dia thi nghiém twong tng véi

tirng nong do xtr Iy nano bac.

Céc gia tri duong kinh duoc sir dung dé tinh toan theo cong thirc 1a cac gia tri da
duoc xtr 1y bang cach trir di dudng kinh khoanh nim ban dau & thoi diém ban dau cua
cac dia thir nghiém twong Gng. Ngoai duong kinh tan nim, cac dic diém hinh thai dai
thé (mau sdc tan nAm, hinh dang ria tan nam, hach nam, .. .) trén cac dia co bo sung nano
bac khac nhau dugc quan sat, ghi nhan va so sanh voi ddi ching. Ghi nhan hinh anh ¢
cac thoi diém 3, 5, 7 ngay sau cay.
2.2.4.2. Phwong phap danh gia dp nhay cua nano bac (gid tri ECsg)

Do nhay cta nano bac vé6i cac chung phan 14p nidm gdy hai trén moi trudng rin
(thach) duoc biéu thi thong qua gia trj ECso. Gia tri ECso dugc wdc tinh theo 3 mé hinh
khac nhau: hdi quy logarit tuyén tinh, ndi suy tuyén tinh trén truc log ctia nong d6 (log-
space interpolation) va hdi quy phi tuyén tinh Probit v&i phép chuyén d6i logio. M6 hinh
dugc xay dung dua trén cdp du li€u dau vao 1a liéu lugng (dose - néng do nano bac xu

Iy dwoc chuyén doi sang logarit co s6 10) — dap Gng (response — gid tri hiéu lic irc ché
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dwoe chudn héa) bang phan mém R 4.4.0. Cip dir liéu liéu luong — dap Gmg duoc 14y tir
sb liéu cua thir nghiém danh gia hi¢u lyc uc ché trén méi truong thach PDA cua cac
phan 1ap & cac ndng d6 xir 1y nano bac khac nhau.

Phuong phép thong ké mé ta t phan vi dugc ap dung dé phan nhém mirc do
nhay cadm cua cac chung phan 13p thr nghiém vadi nano bac dua trén cac gia tri ECso ghi
nhan duoc.
2.2.4.3. Phwong phdp xdc dinh nong dp vrc ché ti thiéu, nong dé digt ném toi thiéu

Thir nghiém xac dinh gia tri ndng d6 wc ché tdi thiéu (Minimum inhibitory
concentrations - MIC), néng d¢ diét ndm t4i thiéu (minimum fungicidal concentrations
- MFC) ctia nano bac duoc thuc hién theo hudng dan cia Vién Tiéu chuan Lam sang va
Phong xét nghiém (CLSI) véi mot s6 thay d6i dé phu hop véi nong do tdi da ciia nano
bac 14 40 mg/L. Day dung dich nano bac thir nghiém (giéng 2 — giéng 10) duoc thiét 1ap
va chuan bi trong 200 pL (mdi trudng va nano bac) v6i ndng do duoc tinh trude, sao
cho sau khi b6 sung 20 pL huyén phu bao tir (1 x 10° CFU/mL), tao thanh diy pham vi
ndng d6 cudi cung 0,078125 — 20 mg/L. Riéng hang giéng 11 duoc thiét 1ap bang cach
bd sung truc tiép 200 uL nano bac stock ¢ ndong d6 gdc 40 mg/L (ndng d6 cudi cung dat
36,364 mg/L). Trong mdi lugt thi nghiém, ddi chimg 4m tinh (DMSO 1%) va d6i ching
sinh trudng (chi moi trudng va huyén phu bao tir) duge dua vao. Cac dia duge U trong
48-72 gid ¢ 37°C, téc do lac 150 vong/phit. Tiép theo 20 pL dung dich resazurin duoc
thém vao cac giéng (ndng do hoat dong cudi cling trong mdi giéng: 44pM) va tiép tuc u
trong ti trong 48 gio. Sy thay doi mau tir xanh sang hong hodc khong mau cho thay su
phat trién cta bao tir sbng. MIC dugc xac dinh 1a ndng d6 thap nhat tai d6 khong quan
sat thiy sy phat trién ciia nAm bang mat thudng, dong thoi khong ghi nhan su chuyén
mau cua chi thi resazurin (xanh sang h@)ng). MFC duoc xac dinh béng cach nuoi céy lai
30 pL dung dich tir cac giéng MIC, 2xMIC va 4xMIC 1én mdi trudong thach PDA; cac
dia khong xuét hién khuan lac sau 48 gi0 dugc xem la MFC. Hi¢u qua diét nam hoic tc
ché duoc danh gia thong qua ty 16 MEC/MIC. Ty 1é < 4 dugc xem 1 hoat tinh diét nim,
trong khi ty 18 > 4 cho thdy kha ning trc ché sy phat trién nidm. T4t ca cac xét nghiém
duoc thuc hién theo cap va lap lai hai lan doc lap.
2.2.4.4. Phwong phdp xdc dinh dnh hwéng ciia nano bac dén sinh khoi (khé) nim

Sinh khéi ndm dugc ude tinh thong qua viéc xac dinh trong luong khoé cua soi
nam. Sinh khi soi ndm sau khi nuéi cdy trong mi trudng long (Potato Dextrose Broth
— PDB). Sau 3 ngdy nudi cdy & cung diéu kién nhiét d6 30°C, véi toc do lic 180
vong/pht, sinh khéi dugc thu nhan va rira 2 1an bang nuée cat vo tring (SDW) dé loai
bo moi trudong du thira. Luong sinh khdi thu duoc & céac néng do khac nhau duoc séy

kho trong til sdy ¢ nhiét do 70°C dén trong luong khong doi trén gidy loc Whatman s6
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1 (GE Healthcare). Trong luong khé cua sinh khéi (tinh biang mg) dugc x4c dinh bang
cach trir trong luong ban du cta gidy loc (trong trong lugng tong cta soi ndm va gidy
loc). Sinh khéi nim (mg) duoc tinh 1a gi tri trung binh cta ba mau doc 1ap.

2.2.4.5. Phwong phdp xdc dinh dé din dién ngogi bao va mirc dé ro ri acid nucleic

Do dan dién ngoai bao (extracellular electrical conductivity - EEC) duoc xac dinh
theo phuong phap mé ta trudc ddy cta Zhang et al. (2019) v6i mot so sira doi nho: 30
uL huyén phu bao tir (10° CFU/mL) dugc cdy vao méi truong PDB va nudi ciy ¢ 30°C,
150 vong/phut trong 7 ngay. Sau khi rira hai 1an bang nudc cat vo tring dé loai bo méi
truong du thira, phan soi ndm dugc thu thap dé danh gia. Sau do, 1y 0,5g soi nim duoc
chuyén vao cac binh tam giac 50 mL chira 25 mL nudc cat vo trung (SDW) lam dbi
chtng (Control), 25 mL nano bac ndng do 5 va 30 mg/L. Tién hanh 0 trong may lic &
30°C, sau do gia tri do dan dién ngoai bao (EEC) dugc xac dinh bé“tng may do do dan
dién ¢ cac moc thoi gian: 3 gio, 12 gid, 24 gid, 36 gid va 48 gio, két qua dugc biéu thi
bang pS/cm. May do do dan dién model: Adwa AD31 (Adwai Instruments, Hungary),
pham vi d6 dan dién tr 0 — 3999 uS/cm, dugc hiéu chuan véi dung dich chuan 1413
uS/cm (25 °C). Thi nghiém dugc lap lai ba lan.

Su giai phong cac thanh phan hap thu ¢ budc séong 260nm hay mirc d6 ro ri acid
nucleic (dugc biéu thi bang gia tri ODaeo) ciing dugc danh gia dua duoc thiét ké thir
nghiém tuong tu cach tién hanh xac dinh do dan dién ngoai bao (EEC). Soi nam sau khi
nudi 7 ngay trén moi truong PDB duogc thu thap va rura sach. Sau do, léy 0,5g soi nam
duogc dat vao cac ong Falcon 50 mL chira 25 mL nudc cat vo tring (SDW) lam ddi chimg
(Control), 25 mL nano bac néng do 5 va 30 mg/Lva thu thap dich méi truong & cac mde
thoi gian: 3 gio, 12 giod, 24 gid, 36 gio va 48 gid. Tién hanh ly tim ¢ tdc do 4.000
vong/phut trong 3 phut (DLAB 0412, Trung Qudc). Phan dich nbi trong duoc sir dung
dé danh gia sy ro i acid nucleic ngoai bao (OD2s0) bang may quang phd UV-Vis (Spectro
UV2650, LABOMED)
2.2.4.6. Phwong phap xdc dinh ham lwgng MDA (Malondyaldehyde)

Murc d6 peroxid hoa lipid dugc danh gia thong qua ham luong Malondyaldehyde
(MDA) va duoc tién hanh theo phuong phap phan ung acid 2-thiobarbituric
(Senthilkumar et al., 2021). Phan sgi ndm con lai sau ly tam & thoi diém 48 gid dugc st
dung dé ddng nhat voi nito 16ng trong 5 mL acid trichloroacetic (TCA) 5% (w/v) va dich
ddng nhat duoc ly tim & 12.000 g trong 10 phat ¢ nhiét do phong. Phan dich ndi duoc
tron v6i mot thé tich twong dwong (1:1) voi hdn hop (TBA 0,67% trong TCA 20% (W/v)).

Sau d6 hdn hop dugc dun séi trong 30 phut & 95°C, sau d6 duoc ly ra, lam ngudi va ly
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tam trong 10 phat & 10.000 g. Thu dich ndi. D6 hap thu cua phan dich ndi dugc do & cac
budc song 450 nm, 532 nm va 600 nm. Cac gia tri MDA dugc biéu thi 1a nmol/g
Cwmpa (nmol/L) = 6,45 x (Asz2— Asoo) — 0,56 x A4so
MDA (nmol/ g FW) = Cmpa x Vo x (V¢ Vo)/(FW x 10°)

Trong do:

+ A4s0, Aszz, Asoo biéu thi do hép thu & bude song 450 nm, 532 nm, 600 nm

+ Cmpa: néng d6 MDA trong dung dich hdn hop. Vo, Vi, V: 1an luot biéu thi thé

tich phan hon hop dich tham gia phan tmg, tong thé tich dich chiét thd cta mAu,

thé tich dung dich mau lay trong qua trinh do do hap thu ¢ cac budc song.

+ FW 1a khoi lugng tuoi ctia soi nam (g)
2.2.4.7. Phwong phdp xdc dinh ham lwong ergosterol ciia soi ndm

Phuong phap cta Arthington-Skaggs et al. (1999) duoc st dung dé xac dinh ham
lugng ergosterol vd1 mot s6 diéu chinh nho. Soi ndm duge thu thap béng cach loc, rira
ba 1an lan luot dung dich nudc mudi sinh 1y va nudc cat vo trung, tiép tuc lam kho bé
mat béng giéy thdm. Sau do, 1 g soi ndm udt duoe tréon véi 5 mL dung dich kali
hydroxide-ethanol 25% (w/v) va hdn hop dugc vortex trong 2 phut. Tiép theo, i hdn
hop & nhiét d6 85 °C trong bé U nhiét trong 2 gio. Sau khi @, 5 mL n-hexan dugc thém
vao hdn hop va tiép tuc vortex déu trong 2 phut. Tiép theo, 16p n-hexan duoc thu thap
va duoc xac minh bang may quang phd UV-Vis (230-300 nm). Su xuat hién cia
dehydroergosterol (¢ 282 nm va 230 nm) va ergosterol (¢ 282 nm) tao ra cac dinh hip
thu dac trung. Thi nghiém duoc 1ap lai ba lan. Cong thure sau duogc stir dung dé xac dinh
ham lugng ergosterol:

Ergosterol (%) = (A282/290)/FW- (A230/518)/FW

trong do: Azsz va Azzo biéu thi do hép thu ¢ 282 nm va 230 nm. FW: trong lugng tuoi
soi nAm
2.2.4.8. Phwong phdp xdc dinh hoat d cdc enzyme chéng oxy héa

Superoxide Dismutase (SOD) dugc xéac dinh theo phuong phap dugc mo ta cua
(Oury et al., 1992). 3mL hdn hop phan Gng, bao gdbm: dém phosphat PBS 100 mM,
methionine 0,2M, nitro blue tetrazolium chloride (NBT) 2,25 mM, EDTA 30 mM,
Riboflavin 60 M va natri cacbonat 1,5 M dugc thém vao 100 pL chiét xuit enzyme va
dé yén 10 phut sau d6 chuyén vao 1 trong tdi. SOD dugc biéu thi dudi dang don vi hoat
dong/ng protein sau khi do bude song Aseo. Mot don vi SOD tuong duong voi luong
enzyme gy ra su giam 50% kha nang e ché NBT.

Enzyme catalase (CAT) duoc xac dinh bing cach sir dung 0,5 mL chiét xuét

enzyme, 2 mL PBS (50 mM, pH = 7). Phan tng duoc tién hanh bang cach bo sung 0,5
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mL hén hop H02 30 mM. Muc do giam gia tri OD & budc song Azao ciia H202 duoc
ghi nhan khi c6 chiét xuat enzyme theo giao thirc ctia Aebi (1984). Mau tring (blank)
duogc thiét 1ap bang hdn hop dung dich dém phosphate va H>0 30 mM (ty 1é 2:1). Hoat
dong enzyme CAT dugc biéu thi bang U/mg.
2.2.5. Phwong phap xir Iy s6 liéu

Dit liéu duoc phan tich bang phan mém IBM SPSS 23.0 (IBM Corporation,
Armonk, NY, Hoa Ky) va DATAtab (Graz, Austria). T4t ca dit liéu thuc nghiém duoc
trinh bay dué6i dang gia trj trung binh + d6 1éch chudn (SD). Su sai khac giira cic nghiém
thire, cong thire xir Iy duoc danh gid bing ANOVA, cung véi kiém dinh Tukey (Tukey’s
HSD) cho céc so sanh cip. Mirc ¥ nghia thong ké cho cac kiém dinh duoc xem xét &
mure xac suat 0,05 (p < 0,05) hodc 0,01 (p <0,01).

Truc quan hoa dir liéu dugc thuc hién véi R véi goi (package) ggplot2 véi cac

ham cy thé nhu Ban dd nhiét (package ggplot2, ham geom _tile), ECso (ggplot2, dplyr)
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CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. SU PA DANG CUA CAC TAC NHAN GAY HAI TREN CAY SEN TRONG
O THANH PHO HUE

Téng cong 174 chung ndm da dugc phan 1ap tir 392 miu bénh hai c6 triéu ching
dién hinh trén cay sen, dugc thu thap qua 65 dot khao sat tai cac diém tréng sen khac

nhau & Thanh phé Hué tir nam 04/2021 dén thang 06/2024.

ap Al
@ %

Neofusicoccum

Lasiodiplodia Phong Dién Pha Xuan Thuan Hoa
(n=12 chang phan lap) (n=40 changphanlap)  (n=13 chung phan lap)

Curvularia

1

PhiaVang
(n=1chung phan lap)

Huong Tra Huong Thuy Phu Léc
(n =6 chung phan lap) (n=4chung phan lap) (n=3 chung phan lap)

.

Exserohilum
Nigrospora
Neopestalotiopsis

Colletotrichum

Diaporthe

Aspergillus

Hinh 3.1. Cac dia diém phén 14p va su phan bd cac chi gay hai trén cy sen trong &
Thanh phd Hué. Bén trai 1a vi tri dia Iy cia Thanh phé Hué. Bén phai biéu thi sy phan
b (theo quén, huyén) cua cac chi (genus) ghi nhan trong nghién ctru

Pau tién, qué trinh sang loc dugc thyc hién dya trén cac dir licu vé dic diém hinh
thai (dic diém nudi ciy, hinh dang bao tir) va xac minh bang 14y nhiém nhan tao (quy
trinh Koch): 81 chiing phéan lap nim duoc xac dinh 14 cac tac nhan gay hai trén cdy sen
trong & Thanh phé Hué (Bang phu luc 1.1). Trong d6, 48 ching phan lap ghi nhan tir
gidng sen hong Pong Thap (sen cao san) va 33 chung phan 1ap tir cac gidng sen tring
Hué (Hinh 3.2B). Cac tac nhan gdy bénh nay phan b6 vao mot nganh 13: Ascomycota

voi 3 16p khiac nhau duoc ghi nhidn — Dothideomycetes, Sordariomycetes va
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Eurotiomycetes. Nhimg tic nhdn ndy phan bd vao 7 Ho Pleosporaceae,
Botryosphaeriaceae, Diaporthaceae, Aspergillaceae, Apiosporaceae, Sporocadaceae va
Glomerellaceae. O cip d6 chi, c6 tong cong 9 chi ndm dugc ghi nhan lién quan dén cac
tricu chung bénh hai trén 14 sen. Trong d6, Curvularia (Ho Pleosporaceae, B
Pleosporales) 1a chi phé bién nhit véi 26 ching phan 1ap, phan 16n lién quan dén céc
triéu chimg ddm 14. Cuing thudc Ho Pleosporaceae nay, chi Exserohilum ciing dugc phat
hién véi 5 ching phan lap, lién quan dén hién tuong kho nau trén 14 sen. Ho
Boytryosphariaceae ghi nhan 18 chung phan 1ap thudc 2 chi tuong ing 1a Neofusicoccum
(9 ching phan l4p) va Lasiodiplodia (11 ching phan 1ap) — phan 16n lién quan dén cac
tritu chimg tan lui, théi cudng 14 & cdy sen. Chi Colletotrichum thudc ho
Glomerellaceae, tac nhan chinh lién quan dén bénh than thu va thdi trén 14 sen, ciing
dugc ghi nhan voi 13 ching phén lap, phan bd duy nhét trong chi ndy. Ngoai ra, chi
Nigrospora (Apiosporaceae) va Neopestalotiopsis (Sporocadaceae) dugc ghi nhan véi
3 chiing phan 1ap twong g véi mdi chi. Chi Diaporthe ghi nhan 8 chiing phan 1ap giy
bénh dém nau trén 1a cay sen, tuy nhién, doc luc cia cac chung nay thap va khong nhat
quan. Ho Aspergillaceae chi ghi nhan moét chi 1a Aspergillus, dugc xac dinh 1a tac nhan
gay hai thir cAp hodc mam bénh co hoi. Cac ching nay chu yéu lién quan dén hién tugng
théi rita va muc nat cua 1a sen sau khi bi ton thuong co hoc do mua giéng, hoat dong
canh tac, thu hai hodc tdc dong con trung gay hai.
3.1.1. Pic diém phan b ciia cac tic nhan giy hai trén ciy sen theo chi, gidng sen,
dia ly va sinh canh

Trong nghién ctru nay, danh gia vé phan b dia Iy cac tac nhan gy hai trén cay
sen hong va cdy sen tring & Thanh phd Hué ciing duoc tién hanh. Két qua nghién ctru
cho thay su phan b tic nhan gay hai khong dong déu giita cac quan/huyén & Thanh ph
Hué. Quan Pha Xuan 12 dia diém c6 tan sudt ghi nhan tac nhan gay hai trén cay sen 16n
nhat (40 chung phan lap, chiém gan 50% tong sb phan 1ap) va thé hién sy da dang nhit,
v6i 8/9 chi dugce ghi nhén (Hinh 3.2B). Cac dia phuong khac nhu quan Thuan Hoéa (15
chung), huyén Phong Pién (12 chung) va Huong Tra (6 ching) ciing ghi nhan sé luong
chung phan 1ap dang ké (Hinh 3.2C). Nguoc lai, tai huyén Phai Vang, chi ghi nhan 1 mau
thudc chi Lasiodiplodia, diéu nay cé thé duoc 1y giai boi 2 nguyén nhan chinh: (1) sé
liwong mau thu thip thap hon dding ké so véi cac dia phwong khdc, (2) khdc biét trong
phdn bé viing trong sen giita cdc dia phirong ciing ¢ thé 13 mot yéu td anh huong dén

s6 lugng va sy da dang cua cdc mau nam duoc thu thap. Nhitng yéu t6 nay can duoc
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xem xét k¥ ludng dé ¢am bao tinh chinh xac va toan dién trong viéc danh gia sy phan
bd va muc do gay hai cua cac chi nam tai khu vuc.

Xét twong quan su phan bé theo ting chi, Curvularia 13 chi phd bién nhat véi 26
chung phan 1ap, xuat hién & 6/7 quan/huyén duoc khao sat cuia Thanh phdé Hué (Hinh
3.2C-D). Bén canh do, mét s6 chi nAm c6 su tap trung ro rét ¢ cac dia diém cu thé, chi
Curvularia tap trung nhiéu & quan Pha Xuan (11 chang phan l4p) va quan Thuan Hoéa
(8 chiing phan 1ap). Colletotrichum tap trung tai Phu Xuan (8 chung) va Phong Dién (2
chung). Lasiodiplodia phan b twong ddi déu ¢ nhiéu dia diém nhung tip trung & Phu
Xuéan (3 chung) va Phong Dién (2 chung). Nguoc lai, mdt s6 chi nAm khac lai c6 su
phan bd han ché - cuc b, chéng han nhu Neopestalotiopsis, chi xudt hién & quan Phu
Xuan, hoac Nigrospora, chi dugc ghi nhan tai hai quan: Phu Xuan va Thuan Hoa (Hinh
3.2C-D, Bang phu lyc 1.2). Su phan bd hep nay c¢6 thé lién quan dén cac yéu té dic thu
clia méi trudng hodc ky chu (giéng sen) tai cac dia phuong nay. Viée xac dinh chinh xéac
cac chi ndm gay hai va hiéu r6 hon vé su khéc biét trong phan b cua chung, s& gop phan
cung cap thong tin quan trong dé xay dung chién luoc quan 1y dich hai phu hop, vira
dam bao hiéu qua kiém soat vira han ché tac dong tiéu cuc dén moi truong va san Xuét
ndéng nghiép. Pidu nay nhan manh tdm quan trong ciia viéc nghién ciru sau hon vé dic
diém, cac thong tin sinh hoc ciia chung phan 1ap, x4c dinh duoc chinh xac tac nhan gay
hai dé 1am co s& nén tang, phat trién cac bién phap kiém soat hiéu qua nham giam thiéu
tac dong tiéu cuc dén mua vu va sinh ké cua nong dan tré)ng sen tai khu vuec.

Nham 1am rd mdi quan hé gitta diéu kién sinh canh va sy phan bd cua cac ching
nam phan lap trén cdy sen, nghién ctru da tién hanh phan tich theo timg dang méi trudng
sinh canh noi miu duoc thu thap. Trong nghién ciru ndy, diéu kién méi trudng sinh canh
dugc phan loai thanh ba phan dang chinh: rudng, ho va chau.

- Rudng: Sinh canh rudng dugc dinh nghia la cac khu vuc mat nén 1a rudng noi
ciy sen duoc trong. Dang sinh canh nay chi yéu bao gdm cac rudng chuyén dbi tir trong
lua sang trong sen, dic trung boi muc dd ngap nudc thap va dé bi anh hudng boi cac
hoat dong nong nghiép lién ké.

- Hd: dang sinh canh nay duoc phan loai cho céc hd trong hé thdng thiy dao (bao
g6m ho ty nhién, hd dao va cac ho 1a vét tich cia con song cii nhu Kim Long, Bach Yén
— song Ngu Ha ngay nay) ctia Thanh Noi va cac hd trudc va trong cac khudn vién cac

lang tam. Pac trung ctia sinh canh nay la mirc d6 ngap nudce cao, tinh 6n dinh cao hon.

46



- Chau: Dang sinh canh chau dugc chi dinh cho cdc mau thu thap tir ciy sen dugc
trdng trong chau, cic khu vyc canh quan nhdn tao hay nha vuon. Dic trung cia sinh
canh nay 12 mirc d6 ngap nudc thap va tinh bién dong, di dong mai trudng cao. Ngoai
ra, sinh canh chiu c6 nguy co cao trong viéc phét tan cac tic nhan gy hai kho kiém
soat, dic biét trong cac hoat dong thuong mai va van chuyén cay trong.

Két qua phan tich duoc thé hién trong Hinh 3.2B va Phu luc Bang 1.3 cho thay
moi truong rudng 1a sinh canh c6 su da dang vé chi va sb luong ching phan lap cao
nhét, v&i su wu thé 13 rét cta cac chi nhu Curvularia, Lasiodiplodia va Exserohilum.
Trong do, Curvularia va Colletotrichum 1a hai chi phé bién nhéat, dugc ghi nhén trong
tat ca cac phan dang diéu kién sinh canh (h@), rudng, chau). Tuy nhién, sy phan bd va uu
thé cua cac chi nam lai phu thudc vao timg giong sen va timg phan dang sinh canh. Cu
the, chi Colletotrichum wu thé & sen trang (10/13 chung phén lap) va phan bb dong déu
& ca 3 dang sinh canh. Nguoc lai, Lasiodiplodia phan b6 chu yéu trén sen hong (9/11
chung phén lap) va tap trung phan 16n & sinh canh rudng (v6i 9/11 chung phan lap).
Péng chu ¥, ¢6 dén 15/26 chung phan 1ap ctia chi Curvularia va 4/5 ching phan lap cia
Exserohilum dugc phan ldp to sinh cdnh rudng. Nguoc lai, mdt s6 chi nhu
Neopestalotiopsis va Nigrospora chi xuat hién & 2 dang sinh canh hd hodc chau, chua
ghi nhan sy hién di€n & moi trudong sinh canh: ruong. Tuong tu, phén 16n cac chung
phan 1ap cua Diaporthe (7/8) dugc ghi nhan & hd hodc chau va chi duy nhat mot ching
phan 1ap dugc ghi nhan trong diéu kién dong rudng.

Bén canh d6, mot s6 chi nhu Exserohilum, Neopestalotiopsis va Aspergillus co
pham vi phan bd han ché, chi dugc ghi nhan XUAt hién trén giéng sen h6ng (Hinh 3.2A,
E; Bang phu lyc 1.3). Nhitng dir liéu ndy cho thay sy thich nghi dic thu cta cac chi ndm
gay hai v6i timg dang sinh canh va timg gidng sen, phan 4nh kha nang phan bd va sinh
trudng da dang tuy thudc vao diéu kién moi truong cling nhu dac diém vat chu cu thé.

Tom lai, sy phan b6 céc chi nAm gay hai trén cay sen tai Thanh phé Hué chiu anh
huong dang ké boi cac yéu to nhu gidng sen, mdi truong sinh canh va vi tri dia 1y. Sen
héng va sen tra‘mg tdn tai sy khéac biét vé cac chi nAm wu thé. Trong khi ruong dugc xac
dinh 13 phan dang sinh canh ghi nhan sy phét trién da dang ctia nhiéu chi nAm gay hai.
Dia diém phan 1ap ciing cho thiy sy khac biét vé thanh phan loai va s6 luong ching
nam. Sy phan b6 khong dong déu giita cac quan/huyén, co thé lién quan dén diéu kién

moi truong va ki thuat canh tac dic thu tai timg ving, timg sinh canh va ting gidng sen.
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3.1.2. Pa dang thanh phin loai nAm gy hai trén ciy sen dua trén ky thuit sinh hoc

phan tir

Truéde thuce té, véi sy da dang cao trong thanh phan chi va sy phan bd khong dong
déu cua cac chi ndm gy hai trén ciy sen trong trén dia ban Thanh phd Hué, viéc dinh
danh chinh x4c dén cfip do loai gap nhiéu kho khan khi chi dua vao cac dic diém hinh
thai truyén théng. Trong bdi canh d6, viéc ap dung cac k¥ thuét sinh hoc phan tir hién
dai nhu gidi trinh ty DNA tai cac locus dac hiéu va phan tich phat sinh loai da locus
(multi-locus phylogenetic analysis) tr& thanh mot yéu cau cap thiét. Cac k¥ thuat nay
khong chi gitup xac dinh chinh xac tic nhan gay hai dén cip d6 loai, ma con phat hién
cac phuc hop loai (species complexes) tiém an. Diéu nay tao tién dé quan trong dé xay
dung dit liéu hé gene, phan tir ciia cc tac nhan gay hai trén cay sen, hd tro hiéu qua cho
cong tac giam sat, chién luogc du bao nguy co dich bénh, va ddc biét 1a phat trién cac
bién phap quan 1y va phong chéng dic hiéu, hiéu qua hon cho timg tac nhan gy hai
riéng biét trong twong lai gan. Pé x4c dinh chinh x4c cac tac nhan gay hai & cap do loai,
nghién ctru nay da ap dung mot cach tiép can da phuong phap linh hoat, phu hop véi
tirng ddi tuong cu thé. Cac phuong phap dugce sir dung bao gdm k¥ thuat sinh hoc phan
tir théng qua giai trinh ty cac ving gene dic trung, két hop v4i phan tich phat sinh loai
da locus nham nang cao do chinh xac trong phan loai. Viéc dinh danh loai dugc thuc
hién dua trén su tich hop chit ché gita két qua phan tich phan tir, dir liéu hinh théi hoc,
lich str phan bd, thong tin vé ky chi cua tit ca 9 chi gdy hai trong nghién ctru.
3.1.2.1. Neofusicoccum va Lasiodiplodia

Nghién ctru phan tich phat sinh loai trong Ho Botryosphaeriaceae dugc thuc hién
v6i cd 2 chi duge ghi nhén: Neofusicoccum (9 chung phan 1ap, 4 chung dai dién) va
Lasiodiplodia (12 chung phan lap, 6 chung dai dién).

Lasiodiplodia 12 mot chi trong ho Botryosphaeriaceae (Botryosphaeriales,
Dothideomycetes, Ascomycota) va voi dai dién tiéu biéu 13 L. theobromae (Pat.) Griffon
& Maubl. Di v6i viée xac dinh loai trong chi Lasiodiplodia, ma tran tap dit liéu ghép
nbi 3 locus (ITS, TEF-Ia, va TUB2) chira tong cong 1261 ky tu nucleotide tir 87 phan
1ap tham chiéu cua 49 loai Lasiodiplodia khac nhau. Diplodia mutila CMW7060 duoc
st dung 1am don vi phan loai ngoai nhom (outgroup) dé xay dung céc ciy phat sinh loai
Maximum likelihood (ML). Ranh giéi dir liéu két hop bao gém 526 ky tu cua ITS (1—
526), 322 (527-849) ky tu cta ving gene yéu t6 kéo dai dich ma (TEFI-a) va 411 (850
1261) ky tu cua ving gene B-tubulin (TUB2). Ma trin trinh tu két hop nay chua 375

mau hinh khac biét (distinct patterns), 171 vi tri cung cip thong tin (parsimony-
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informative), 102 vi tri don 1¢ (singleton sites), 988 ky tu bao ton. Két qua phén tich
phat sinh loai trén cay ML cho théy, ca 6 chung phan 13p dai dién (VNHUCC.NEL38,
VNHUCC.NEL250, VNHUCC.NEL253, VNHUCC.NEL107, VNHUCC.NEL16 va
VNHUCC.NEL19) déu dugc nhom véi cac ching tham chiéu cta loai L. theobromae
(bao gém ca chung TYPE - CBS111530) va c6 moi quan hé phat sinh loai chit ché voi
L. laosensis va L. brasiliense (Hinh 3.3).

Vé dic diém hinh théi, dac biét 1a cdu tric bao tir, 9 ching phan lap dugc sang
loc so bd thudce chi Lasiodiplodia cling nhu céc loai thude chi nay khac biét véi cac chi
c6 quan hé gan giii trong ho Botryosphaeriaceae nhd su hién dién cta cac duong soc
doc trén bao tir truong thanh. Ngoai ra, cac dac diém hinh thai khac nhu kich thudc bao
tlr va paraphyses (cac cdu trac to nam phia trén té bao sinh bao tr) ciing duoc sir dung
lam tiéu chi quan trong dé phan dinh loai trong chi ndy. Tuy nhién, viéc mé ta dya trén
dic diém hinh thai nudi cdy (tan ndm) va bao tir thuong gdy ra sy nham l1an va dan dén
nhan dang, dinh danh khong chinh xac do su chéng chéo vé mit hinh thai. Trong cac
nghién ciru trude ddy, phan 16n cac phan tich, dinh danh chi dua trén trinh tu nucleotide
ctia doan dém phién ma bén trong (ITS) dé xac dinh cac loai trong chi Lasiodiplodia.
Phuong phap tiép can phat sinh ching loai da locus gan ddy, ngoai dir liéu trinh tur
nucleotide cua ITS, céc trinh tu cac gene ma hoa protein nhu TEF[-a, TUB2 da gitp
giai quyét t6t hon mbi quan hé phat sinh loai giita cac loai trong chi nay (Abdollahzadeh
et al.,, 2010; Alves et al., 2008; de Silva et al., 2022). Cac loai nam trong chi
Lasiodiplodia phan bd da dang, tap trung ¢ khu vuc nhiét d&i va can nhiét do1 va duoc
ghi nhén trén rat nhiéu loai vat cha khac nhau bao gdm mét 14 mam, hai 1a mam va ca
thuc vat hat trin. Cac loai trong chi Lasiodiplodia nay thé hién cac 16i séng mot cach da
dang, bao gém dudi dang nodi sinh, hoai sinh trén cac mo thuc vat (than gb chét), va
riéng L. theobromae cting dugc bdo cdo ghi nhén la cac tdc nhan gay bénh trén 500 cac
vat chu thyc vat khac nhau (Rodriguez-Galvez et al., 2025). O Viét Nam, trong mot
nghién ctru gan day ciia nhom tac gia Cuong et al. (2023), ciing da xac dinh va két luan
L. theobromae 1a tdc nhan gdy bénh tan lui trén cay sen dua trén trinh ty 3 gene muc tiéu
bao gom: ITS, TEFI-a, TUB2. Bén canh d0, L. theobromae ciing 1a tac nhan da duoc
bao cdo gay ra nhiéu bénh hai khac ghi nhan & Viét Nam nhu thdi qua mit, théi gbe than
& x0ai va budi, chady mu trén than cdy budi Thanh tra, bénh chay 14 trén cdy sau riéng,
cling nhu gay bénh chét canh trén ciy nho (Khuong et al., 2023; Tam et al., 2024; Thao
et al., 2023; Trai et al., 2024; Uyén et al., 2022; Linh et al., 2022)
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chung phan 1ap dai dién duoc xay dung tir tép dit liéu trinh ty cin chinh ghép ndi cua 3

locus ITS + TUB2 + TEFI-a (hién thi mot

phan — cay phat sinh loai day du duoc thé

hién & Phu luc hinh 3.3). Céc gia tri hd tro SH-aLRT > 70%/aBayes > 0,75/ML bootstrap
(%) > 70% duoc hién thi tai méi nut SH-aLRT/BPP/MLBS. Diplodia mutila CMW7060
duoc su dung lam phan 13p ngoai nhom (outgroup). Cac ching loai TYPE (Ex-TYPE)

duoc biéu thi bang chit “T” in ddm & cudi mdi nhan phéan loai. Thanh ty 1é biéu thi s6

lugng thay thé udc tinh trén mdi vi tri nucleotide. Mau sic vong tron sau mdi taxa biéu
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bdi véi chi Neofusicoccum, sang loc budc dau dya trén dic diém hinh thai cac
chung phan lap dai dién déu ghi nhan cac dac diém hinh thai dién hinh cua chi: Trén
PDA, soi ndm khi sinh tip trung manh & trung tdm; bé mit tan ban dau tring, sau 4-5
ngay chuyén dan sang xam den. Mit trai xanh than sim dén den tai trung tim; ving
ngoai vi ban dau tring xam, sau d6 tién trién tir tring xam sang xanh than den theo thoi
gian. Két qua phan tich BLASTn cho thiy trinh tu cia cic chung phan lap
VNHUCC.NEL18, VNHUCC.NEL104, VNHUCC.NEL134 va VNHUCC203 c6 mtc
d6 twong ddng cao vdi cac trinh tu tham chiéu dang tin cdy cua loai Neofusicoccum
parvum trén co s¢ dit licu Genbank (NCBI). Cu thé, céc trinh tu vung ITS cua céc ching
phan lap trong nghién ciru cho thdy mirc d6 twong dong rat cao dao dong tir 99,83 -
100% so voi cac ching phan 1ap tham chiéu trén NCBI cta N. parvum: BRIP66334
(MH183322) va CMW28386 (KU997399). Tuong tu, so sanh trinh ty vung gene TUB2,
cac chung phan 1ap nay dat mirc twong ddng tir 99,78% dén 100% so véi cac chung phan
lap N. parvum CBS 110301 (EU673095), CMWS8313 (KF886719), va KARE1198
(MN318108) (Ngay truy cap: 20/04/2023)

Viée xac dinh loai trong chi Neofusicoccum duoc khiang dinh thém bang phan
tich phat sinh loai da locus st dung tép dir li¢u két hop cua 2 locus ITS va TUB2. Bg dix
lidu két hop nay bao gém 50 chudi trinh tu khac nhau c6 d6 dai 981 ky tu nucleotide,
trong d6 ghi nhan 191 mau hinh khéac biét, 74 vi tri cung cap thong tin, 84 vi tri don 1¢
va 790 vi tri bao ton. Theo két qua phan tich phat sinh loai, 4 chung dai dién
VNHUCC.NEL18, VNHUCC.NEL104, VNHUCC.NEL134 va VNHUCC.NEL203
déu duoc cu triic trong mot nhanh cing cic ching tham chiéu cua loai Neofusicoccum
parvum véi hé s6 hd tro tbt SH-aLRT/PP/MLBS: 86,5/1/97 (Hinh 3.4).

Loai N. parvum phan b rong trén toan thé gidi, c6 pham vi vat chi cuc ky 16n
va kha niang gy bénh d3 duoc chirng minh hai lién quan dén nhiéu loai cay gd 16n, cay
cong nghiép (Guarnaccia et al., 2020), cdy an qua (Guarnaccia et al. 2020; He et al.
2022; Antony et al. 2023; Lolas et al. 2024) va cay canh (Sasia et al. 2023; Zhang et al.
2023b). Pang chu y, nhiéu nghién ciru trude day chi ra rang c6 mot sy lién quan mat
thiét giira cac loai trong ho Botryosphaeriaceae (Lasiodiplodia spp., Dothiorella spp.,
Neofusicoccum spp., Diplodia spp., Botryosphaeria spp.) trong qua trinh iy nhiém va
gay hai ¢ thuc vat, dac biét 1a cac bénh chét kho canh, nut loét va xi mu than cay. Hai
lodi L. theobromae va N. parvum d3 dugc xac dinh 12 dong tac nhan lién quan dén bénh
chét kho canh ¢ 25 ving trong nho tai Trung Qudc, chét canh trén cdy cacao, cdy macca
& Uc, & Nam Phi va céac loai thudc ho cam quyt tai Malta va Italia (Maduke et al., 2024;
Mohankumar et al., 2022; Puig et al., 2021; Yan et al., 2013). Hai loai nay ciing 1a dong
tac nhan gay bénh loét trén cdy viét quat & Tdy Ban Nha hay bénh bac 14 & cdy thanh
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mai (Myrica rubra), bénh thdi gdc than va chét canh & cay bo, xoai va vai tai Kenya,
Italia va Tay Ban Nha, gy ra bénh dém 14 va théi cac chdi non trén cdy kiwi ¢ Trung
Quéc, ddm 14 va vét loét trén than cdy gai dau (Cannabis sativa) (Aiello et al., 2022;
Bezerra et al., 2021; Li et al., 2020; Wanjiku et al., 2020; Zhou et al., 2015). Bénh nut
than xi mu trén cay Bach dan d6 (Eucalyptus camaldulensis) cling dugc xac dinh 1a do:
L. theobromae, N. parvum cung vo1 Aplosporella hesperidica gay ra (Admasu et al.,
2023). RS rang, v6i tinh lién két dwgc thé hién nhu vay, cac loai ndm trong ho
Botryosphaeriaceae khong chi c6 kha ning gay hai da dang cac loai cy trong khac nhau
ma con thé hién tinh da hinh trong co ché giy bénh.

Nhu vay, dua trén su ddi chiéu, tong hop cac dit liéu dic diém hinh thai (Phu luc
Hinh 3.1), két qua lay nhidm nhan tao, phan tich phan tr cing v&i thong tin vé phan bd
va ky chu, day dugc xem 13 bao cao dau tién ghi nhan N. parvum 13 tac nhan lién quan
dén triéu chtng théi cudng 14 trén cdy sen.
3.1.2.2. Curvularia va Exserohilum

Chi Curvularia 1a mot chi nAm phd bién trén nhiéu loai thuc vat, dic biét 14 cac
loai c6 va cac loai thuc vat thuoc ho Hoa thao (Manamgoda et al., 2012; Marin-Felix et
al., 2017; Adomako et al., 2025). Hién nay, chi Curvularia bao gdm 232 loai duoc méd
ta trén Mycobank (https://www.mycobank.org). Tuy nhién, Marin-Felix et al. (2020)

trong mot bao cao danh gia lai hé thdng phén loai cta chi Curvularia chi cong nhan 105
loai dya trén dir li¢u trinh ty DNA va phan tich da locus. Cac loai Curvularia spp. thuong
dugc xac dinh chil yéu dua trén hinh thai hoc, nhung nhiéu trudng hop sy nhan dang
hinh thai khong tring khép véi két qua dinh danh dya trén trinh ty DNA (Kidd &
Westblade, 2024; Ram et al., 2024). Hon nira, loai dugc bdo cao phé bién nhat 1a C.
lunata, dugc xem 1a mot loai phurc hop (da Cunha et al., 2013; Marin-Felix et al., 2020).

Véi su tién bo va thuc diy manh mé cta k¥ thudt sinh hoc phan tir, dic biét 1a
gene GAPDH cho thay d6 phan giai cao trong viéc phan biét cac loai c6 quan hé ho hang
gﬁn trong Curvularia. Diéu da thic déy manh mé&, mo rong kién thirc va lam rd duoc hé
théng phan loai vé chi Curvularia, v6i nhiéu loai méi duge xéac dinh (Ahmadpour et al.,
2025; Ferdinandez et al., 2021; Iturrieta-Gonzalez et al., 2020; van Vuuren et al., 2024).
Tuy nhién, nhin chung rat it cac bao cdo vé céac loai gay hai thudc chi Curvularia dugc
bao cdo tai Viét Nam, va thuong duoc dung voi thudt nglt Curvularia sp./spp. va chi
mot s6 it duge chi dinh 13 C. lunata gay bénh ddm nau, lem 1ép hat ltia dwa trén trinh tur
ITS (Toan & Nam, 2021; Toan & Str, 2024; Trung et al., 2019). Ngoai C. lunata, chi c6
3 loai Curvularia khac dugc bao cao ¢ Viét Nam, bao g6m C. australiensis, C. oryzae,
C. uncinata - déu trén cdy lta Oryza sativa theo co s dit liéu ndm USDA
(https://fungi.ars.usda.gov/; truy cap ngay 14/06/2025). Mac du vay, khong c6 sy khac
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biét gitra trinh tu ITS cua céac loai C. lunata, C. falsilunata, C. chiangmaiensis, C.
dactyloctenicola, cho nén can than trong va ddi chiéu véi cac dic diém hinh thai hodc
két hop cac locus khac khi xac minh, dinh danh céc loai nay.

O Viét Nam, mot nghién ctru gn dy khi diéu tra & 3 tinh Binh Duong, Ty Ninh,
Thanh phd Hd Chi Minh ciing d3 xac dinh C. lunata 13 tac nhan giy bénh ddm 14 trén
cay dua lu6i (Cucumis melo) dwa dic diém hinh thai, phan tich phan tir cc ving gene
ITS, TUB2 va TEFI-a (Hoang et al., 2025). Trén thé gi6i, C. lunata di duogc bao cao
gdy dom 14 trén nhiéu vat chi khic nhau: hoa huéng duong ¢ Trung Qudc, cac loai co
thudc chi Andropogon & Brazil, cay ng6 (Hoa Ky), gdy bénh ta sém trén cay ca chua &
Ai Cép, gdy bénh d¢6m 14 va thdi qua sau thu hoach trén cdy chudi & An Do va Pakistan,
gay hai trén qua thanh long rudt do & Malaysia (AbdElfatah et al., 2021; Addrah et al.,
2021; Chang et al., 2019; Chowhan & Chakraborty, 2023; dos Santos et al., 2018;
Garcia-Aroca et al., 2018; Hawa et al., 2009; Sharma et al., 2021).

Trong sb cac loai thudc chi Curvularia trong nghién ctru nay, C. plantarum 1a
loai pho bién (uru thé) nhét - véi sb lugng phan 1ap duge ghi nhan nhiéu nhét, véi tong
cong 7 phan lap (3 phan 1ap trén giéng sen hong, va 4 phan lap trén gidng sen tring). Ca
7 chung phan 1ap nay déu dugc nhom véi cac tham chiéu tin cay cia loai C. plantarum
nhu USJCCO0068 (d6m 14 trén Echinochloa crus-galli), USICC0333 (bong lta O. sativa)
va chung loai TYPE CGMCC 3.19342 (mia, S. officinarum) v6i hé s6 hd tro dang tin
cay: 88,6/1/97. Trong nay, du van dugc chi dinh trong C. plantarum nhung chung
VNHUCC.NEL32 khéc bi¢t & mdt nucleotide (1/500 bp) ¢ trinh tu GAPDH so v&i cac
6 chung phan lap con lai trong loai. Trinh tw GAPDH cua cac chung phan 1p nay cling
cho théy su tach biét tot vai cac loai chi em c6 mbi quan hé gén nhu C. hominis, C.
muehlenbeckiae v&i sy khac biét 1an lugt & 4 (4/500bp) va 8 (8/500bp) nucleotide. Loai
C. plantarum dugc Raza va cong sy ghi nhan va mo ta lan dau tién trén 14 cdy mia
(Saccharum officinarum) tai Trung Qudc (Raza et al., 2019). Sau d6, pham vi ky chi
cua loai nay dugc mé rong qua cac nghién ctru cua Ferdinandez vao cac nam 2021 va
2023 & Sri Lanka, v&i cac ghi nhan chu yéu trén cac cdy luong thyc quan trong va cac
loai c6. P co it nhat 6 ky chii khac nhau ctia C. plantarum dugc béo céo, bao gom laa
(O. sativa), ngd (Z. mays), ké chan vit (Eleusine coracana), c¢o 16ng vuc (Echinochloa
crus-galli), c6 k& MY (Panicum virgatum), va mot loai c¢d thudc chi Paspalum
(Ferdinandez et al., 2021, 2023). Pang chu y, trong cung cum phan nhém nay véi C.
plantarum, mot bao cdo gan day ¢ Trung Qudc dd mo ta mot loai Curvularia méi lién
quan dén triéu chimg ddm nau trén 14 cay sen, voi danh phap chi dinh C. nuciferae
(YZzU231509, YZU231510), va C. nuciferae cb quan hé ho hang gan giii voi cac loai C.
mosaddeghii, C. muehlenbeckiae va C. hominis (Guo et al., 2025).
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Trong khi 46, C. dactyloctenicola 1a mot loai Curvularia duge md ta lan dau boi
Marin-Felix et al. (2017) tir mau triéu chimg dém 14 trén Dactyloctenium aegyptium tai
Thai Lan. C6 thé do méi duoc ghi nhan, cac bao cdo vé loai ndy hién con kha han ché.
Trong nghién ctru hién tai, thong qua phan tich phat sinh loai, C. dactyloctenicola cling
dugc ghi nhan vo1 2 ching phan 1ap duoc thu nhan (VNHUCC.NELS57 va
VNHUCC.NEL101) va chi phan bi¢t dua véi C. lunata trén trinh tu gene GAPDH. Cuy
thé, trinh twr GAPDH cua ching phan 14p VNHUCC.NEL100 cta loai C. lunata trong
nghién cou nay khéc biét véi hai ching phan lap cua C. dactyloctenicola:
VNHUCC.NEL57 (sen hong), VNHUCC.NEL101 (sen tring) lan luot & 3 va véi 6 vi
tri nucleotide. V& pham vi ky chu, gan day, C. dactyloctenicola i dugc ghi nhan lién
quan dén cac triéu chimg dém 14 trén cay dau dila (Vigna unguiculata) va ciy mia do
(Costus speciosus) tai An Do boi hai nghién ciru doc 1ap cua Bhuyan et al. (2024);
Nimbarte et al. (2025), cung voi két qua ghi nhan trén cdy sen (N. nucifera) da cho thay
su mo rong pham vi ky chi va dia 1y cta loai ndm nay.

Chung phan 1ap VNHUCC.NEL74 trong nghién ctru nay dugc thu thap tir mot
rudng sen tai Hrong Toan, Huong Tra, noi ghi nhan céc triéu chung thdi nau va xoan 14
(Phu luc Hinh 3.13). Dua trén két qua phan tich phat sinh loai, chuing VNHUCC.NEL74
dugc x4c dinh nam trong cung nhanhvéi cac ching tham chiéu cua loai Curvularia
verruculosa, trong d6 c¢6 ching TYPE CBS150.63, véi mirc do hd tro rit cao (SH-
aLRT/BPP/MLBS: 99/1/100). Pang cht ¥, hai loai C. americana va C. verruculosa rat
kho phan biét dua trén dac diém hinh thai, chi c6 thé xac dinh chinh xac thong qua trinh
tu gene ITS va GAPDH. Trén thé gidi, C. verruculosa da dugc bao céo 1a tac nhan gay
bénh ddm 14 trén cay laa, cady dau nanh (Wei et al., 2022), dau ¢6 ve ¢ Trung Quéc, cay
ngd va cay bong & An Do (Shirsath et al., 2018), nho ¢ Afghanistan (Rajput et al., 2020),
va mot s6 loai ¢6 nhu co6 nhung Nhat Ban (Zoysia japonica) (Choi et al., 2018), c6 man
trau Eleusine indica & Thai Lan (Marin-Felix et al., 2017). Gan day, C. verruculosa ciing
duoc ghi nhan gy dém 14 va chdy 14 trén cdy ma tién (Strychnos potatorum) - mot loai
dugc liéu 6 An Do (Kripa et al., 2024).

Phan tich phat sinh loai trong chi Curvularia cling xac dinh sy hién dién cua loai
C. asiatica — tuong ung v6i chung phan 1ap VNHUCC.NEL53 véi céc hé sé hd tro cao
lan luot 1a 84,3/0,99/96. Theo cac bao cao hién c6, C. asiatica da duogc ghi nhéan tai sau
quéc gia trén thé gidi, bao gdm Uc, Trung Québc, Malaysia, Thai Lan, Hoa Ky va Sri
Lanka (Farr & Rossman 2022). Loai nim nay c6 pham vi ky chu da dang va thuong

dugc bao cdo lién quan véi cac tri¢u chung dom 14 trén nhi€u loai thyc vat khac nhau.
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Cu thé, C. asiatica dugc phat hién giy bénh dom 14 trén cdy lta (O. sativa) tai Uc
(Khemmuk et al., 2016), Thai Lan (Manamgoda, 2012) va Sri Lanka (Ferdinandez et
al., 2023). Loai nay con dugc ghi nhan trén Epipremnum pinnatum (Wang et al., 2018)
va mia (S. officinarum) & Trung Qudc (Raza et al., 2019); trén cay ludi hd (Sansevieria
trifasciata) tai Malaysia (Kee et al., 2020); cling nhu trén cac loai ¢é Panicum spp. tai
Thai Lan; va cac loai Festuca sp., Microstegium sp. cung Paspalum sp. & Hoa Ky
(Manamgoda et al., 2012, 2015). Theo dit liéu hién c6, ddy 1a 1an dau tién C. asiatica
duogc ghi nhan tai Viét Nam cling nhu trén cay sen. Ngoai ra, mot loai nam co quan hé
phat sinh loai gan giii v6i C. asiatica 13 C. senegalensis lai dugc ghi nhan trong nghién
clru nay véi 2 ching phan 1ap (VNHUCC.NEL91, VNHUCC.NEL305) lién quan dén
triéu chimg dém nau trén 13 (hé s6 hd tro: 86,9/0,99/99). So véi C. asiatica, C.
senegalensis c6 pham vi ky chii han ché hon. Loai nay chi duoc ghi nhin gin déy 14 tac
nhan ra cac triéu chimg dém 14 va hoa trén ciy ctc canh gidy (Zinnia elegans) tai Sri
Lanka, bénh chay 14 trén ca chua & Hoa Ky, cung mdt s6 ghi nhan cii trén ciy day
(Bandara et al., 2022; Huang et al., 2023; Mullin, 1993). V& mit phan ti, hai loai nay
khong thé phan bi¢t chi dua trén trinh ty vung ITS, ma sy khac bi¢t chi dugc phat hién
qua hai (02) vi tri nucleotide khac nhau trong trinh ty gene GAPDH (2/594 nucleotide).

Hai chung phan 1ap VNHUCC.NEL51 va VNHUCC.NEL305, dugc thu thép tu
gidng sen hong tai 2 ruong sen khac nhau ¢ huyén Phong Pién va cing lién quan dén
tri¢u chung thbi ndu trén 14 sen, da duoc xac dinh thudc loai C. radicifoliigena thong
qua phan tich phat sinh loai da gene va cac so sanh hinh thai (Hinh 3.5 va Phu luc Hinh
3.15). Ca hai chung nay nhom chit véi cac ching tham chiéu cua C. radicifoliigena va
tach biét rd rang v&i nhanh cua C. tamilnaduensis. H¢ s6 hd tro tai cac nat phan tach va
nut gdc ciia nhém dat mire tin cdy cao, 1an luot 1a 88,6/1/100 va 92,9/1/100. Trudc day,
C. radicifoliigena dugc bao cao 1an dau tién boi Raza et al. (2019) trén cac phan lap thu
thap tir 14 va 1& cdy mia (S. officinarum) tai tinh Quang Chau, Trung Qudc. Tuy nhién,
cho dén nay, chura ¢ béo cdo nao vé sy xuit hién cua loai nay trén cac ky chu khac nao
ngoai mia. Nghién ciru ndy danh dau lan dau tién C. radicifoliigena duoc phét hién lién
quan dén cay sen (N. nucifera), dong thoi cling 13 ghi nhan dau tién vé sy hién dién cia
loai nay tai Viét Nam. Day khong chi 1 phat hién méi vé mat dia Iy ma con mo rong
pham vi ky chu cua loai nay cua tai Viét Nam, dac bi¢t trén cdy sen — mdt loai c6 gia tri
kinh té va vin héa quan trong.

Trong nghién ctru nay, Curvularia khong chi dugc xem la tdc nhan gay hai ghi

nhan phd bién nhat (26 chung phan lap dai dién) ma con thé hién mirc do da dang loai rat
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cao, v4i 8 loai d3 duoc dinh danh dua trén dic diém hinh thai va phan tich phat sinh loai
da locus (Hinh 3.5). Ngoai tror C. lunata da dugc bao cao trude day trén cay sen ¢ Dai
Loan, Trung Qudc (Chen & Kirschner, 2018; Cui & Sun, 2012), trong luan an nay 13 cac
bao cao dau tién cua 7 loai Curvularia méi tai Viét Nam. Dong thoi, day ciing 1an dau tién
7 loai nay duoc ghi nhan trén cay sen ¢ Viét Nam, cu thé C. asiatica, C. senegalensis, C.
plantarum, C. dactyloctenicola va C. radicifolligena, C. suttoniae va C. verruculosa, tat
ca déu lién quan dén céc triéu chimg dém nau 14 trén cdy sen. Pang chua y, 3 loai C.
senegalensis, C. dactyloctenicola va C. plantarum 1a cac loai dugc xac nhan ghi nhan gay
hai trén ca 2 giéng sen: sen hong va sen tring trong & Thanh phd Hué (Hinh 3.5).

Tuy nhién, trong két qua nay mot sd ching phan 1ap Curvularia khéc nhu:
VNHUCC.NEL8S2, = VNHUCC.NEL85, VNHUCC.NEL37, @ VNHUCC.NEL50,
VNHUCC.NEL31, VNHUCC.NEL80, VNHUCC.NEL400, VNHUCC.NEL9%4, va
VNHUCC.NEL65 van chua duogc giai quyét that sy rd rang vé mit phét sinh loai va co thé
can thém cac so sanh, thong tin tir locus bd trg khac (TEFI-a, LSU) dé x4c dinh 16 rang hon
trong tuong lai.

Trong khi d6 & chi Exserohilum, nam chung phan 13p trén cay sen cua chi nay
dugc thu nhan tir cac dia diém khac nhau: Thiy Véan, Thuy Bang — Thuan Héa, Pong
Ba — Phu Xuan, Phong Hién — Phong Pién. Cac triéu chiung dién hinh do cac ching
Exserohilum 13 d6m khong déu va ¢6 mau nau sim dén den, dic trung véi quang vang
13 rét, theo thoi gian ghi nhan chay 14 va kho héo véi rat nhiéu vét nhian & bé mat 14 (Phu
luc Hinh 3.18).

Cac chung nay da dugc budc dau xac dinh dua trén dic diém hinh thai va phan
tich phan tir bang cach khuéch dai va giai trinh tu 2 locus ITS va GAPDH nham xac
dinh chinh xé4c loai. Két qua phan tich BLASTn cho thay muc d6 trong dong cao gitta
cac chung phan 1ap dai dién véi cac phan 1ap tham chiéu (Ex-TYPE): E. mcginnisii CBS
325.87, E. gedarefense CBS 297.80 va E. antillanum CBS 412.93. Cu thé, murc do tuong
ddng dat 99,81 — 99,83% ddi véi locus ITS va 98,74 — 99,10% ddi voi locus GAPDH
(truy cap ngay 15/10/2024).

Phan tich phat sinh loai trong nghién ctru nay vai chi Exserohilum dugce thuc hién
bang két hop trinh tu 2 locus ITS + GAPDH cua 34 phan 1ap tham chiéu (bao gom 2
phan 1ap dong vai tro phan lap ngoai nhom — outgroup: Bipolaris maydis CBS136.29 va
B. oryzae MFULUCC 10-0715) va 5 chung phan lap dai dién (Hinh 3.6). Két qua cho
thay hé thong phat sinh loai trong chi Exserohilum dugc phan chia thanh 2 nhanh/nhém

don nganh (clade) rd rét. Nhom (clade) thtr nhat bao gdm cac loai: E. monoceras, E.
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oryzicola, E. pedicellatum, E. protrudens va E. turcicum. Nhém con lai bao gdm céc
loai: E. corniculatum, E. holmii, E. khartoumensis, E. minor, E. neoregeliae va E.
rostratum. Trong do, E. rostatum va E. corniculatum hinh thanh mdt phan nhom
(subclade) trong nhom nay. Tét ca 5 chung phan 1ap dai dién (ghi nhan trén gidng sen

hong) déu duoc chi dinh 14 loai E. rostratum trong phan nhom nay.

0.02 17.8/0.99/92 VNHUCC.NEL33 ®

Tree scale: — Exserohilum rostratum BRI
VNHUCC.NEL1
VNHUCC.NEL 34
VNHUCC.NEL5€

79.7/0.98/35 VNHUCC.NEL1

71.3/0.98/85

Exserohilum rostratum BRI
14.8/0.82/83 Exserohilum rastratum BRI
7108573 \ — Exserohilum rostratum CB

76/0.95/95 — Exserohifum rostratum Cl
16.80.81/89 /Y Exserohifum rostratus
Exserohifum rostrattum CE
Exserohiium rostratum CBS29
985/ 1 I gg 100/1/100 |Exserchi/um persianum IRAN3503GT
Exserohilum persianum FCCUU1201

145099714 Exserohilum i im BRIP114267

90.4/1/97

S0 Exserohilum holmii CBS413 651

8851 '"“\\\* — Exserohilum holmii CBS505 90
Exserohifum holmii CBS128053
96.2/1/98

Exserohilum khartoumensis C8S132708 1507

- Exserohiium fiolmii CBS318 64

/ m[ Exserohilum necregefiae cBs1326327

94/1/94 Exserofilum neoregeliae cB51328331%0T
Exserofuium minor BRIP14612
1 Dun ” nu Exserohilum minar BRIP14616 T
Exserohifum minor BRIP14614

99.7/1/100 \ |Exsemhnlum monoceras BRIP12238

Exserohilum monoceras BRIP12271

Exserchifum monoceras BRIP11542

98.4/1/100  _|99.61/100

\ \ Exserchifum turcicum BRIP12267
ET

Exserohilum turcicum CBS690.71
Exserohitum turcicum BRIP13326
999/1/1!]0 99.4/1/100 rExserahifum oryzicola CBS502.80 IsaT

[ Exseromifum oryzicola CBS376.78
1)

|— Exserohium pedicefiatum CBS322.64

B0.20.97/88 — | £yser0hium pediceliatum BRIP12040

Exserohilum protiudt BRIP14816

—— Bipolaris maydis CBS136.29"
|—Bipolaris oryzae MFLUCC 10-0715 (0 UTGROUP)

100/1/100

Hinh 3.6. CAy phat sinh loai (ML) cua chi Exserohilum dua trén tép dit liéu két hop 2
locus ITS + GAPDH. Céac gia tri hd trg SH-aLRT > 70%/aBayes > 0,75/ML bootstrap
(%) > 70% duoc hién thi tai mdi nit SH-aLRT/BPP/MLBS. Bipolaris maydis CBS
136.29 va B. oryzae MFLUCC 10-0715 duogc st dung lam phan 13p ngoai nhom
(Outgroup). Cac dang ching loai (TYPE, Ex-TYPE, Iso-TYPE) duoc biéu thi bang chit
“T”, “ET”, IsoT & phia cubi mdi taxa phan loai. Thanh ty 1 biéu thi sb luong thay thé
udc tinh trén mbi vi tri nucleotide. Mau sic vong tron sau mdi taxa biéu thi twong tng
chung dugc phan lap trén gidng sen tuong tng.

E. corniculatum 13 mdt taxon méi duoc xac dinh gan day trong hé théng danh gia

xéc dinh phat sinh loai véi 9 locus ctia Hernandez-Restrepo va cong su (2018) va c6 thé
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dé dang phan biét nhd dic trung phan mé rong cua dinh chop rat hep khi so sanh véi
cac phan 1ap cta E. rostratum vé&i phan dinh chop rong hon (Hernandez-Restrepo et al.,
2018). Pang chua y trong phan nhom nay, két qua phan tich phat sinh loai cho thay ngoai
cac phan 1ap E. rostratum thuin tay, cdy cling bao gdm mot sd phan lap: E.
longirostratum va cac Ex-TYPE E. antillanum, E. gedarefense, E. macginnisii, E.
prolatum va Helminthosporium leptochloae — céc phan 1ap nay hién nay dugc xem la
d6ng nghia danh phép véi E. rostratum. Két qua ndy hoan toan phu hop véi cac bao cdo
hé thdng phan loai méi nhét cua Exserohilum.

O Viét Nam, rat khan hiém cac bao céo lién quan vé E. rostratum, chi ¢c6 mot sb
it bdo cdo voi cach st dung tén cli cia loai nay - Helminthosporium rostratum gy hai
trén cay du da va cay ngd. Tuy nhién, trén thé giéi voi nhitng cip nhat trong hé thong
phan loai va trong cac ky thuat phan tr, E. rostratum da dugc xac dinh la tdc nhan gay
hai trén nhiéu loai thuc vat khac nhau: ddm 14 hay thdi bong trén cdy lta & Malaysia,
Burkina Faso, Trung Quéc (He et al., 2023; Kabor¢ et al., 2022; Mahmad Toher et al.,
2016; Mahmad-Toher et al., 2022). E. rostratum dugc xac dinh 13 tic nhan gay dém 14
trén nhiéu ky chu khac nhau: cay mia ¢ Iran, An Do (Ahmadpour et al., 2013;
Selvakumar et al., 2023), ngd ¢ Trung Quéc va Algeria (Ma et al., 2023; Xie et al., 2022;
Zibani et al., 2022), lta mi (Korra et al., 2023), co Acer negundo (Liu et al., 2021), c6
Buffel Cenchrus ciliaris & cic trang trai tai Tanzania (Mlay et al., 2022). Ngoai pho ky
cht pho bién thudc ho Hoa thao (Poaceae), E. rostratum 1a tic nhan gy hai trén bau,
dau tay, dua luéi ¢ Trung Qudc, ging va dua chudt (Cucumis sativus) & An Do hay gay
bénh chay 14 trén stp lo (Brassica oleracea var. italica) & Trung Qudc, ké dau ngya
(Xanthium strumarium) & Sudan (Ahmed et al., 2023; Chen et al., 2023; Choudhary et
al., 2018; Dhara et al., 2020; Praveena et al., 2022; Tang et al., 2023; Yu et al., 2022).

Dua vao dit liéu béo céo trén, nghién ctru ndy 1an dau tién xac dinh cdy sen (M.
nucifera) 1a ky chi méi cua E. rostratum — 1lién quan dén cac triéu chimg dém nau va
chay 14. V&i phd ky chii rong va thich nghi diéu kién sinh thai nhiét doi, E. rostratum c6
kha ning gia ting 4p luc bénh hai, de doa ning suat cdy trong va 6n dinh san xut nong
nghiép trong tuong lai gan.

Theo hd so phan bd ghi nhan trong nghién ciru nay, c6 dén 4/5 ching E. rostratum,
15/26 chung Curvularia dugc thu thap tir cac hé thong sinh canh - rudng trong sen (xap
xi 61% tong sd phan 1ap ctia 2 chi ndy). RS rang c6 mot sy lién hé mat thiét cua cac loai
trong 2 chi nay ddi véi dang sinh canh rudng, ciing nhu ho Pleosporaceae khi tinh dén

cac loai Alternaria da dugc bdo cédo trén cay sen trudc day (Gong et al., 2022; Zhang et
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al., 2019). Hé théng canh tac sen trén déng rudng ¢ Viét Nam dugc dac trung boi sy hién
dién da dang cua cac loai c6 dai thugoc ho Hoa thdo (Poaceae) nhu co 16ng vuc
(Echinochloa crus-galli) va c6 dudi phung (Leptochloa chinensis), diéu nay tao thanh
ngudn ky chu phu trg cho sy phat trién va duy tri mam bénh. Thém vao d6, vi tri clia cac
rudng sen thuong lién ké cac rudng trong lua va ngd (cac loai nay thudc Ho Hoa thao -
Poaceae), dong thoi c6 nhiéu dién tich rudng trudc diy sir dung dé trdng, canh tac lua
cling da duoc chuyén doi sang trong sen (dic biét tai khu vuc rudng sen Phong Hién,
Phong Pién, rudng sen & Lang Triéu Tri, Thay Bang). Tan du bénh hai trén ky chu cii
cling nhu diéu kién moi truong dién hinh ctia hé thdng canh tac cdy sen: nén mat nude on
dinh va nhiét do cao, d6 am tuong ddi 16n, c6 thé di tao diéu kién thuan loi cho su ton
tai, phat tan va thich nghi, lay lan mam bénh cua cua cac loai thudc cac chi Curvularia,
Exserohilum trén ky chu méi.

3.1.2.3. Nigrospora

Chi Nigrospora (Apiosporaceae, Xylariales, Sordariomycetes) bao gdm nhiéu loai
d3 duoc xéac dinh 1a cac tac nhan gay hai thuc vat, phan bd trén toan thé gii véi mirc do
da dang ky chu cao. Nigrospora oryzae va N. sphaerica 1a nhiing loai thudc chi nay dugc
bao cao thuong xuyén nhat (Kee et al., 2019; Zheng et al., 2021). Trong cac nghién ctru
trude day, Nigrospora spp. dugc phan loai chu yéu dua vao dic diém hinh thai, dic biét
1a kich thudc bao tir. Tuy nhién, cac dic diém hinh thai chong chéo thuong dugc quan sat
thdy ¢ cac loai Nigrospora, dan dén sy mo ho trong cach phan loai truyén thong cua chi
nay (Wang et al., 2017).

Tur cac mau cob triéu chimg chay 14 trén cdy sen ba chung VNHUCC.NEL30,
VNHUCC.NEL233 va VNHUCC.NEL431 da dugc phan 1ap. Qua trinh dinh danh so bd
dua trén dic diém hinh thai tan nAm va bao tt, ba chung phan 1ap nay duoc xac dinh thude
chi Nigrospora (Phu luc Hinh 3.5). V& viéc dinh danh dén loai 3 chung phan lap
Nigrospora dugc thyc hién bang cach str dung phuong phap phan tich phat sinh loai da
gene két hop céac thong tin didc diém hinh thai ghi nhan va thong tin ky chu. Phan tich
BLASTn cua 3 chung phan 1ap dai di¢gn VNHUCC.NEL30, VNHUCC.NEL 233 va
VNHUCC.NEL431 cho thay mirc d twong dong cao 100%, 99,74%, 98,94% twong (mg
lan lugt & cac vang ITS, TUB2 and TEFI-a cta Nigrospora lacticolonia CGMCC
3.18123 (chung loai TYPE). Bén canh d6, cac béo cdo trudc ddy chi ra rang khong thé
phan biét N. osmanthi (CGMCC 3.18126) va N. lacticolonia (CGMCC 3.18123) néu chi

dura vao thong tin trinh tu cta ving ITS, diéu nay din t&i nguy co x4c dinh sai tic nhan
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gay bénh. Trong khi d0, két qua xac minh cho thdy ving gene TEFI-a, TUB2 lai gitip giai

quyét tot dé phan biét véi 2 loai nay.

0.1 'HBE\ Nigrospora gorlenkoana CBS480.737
Tree scale: ——— 99.8/1/100 _ _ _ ’ .
N Nigraspora philosophiae-doctoris CGMCC3.20540
83.9/0.9%-
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‘ T
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. . . T
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A Nigrospora pyriformis LC6988
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Hinh 3.7. Cay phat sinh loai Maximum likelihood (ML) ctia chi Nigrospora dya trén
tép dir liéu trinh tu can chinh ghép ndi cua 3 locus ITS + TUB2 + TEFI-a. Cac gia tri
hd tro SH-aLRT > 70%/aBayes > 0,75/ML bootstrap (%) > 70% duoc hién thi tai mdi
nat SH-aLRT/BPP/MLBS. Arthrinium malaysianum CBS102053 dugc su dung nhu
nhom ngoai (outgroup). Mau sic vong tron sau mdi taxa biéu thi twong tng chung duoc

phan 1ap trén giéng sen hong hay sen tring
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Ba chung phan 1ap dai dién thudc chi Nigrospora trong nghién ctru nay da dugc
tach chiét va khuéch dai ba ving gene dic trung gdm ITS, TEFI-a va TUB2. Két qua
giai trinh tu cho thdy d6 dai cac san pham PCR cua ving ITS dao dong tir 531 dén 559
bp, ving TEFI-a tir 470 dén 487 bp, va ving TUB2 tir 410 dén 423 bp d6i voi ba ching
phan lap nay. Két qua dya trén ving gene TEF -0, 3 chung phan 1ap trong nghién ctru
nay ghi nhan murc d6 twong dong 98,94% voi ching phan 1ap N. lacticolonia CGMCC
3.18123 va 99,40% v&i N. lacticolonia PC KS6B1 A R2 - chung gy bénh dém nau do
trén than thanh long tai Malaysia, 100% véi cac chung phan lap LC7009 (chudi, Trung
Quéc) va ching LC12060 (mia, Trung Qudc). Tuong tu, cac 03 ching phan lap
Nigrospora trong nghién ctru nay ghi nhan muc do tuong dong cao tir 99,30 — 100% vai
vung TUB2 cua cac chung tham chiéu N. lacticolonia trén Genbank, so véi chi 98,31%
voi trinh ty cia chung phan 1ap N. osmanthi CGMCC 3.18126 (truy cap 28-09-2023).

Dé xac dinh mbi quan hé phat sinh loai, cac chudi trinh ty cta ba locus (ITS,
TEF1-a va TUB2) tir tong cong 42 chung phan lap, bao gdm ca 3 chung phan 1ap trong
nghién ctru nay, da duoc can chinh va phan tich (Bang phu luc 2.3). Trong tap dir li¢u
két hop va ba tap dit liéu riéng 1é duoc str dung dé phén tich, cdu tric lién két cua cay
phat sinh loai phan 16n pht hgp v&i nhau, cho thdy mdi quan hé tién hoa nhat quan cua
cac mau phan 1ap Nigrospora spp.

Két qua phan tich phat sinh loai két hop cta 3 locus (ITS + TUB2 + TEFI-a) clia
chi Nigrospora dugc thé hién & Hinh 3.7 cho thay, ba chiing dai dién (VNHUCC.NEL30,
VNHUCC.NEL233 vda VNHUCC.NEL431) phan 1ap tir cAc mau c6 triéu chimg chdy 14
trén cdy sen dugc nhéom lai trong mot nhanh duoc hd tro tbt SH-aLRT/PP/MLBS:
99,4/1/100 v6i sy ¢ mat cua chung tham chiéu N. lacticolonia CGMCC3.18123 (chung
TYPE), cing véi ching tham chiéu khac cing loai 1a LC7009 — ghi nhan trén 14 chudi
tiéu Musa paradisiaca & Trung Qudc. Loai N. lacticolonia dugc gi6i thidu va mo ta 1an
dau tién trén Camellia sinensis va Musa paradisiaca tir Trung Quéc (Wang et al., 2017).

Cho dén nay, chi c6 7 loai thyc vat da dugc ghi nhan la ky cha cta N. lacticolonia
trén toan cau, bao gom: 1a cdy ché (Camellia sinensis), 1a chudi (Musa paradisiaca), 14
mia (Saccharum officinarum), trén cy bong gidy (Bougainvillea spectabilis) vi triéu
chting dém 14 ¢ Trung Qudc, ddm ndu do trén thanh long rudt d6 (Hylocereus polyrhizus)
& Malaysia, cha 1a (Phoenix dactylifera) & Oman va san (Manihot esculenta) & Brazil
(Al-Nadabi et al., 2020; de Queiroz Brito et al., 2023; Kee et al., 2019; Li et al., 2022;
Raza et al., 2019; Wang et al., 2017). Trong khi do, dua trén dir li¢u va cac bao céo ghi

nhén cho dén hién tai, c6 dén 5 loai khac nhau thudc chi Nigrospora da dugc xac dinh
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1a tac nhan gy bénh trén cdy sen, bao gdm: N. oryzae, N. aurantiaca, N. sphaerica, N.
guilinensis va N. pyriformis (Gong et al., 2023; Wang et al., 2017; Zhang et al., 2018).
Nhu vy, ddy dugce xem 1 bao cao dau tién ghi nhan vé N. lacticolonia 13 tac nhan gay
bénh chay 14 trén cay sen.

Mot s6 loai Nigrospora da dugc bao céo 13 ndm gy bénh trén 14 v6i nhidu ky
chu khac nhau, dién hinh nhu N. sphaerica gy hai & 40 ky chu va ving dia 1y khac nhau
(Alam et al., 2020; Arunakumar et al., 2019; de Queiroz Brito et al., 2023; Hoang et al.,
2025; Kee et al., 2019; Luo et al., 2022). Bac biét, gﬁn day, mot nghién ctiu da dua ra
bao cdo lan dau tién ghi nhan sy xuat hién ciia cac loai Nigrospora: N. cooperae, N.
covidalis, N. guilinensis, N. osmanthi, N. pyriformism, N. rubi va N. lacticolonia moi
truong bién (3 loai tao) tai cac hon dao & Han Qudc (Lee et al., 2023). R3 rang, cac loai
thudc chi Nigrospora c6 pham vi phé ky chu cuc ky rong 16n, pham vi da dang, ca moi
trudng trén can 1an dudi nudc.

Viéc ghi nhan N. lacticolonia gay bénh trén cay sen (Nelumbo nucifera) tai Vi¢t
Nam khéng chi mé rong phd ky chu ciia loai nAm ndy ma con cung cap bang chimg vé
su da dang sinh thai va kha ning thich nghi cta ching véi nhiéu loai thyc vat khac nhau.
Péng chi ¥, su xuat hién dong thoi ciia nhiéu loai Nigrospora trén cay sen, bao gom ca
N. lacticolonia trong nghién ctru nay, va déu duoc xac dinh 13 tac nhan gy bénh, voi
triéu chirng pho bién nhat 13 cac vét dém 14, chay 14. Piéu nay cho thay chi Nigrospora
khong chi c6 kha ning ky sinh, gay bénh trén sen ma con tiém an vai trd sinh thai dic
biét trong hé sinh thai thay sinh. Nhiing phat hién nay goi mé gia thuyét vé mot moi
quan hé thich nghi giita chi Nigrospora va cay sen can dugc nghién ciru sau hon dé 1am
16 hon vai trd sinh thai, co ché gay bénh, cling nhu tac dong cua chi nam nay ddi voi su
phat trién ctia cay sen.
3.1.2.4. Colletotrichum

Chi Colletotrichum (Glomerellaceae, Sordariomycetes) dugc xem la mdt trong
10 chi ndm gay hai thyc vat nhat trén toan cau (Dean et al., 2012). Voi cach tiép can
truyén thong, Colletotrichum spp. duoc phan loai dua trén hinh dang cua bao tir dinh
(conidia) va soi ap/dia ap (appressorium) va mot sb cac dic diém hinh thai nudi cdy
khac. Tuy nhién, phan 16n cac Colletotrichum spp. c6 cac dic diém hinh thai twong tu
nhau va céc dic diém nay lai cé thé bj anh hudéng manh boi cac yéu td khac nhau bao
gém moi trudng nudi cdy, thoi gian nudi cdy, diéu kién anh sang va nhiét d6 (Cai et al.,
2009; Vieira et al., 2017). Vo1 muc d6 da dang loai rat cao (1078 danh phép da duoc chi
dinh cho céc loai Colletotrichum trong Index Fungorum, truy cap ngay: 05/04/2025),
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viéc chi phan loai dya trén cac dic diém hinh thai, hoic ké ca sir dung cac ky thuat va
céc phan tich phan tr don gene — gin nhu khong thé giai quyét hay tach biét tét cac loai
trong chi nay. Pang cht ¥, nhitng két luin “voi vang” tir cach tiép can trén da dé lai “day
rdy” dit liéu chu thich khong chic chin, nham 13n vé cac loai Colletotrichum trén
Genbank. Diéu nay dit ra “tinh khan cip” trong viéc cap thiét xay dung lai mot hé thong
phan loai chinh xéc cua chi Colletotrichum - mot trong nhitng tic nhan gay hai nghiém
trong cho nganh néng nghiép trén thé gidi, cling nhu nhiéu loai thuc vat c¢6 gia tri kinh
té cao & Viét Nam. Trén thé gidi, nhiéu nha nghién ctru bénh hoc va nha sinh vat hoc voi
cach tiép can phat sinh loai da locus da mé rong, dinh vi lai dang ké kién thirc vé hé
théng phan loai ctia chi Colletotrichum (Armand & Jayawardena, 2024; Hyde et al.,
2009; Jayawardena, Bhunjun, et al., 2021; F. Liu et al., 2022; Talhinhas & Baroncelli,
2021; Zapata et al., 2024).

Hién tai, tong cong 257 loai Colletotrichum duoc phan thanh 16 phtc hop loai
va 13 loai don 1& bo sung da dugc chap nhan trong chi ndy, voi gloeosporioides va
acutatum 13 hai phirc hop hang dau bao gém lan lugt 57 va 41 loai (Talhinhas &
Baroncelli, 2021). Trong khi hé théng phan loai ctia Colletotrichum thay ddi va cap nhat
thudng xuyén nhu vay, nhung cac nghién ctru phan loai nham xéac dinh chinh xac thanh
phﬁn gy hai thuc vat & Viét Nam van kha han ché, thiéu tinh hé théng, tinh cap nhat va
phan 16n mang tinh don 1¢.

Dua trén cac két qua sang loc so bd dua trén cac phan tich dac diém hinh thai
(Phu lyc Hinh 3.8 — 3.12), lay nhiém nhén tao, 13 chung phan 1ap dai dién cua chi
Colletotrichum gy hai trén cay sen & Thanh phd Hué duoc lya chon tién hanh dinh danh
phan tir va cac phan tich phét sinh loai lién quan. Pau tién, 13 chiing nay duogc tién hanh
dinh danh vé6i 2 locus: ITS, va TUB2 dé xac dinh cap do phic hop loai (species
complex). Két qua cho thy, trong s6 13 phan 1ap Colletotrichum spp. duoc thu thap va
xéc dinh 1a tac nhan gay bénh than thu hodc cac triéu chimg thdi 1a tir cac ving canh tac
trong sen cua Thanh phd Hué, 11 phéan 1ap thudc vé phirc hop loai gloeosporioides
(84,6%) va chi 2 phan 1ap (15,3%) thudc vé phirc hop loai orchidearum. Tuy nhién,
nghién ctru khong thanh cong trong viéc khuéch dai hai ving gene ApMAT, CHS-1,
cling nhu trinh ty ving GAPDH c6 kich thuéc ngan hon dy kién & chiung phan lap
VNHUCC.NEL98. Do d6, chung phan 14p nay di bi loai khoi cac phan tich tiép theo

nham dam bao tinh 6n dinh va d tin cdy ctia ma tran dir liéu.
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Hinh 3.8. Cay phat sinh loai Maximum likelihood (ML) cta phuc hgp loai
gloeosporioides duoc xdy dung tir tép dit liéu trinh ty cin chinh ghép ndi cua 6 locus
ITS, GAPDH, CHS-1, ACT, TUB2 via ApMAT. Céac gia tri hd tro SH-aLRT >
70%/aBayes > 0,75/ML bootstrap (%) > 70% duoc hién thi tai mdi nat SH-
aLRT/BPP/MLBS. Hai phan lap tham chiéu C. merremiae va C. magnum dugc st dung
lam nhom ngoai (outgroup).
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Dé phan tich sau hon phtc hop loai gloeosporioides, 10 ching phan 14p thu thip
trong nghién ctru nay cung v6i 123 chiing phan 1ap tham chiéu, bao gdm ca nhém ngoai
(outgroup) véi 3 phéan 1ap dai dién thude 2 phirc hop loai 16n khéc 1a C. truncatum
(truncatum species complex) va C. boninense (boninense species complex) da dugc s
dung dé xay dung cay phat sinh loai v6i sau locus (ITS, GAPDH, CAL, ACT, TUB2 va
ApMAT) (Hinh 3.8, Bang phu luc 2.4). Ma tran dit liéu cudi cung bao gdm tong cong
2770 ky tu, ké ca cac ky tu tréng — gap (ITS: 1-541, GAPDH: 542-792, CHS-1: 800
1.081, ACT: 1.082-1.329, TUB2: 1.330—1.821). Trong d6 737 vi tri cung cép thong tin
(parsimony-informative sites), 487 vi tri don 1¢ (singleton sites), 1546 vi tri bao ton
(constant sites). Trong khi do, dé x4c dinh cac loai trong phtic hop loai orchidearum, sy
két hop trinh tu gene cua 5 locus (ITS, GAPDH, CHS-1, ACT, TUB2) tir 2 phan lap dai
dién cung véi 18 phan 1ap tham chiéu ciia 14 loai khac nhau, bao gom trinh tu clia céc
phan 13p ngoai nhém (outgroup): CBS 124955 (C. merremiae) va CBS 51997 (C.
magnum), 3 dugc stir dung dé xiy dung cdy phat sinh loai (Hinh 3.7, Bang phu luc 2.5)

Quan sat cdy phat sinh loai 6 locus trong nhanh C. siamense (phtic hop
gloeosporioides) cho thay su xuat hién ctia cac nhanh phu (c6 it nhat 8 nhanh phu trong
cdy phat sinh loai 6 locus), noi ma 3 chung phan 1d&p VNHUCC.NELI10,
VNHUCC.NEL70 va VNHUCC.NEL79 tao ra mét nhanh phu don tach biét voi nhanh
phu duoc tao béi 2 ching phan [ap VNHUCC.NEL72 va VNHUCC.NEL172 (Hinh 3.8).
Cung voi d6, cac phan lap C. siamense trong nghién ciru ndy cho thay cac dic diém hinh
thai nudi cay khac nhau véi téc d6 ting truong khac nhau. Sy thay d6i khong nhat quan
trong cac dac diém hinh thai nay chi ra rang don vi phan loai nay c6 tinh da dang trong
loai rat cao. Trudc ddy, da co nhiéu tranh ludn liéu ring cac nhanh phu & loai phtc hop
C. siamense c6 nén dugc tach ra thanh loai riéng biét trong mot phirc hop loai gid dinh
C. siamense hay khong. Nhung nghién ctru ctia Liu et al. (2016). di két luan C. siamense
1a mot loai phirc hop chir khong thé 1a mot phirc hop loai vi khong ghi nhan dong déi
(nhanh) tién hoa doc lap trong tién hoa cua loai nay. Do vy, 5 chung phan 1ap nay déu
dugc chi dinh v6i danh phap C. siamense — va day ciing 1a loai wu thé xét trong chi
Colletotrichum giy hai trén cdy sen trong & Thanh phé Hué. Nhiéu nghién ctru trudc
day ciing da chi ra rang C. siamense 1a loai wu thé trong s6 cac loai Colletotrichum dugc
ghi nhén lién quan dén nhiéu bénh thyc vat khac nhau trén thé gidi. Cu thé, C. siamense
13 loai chu yéu trong 6 loai Colletotrichum gy ra bénh théi ding va dom 14 trén cay tio
(Chen et al., 2022). Tuong tw, tai Trung Qudc, C. siamense ciing dugc xac dinh 12 mot
trong 4 loai gay bénh trén cay lidu ru, 13 loai Colletotrichum giy bénh trén xoai (Li et

al., 2019; Zhang et al., 2023). Bén canh d6, loai ndy con chiém wu thé trong cac loai
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Colletotrichum gdy bénh than thu trén dau tdy ¢ Pai Loan, Trung Qudc va cac ving
canh tac diéu & Brazil (Chung et al., 2020; Veloso et al., 2018).

Ba chung phan 1ap VNHUCC.NEL91, VNHUCC.NEL39D1, VNHUCC.NEL282
dugce nhom véi cac phan 1ap tham chiéu cia loai C. fructicola, trong d6 c6 ching ex-TYPE
ICMP18581. Sy lién két nay ciing dd dwgc quan sat thay trong ca phan tich so bo (ITS,
TUB2) va tap dit liéu 6 locus phuc hop loai gloeosporioides. Hai ching phan 1ap don 1¢
VNHUCC.NEL71 va VNHUCC.NELS52 da dugc chi dinh phan loai 1an luot vao cac nhanh
chtra cac phén 14p tham chiéu cua C. tropicale va C. endophytica véi hé sb hd trg cao (SH-
aLRT/BPP/MLBS): 97/1/100 d6i véi C. tropicale va 95,8/1/100 d6i voi C. endophytica.
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Hinh 3.9. Cay phat sinh loai Maximum likelihood (ML) cua phtrc hop loai orchidearum
v6i hai phan 13p dai dién VNHUCC.NEL92 va VNHUCC.NEL102 dugc xay dung tur
tép dit li¢u trinh ty can chinh ghép ndi cua 5 locus ITS, GAPDH, CHS-1, ACT va TUB2.
Céc gia tri hd tro SH-aLRT > 70%/aBayes > 0,75/ML bootstrap (%) > 70% duoc hién
thi tai mdi nit SH-aLRT/BPP/MLBS. Hai phan lap tham chiéu C. merremiae va C.

magnum duogc st dung 1am nhom ngoai (outgroup). Thanh ty 18 biéu thi s6 luong thay

thé w6c tinh trén mdi vi tri nucleotide. Mau sic vong tron sau mdi taxa biéu thj twong
mg ching dugc phan 1ap trén gidng sen hong/hay sen tring

Trong khi d6 ¢ 2 chung phan 1ap thudc phttc hop orchidearum, dugc xac dinh
dén loai dua trén phan tich phat sinh loai 5 ving locus khac nhau (ITS, GAPDH, CHS-
1, ACT va TUB2). Két qua phan tich & Hinh 3.9 cho thdy, 2 chung phén l4p nay déu
dugc nhoém voi cac chung phan 1ap tham chiéu khac nhau cta loai C. plurivorum, trong
d6 c6 chung ex-TYPE CBS125474 (ghi nhan trén cy ca phé, Viét Nam) vdi cac hé sb
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ho tro dang tin cay véi SH-aLRT/BPP/MLBS: 92,5/1/94 & ntit giao véi ching phan 1ap
CBS12574 va 87,4/0,99/94 & nut gdc ctia nhanh chira tat ca ching phan 1ap tham chiéu
cta loai C. plurivorum dugc sir dung trong nghién ctru ndy, bao gdm LC8240 (ciy mo
16ng Paederia foetida), GUCC12141 (cay 14 16t Piper sarmentosum) va ZHKUCC 23-
0867 (bup gidm Impatiens balsamina) ghi nhan & Trung Quéc (Hinh 3.9). Bén canh do,
dua trén cac dic diém hinh thai quan sat duoc, hai chung phan 1ap VNHUCC.NEL92 va
VNHUCC.NEL102 cho thiy su twong dong rd rét v6i cac mo ta ban dau cua loai C.
plurivorum (Damm et al., 2019) (Phu luc Hinh 3.12). Do d6, dua trén cac thong tin vé
dic diém hinh thai va phan tich phan tir két hop cta 5 locus, hai chung phan lap
VNHUCC.NEL92 va VNHUCC.NEL102 duoc xac dinh 1a loai C. plurivorum.

Vé pham vi phan bo dia 1y va lich st ky chu, C. plurivorum duoc ghi nhan chi
yéu & cac qubc gia thudc khu vuc nhiét doi, voi it nhat 13 qudc gia va ving lanh tho,
trong d6 phan 16n tap trung & 3 khu vuc Dong A, Nam A va Dong Nam A (11 trong sb
13) (Bragard et al., 2021; Dai et al., 2024; Garcia-Estrada et al., 2020; Kurera et al.,
2023; Liu et al., 2023). Duya theo cac thong tin ky chu va cac nghién ctru lién quan, day
cling 13 bao cdo dau tién xac nhan loai Colletotrichum plurivorum lién quan dén céc
triéu ching thdi nau trén ky cha moi 1a cay sen tring ¢ Viét Nam, mé rong pham vi ky
chu cta loai nay. Tom lai, dua trén két qua phan tich phat sinh loai da locus va cac dic
diém hinh thai, nghién ctru nay da xac dinh cac 5 loai Colletotrichum khac nhau gay hai
trén cay sen. Trong do, co6 4 loai thudc phure hop gloeosporioides: C. fructicola (3 ching
phan 1ap), C. tropicale (1 ching phan 1ap), C. endophytica (1 chung phan lap) va loai
phirc hop C. siamense (5 ching phan 1ap). C. plurivorum véi 2 chung phan lap (déu ghi
nhan trén cy sen trang) duoc xac dinh tic nhan giy hai trén cdy sen thudc phirc hop
loai orchidearum.

Trudc day, trong bdo cao cua Chen & Kirschner ndm 2018 cling da ghi nhan su
xuét hién cta hai loai Colletotrichum trén 14 ciy sen & Dai Loan 1a C. siamense, C.
tropicale. Tuy nhién, trong nghién ctru nay tac gid chua ching minh céc loai phan lap
tir cac ton thuong trén la sen 1a nhitng loai ndi sinh, ky sinh hay la cac mam bénh co hoi,
ndm bam ngoai (epiphytic) ma sir dung chung thuat ngir “ectendophytic” (Chen &
Kirschner, 2018). Thuat ngitr C. gloeosporioides sensu lato (loai theo nghia rdng) cling
dugc dé cap trong bao cao trude ddy trén ciy sen va duoc chi dinh cho mét loai véi danh
phap Gloeosporium nelumbii, tuy nhién tén goi G. nelumbii khong con duoc chap nhan
va ké ca khai niém va céac loai thanh vién cta C. gloeosporioides s. 1. ciing di dugc cap
nhat va thay doi rat nhiéu trong nhitng nim qua. Nhu vy, trong luan an nay day 1a bao

c4o dau tién ghi nhan C. fiucticola, C. endophytica va C. plurivorum trén ciy sen, bén
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canh céc loai da dugc ghi nhan trudc dé nhu C. siamense va C. tropicale, mé rong danh
muc loai Colletotrichum gay hai & loai ky chu nay.

Chi Colletotrichum 1a mét nhém mam bénh thyuc vat quan trong, ¢ kha nang lay
nhiém cho hon 3.200 loai thuc vat khac nhau, gay hai ddng ké cho nhiéu loai cay trong
kinh té trén toan thé gidi. Ngoai su da dang vé cac loai ky chu, su hién dién dong thoi
ctia nhiéu loai Colletotrichum giy hai trén cing mét loai ky chu da dugc chi ra trong
nhiéu béo céo trude ddy. Mot nghién ctru khao sét tai cac vang tréng 61 khac nhau Brazil,
16 loai Colletotrichum khac nhau da dugc xac dinh la tdc nhan gay bénh than thu trén
qua, 14 va hoa cua cay nay (Soares et al., 2024). Su da dang ctua Colletotrichum trén
cung mot ky chu ciing duge ghi nhan trong nhiéu nghién ctru & Trung Qudc, it nhat 9
loai gy hai da duoc phat hién trén cay soi (Quercus spp.), 4 loai gay bénh doém 14 trén
Carpinus betulus, va 13 1oai lién quan dén dém 14 trén cay cherry tai cac tinh Lidu Ninh,
Bic Kinh, Son bong va Tt Xuyén (Qiao et al., 2023; Wang et al., 2023; Zhou et al.,
2023). Tai tinh Quang Tay, 5 loai Colletotrichum da dugc xéac dinh la gay hai trén qua
hdng gion. it nhit 8 loai Colletotrichum giy bénh than thu & loai dugc lidu Cyclocarya
paliurus da xac dinh trong cac bao cao dua trén phan tich cac locus khac nhau (ITS,
GAPDH, ACT, CHS-1, TUB, CAL, HIS3, GS va ApMat) (Zheng et al., 2021, 2024). Hay
mot nghién ctru trén mat loai dugc liéu khac thudc ho Gung - Etlingera elatior dya trén
phan tich da locus d xac dinh 8 loai Colletotrichum khac nhau lién quan dén bénh than
thu (Duarte et al., 2023). Riéng bénh d6m 14 trén cdy tdo, cic nghién ciru di ghi nhan su
lién quan cua it nhat 9 loai Colletotrichum khac nhau. Cu thé, tai Brazil ¢ cac loai C.
fructicola, C. nymphaeae va C. karstii; tai Trung Qudc ghi nhan C. fiucticola va C.
aenigma; & Nhat Ban xuat hién C. fructicola, C. aenigma va C. siamense; tai Hoa Ky co
su hién dién cua C. fructicola, C. alienum, C. gloeosporioides, C. siamense, C. tropicale
va C. fioriniae; trong khi d6, tai Uruguay chi ghi nhin su xuét hién cta C. fructicola
(Velho et al., 2019). Tai Han Quéc, trong mot nghién ctru dinh danh va hé théng lai 71
chung nim gy hai trudc day bang phan tich trinh tir 6 locus trén da phat hién it nhat 12
loai Colletotrichum, trong d6 ¢6 3 loai méi chua ting dugc ghi nhan (Thao et al., 2024).
Ba loai C. tropicale, C. fructicola va C. siamense dugc xac dinh 1a dong tac nhan gay
bénh than thu 14 san & Philippines va than thu xoai & Mexico (Tovar-Pedraza et al. 2020;
Aumentado and Balendres 2025). Bac biét, C. siamense va C. fructicola 1a 2 tdc nhan
co tan suit ghi nhan thuong xuyén nhat, dic biét & vung nhiét doi. Trong khi do, C.
endophytica — loai ndy dugc mo ta lan dau tién boi Manamgoda va cong sy vao nim
2013 1a mot loai ndi sinh trén 14 Pennisetum purpureum. Tuy nhién, ngoai 16i sbng noi
sinh, gan day C. endophytica d3 duoc bao cdo 13 tic nhan gay bénh than thu trén nhiéu

loai cy c6 gia trj kinh t& quan trong nhu ciy bo, x0ai, 6t, ca phé, tiéu hay mot loai cay
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lam canh nhu triu ba thanh xuan (Cao et al., 2019; Chethana et al., 2015; de Silva et al.,
2019; Diao et al., 2017; Dissanayake et al., 2021; Li et al., 2019; Zhang et al., 2023).
bang chuy, C. endophytica cling dugc bao cdo la mot trong nhirng loai c6 doc lyc manh
trén 14 tra Camellia sinensis & Trung Qudc (Wang et al., 2016). Loai C. tropicale duoc
gidi thiéu 1an dau tién vao nam 2010 trong nghién ciru cia Rojas va cong su, tir d6 loai
nay da dugc bao cdo 14 tic nhan giy bénh pho bién trén cac loai thuc vat & khu vyce nhiét
ddéi— dtng voi nd1 ham cua tén goi “tropicale” (Duan & Chen, 2022; Inokuti et al., 2024;
Rojas et al., 2010; Souza et al., 2023; Yi et al., 2023).

Nhitng nghién ciru nay cho thdy sy phirc tap va da dang cua cac loai
Colletotrichum trong viéc gy hai cho thuc vat. Trudc day, cac nghién ctru vé cac loai
Colletotrichum tai Viét Nam chu yéu dua trén cac dic diém hinh thai két hop voi giai
trinh tu vung gene ITS (Long et al., 2024; Thanh et al., 2018; Uyén et al., 2018; Ha et
al., 2012). Géan day, vdi cach thirc tiép can tich hop gitra phan tich da locus két hop véi
cac thong tin ky cha, phan bd, vé hinh théi, nhiéu loai Colletotrichum (khoang 750 loai
mo1) da duge xéc dinh trén cac loai thyc vat khac nhau (Jiang et al. 2025; Liu et al.
2022). Hai loai C. siamense va C. endophytica duoc xac dinh lién quan dén bénh than
thu trén cay bo (Persea americana) tai Viét Nam bang cach st dung tép dir liéu két hop
cua 6 vung gene ITS, ACT, CAL, CHS-1, GAPDH va TUB2 (Thanh et al., 2025). C.
siamense cling dugc xac dinh gy bénh than thu trén 14 cay tra hoa vang (Camellia
tamdaoensis), than thu trén 14 va hoa ctia cay nhai (Jasminum sambac). Nhiéu loai nam
thudc chi Colletotrichum dugc xac dinh 1a nguyén nhan gay bénh théan thu trén cay 6t &
cac vung mién khac nhau cia Viét Nam. Tai mién Trung, su két hop phan tich ba ving
gene ITS, GAPDH va ACT da phat hién 4 loai gay bénh trén qua 6t, bao gom: C.
scovillei, C. siamense, C. fructicola va C. brevisporum (Vu et al., 2024). Hay tai Binh
Thuén, Tay Ninh, nghién ctru dya trén cac dac diém hinh thai va két qua cua cac 5 vung
gene khac nhau, da xac dinh dugc hai loai 1a C. gloeosporioides va C. capsici 1ién quan
dén triéu chimg bénh trén cay méng ciu ta (Annona squamosa) (Anh et al., 2019). Trong
khi d6, & mién Nam, cu thé tai Tra Vinh, hai tic nhan chinh 13 C. scovillei va C. acutatum
duogc xac nhan qua cac chi thi phan tor dac hiéu (Ly et al., 2020). O mién Bic, su xuét
hién cua C. truncatum, C. fructicola, C. siamense va C. gloeosporioides da dugc xac
nhan, tuy nhién mdi loai lai c6 su phan b va tan suat khac nhau tiy theo timg dia phuong
(Hung et al., 2018). RS rang, sy da dang nay khong chi phan anh dic diém sinh hoc
phirc tap ma con dit ra thach thtc 16n trong viéc kiém soat bénh than thu do ndm
Colletotrichum gay ra tai Viét Nam.

Nghién ctru hién tai cung cap nhiing thong tin quan trong vé hé théng cac tac

nhan gy bénh thudc chi Colletotrichum trén cay sen & Thanh phd Hué, dong thoi 1am
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ndi bat tAm quan trong cta viéc phan dinh loai trong cic nghién ctru sinh thai vé nim.
Viéc xéc dinh chinh xac cac loai khong chi giup hiéu rd hon vé cau hoi cai gi dang gay
bénh ma con dong vai tro then chét trong viéc phat trién cac chién luoc phong chéng
hiéu qua va hd tro, dinh hudng cho cong tac lai tao cac gidng sen khang cac tac nhan
Colletotrichum nay trong tuong lai.

3.1.2.5. Neopestalotiopsis

Chi Pestalotiopsis ban dau dugc xac dinh boi Steyaert (1949) bao gdm cac loai
c6 bao tir ¢6 5 té bao (Liu et al., 2019). Theo phuwong phép truyén thdng, cac thanh vién
thudc nhém nadm nay duoc xac dinh dya trén muc do sdc t6 clia cac té bao bao tir trung
gian, cac phan phu dinh (apical appendages) va céac té bao sinh bao tir (conidiogenous
cell). Tuy nhién, Maharachchikumbura et al. (2014) da dé xuat chia Pestalotiopsis thanh
ba chi gom Pestalotiopsis, Pseudopestalotiopsis va Neopestalotiopsis, dua trén két qua
phan tich phat sinh loai da locus dugc suy ra bang cach st dung ving gene ITS, p-tubulin
(TUB2) va yéu t6 kéo dai dich md mot phan 1-a (TEFI-a), két hop véi cac dic diém
hinh thai va xem hé théng nay 1a Pestalotiopsis sensu lato (Pestalotioid).
Neopestalotiopsis khac voi Pseudopestalotiopsis va Pestalotiopsis & chd cac té bao
trung gian c6 nhiéu mau (hai té bao trung gian ¢ phia trén thudng sim mau hon té bao
trung gian & phia duéi), trong khi Pseudopestalotiopsis c¢6 thé d& dang phan biét véi
Pestalotiopsis & chd cac té bao trung gian sAim mau hon.

Trong nghién ctru nay, cac mau 14 sen hong co tridu ching dém 14 duoc thu thap
tr mot vuon vom va khu vuc hé théng ho trude mat DPong Khuyét Dai, ctra Hién Nhon,
cung thudc phudng Pong Ba. Tl cic mau ndy, ba ching ndm di duoc phan lap va xéac
dinh thudc chi Neopestalotiopsis dya trén cac nhan dang budc dau béng ddc diém hinh
thai dién hinh (Phu lyc hinh 3.6). Pé 1am 5 va xéac dinh chinh xac loai, cling nhu cac
mbi quan hé phat sinh loai giita cac chung phan l4p va céac loai lién quan, nghién ctru sir
dung phuong phap phan tich phat sinh loai dua trén sy két hop cua ba ving gene: ITS,
TUB2 va TEFI-a.

Phan tich phat sinh loai trong nghién ctru nay dugc xay dung dua trén tép dir licu
trinh tu két hop 3 locus ITS + TUB2 + TEFI-o. cuia 78 trinh ty tham chiéu, bao gém 3
phéan 1ap dai dién thu thap tir cac vét bénh co triéu chung ddm 14 trén cay sen, 73 phan lap
tham chiéu cta chi Neopestalotiopsis va 2 phan lap tham chiéu ngoai nhom
(Pestalotiopsis, Pseudopestalotiopsis). Ma tran tép dir liéu két hop sau cin chinh chira
1597 ky tu (bao gdm cac khoang trong can chinh duoc ma hoa), trong d6 263 vi tri cung
cap thong tin (parsimony-informative site), 218 vi tri don 1¢ (singleton sites), 1116 vi tri

bao ton (constant sites).
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Hinh 3.10. Cay phat sinh loai (ML) ctia 3 phan 1ap dai dién va cac phan lap tham chiéu
thudc chi Neopestalotiopsis dua trén tép dir liéu két hop 3 locus ITS + TUB2 + TEFI-a
(hién thi mot phan — cdy ddy du duoc trinh bay & Phy luc Hinh 3.7). Cac gié trj hd tro
SH-aLRT > 70%/aBayes > 0,75/ML bootstrap (%) > 70% duogc hién thi tai mbi nut SH-
aLRT/BPP/MLBS. Pestalotiopsis chinensis LC3013 va Pseudopestalotiopis cocos
CBS272.29 duoc st dung 1am phan 14p ngoai nhém (Outgroup). Mau sic vong tron sau
mdi taxa biéu thi chung duoc phan lap trén giéng sen twong (img

Két qua cau tric cdy dya trén phuong phap ML & Hinh 3.10 cho thiy, ba chung
phan 1ap VNHUCC.NEL13, VNHUCC.NEL110, VNHUCC.NEL111 hinh thanh mot
nhanh doc 1ap voi h¢ s6 hd trg dang tin cay SH-aLRT/PP/MLBS: 98/1/100. Ba chung
phan 1ap Neopestalotiopsis ndy c6 mdi quan hé phat sinh lodi chi em véi N.
suphanburiensis MFLUCC22-0126 (mét loai Neopestalotiopsis méi duge cong bd gan
day vao nam 2023, chung phan 1ap nay duogc thu thap ndm 2020 tai tinh Suphan Buri,
Thai Lan) va véi cac chung phan 1ap cua loai N. eucalyptorum, dugc phan 1ap tur 1a va
than cua Eucalyptus globulus & B6 Dao Nha (Diogo et al., 2021; Sun et al., 2023).
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Ngoai ra, khi phan tich chi tiét trinh ty ving gene TEFI—a, cac chung phan lap
cua loat  Neopestalotiopsis mo1  (VNHUCC.NEL13, VNHUCC.NELI110,
VNHUCC.NEL111) trong nghién ctru nay cho thay c6 lan lugt 6 va 8 vi tri nucleotide
khac biét (khong tinh cac khoang tréng cin chinh, tong d6 dai 446 bp) trong trinh tu so
vo1 cac chung N. suphanburiensis MFLUCC 22-0126 va N. eucalyptorum CBS147684.
Thir nghiém PHI duoc thuc hién dya trén phuong phap GCPSR ciing cho thdy khéng co
déu hiéu tai t6 hop dang ké giira ching phan 14p dai dién VNHUCC.NEL13 va cac don
vi phan loai c¢6 quan hé ho hang gin, véi gia trj ®w = 0,5 (Hinh 3.11).

0.001
Scale: ————
Neopestalotiopsis eucalyptorum CBS 147684

VNHUCC.NEL13

ow=0.5

MFLUCE22-0126

Neopestalotiopsis javaensis CBSZ57.31 CAA1029
Neopestalotiopsis rosae GBS 101057

Neopestalotiopsis foedans C6MCC3.9123

Hinh 3.11. Biéu d6 phan tich GCPSR cho thay két qué cua thir nghiém PHI d6i véi cac
loai Neopestalotiopsis m&i (VNHUCC.NEL13 lam phan 1ap dai dién) véi céac loai co
quan hé gan giii nhat bang cach sir dung phép bién d6i Log-Det va Splits Decomposition.
Don vi phan loai mdi trong mang biéu dd duoc hién thi béng font chir mau do.

Chi s6 dong hop tir timg cip (Ow) 1 mot tham sé quan trong dung dé danh gia muc
d6 tai t6 hop di truyén trong mot tap dir lidu, trong d6 gia tri dw dudi 0,05 cho thiy su tai
t6 hop dang ké. Trong nghién ctru ndy, phan tich GCPSR cho két qua chi sé PHI (Ow) 1a
0,5 d6i véi tit ca cac loai ¢ quan hé ho hang gan. Két qua nay cho thiy khong ton tai sy
pha tron di truyén dang ké giira cac chiing va cac loai chi em ctia ching VNHUCC.NEL13.
Do d6, loai Neopestalotiopsis m&i duoc nghién ctru nay chua trai qua qua trinh tai to hop
dang ké, khang dinh rd rang trang thai loai riéng biét ciia cac ching phan lap ghi nhan dai
dién cho loai nay. biéu nay chi ra rﬁng 6 thé ¢6 su da dang cao chua dugc mo ta vé cac

loai nAm Neopestalotiopsis va su da dang vat chu ¢ thuc vat ¢ Viét Nam.
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3.1.2.6. Aspergillus

Aspergillus 1a mot trong nhiing chi da dang va phan bd rong rii nhat trén toan thé
gidi. Gan day, dic biét 1a sau mot loat thay d6i vé mot s6 khai niém va sira doi phén loai
trong hé thong phan loai ctia chi Aspergillus, nhiéu loai khic di duoc béo céo 1a tic nhan
gay hai cho thyuc vat (Bian et al., 2022; Samson et al., 2014; Sklenaft et al., 2017). Trong
cac nghién ctru trudce day vé Aspergillus giy bénh cho thuc vat, 4. niger va A. flavus 13
hai loai ghi nhan phd bién. Trong nghién ctru nay, 3 chung phan 1ap Aspergillus di dugc
xac dinh lién quan dén cac ton thuong thr cip va triéu chimg thdi rita (do cac tac dong
tir mua, hoat dong canh tac 1am gy nén nhitng ton thuong trén bé mit 14), bao gom:
VNHUCC.NELO1, VNHUCC.NEL03 va VNHUCC.NEL160.

Phéan tich BLASTn ving gene ITS cua cac ching phan 1ap cho thdy: Chung
VNHUCC.NELO1 c¢6 trinh ty ITS hoan toan tuong dong (100%) véi cac ching tham
chiéu cua loai Aspergillus aculeatus, bao gébm WZ-112 (MN856264), 2-8F
(MWO077053) va AF29 (OP787510). Mirc do twong dong vé6i cac ching TYPE cua loai
nay lan luot 14 99,60% véi IHEM 5796 va 99,30% véi CBS 172.66. Tuy nhién, chiung
VNHUCC.NELO1 ciing thé hién su twong ddng rat cao voi mot sb loai Aspergillus khac,
nhu 100% véi cac chung TYPE AUMC 5748 (A4. assiutensis), KUMCCI18-0196 (4.
hydei), CBS 121060 (A. aculeatinus) va 99,82% v61 NRRL 4912 (A. brunneoviolaceus).
Diéu nay cho thdy su khong nhat quan trong trinh ty ITS (ké ca 2 chung loai TYPE
IHEM 5796 va CBS 172.66) va c6 thé ton tai nham 1an trong viéc chi dinh danh phap
cac ching tham chiéu trén co s& dit liéu GenBank. Do vay, can bd sung thém céc dir liéu
thong tin hoic cac phuong phap xac minh khac dé khang dinh chinh xac loai trong céc
nghién ctru tiép theo.

Ching VNHUCC.NEL160 c6 trinh ty ITS hoan toan twong dong (100%) véi chung
B3-01 (OP946385) ciia loai Aspergillus niger, mot ching di duoc ghi nhan lién quan dén
gao sau thu hoach tai Thai Lan. So sénh vdi cac chung loai TYPE, ching nay ¢c6 muac do
twong ddng 1an luot 13 99,65% véi Ex-TYPE NRRL326 (EF661186) cua A. niger va
99,64% v61 CBS139.54 (NR_137513) cua loai A. welwitschiae — loai c6 quan hé phat sinh
gan nhét véi A. niger (sensu stricto — nghia hep) trong nhanh A. niger (sensu lato — nghia
rong) (mot trong bay nhanh ctia nhom (section) Nigri — Aspergillus moc den).

Chung VNHUCC.NELO3 cho thiy trinh ty ITS tuong dong 100% véi cac chiing
phan lap MEBP0074 (MT597427) va CMXY30056 (MG991669) thudc loai A.
fumigatus. So sanh voi trinh ty ITS cua cac chung loai TYPE, mtrc d6 twong dong cao
nhat 12 99,34% v&i ATCC 1022 (HQ026746). Pong thoi, chiing nay phan biét rd véi loai
gan gili A. oerlinghausenensis CBS139183 (98,51%), cho thdy su phan biét rd rang giita

hai loai. Nhu vay, trong nghién ctu nay, hai loai Aspergillus: A. niger (chung
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VNHUCC.NEL160) va A4. fumigatus (chung VNHUCC.NELO3) duogc xac dinh lién
quan dén céc triéu chung thdi rita trén cdy sen dua trén phan tich trinh tu gene ITS. Di
v6i ching VNHUCC.NELO1, do sy khong nhét quan trong dit liéu ITS va sy tuong dong
cao v&i nhidu loai khac nhau khi so sanh trén Genbank, c¢6 thé can c6 thém cac phan tich
bd sung dé xac dinh chinh x4c danh tinh loai trong céc nghién ciru sau.

Céc bao cdo trudc day ciing chi ra rang cac loai Aspergillus duoc tim thiy phd
bién trong nhiéu loai chit nén va diéu kién méi truong khac nhau trén toan thé gidi. Bao
tir ctia chi Aspergillus c6 kha nang di chuyén theo dong khong khi, giup lan truyén rong
rai trén khoang cach dén cac bé mat thuc vat khac nhau. Khi bao tir tiép xtc voi chat
nén thich hop va diéu kién thuan loi, chung s& nay mam va xam nhap, gy phan huy chat
nén. Trong linh vuc ndéng nghiép, cac loai Aspergillus dic biét phd bién trén cay trong
va cac san pham ndéng nghiép nhu thuc pham va thirc an, gay ra cac hién tugng thoi rita
va hu hong. Pang chi ¥, nhom Aspergillus mbc den (nhém Nigri) bao gdm nhiéu loai
nam mdc quan trong, trong d6 A. niger 13 loai dién hinh. Mot trong nhitng dic diém
nhan dang d& dang ctia nhom Aspergillus den 1a sy xuét hién cta khéi lwong bao tir mau
den trén cac bd phan 1a sen bi nhiém, do thanh té bao bao tir chira melanin — mdt sic to
gitip bdo vé€ bao tir khdi tac dong cua tia tor ngoai (UV), han han va néng do mubi cao.
bay dugc xem la mot yéu td thuan loi cho sy ton tai bao tir cta loai hay nhém loai nay
trén cac rudng/hd trong sen. Mic du, xét theo cac danh gia doc luc cho thiy cac loai va
chung Aspergillus phan 1ap trong nghién ctru nay thuong chi gy bénh nhe hodc dong
vai tro 13 tic nhan tht cap. Trong luan 4n, Aspergillus dugc xem xét vi mic d6 nghiém
trong clia su ton tai bao tir Aspergillus trén cac bd phan khac nhau cia cdy trong trong
diéu kién ddng rudng. Pic biét, nhirg ving/bd phan cia cdy sen dé bi tén thuong do
con tring, sdu bénh hodc cac tac dong vat Iy thuong xuyén trong qua trinh trong sen
(nhu hoat dong chéo thuyén thu hai, anh hudng ctia mua gio, hay su co xat tir cac chdi
non lam réach 14 sen - 1a trai) tao diéu kién thuén lgi cho su phat trién va lan truyén cua
nam Aspergillus. Cac bao tir Aspergillus lai c6 kha ning ton tai lau dai trén dong rudng
va duy tri qua céac giai doan thu hoach, bao quan va ché bién. Vi vay, mam bénh khong
chi hién dién trong qua trinh sinh truéng clia cdy ma con co thé ton tai trong san pham
cho dén giai doan ché bién cudi cling. Diéu nay lam ting nguy co 6 nhiém ndm kéo dai,
anh huong tiéu cuc dén chat lugng va nguy co an toan sinh hoc cua san pham nong
nghiép tir cay sen. Do d6, viéc tim kiém giai phap dé kiém soat va phong ngtra su 1ay
nhiém Aspergillus ngay tir giai doan dong rudng la rat can thiét dé giam thiéu nguy co
6 nhiém va dam bao an toan cho toan bo chudi san xuat va tiéu thu nong san.

Bén canh d6, mic du cac loai Aspergillus thudng 13 tac nhan gdy bénh yéu hodc

thr cap, mdt so loai da dugc xac nhan gay bénh 14, bao gobm doém 14 va théi mém. Cu
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thé, A. niger 13 tac nhan gy dém 14 trén ciy gung (Zingiber officinale) va gy rung la
nghiém trong trén ciy bo (Persea americana) (Kiyan et al., 2023; Pawar et al., 2008).
Loai nay ciing lién quan dén bénh théi mém trén cac ciy canh nhu ludi hd (Dracaena
trifasciata), cay st Thai Lan (Adenium obesum) va d6m than trén phat 1oc (Dracaena
sanderiana) (Abdel-Rahman et al., 2020; Huang et al., 2021; Kiyan et al., 2023). Ngoai
ra, A. niger cung vo1 hai loai khac 1a 4. ustus va A. flavus dugc xac dinh 1a nguyén nhan
gdy cac bénh vé 14 trén ciy bang (Terminalia catappa), mot loai cay duoc trong phd bién
O vung nhié¢t doi, trong d6 c6 Viét Nam (Nasir, 2021). Trong khi d6, 4. fumigatus dugc
phat hién la tac nhan gay bénh chay 14 trén cay van tho (Tagetes erecta va Tagetes patula)
(Aktar & Shamsi, 2015). Trén cady dao, ba loai A. flavus, A. niger va A. acculeatus cd
lién quan dén bénh théi qua, 1am anh hudng dén chat lugng va ning suat mua vy (Kong
et al., 2018). Mgt nghién ctru cua Bayman va cong su vé su hién dién cua cac loai ndm
trén hat ho tran, hanh nhin va 6c¢ ché cho thiy su phd bién cta nhiéu loai Aspergillus
nhu: 4. niger, A. flavus, A. nidulans, A. tamarii, A. ochraceus, A. melleus va A. fumigatus
(Bayman et al., 2002). Pang chu y, tai Viét Nam, A. niger dugc xac dinh loai phé bién
trén hat ca phé nhén, dac biét 1a trén hat ca phé Robusta vdi ty 1€ ghi nhan lén dén 89%
(Leong et al., 2007).
3.1.2.7. Diaporthe

Diaporthe Nitschke (1870) 1a mot chi 16n bao gdm cac loai gdy bénh thuc vat,
ndi sinh va hoai sinh quan trong. Cac loai trong chi nay c6 pham vi vat chu rat da dang
va phan b6 rong khiap trén thé gii. Ban dau, khai niém vé loai trong chi Diaporthe duoc
xay dung dua trén gia dinh rang mdi loai twong Gng v&i mot vat chu riéng biét. Tuy
nhién, quan diém nay di din dén viéc mo ta va phan loai hon 990 loai Diaporthe

(http://www.indexfungorum.org/, truy cap ngay: 03/04/2025), nhiéu trong sd d6 c6 thé

khong phan 4nh dung médi quan hé sinh hoc thuc sy giita cac loai va vat chi. Tuy nhién,
nhiéu bao cdo gan day ciling chi ra thudng c6 hon mot loai Diaporthe dugc phat hién tir
cung mot vat chu (Ariyawansa et al., 2021; Fan et al., 2018; Gomes et al., 2013; Li et
al., 2025; Thompson et al., 2018). biéu nay cho théy gid dinh vé tinh dic hiéu cua vat
chu khong hoan toan phu hop. Bén canh d6, vi sy phuc tap va thiéu cac hé sb hd tro
dang tin cdy, cac bao cao vé phat sinh loai trong chi Diaporthe thudng khong nhét quan,
gip kho khan trong viéc xac dinh ranh gi6i loai. Gan day, nhiéu bao céo cho rang, sb
luong loai Diaporthe dugc cong nhan co thé da bi “bias” — hay wdc tinh qua cao so véi
thuc té. Phitc hop loai D. amygdali ciing d3 dugc ching minh 13 mot loai duy nhét dya
theo nguyén tic nhan dang loai theo pha hé (GCPSR) va cac mo hinh hop nhit GMYC
va PTP, va céc loai khac nhau trong phirc hop trén tré thanh loai dong nghia véi chung

danh phap D. amygdali. Nam 2022, Norphanphoun et al. dd dé& xuét khai niém nhom
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loai (species-group) trong chi Diaporthe dua trén két qua phan tich phat sinh ching loai
da locus két hop véi cay don locus, dong thoi gidi thiéu 13 phirc hop loai méi. Céc tén
goi phan chi, phtrc hgp, nhom loai trong nghién ctru nay cling dua theo cach goi dugc
dé xuat ctia Norphanphoun.

Trong chi Diaporthe nay, nghién ctru sir dung chién lugc phan tich da locus trong
ting cum nhém (nhanh, phén chi), phirc hgp, dong thoi str dung phan tich da locus két
hop cac cong cu phan tich ranh gi6i loai (GCPSR, PTP) dé xac dinh danh phap loai cua
cac chung phan 14p thu nhin. Qua4 trinh sang loc ban dau dya trén phan tich BLASTn va
phan tich phat sinh loai so bo véi cac tham chiéu thudc chi Diaporthe, dd xac dinh 8
chuing phan 1ap Diaporthe thu thap thudc 2 phan chi (section): Foeniculina va Sojae.
Trén co s dinh vi nay, nghién clru m¢ rong phan tich chuyén sau theo tirng phan
nhoém/phtic hop bang cach bo sung thém cac ching tham chiéu lién quan, nham ting do
bao phi1 kiéu gen va cai thién do tin cdy suy luan.

Két qua phan tich phat sinh loai két hop tir ba locus cho thay hai chung phan 1ap
VNHUCC.NEL20 va VNHUCC.NEL21 tao thanh mét nhanh doc lap, c6 mbi quan hé
gan giii v6i chung phan 1ap D. australiana BRIP 66415 (Hinh 3.12). Tuy nhién, cic hé
sO hd tro con thdp va xuat hién nhiéu tin hidu xung dot gitta cac cdy phat sinh loai don
gene ciing nhu cay phat sinh loai két hop, cho thay sy hd tro phat sinh loai giira cac loai
nay con yéu. Do d6, nghién ctru tién hanh thuc hién cac phan tich bo sung nham xéc
dinh duoc ranh gidi loai. Két qua thir nghiém PHI theo nguyén tic GCPSR (Phu luc
Hinh 3.20) cho théy tam loai D. salinicola, D. australiana, D. lithocarpus, D.
eucalyptorum, D. araliae-chinensis, D. lagerstroamiae, D. rhodomyrti va D. eucomiiae
cung 2 ching VNHUCC.NEL20, VNHUCC.NEL21 trong phtrc hop gia dinh nay co su
tai t6 hop dang ké véi gia tri PHI rat thap (@w = 0,000001363).

Dong thoi, phuong phap hop nhét dong t6 tién PTP ciing chi ra rang cac chi dinh
loai ndy nén duogc gop lai thanh mot loai duy nhit (duoc biéu dién bang tip hop cac nhanh
mau do, véi nt chuyén tiép loai tir mau xanh sang do duoc xem 1a niit gdc phan dinh loai
- Phu luc Hinh 3.24). Do 46, xét theo lich st ghi nhé@n, hai chung phan lap
VNHUCC.NEL20 va VNHUCC.NEL21 trong nghién ctru ndy duoc dé xuit voi danh
phap loai D. hongkongensis — loai dugc giéi thi¢u dau tién trong nhém nay (RR Gomes,
Glienke & Crous, Persoonia 31:23 (2013). Trong cay phat sinh loai nay, chung phan lap
1ap VNHUCC.NELSS ciing cho thiy duoc cau triic trong mot phan nhanh phu doc 1ap véi
phan nhanh v6i D. hsinchuensis, D. tanakae v6i hé s6 hd tro twong d6i t6t (Hinh 3.12).
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Tree scale

95.3/1/99

NG
99.6/1/100 \
\ N

-I-14

— 863087 N\ Di jensis MFLUCC17-2481T
80.3/0.90/- e Diaporthe taiwanensis NTUCC18-105-17
— Di icolor PSCG051 T

Diaporthe nelumbonis R Kirschner 41141

93.4/1/93 ~ Diaporthe nelumbonis A-SER3

Diaporthe guangxiensis 328320004 T

Diaporthe arecae CBS161.64 T

Diaporthe arecae CBS535.75

Di fraxini- ifoliae BRIP54781

99.3/1/100

89.4/0.99/98

N
76.7/-/91

N
N

Diaporthe eugeniae CBW.SZT
Diaporthe limonicola CPC28200 T

98.9/1/100
\ r Diaporthe zhaogingensis ZHKUCC22-0056 T
98.9/1/100 - Diaporthe zhaogingensis ZHKUCC22-0057
Diaporthe aseana MFLUCClZ-OZSSaT
Diaporthe tectonigena LC6512 s
Diap : ica LC6744T TUB?
Diaporthe xishuangbanica LC6707

95.5/1/99

100/1/100

N

VNHUCC.NEL20
VNHUCC.NEL21 ¢

99.71/100 —
TR |

NN N N N B G —— .-_§.

Diaporthe australiana BRIP66145
88.4/1/99 Diaporthe salinicola MFLU18-0553
Diaporthe salinicola MFLU17-2592 .
‘ Di iconispora ZHKUCC22-0059
100/1/100 [ Diaporthe bicon Shiisaiaine
| L Diaporthe biconispora zaupe2T

Y 99.9/1/100 | Diaporthe undulata LC6624 T
-/0.86/79 Diaporthe undulata LC8111
100/1/100 [~ Diaporthe pungensis SAUCC 1941127
L Diaporthe pungensis SAUCC194.89
Diaporthe phillipsii CAA817
Diaporthe anacardii CBS720.971
100/1/100 | Diaporthe foeniculacea CBS111553 T
Diaporthe foeniculacea CBS123208
99.4/1/100 Diaporth i i is SAUCC194.92 T

Di is SAUCC194.55
81.2/1/81 ——> Dic h CBSnGGllT

97/1/100

100/1/100

100/1/100 F Diaporthe donglingensis CFCCSGSBIT
Diaporthe donglingensis CFCC57432

73.5/0.75/93

Hinh 3.12. Cay
chiéu thudc chi
ITS + TUB2 + TEFI-a. Cac gié tri hd trg SH-aLRT > 70%/aBayes > 0,75/ML bootstrap
(%) > 70% dugc hién thi tai mdi nat SH-aLRT/BPP/MLBS. Céc dang chiing loai TYPE

dugc biéu thi béng cht “T” ¢ phia cudi mdi taxa phan loai. Thanh ty 1€ biéu thi s6 lugng

Két qua

VNHUCC.NEL
Araceae. Két qua phan tich dya trén bg dir li€u hién c6 cho théy VNHUCC.NEL40 hinh
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phat sinh loai (ML) cta 3 chung phan 1ap dai dién va cac phan 1ap tham
Diaporthe (phan chi Foeniculina) dua trén tép dir lidu két hop 3 locus

thay thé udc tinh trén mdi vi tri nucleotide.

phan tich phat sinh loai ¢ Hinh 3.13 cho thiy, ching phan lap

40 ciling 1a mot phan 13p thudoc phan nhanh longicolla thugoc nhom
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thanh mot nhanh gan voi chung D. durionigena KCSR1812.8 (tac nhin giy bénh chét
nguoc canh trén sau riéng tai Pak Lak (Thao et al., 2021). Tuy nhién, su khong nhat
quan trong cac cy phat sinh don gene va cay két hop, ciing nhu sy mot sé nit ¢6 gia tri
hd tro voi mie tin cdy dudi ngudng, cho thay tin hiéu tién hoa chua du nhit quan dé
cting cb ranh gidi loai. Do d6, trong nghién ctru ndy chi ghi nhan VNHUCC.NEL40 nhu
mot phan lap thudc clade longicolla cuia Diaporthe va viéc dinh danh ¢ & cép do loai

ctia chung phan 14p nay chwa du bang chimg dé thuc hién.
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Hinh 3.13. Cay phat sinh loai (ML) cua phan 1ap dai dién VNHUCC.NEL40 va cac
phan 1ap tham chiéu thudc chi Diaporthe (phan nhom Longicolla, nhom Araceae) dua
trén t€p dir licu két hop 3 locus ITS + TUB2 + TEFI-a. Céc gia tri hé trg SH-aLRT >
70%/aBayes > 0,75/ML bootstrap (%) > 70% duoc hién thi tai mdi nat SH-
aLRT/BPP/MLBS. Céc dang chung loai TYPE dugc biéu thi bang chit “T” & phia cudi
mdi taxa phan loai. Thanh ty 1& biéu thi sd lugng thay thé ude tinh trén mdi vi tri

nucleotide.
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Tuong tu, phan tich phat sinh loai véi 2 locus TUB2 + TEFI-o chi ra rang
VNHUCC.NEL04 dugc cau tric trong cing mot nhanh phu véi ching phan lap
FPYF3053 chua duoc xac dinh loai (gay bénh dém 1a Catharanthus roseus & Trung
Quéc) voi hé sb hd trg (SH-aLRT/BPP/MLBS): 76,1/0,90/92 (Hinh 3.14). Nhanh phu
chtra 2 chung phén 14p ndy ciing cho thdy mdi quan hé phat sinh loai chit ché véi loai
D. taiwanensis (NTUCC18-105-1, NTUCC18-105-2) véi hé sé hd tro rat tot (SH-
aLRT/BPP/MLBS): 94,4/0,99/99. Tuy nhién, viéc két hop ving ITS giy ra xung dot va
céc nhanh phat sinh bt thuong, trong khi ciy phat sinh loai dya trén gene TEFI-a cho
két qua 6n dinh, nhat quan va gan véi cdy phat sinh két hop. Diéu nay cho thay gene
TEFI-a cing TUB?2 14 nhiing marker, ving locus phil hop va dang tin cdy hon dé xac

dinh mdi quan hé phat sinh loai trong nhom nay.

15/0.70/85

UU 1 an.en.m. N
N

90.2/1/98 Diaporthe huangshanensis CNUCCZDIBUST

Diaporthe huangshanensis CNUCC201904

Diaporthe oculi HHUF 305651

Diaporthe millettiae GUCC9167 T
Diaporthe millettiae MFLU18-2522

Tree scale:

958 [ gs09em
\ Diaporthe limonicola HNHK02

Diaporthe limonicola CPC28200 T

Diaporthe limonicola CPC27869

Dfaponhe limonicola CPC31137

Dfapanne nelumbonis RKirschner4114
76.1/0.90/32 Diapothe pseudophoenicicola as462 65T
Diaporthe sp. FPYF3053 (Catharanthus roseus, frung Quodc)

VNHUCC.NEL04 O Diaporthe sp.
TUB 2 + TE F1 -a Diaporthe taiwanensis NTUCC18-105-1T

Dlaporrlle taiwanensis NTUCC18-105-2

93/1/98

100/1/100 |Diaporthe melitensis CPC27873 T

‘D{ﬂponhe melitensis CPC27875
94.4/0.99/99 T1.40. 90:'94 n 8" /8 94.4/1/99 :apunne fraxini-angustifoliae BRIPS4781 1T

84.2/0.98/95 Dnaporrhe musigena CBS129519 T
-/0.14/- Diaporthe perseae CBS151.73

Diaporthe phoenicicola HN21

Diaporthe pseudomangiferae CBS388.89
-1-181 93.8/1/97 Diaporthe arecae CBS535.75
™ ‘ Diaporthe arecae CBS161.6411
Diaporthe eugeniae DPFT23
Diaporthe eugeniae CBS444.82

93.7/1/70 Diaporthe ph SM30
Diaporthe pandanicola MFLUGC17-0607 T
\ - Diaporthe fraxini-angustifoliae MFLUCC15-0748 m
18.3/-193

Diaporthe pseudomangiferae CF.iSllJl:BQT
90.5/1/93 \ 99.7/1/100 |Dlap0nne endogitricola ZHKUCC20-0012 T

\ Diaporthe endocitricola ZHKUCC20-0013

Diapoithe taoicola PSCG485
70.8/-/93

Diaporthe litchicola ER\PSASDD]

Diaporthe pascoei BRIP54847
93.1/1/100 |Diaporthe tavicola MFLUCC16-0117T

! Diaporthe taoicola MFLUCC16-0118
Diapaorthe pandanicola SAUCC194.82
100/1/100 | Diaporthe anhuiensis CNUCC201901 T
94.8/1/94 Diaporthe anhuiensis CNUCG201802

4\'— Diaporthe osmanthi GUCC9165T
Diaporthe osmanthi SAUCC194.21

Hinh 3.14. Cay phat sinh loai (ML) cita VNHUCC.NELO04 va cac chung phan 1ap tham
chiéu thudc chi Diaporthe (phan nhém Longicolla) dua trén tép dir liéu két hop 2 locus
TUB2 + TEFI-o. Cac gia tri ho tro SH-aLRT > 70%/aBayes > 0,75/ML bootstrap (%)
> 70% duoc hién thi tai mdi nat SH-aLRT/BPP/MLBS. Cac dang chung loai TYPE duoc
biéu thi bang chit “T” ¢ phia cudi mdi taxa phan loai. Thanh ty 18 biéu thi sé luong thay

thé udc tinh trén moi vi tri nucleotide.
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Hinh 3.15. Cay phat sinh loai (ML) cuia VNHUCC.NEL83, VNHUCC.NELS9,
VNHUCC.NEL77 va cac ching phan 1ap tham chiéu thudc chi Diaporthe (phan nhom
Sojae) dira trén tép dit liéu két hop 2 locus TUB2 + TEFI-a. Cac gia tri hd tro SH-aLRT
> 70%/aBayes > 0,75/ML bootstrap (%) > 70% duoc hién thi tai mdi nat SH-
aLRT/BPP/MLBS. Cac chung loai TYPE duoc biéu thi bang chit “T” ¢ phia cudi mdi
taxa phan loai. Thanh ty 1¢ biéu thi s6 lwong thay thé wéc tinh trén mdi vi tri nucleotide.
Trong khi do, hai chuing VNHUCC.NEL83 va VNHUCC.NEL89 dugc nhoém
trong cic chung tham chiéu cua D. tectonae v&i sy xuat hién ctua chung TYPE

MFLUCC12-0777 (gy bénh chét canh trén Tectona grandis, Thai Lan). Mot sy tuong
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dong vé ciu trac phan cum trén ciy phat sinh da locus gitta cdc ching ¢ Viét Nam
(VNHUCC.NEL83, VNHUCC.NELS89) trong nghién ctru nay va cac trinh tu¢ TUB2 tir
sen Pai Loan (LC068969, LC069367, LC086653) cua Chen & Kirschner (2018) da
dugc quan sat thiy, goi mé vé mot mdi quan hé dong loai hodc can loai giita cac ching
phan 1ap nay. Tuy nhién, do trinh ty TUB2 khuéch dai trong nghién ciru nay ngan hon
so v6i du kién nén chua thé khang dinh. V& lich sir ky chu, theo nghién ciru ctia Du et
al. (2021), D. tectonae, D. hongkongensis, cung 5 loai Diaporthe khac dugc xac nhan la
tac nhan gy ra bénh dom 14 va chay ngon chdi trén cay kiwi (Actinidia spp.) tai Trung
Quéc. Bén canh d6, tac gia ciing chi ra rang thir nghiém gay bénh trén trai, 1 va canh
kiwi cho thdy D. fectonae ctng v6i D. alangii va 13 hai loai gy bénh manh nhat, gy
triéu chung rd rét trén cac mo dugc gy ton thuong. Trén ciy phét sinh loai 3 locus,
VNHUCC.NEL77 dugc chi dinh trong phic hgp siamensis, tao thanh mdt nhanh doc
1ap c6 mbi quan hé phat sinh loai chi em v&i D. yunnanensis, D. pseudobahaunniae, D.
eleutharrhenae va D. siamensis voi hé s6 hd trg lién quan twong dbi tot (SH-
aLRT/BPP/MLBS): 98,7/1/95.

Nhu vay, trong chi Diaporthe véi 8 phan 1ap duoc ghi nhan, dya trén cic bang
chting va phan tich lién quan, chi c6 04/08 chung phén lap duoc xac dinh chinh x4c dén
loai, voi 2 loai da dugc ghi nhan D. hongkongensis (VNHUCC.NEL20,
VNHUCC.NEL21) va D. tectonae (VNHUCC.NELS83, VNHUCC.NELS89). Cac phan
1ap con lai cAn thém cac ving gene va cac phén tich to hop khac dé danh gia va dua két
luan cu thé, dic biét 13 véi mot chi lén va ranh gi61 loai chua dugc x4c dinh o rang nhu
Diaporthe. Viéc phat hién cac ching méi trong nghién ctru nay, két hop véi ba loai
Diaporthe (D. ueckerae, D. tulliensis va D. nelumbonis) da dugc Chen & Kirschner
(2018) ghi nhan trén ciy sen, c6 thé khiang dinh rang chi Diaporthe biéu hién muc do
da dang loai dang ké trén ky chu nay.

Nhin chung, nghién ctru d3 xé4c 14p buc tranh toan dién vé da dang tac nhan nim
gay hai trén cay sen tai Thanh phd Hué va dat dugc cac phat hién noi bat: ghi nhan 13
loai ndm mai cho Viét Nam va 17 loai méi trén cdy sen & Viét Nam (Bang 3.1). Viéc két
hop k¥ thuat phan tich phat sinh loai da locus v&i dit li¢u hinh thai hoc, thong tin phan
b dia Iy va ky chil d3 cung cdp mot cai nhin chinh x4c va sau sic vé thanh phan ciing
nhu cu tric phan loai cua cac tic nhan gy bénh thudc nhiéu chi nAm quan trong nhu

Lasiodiplodia, Neofusicoccum, Nigrospora, Colletotrichum, Curvularia, Exserohilum,
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Neopestalotiopsis, Aspergillus va Diaporthe. Két qua nghién ctiru khong chi xac nhéan sy
da dang phong phu cua cong ddng ndm giy bénh trén ciy sen ma con ghi nhan nhiéu
loai méi 1an dau tién duoc phat hién tai Viét Nam hodc trén cay sen, m¢d rong pham vi
ky chu va phan bd dia Iy cua cac loai nay.

Céch tiép can tong hop dua trén nén tang da locus di khic phuc nhirng han ché
cua viéc chi dya vao cac thong tin don 1¢ dya trén dac diém hinh thai hodc trinh tu don
gene (ITS), tir 6 nang cao do chinh xac trong viéc dinh danh loai va phan biét cac phirc
hop loai phirc tap, phan giai cac loai tiém an. Nhitng phat hién ndy tao nén tang dit liéu
khoa hoc quan trong cho viéc xay dung bo dir li¢u gene chuin hoéa céc tac nhan gay bénh
trén cdy sen, gop phan nang cao hiéu qua cong tac giam sat dich bénh, xdy dung du bao
nguy co bung phat va phét trién cac chién luoc quan 1y, phong chdng dic hiu. Qua do,
nghién ctru khong chi hd trg bao vé va phat trién bén virng nganh trong sen tai Viét Nam
trong bdi canh bién d6i khi hau va ap luc dich bénh ngay cang ting, ma con gop phan
nang cao chét lugng cia chudi san pham ban dia voi thuong hiéu “sen Hué” ¢6 tiém

nang xuat khau.
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Bang 3.1. Théng ké cac chung phan 1ap da duoc dinh danh dén loai trong nghién ciru ny

. . a R . Loai ghi nhin méi Loai ghi nhin méi Loai ghi nhin méi trén cay
Chi Phén lap Loai dinh danh Loai méi s cen . Y n
¢ Viét Nam trén cay sen sen ¢ Vit Nam
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VNHUCC.NEL18

Neofusicoccum N. parvum - + + s

VNHUCC.NEL38
VNHUCC.NEL19
VNHUCC.NEL250
L . . . L - - - =
asiodiplodia VNHUCC.NEL253 theobromae
VNHUCC.NEL107

VNHUCC.NEL16

VNHUCC.NEL30
Nigrospora VNHUCC.NEL431 N. lacticolonia - + + +
VNHUCC.NEL233

VNHUCC.NEL282
VNHUCC.NEL92 Colletorichum fructicola - - + +
VNHUCC.NEL39D1

VNHUCC.NEL70

VNHUCC.NEL79

VNHUCC.NEL10 C. siamense - - - +
Colletotrichum VNHUCC.NEL72

VNHUCC.NEL172

VNHUCC.NEL71 C. tropicale - T -

VNHUCC.NELS52 C. endophyticum - -

VNHUCC.NEL92

C. pluri - -
VNHUCC.NEL102 prurtvorum

VNHUCC.NEL53 Curvularia asiatica - aF

Curvularia

++] o+ |+
|+ ]+

VNHUCC.NEL301 C. senegalensis - +
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VNHUCC.NEL95

VNHUCC.NEL35
VNHUCC.NEL300
VNHUCC.NEL66
VNHUCC.NEL68 C. plantarum - + + +
VNHUCC.NEL69
VNHUCC.NEL32
VNHUCC.NEL93
VNHUCC.NEL100 C. lunata - - - iy
VNHUCC.NEL57
: ' = + + +
VNHUCC.NEL101 C. dactyloctenicola
VNHUCC.NELS51
C. radicifolli - T T T
VNHUCC.NEL305 radicifolligena
VNHUCC.NEL42 C. suttoniae - + + +
VNHUCC.NEL137
VNHUCC.NEL136
E. hil, E. - T 4 T
xserohilum VNHUCC.NEL34 rostratum
VNHUCC.NELS56
Neopestalotiopsis VNHUCC.NEL13 Neopestalotiopsis sp. + + + +
VNHUCC.NELO03 Aspergillus fumigatus - - + +
Aspergillus
VNHUCC.NEL160 A. niger - - iy iy
VNHUCC.NELS83
D. - T iy T
. VNHUCC.NELS9 fectonae
Diaporthe VNHUCC.NEL2I
D. hongkongensis - + + +
VNHUCC.NEL20
Téng cong 1 13 17 20

Ghi chii: (+): Mau vang biéu thi ¢6, (-): Khung mau xanh biéu thi sy khdng ciia trudng thong tin twong ting
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3.2. PANH GIA ANH HUONG CUA VAT LIEU NANO BAC DEN CAC TAC
NHAN GAY HAI TREN CAY SEN O PIEU KIEN PHONG THi NGHIEM

3.2.1. Anh hwéng ciia nano bac dén sy phat trién nAm trén méi trwomg ran
3.2.1.1. Hi¢u lwc trc ché sw sinh truwéng soi ndm ciia nano bac

Dé danh gia toan dién kha ning trc ché sinh truéng soi nim cua nano bac ddi véi
cac tac nhan gay hai trén cay sen, nghién ctru da lya chon 29 chung phan 1ap dai dién. Cac
ching nay duoc thir nghiém trén méi truong dia thach PDA véi 6 ndong d6 nano bac khac
nhau, tir 0 d&n 30 mg/L, nham xé4c dinh anh huong cua viéc tiép xuc véi nano bac 1én su
phat trién ctia sgi nAm. Bén canh, Hexaconazole duoc sir dung lam dbi ching thuong mai.
Sau 7 ngay cdy, dudng kinh sinh truéng tan ndm duoc ghi nhan, hiéu luc e ché duoc tinh
toan va thé hién dudi dang biéu dd Heatmap (Hinh 3.16). Két qua cho thay hau hét cac
chung phan lap déu thé hién mot xu hudng rd rang: khi nong d6 nano bac ting, mirc do
trc ché sy ting trudng soi nam ciing ting theo, twong g véi su suy giam duong kinh tan
nam. Tiép xtac & diy ndng d6 thap hon < 1mg/L khong cho thiy su suy giam dang ké hay
khac biét v6i ddi chung - khong xtr 1y. Tuy nhién, mot sé chung phan lap thir nghiém
thudc chi Curvularia nhu C. dactyloctenicola VNHUCC.NELS7, C. radicifoliigena
VNHUCC.NELS51, C. verruculosa VNHUCC.NEL74, C. suttoniae VNHUCC.NEL42 va
C. lunata VNHUCC.NEL100 lai thé hién mirc do phan tng “nhay cdm” hon ddi v6i nano
bac néng do thép. Cu thé, mirc d6 tc ché tang truong cua sgi nam dao dong tur 4,17-
15,19% khi xit 1y nano bac ¢ néng do 0,1 mg/L, va 3-25,53% & nong d6 1 mg/L.

Dang chu v, véi thude diét nAm thuong mai Hexaconazole, két qua thir nghiém
cho thiy co t6i 16/29 ching phan 1ap ghi nhan hiéu luc Gc ché dudi 25% sau 7 ngay,
cho du Hexaconazole van ghi nhan hiéu qua (trc ché hoan toan — 100%) v&i mot sb tac
nhan nhu VNHUCC.NEL37, VNHUCC.NEL31 (Curvularia sp.), VNHUCC.NEL42
(C. suttoniae), VNHUCC.NELS89 (D. tectonae). Trong khi d6, nano bac lai ghi nhan kha
nang rc ché véi hiéu qua nhat dinh, dic biét & dai néng do cao (=10 mg/L). Cu thé, nano
bac & cac nong d6 10, 20 va 30 mg/L déu cho thdy kha ning trc ché dang ké su phat trién
soi ndm. O nong d6 10 mg/L, c6 5/29 chung phén lap ghi nhan su suy giam ting truong
trén 50%; con sb nay ting 1én 14/29 ching phén lap & ndng d6 20 mg/L. Pang chi ¥, &
néng dd 30 mg/L, nano bac dat hi¢u qua trc ché cao nhét v4i 27/29 (chiém ty 1¢ 93,10%)
chang phan 1ap ghi nhan hiéu lyc e ché trén 50%, trong d6 c6 dén 17/29 ching phan
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1ap dat hiéu lyc trc ché trén 70%. Céac ching phan 1ap thudc chi Curvularia, von nhay
cam ngay ca ¢ nong do thap, cang thé hién sy suy giam manh mé& hon khi tiép xuc véi
nano bac ¢ nong do cao hon. Piéu nay khing dinh tiém ning cta nano bac trong viéc
kiém soat bénh hai do Curvularia gay ra.

Ngoai Curvularia, hiéu qua tc ché dang ké (trén 55% so véi ddi ching) ciing
dugc ghi nhin & cac tic nhdn giy hai thudc cac chi nam khac nhu Diaporthe,
Nigrospora, Exserohilum, Neofusicoccum va Aspergillus khi xir Iy v6i nano bac ¢ ndng
d6 tir 20 mg/L trd 1én. Nhing két qua nay khong chi nhdn manh vai trd cta nano bac
nhu mot giai phap thay thé hiéu qua ma con goi mé chién luoc phod rong trong quan 1y
bénh nidm trén ciy sen, hira hen mot huéng di bén virng va hiéu qua trong néng nghiép.
Tuy nhién, sy da dang vé kha niang “dap tng” vdi nano bac giira cic ching nim da duoc
1am rd thé hién ¢ mot sb phan 1ap cu thé. Mic du tinh nhay cdm cao véi nano bac da
dugc ghi nhan & nhidu chung phén 1ap, nano bac lai cho thay lai cho thay hiéu qua wc
ché thap hon dang ké hodc gan nhu khong ¢ hiéu qua trong viéc kiém soat sinh truong
cia mot s6 ching phan lap nhu VNHUCC.NELSO (Curvularia sp.) va
VNHUCC.NEL72 (Colletotrichum siamense).

Mot phat hién kha thu vi khac trong thtr nghiém nay, khong phai chung phan lap
nao ciing ghi nhan hiéu lyc e ché ting theo mirc d tuyén tinh twong Ung sy gia tang
néng do/licu lugng nano bac. Cu thé, viéc tiép xuc vO1 nano bac ¢ néng do 0,1 mg/L,
ching phan lap VNHUCC.NELS7 (C. dactyloctenicola) ghi nhéan sy tang trudng nhe so
v6i ddi chimg- khong bd sung nano bac. Ba ching phan 1ap VNHUCC.NEL37
(Curvularia sp.), VNHUCC.NEL32 (Curvularia plantarum), VNHUCC.NEL42
(Curvularia suttoniae), va hai chung phan lap VNHUCC.NEL10 va VNHUCC.NEL70
cta loai Colletotrichum siamense da thé hién mot xu hudéng phi tuyén tinh, vo1 hiéu luc
trc ché khi xtr 1y & nong d6 nano bac 1 mg/L thap hon khi xtr Iy véi nong do 0,1 mg/L
(Hinh 3.16, Bang phu luc 4.1).

91



HLUC (%)
100

NEL56

NEL57
80

NEL82
NEL80 . 60

NEL51
- 40

NEL94

NEL37 20

NEL95 0
NEL93
NEL31
NEL32
NEL42
NEL74
NELT71
NEL10
NEL91
NEL52
NEL92
NEL72
NEL70
NEL38
NEL18
NEL13
NEL77
NEL20 69,33
NEL88 64,96
NEL89 60,04
NEL30 49,67 69,33

NEL160 45,02 56,47

CT 01mg/L 1mg/L 10mg/L  20mg/L 30mg/L  PC (Hex)

Hinh 3.16. Biéu d6 Heatmap thé hién hiéu lyc trc ché sinh truéng sgi ndm (%) cta 29
chung phan 1ap dai dién cac chi gdy hai trén cdy sen cic & cic ndng d6 nano bac khac
nhau. CT: Péi chimg khéng bd sung nano bac. PC: Pdi ching thuong mai
Hexaconazole. HLUC: Hiéu luc trc ché (%). Phan trong khong hién thi dir liéu tuong
g v6i gi tri hiéu luc bang 0. Pé tdi vu khong gian hién thi ctua phan két qua, ky hiéu
VNHUCC.NEL duogc rat gon thanh NEL cua ting chung phan 1ap.
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Nhitng phat hién nay khong chi nhdn manh sy khéc biét giira cac loai, chung phan
1ap trong phan tng v&i phuong phap xir Iy cu thé ma con goi ¥ rang viée téi wu hda ndng
d6 nano bac can duogc diéu chinh khi ap dung dua trén déc tinh sinh hoc cu thé cua tung
loai, tirng chiing, tirng phan 1ap. Piéu nay nay khong chi thach thirc cac mo hinh dy doan
truyén thong vé mdi quan hé gitta ndong do va hiéu qua trc ché, ma con goi mé nhirng cau
hoi sdu sic vé co ché twong tac phiic tap giita nano bac va cac ching nam khac nhau. Su
da dang va khong ddng nhat ndy nhan manh tinh cin thiét ctia cic nghién ctru chuyén
sdu dé 1am rd cac yéu td quyét dinh hiéu qua cta nano bac.

Nhin chung, mac du tdc dung trc ché cua nano bac ddi véi su phat trién cua soi
nam 13 rd rang, sy phat trién cham lai ctia nam 1a dang ké, nhung mirc d6 nhay cam cua
cac loai nam ddi v6i nano bac 1a khac nhau giita cac chung phan 1ap. Do d6, c6 thé khang
dinh tac dung uc ché cuia nano bac phu thudc vao néng do ap dung va d6 nhay cam cua
cac chung nam duoc thu nghiém. Sy khac biét “do nhay cam” hoat dong khang nam co
thé 1a do céac dic tinh cu thé clia cac chung phan 1ap gay bénh, chang han nhu kha ning
trao d6i chat, cling nhu su khéc biét trong cac tin hiéu dap ng v6i mot diéu kién bat loi
(stress) nhit dinh. Két qua nghién ctru nay khong chi cung cap dir liéu danh gia quan
trong vé hiéu qua cua nano bac ddi v6i mot sb lugng 16n da dang tac nhan gay hai trén
vat chi: cdy sen ma con mo ra hudng tiép can méi voi mot vat lidu méi trong nong
nghiép bén vimng, giam phu thudc vao thudc héa hoc truyén thong.
3.2.1.2. Dy nhay cua nano bac (Gia tri ECsg)

Su khac biét vé “do nhay cam” trong hoat dong khang ndm cua nano bac khong
chi phan &nh su da dang sinh hoc va déc tinh sinh 1y riéng biét cua tirng ching phan 1ap
gy bénh, ma con phu thudc vao cach thirc cac chiing nay phan tng vdi cac yéu td stress
moi trudong va tac nhan diéu tri. Viéc hiéu rd va dinh lugng chinh xac mirc d§ nhay cam
nay la rat can thiét dé danh gia hidu qua thuc té clia nano bac trong kiém soat cac tc
nhan gay hai trén ciy sen, dong thoi mé ra tiém ning ung dung rong rai nano bac nhu
mot giai phap thay thé bén vimng trong néng nghiép. Dé thyc hién diéu nay, nghién ctru
da su dung chi s6 ECso nhu mot thude do dé danh gia mirc do nhay cam cua céac chung
nam gay hai nay khi xir Iy voi nano bac.

Theo Uy ban hanh dong chéng khang thudc trir/diét nAm (FRAC), ECso duoc dinh
nghia 14 liéu thudc hodc chat, 1am wc ché 50% sy phat trién khi so sanh véi dbi chung.
Trong nghién ctru nay, gia tri ECso duoc xac dinh 14 ndng do hiéu qua trung binh ma sy
phat trién ctia ndm bi trc ché 50% va dugc udc tinh bang phan tich dudng cong lidu luong

- dap ung dua trén két qua hiéu lyc trc ché ndm trén dia thach & cac néng do khac nhau.
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Nghién ctru nay thyc hién tinh toan udce tinh gia tri ECso dua trén ba mo hinh khac
nhau: mo hinh hdi quy logarit tuyén tinh (linear log regression), mé hinh néi sinh tuyén
tinh tir truc log ctia nong do (log-space interpolation) va mé hinh hdi quy probit logo. Két
qua tong hop va ddi chiéu cac sé lidu tir ca ba mo hinh, dugc trinh bay trong Bang phu
luc 4.2, cho thdy mé hinh Probit logio va ndi suy tuyén tinh cho mitc d6 phu hop cao hon
vé6i dit liéu thue nghiém, dic biét trong cac chung phan lap bién dong bat thudng va cac
diém ngoai lai, so v6i mé hinh hoi quy logarit tuyén tinh (c6 dén hon 15 miu véi r? <
0,7). RS rang, st dung phuong trinh hdi quy tuyén tinh thé hién “d6 phu”, cling nhu mirc
d6 phu hop thip, dic biét ddi véi cac mau ghi nhan hiéu luc te ché dap tng c6 bién dong
bat thuong (ting cham & néng do thap va tang nhanh ¢ nong do cao) so véi mo hinh hoi
quy Probit logio. Trong phuong phap ndi suy ECso, cac két qua thu duoc phan anh chinh
xéc gié tri thyc té cua hiéu lyc nano bac xung quanh mirc 50%. Tuy nhién, phuong phap
nay c6 nhuoc diém phu thugc manh vao hai “diém kep”, dan dén mot sd truong hop khong
thé x4c dinh gia tri ECso (khong c6 cip diém kep nao thoa man — cac gia tri dap ung déu
nhd hon 50%), nhu trong trudng hop cac chung phan lap VNHUCC.NEL8O (Curvularia
sp.) va VNHUCC.NEL?72 (Colletotrichum siamense).

Viéc Iya chon mé hinh va ham lién két phi hop 1 yéu t then chét, anh huong truc
tiép dén sy phan bd cua tép dir lidu gia tri wdc tinh ECso (Phu luc Hinh 4.2). Piéu nay
khong chi anh huong dén d6 chinh xéac ctia cac gia tri wéc lugng ma con gitp giai thich
su bién d6i (d0 nhay cam) cta cac chiing thir nghiém véi nano bac mét cach rd rang hon.
Hon nita, viéc chi rd cac thong tin lién quan trong qua trinh udc lugng s& cung cép céi
nhin su sic vé su phan bd cia cac gia trj ECsp trong tong thé mau, tir d6 hd tro viée danh
gia hi¢u lyc cia nano bac mdt cach khoa hoc va chinh xac.

Bén canh d6, nghién ctru lya chon sir dung céc két qua tir mo hinh phi tuyén tinh
Probit logio dé phan tich sau hon nham danh gia sy phan bd cua céac gia tri ECs thu dugc
— cling nhu danh gia dugc murc d¢ nhay cdm vdéi nano bac cua cac chung phan lap thi
nghiém nhu thé ndo. Két qua phén tich & Hinh 3.17 cho thay, gi4 tri ECso ctia 29 chung
phan 1ap duoc Iya chon thir nghiém st dung phuong phap hdi quy Probit (chuyén d6i
sang logio) dao dong tir 3,422 dén 43,543 mg/L véi gia tri trung vi cua tap gia tri 1a 18,88
va trung binh ctia tap gi tri 1a 19,75. Trong d6, c¢6 50% gié tri ECso ndm trong khoang tir
11,98 (Q1) dén 26,70 (Q3). Dua trén cach phan nhom nay, & nhom tir phan vi thir nhat (gia
tri ECso < 11,98) ghi nhan 8 chuing phan 1ap voi gia tri ECso dao dong tir 3,37 — 12,03 (gia
trji ECso trung binh 13 8,13 mg/L, trung vi 14 9,29 mg/L) — ddy dugc xem 1a nhom rat nhay
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cam (nano bac c¢6 hiéu qua nhat) véi viée xtr Iy nano bac. Chung phan 1p nhay cam nhét
trong nhom nay 14 VNHUCC.NEL51 (C. radicifoliigena). O ti phan vi thtr hai (Q2 — trung
vi) véi gia tri wdc tinh ECso nam trong khoang (11,98 < ECs < 18,88) — v6i 7 ching phan
1ap dugc ghi nhan thugc nhoém nay (vai gia tri ECsp trung binh cia nhém ghi nhén 1a 16,53

mg/L voi tap gid tri tu 12,07 — 18,88) — duoc phan loai vao nhém “nhay cam” véi nano bac.

Q1=11,98 Q2=18,88 Q3 = 26,70

VNHUCC.NEL72
VNHUCC.NEL80
VNHUCC.NEL91
VNHUCC.NEL42
VNHUCC.NEL95
VNHUCC.NEL38
VNHUCC.NEL94
VNHUCC.NEL52
VNHUCC.NEL71
VNHUCC.NEL31
VNHUCC.NEL92
VNHUCC.NEL89
VNHUCC.NEL70
VNHUCC.NEL88
VNHUCC.NEL82
VNHUCC.NEL10
VNHUCC.NEL20
VNHUCC.NEL37
VNHUCC.NEL93
VNHUCC.NEL160
VNHUCC.NELS6
VNHUCC.NEL30
VNHUCC.NEL18
VNHUCC.NEL74
VNHUCC.NEL32
VNHUCC.NEL13
VNHUCC.NEL57
VNHUCC.NEL77
VNHUCC.NELS51

|

. High Resistant- Khang manh
Moderate Resistant- Khang vira
. Sensitive - Nhay cam
Very Sensitive - R4t nhay cam

I

o

10 20 30 40

EC,, (mg/L)

Hinh 3.17. Sy phan bé céc gia tri ECso clia cac chting phan 1ap thir nghiém theo mé hinh
Probit logio. Mirc d6 nhay cam cua cac chung phan lap vdi nano bac duge phan nhém
bang phuong phap thong ké mo ta t phan vi dya trén 3 diém ngudng (Q1, Q3 — dudng
drt nét mau xanh, Q2 — gia tri trung vi - duong dat nét mau xam). Cac nhom muc d§ nhay
cam khac nhau voi nano bac duoc thé hién bang cac khdi mau twong tng.

Nhom cd mure khang nhe vdi nano bac dugc xac dinh vai gia tri ECso trong khoang
18,88 < ECs0 <26,70 v6i su phan bd cac gia tri ECso tir 20,30 — 26,70 mg/L. Nhém con
lai dugc xac dinh voi gia tri ECso > 26,70 — dugc xem la nhém khang manh véi nano bac
(nano bac it hiéu qua nhat), voi 7 ching phan 1ap dugc xép vao trong nhém nay. Gia tri
ECso cia nhom nay rét cao tir 27,75 dén 45,44 mg/L. Ching phan 1ap VNHUCC.NEL72
(Colletotrichum siamense) 1a ching ghi nhan gia tri wéc tinh ECso cao nhat trong tat ca
cac ching phan 14p tién hanh phan tich. Cac chung VNHUCC.NEL42 (Curvularia
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suttoniae), VNHUCC.NELS8O (Curvularia sp.,) va VNHUCC.NEL91 (C. fructicola) cling
13 nhitng ching phan 14p thé hién mirc d6 khang manh vé6i nano bac, voi gid tri wéc tinh
ECso déu trén 30 mg/L. Bén canh do, so sanh su khac bi¢t phan bd ECso gifra cac mo hinh
udc tinh cling dugc tién hanh va thé hién & Phu lyc Hinh 4.9. Nhin chung, cdc m6 hinh
wdc tinh déu cho thiy su twong dong vé phan bd cua cac gia tri ECso dbi voi hau hét cac
chung phan lap. Tuy nhién, can lvu y mot s6 ching nhu VNHUCC.NEL56, VNHUCC.82,
VNHUCC.52 va VNHUCC.NELS9 c6 sy khac biét 16n trong phan hang gitta cac mo hinh
wéc tinh. Diéu nay goi y rang viéc Iya chon mé hinh pht hop s& anh huéng dang ké dén
két qua udc tinh ndong do trc ché 50% hoat tinh ctia nano bac ddi véi nhitng chung phan
1ap nay.

3.2.1.3. Anh hwéng ciia nano bac dén hinh thdi tin nim

Cung v6i vige danh gia hi¢u luc tc ché va ghi nhan sy suy giam sy sinh trudng soi
nam trén méi truong PDA bd sung nano bac, thir nghiém nay ciing giup quan sat duoc
nhirng bién doi hinh thai bat thuong ctia tan nAm khi tiép xuc v6i nano bac:

- Thay ddi mau sic tan nam: Sy tiép xtc v4i nano bac trén moi trudng dia thach dan
dén nhing bién doi mau sic dang ké trén bé mat tin nim. Cuy thé:

+ Sy gia ting, mé rong clia cic vung/pattern mau trang/sang trén mat chinh (upper)
hay nhitng vét t6i mau xuyén tim & mit nguoc (reverse). Miac du nhimng thay d6i vé hoa
van, mau sac thuong c6 mire bién dong kha 16n trude cac thay doi ciia didu kién moi trudng.

+ Tiét sdc t6: Mot s6 chung phan 1ap, nhu Curvularia VNHUCC.NEL37 ghi nhan
tiét sidc td mau nau ra moi truong khi tiép xtc véi nano bac & nong d6 20 mg/L.

- Bién ddi bat thuwong vé hinh thai tan nam:

+ Gia tang phét trién soi ndm khi sinh (aerial mycelia) thay vi xu huéng binh
thuong lan rong theo phuwong ngang dé t6i wu hap thy chét dinh dudng.

+ Bién d6i bat thuong & phan ria/vién (margin) ctia tan nim, thé hién qua cac duong
vién dang gon séng, 1a hién tugng dang chu y khi tiép xic voi nano bac. Nguyén nhan
chinh cua hién tuong niy c6 thé bat ngudn tir sy thay doi cau triic va bién d6i bén trong
té bao nam, dan dén sy co rat khong dong déu cua soi nam theo thoi gian. Pac biét, chung
phan 1ap Curvularia lunata (VNHUCC.NEL100) thé hién sy nhay cam dang ké véi hién
tugng ndy. Ngay ca & nong do nano bac thap (0,1 mg/L), cic dudng vién gon song da
xudt hién rd rét, phan anh "tinh man cam" cao cua phén 14p nay voi tac déng ctia nano
bac. Trang thai bién ddi nay ciing duoc ghi nhan trén tan ndm cta Neofusicoccum parvum
— VNHUCC.NELI18 va Colletotrichum plurivorum — VNHUCC.NEL92 ¢ nong d6 nano
bac 10 mg/L tr¢ 1én (Hinh 3.18 va Hinh 3.23).
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+ Xu hudng thay d6i két cau (texture): mot sd chung phan 14p ghi nhan xu hudéng gia
tang két ciu bong xdp ting dan twong ing véi sy gia ting ndng d6 nano bac tiép xac nhu cac
chung phan 13p cia Curvularia spp. (VNHUCC.NEL74, VNHUCC.NEL 51,
VNHUCC.NEL37, VNHUCC.NELS0), E. rostratum (VNHUCC.NELS56),
Neopestalotiopsis sp. (VNHUCC.NEL13), N. lacticolonia (VNHUCC.NEL30) va cac ching
Colletotrichum spp., dac biét 1a C. fructicola (VNHUCC.NEL91) va C. tropicale
(VNHUCC.NEL71). Nguoc lai, mot sé chung phan 1ap khéc lai chuyén d6i thanh dang két
c4u phang hon khi tiép xtc véi nano bac Neofusicoccum parvum (VNHUCC.NEL18) va
Curvularia senegalensis (VNHUCC.NEL9S).

A VNHUCC.NEL18 = Neofusicoccum parvum B VNHUCC.NEL56 = Exserohi

Control 0.1 mglL 1mgl 10 mgL 20 mg/L

WDDDHE

30 mgl PC Control  0.1mgL 1mgh 20mgl 30 mgh PC

10mg
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c VNHUCC.NEL13= Neopestalotiopsis sp. D 30 = Nigrospora lacticolonia

Control 0.1 mg/lL 1mglL 10mgh  20mgh  30mgh PC Control  0.1mgl 30 mg PC
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Hinh 3.18. Anh hudng ctia nano bac dén su sinh truong va hinh thai tan nim cta 4 tic nhin
gdy hai theo thoi gian va nong do. (A). VNHUCC.NELI8 (N. parvum), (B).
VNHUCC.NELS56 (E. rostratum), (C). VNHUCC.NEL13 (Neopestalotiopsis sp.), (D).
VNHUCC.NEL 30 (N. lacticolonia). Ghi chu: dpi = sé ngdy sau cdy; Up: mit chinh cua tan

nam; Rv: mét ngugc cia tan nam. Control: doi ching; PC: Hexaconazole véi nong d6 0,2%

1 mg/l 20mgh

10 mg/L

S dpi
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Nano bac thé hién hiéu luc (e ché kha tuong déng 1én sgi ndm cta bdn chuing
phan 1ap thudc bdn chi khac nhau (Neofusicoccum, Exserohilum, Neopestalotiopsis,
Nigrospora), voi su khéac biét ro rét chi xudt hién & cac néng do cao tr 10 mg/L tré 1én
(Hinh 3.18). O cac noéng do thp (0,1 va 1 mg/L), khong quan sat dugc bién ddi dang ké
so v6i dbi chimg. Trong s6 nay, chaing VNHUCC.NEL13 (Neopestalotiopsis sp.) cho
théy do nhay cao nhét vé4i nano bac, thé hién phan ing 10 rang nhét. Bén canh do, chung
L. theobromae (VNHUCC.NEL38) ¢6 téc do sinh truéng rat nhanh, c6 thé phu kin dia
ciy chi trong vong 2-3 ngay. Tir ngay tht 3 trd di, sy phat trién cia ndm & cac ndong do
nano bac 20 mg/L, 10 mg/L, 1 mg/L, 0,1 mg/L va nhom ddi chiing khong con cho thay
su khac biét vé duong kinh. Tuy nhién, & nong d6 30 mg/L, hiéu qua e ché sinh truong
van duy tri rd rét va khac biét so v6i cac ndng do thip hon, ngay céa sau 7 ngdy theo doi.
Ngoai ndng d6 30 mg/L, d6i ching thuong mai Hexaconazole van duy tri kha ning kiém
soat tot loai ndm nay ¢ giai doan dau. Tuy nhién, hiéu qua e ché ctia Hexaconazole dbi
v6i ching VNHUCC.NEL38 (L. theobromae) bat dau suy giam va hiéu lyc @rc ché khong
dang ké tir ngay th 4 tro di.

Tuy nhién, & cip do vi md, cac chung phan 1ap ciing biéu hién mot s phan Gmg
dic trung khac nhau. Cu thé, ca VNHUCC.NELI13 (Neopestalotiopsis sp.) va
VNHUCC.NEL56 (E. rostratum) déu xuat hién hién trong phong 1én cua tan nim, khéc
biét so v6i dang phang cta ddi chimg va cac nong do thap (Hinh 3.18C, D). Trong khi
do, khi tiép xuc vOi nano bac ¢ néng dd cao, 2 chung phan 1ap dai dién cho 2 chi
Neofusioccum (VNHUCC.NEL18) va Lasiodiplodia (VNHUCC.NEL38) thudéc Ho
Boystriosphariaceae lai cho thiy su tiéu giam ctia cac soi ndm trén khong hay soi ndm
khi sinh (aerial mycelia) so v6i d6i chirng (Hinh 3.18A va Hinh 3.19). Pang chu ¥, bon
trong s6 nam ching ghi nhan hién tuong bién dang, co rut bat thuong & vién tan nim
khi tiép xtc véi nong do nano bac cao, trong 6 VNHUCC.NEL18 va VNHUCC.NEL13
biéu hién bién dang 10 rét bat dau tir muc 10 mg/L. Nguoc lai, du khong c6 hién tuong
co rat bat thudng ¢ vién, chung VNHUCC.NEL56 (E. rostratum) lai cho thiy sy m&
rong dang ké ciia ving vién trang trén ca hai mat tan nam (Hinh 3.18B). Trong khi do,
chung phan 1ap VNHUCC.NEL30 (M. lacticolonia) ghi nhan su suy giam di¢n tich cua
ving mau den & trung tAm (twong Gng voi sy mo rong clia mang mau tring) ciia mat

nguoc (dic biét, d& nhan thdy & diy ndng d6 tir 10 mg/L, Hinh 3.18D)
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iplodia theobromae

1 dpi

2 dpi

3 dpi

1 dpi

Hinh 3.19. Anh huong ciia nano bac dén sy sinh truéng va hinh thai tan nim cua L.
theobromae — VNHUCC.NEL38 theo thoi gian va nong d6. Ghi chi: dpi = sé ngay sau
céy; Up: mat chinh cua tan nam; Rv: mit ngugc cua tan nam. Control: dbi chung —

khong bo sung nano bac; PC: Hexaconazole v&i nong d6 0,2%
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VNHUCC.NEL93 = Curvularia plantarum
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VNHUCC.NEL42 = Curvularia suttoniae
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Hinh 3.20. Anh huéng cia nano bac dén sy sinh trudng va hinh thai tin ndm theo thoi
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5 dpi

7 dpi
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5dpi

7 dpi

VNHUCC.NEL57 = Curvularia dactyloctenicola

10mgl

Nmgl  0mgd

VNHUCC.NEL74 = Curvularia verruculosa

Control

0.1 mgh 1mgl 10 mgL 20 mgl 30 mg PC

0000000
@0 @

Rv

gian va ndng do nano bac khac nhau trén méi truong PDA cua 4 tac nhan gy hai thudc

chi Curvularia (A) C. plantarum, (B). C. dactyloctenicola, (C). C. suttoniae, (D). C.

verruculosa. Ghi chu: dpi = s6 ngay sau cay; Up: mat chinh ctia tdn nam; Rv: méat ngugc

cua tan nam. Control: d6i chirng — khong bd sung nano bac; PC: Hexaconazole voi nong

d6 0,2%
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A VNHUCC.NEL51 = Curvularia radicifoliigena

Control  0.1mgl 1mg 10mgl  20mgh  30mgl PC
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o ?

B VNHUGC.NEL100 = Curvularia lunata

0.1 mglL lmg/l. 10 mgnL

Control

20 mglL
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EO 0000

c VNHUCC.NEL95 = Curvularia senegalensis

Control 0.1mgn 1mgh 10 mgL

7 dpi
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20 mglL
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30 mg. PC

Hinh 3.21. Anh huéng ciia nano bac dén sy sinh trudng va hinh thai tin ndm theo thoi

gian va ndng do nano bac khac nhau trén méi truong PDA cta 3 tac nhan gy hai thudc
chi Curvularia (A) C. radicifoliigena, (B). C. lunata, (C). C. senegalensis. Ghi cht: dpi

= s0 ngay sau cay; Up: mdt chinh cua tan nam; Rv: mat nguoc cua tan nam. Control: doi

ching — khong bo sung nano bac; PC: Hexaconazole véi nong do 0,2%
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A VNHUCC.NEL37 = Curvularia sp. B VNHUCC.NEL31 = Curvularia sp.

1mgh Il]mgll. Amgl 0mgl Pt:

Contml 0.1mglL 1mgh 10 mgiL 20 mgl. 30 mgL PC Control 0.1 mgh

wlﬂl=’

5 dpi
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c VNHUCC.NEL80 = Curvularia sp. D VNHUCC.NEL94 = Curvularia sp.

Control 0.1 mgL 1mgl 10 mgL 20 mg/l. 30 mgIL PC Control 0.1mg 1mgh PC

NIO0000OOMIO0 0
190000 2o @.
l@DID
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30 mgl

10 mg/L 20 mgh

5 dpi

7 dpi

Hinh 3.22. Anh hudng ctia nano bac dén sy sinh truéng va hinh thai tan nim theo thoi gian
va nong d nano bac khac nhau trén moi truong PDA cta 4 chung phén 1ap gy hai chua xéac
dinh loai thu¢c chi Curvularia: VNHUCC.NEL37, VNHUCC.NEL31, VNHUCC.NELZSO,
VNHUCC.NEL94. Ghi cha: dpi = s6 ngdy sau cdy; Up: mit chinh cta tan nim; Rv: mat
nguoc cia tan ndm. Control: d6i ching — khong bd sung nano bac; PC: Hexaconazole véi

nong d6 0,2%
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A VNHUCC.NEL71 = Colletotrichum tropicale B VNHUCC.NEL31 = Colletotrichum fructicola

Bonlrol 10 mgL 20 mgL 30 mgL PC Control 0.1 mgn 10 mgnL PC

lJImg/L

1mg/L

1 mg/l_ 2 mgIL 30 mgl
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c VNHUCC.NEL52 = Colletotrichum endophytica D VNHUCC.NEL92 = Colletotrichum plurivorum
Cnmrnl 0.1 mg/L 1 mgll 10 mgiL 20 mgn 3IlmgIL PC Control 0.1 mgn 1mgl 10 mgn 20 mgL 30 mg/L PC
3 dpi
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Hinh 3.23. Anh hudng ctia nano bac dén sy sinh truéng va hinh thai tin ndm theo thoi gian
va ndng do nano bac khac nhau trén moi truong PDA cua 4 tac nhan gay hai thudc chi
Colletotrichum (A) C. tropicale, (B). C. fructicola, (C). C. endophytica, (D). C.
plurivorum. Ghi cha: dpi = s ngay sau cdy; Up: mit chinh cua tan ndm; Rv: mit nguoc
ctia tan nim. Control: d6i ching — khong bd sung nano bac

Nghién ctru ndy ciing quan sat thdy mot xu hudng nhéat quan: phan 16n cac bién do6i
vé mau sic clia cac chung phan 13p Curvularia dugc ghi nhan & mat chinh, mat ngugc
(reverse side) van quan sat thdy su gia ting cic vién/ving trang nhung biéu hién chua ro
rét. Trong khi do, cac phan 1ap Colletotrichum thi lai cho thay nhitng sy bién dbi cac hoa
van (pattern) mau sdc mot cach rd rét & mat nguoc cua tan nam. Trong s6 11 ching phan
lap cua chi Curvularia dugc thir nghiém, cé dén 5 chung ghi nhan hién tuong bién dang
bat thuong & vién tan ndm khi tiép xGc voi nano bac. Pic biét, ching phan lap
VNHUCC.NEL100 — Curvularia lunata cho thay rd rét hinh thic bién dang nay xuat hién
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& tat ca cac n6ng do nano bac dugc thir nghiém (Hinh 3.21B). Nguoc lai, hi¢n tugng co rut
vién tan nidm, mic du pho bién ¢ nhiéu chi nAm khéc trong nghién ctru nay, lai rat hiém
gap & chi Colletotrichum. Ngoai trir chung phan 1ap VNHUCC.NEL92 - Colletotrichum
plurivorum (1/11 ching thir nghiém), cc chung con lai ciia chi nay hau nhu khong ghi
nhan hién tuong bién doi bat thuong nay (Hinh 3.23 va Hinh 3.24).

A VNHUCC.NEL10 = Colletotrichum siamense B VNHUCC.NEL70 = Colletotrichum siamense

Control  0.1mg/ 1mgl 10mgl  20mgl  30mgl PC Control  0.1mgAL 1mg 0mgl  20mgl 30 mgL PC
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c | VNHUCC.NEL72 = Colletotrichum siamense

Control 0.1 mgL 1 mgh 10 mglL 20 mg/L 30 mgL PC

3 dpi
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Hinh 3.24. Anh huéng cia nano bac dén sy sinh truéng va hinh thai tan nim theo thoi

gian va ndong d6 nano bac khac nhau trén mdi trudng PDA cua 3 chung phén lap gay hai
thudc loai phic hop Colletotrichum siamense: VNHUCC.NEL10, VNHUCC.NEL70,
VNHUCC.NEL72. Control: Pbi ching — khong bo sung nano bac.

Xét riéng trong loai phuc hop C. siamense voi 3 ching phan lap:
VNHUCC.NEL10, VNHUCC.NEL70 va VNHUCC.NEL72. Mic du sy khac biét vé hoa
van va mau sac, nhung 2 chang VNHUCC.NEL10 va VNHUCC.NEL70 lai ciing chung
mot kiéu dép ung vé ca hiéu luc e ché va cach dap Gng tan ndm & vién. Trong khi,
VNHUCC.NEL72 lai thé hién mot sy dap ung khac biét so vdi 2 chung phan 1ap con lai

104



trong loai phtc hop C. siamense, két cdu bong xdp mic du suy giam nhung van duy tri &

murc dO nhat dinh.

Wmgh  20mgL  30mgh PC

Control 0.1 mglL Tmgl 10 mglL
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Hinh 3.25. Anh huéng ctia nano bac dén su sinh treéng va hinh thai tan ndm theo thoi

gian va néng d6 nano bac khac nhau trén méi truong PDA cia 4 chung phan lap nim
thudc chi Diaporthe (A) VNHUCC.NEL20 (D. hongkongensis), (B). VNHUCC.NEL89
(D. tectonae), (C). VNHUCC.NEL77 (Diaporthe sp.), (D). VNHUCC.NELSS8
(Diaporthe sp.). Control: Déi chimg — khong bd sung nano bac.

Trong danh gia ndy, nghién ctru ciing tién hanh véi 4 chung phan 1ap Diaporthe,
bao gdbm: VNHUCC.NEL20 (D. hongkongensis), VNHUCC.NELS89 (D. tectonae) va 2
chung phan 1ap chua x4c dinh dugc loai: VNHUCC.NEL77 va VNHUCC.NELS88. Xét
vé cac dap tng hinh thai khi tiép xtic v6i nano bac, cac chung phan 1ap nay déu cho thay
mot sb6 diém chung nhu: bién dang 10 rét & vién, véi cac co thit sdu vao trung tam tan
nam (dic biét 12 2 ching phan lap VNHUCC.NEL20 va VNHUCC.NELSS8). Pong thoi,

cac két cau hoa van ¢ beé mat tdn nam c6 xu hudng suy gidm ro rét twong g voi su tang
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dan cta ndng d6 nano bac (Hinh 3.25). Ngoai ra, & cac ndng do cao, tan ndm cua cic
chung Diaporthe nay c6 xu huéng chuyén mau sam hon so v6i d6i chimg.
3.2.2. Anh hwéng ciia nano bac dén sy sinh truéng nim trong mdi trueong 1éng

Phuong phéap khuéch tan dia trén méi truong ran (thach) c6 han ché béi ban chat
ky nuée cua hau hét cac dung dich, didu ndy ngin can su khuéch tin mot cach dong déu
qua moi trudong thach. Do do, phuong phép danh gié trén moi truong long cling dugce st
dung dé so sanh cling nhu danh gia toan dién vé anh hudng cia nano bac véi cac tac
nhan gay hai.

Pé kiém tra chi tiét hon cac tac dong cua vige tiép xUc vo1 nano bac, nghién ctru
nady da chon cac ching phan 1ap VNHUCC.NEL93 (Curvularia plantarum),
VNHUCC.NEL51 (C. radicifoliigena), VNHUCC.NEL74 (Curvularia sp.),
VNHUCC.NEL8O (Curvularia sp.), VNHUCC.NEL10 (Colletotrichum siamense),
VNHUCC.NEL56 (E. rostratum), VNHUCC.NEL160 (4. niger) va VNHUCC.NEL38
(L. theobromae) dé phan tich thém. Cac chung phan 1ap nay dugc chon dya trén tinh dai
dién véi cac tiéu chi: dam bao tinh da dang (thanh phan loai/chi), mitc d6 nhay cam (dya
trén hiéu luc tc ché, gia tri ECso), tinh nhat quan trong phét trién: tbc do phat trién
nhanh, soi ndm day va khong trc ché hoan toan sy phat trién boi nano bac. Nhitng dic
diém nay sé€ tao diéu kién thuan 1gi — m6 hinh ti wu cho viéc quan sat va danh gia cac
thay ddi trong qua trinh phat trién dudi tac dong clia nano bac.

Céc chi khong c6 ching phan 1ap nao dugc lua chon trong thir nghiém nay bao
gom: Neofisicoccum, Nigrospora, Neopestalotiopsis, Diaporthe do nhiing han ché sau:
cac ching phan lap Diaporthe c6 thdi gian hinh thanh bao tir kha dai, va s hitu dén 3
dang bao tir vo tinh khac nhau (alpha, beta va gamma) mang cac hinh dang khac biét —
khién cho viéc so sanh dbi chiéu véi cac ching phan 1ap khac gip kho khan khi cac dang
bao tr xuat hién dong thoi. Bén canh d6, phan 16n cac chiung phan lap dai dién cua
Diaporthe bi tc ché manh hodc hoan toan véi nano bac — diéu nay s€ han ché trong céc
danh gia anh hudng ¢ diy nong do cao. Cac chung phan lap dai dién thudc Neofusicoccum
va Neopestalotiopsis khong c6 sy nhat quan vé mat thoi gian trong su hinh thanh bao tir
O cac néng dd nano bac khac nhau — nén dugc loai trir khéi cac thu nghiém.
3.2.2.1. Néng dé trc ché toi thiéu (MIC) va néng dé diét nam toi thiéu (MFC)

Resazurin 1a mot thude nhudm c6 kha nang biéu thi mau dua trén hoat dong trao
d6i chit va da duoc str dung rong rai trong cac thir nghiém kha ning sdng va ca doc tinh
cua té bao (Chakansin et al., 2022; Rampersad, 2012; Serrano et al., 2023). Két qua thu
nghiém pha lodng vi giéng duoc ghi nhin va thé hién ¢ Hinh 3.26 va Bang 3.2 cho thay,

106



gia tri MIC ctia nano bac véi cac ching phan 13p dai dién dao dong 0,3125 — 5 mg/L.
Ba chung phan 1ap VNHUCC.NEL10 (Colletotrichum siamense), VNHUCC.NELS51
(Curvularia radicifoliigena) va VNHUCC.NEL74 (C. verruculosa) déu thé hién mtrc
d6 nhay cam cao v6i gid tri MIC ghi nhan rat thap (0,3125 mg/L).

Nano bac (mg/L)

D
NN
MGC N > %~0625125 25 5 10 20 s NC

VNHUCC.NEL93

VNHUCC.NEL80

VNHUCC.NEL74

VNHUCC.NEL51

VNHUCC.NEL56

VNHUCC.NEL160

VNHUCC.NEL38

VNHUCC.NEL10

Hinh 3.26. Thur nghi¢m resazurin voi 8 chung phan 1ap dai dién nham xac dinh néng do
trc ché t6i thiéu (MIC). Dung dich resazurin, duoc st dung lam chét chi thi ting truéng
clia ndm, viéc chuyén mau tir xanh sang hong biéu thi su séng cia cac té bao (viable
cell). MGC (Microbial growth control): dbi ching ting truéng, NC: d6i chirng 4m tinh
(moi truong)

Chung phan 1ap ghi nhan mtc d6 khang cao VNHUCC.NELS8O (Curvularia sp.)
trong thtr nghiém @rc ché soi ndm trén méi trudng ran ciing duge danh gia trong thir
nghiém ndy: mic du ghi nhan ndng do trc ché tdi thiéu twong déi thap 1,25 mg/L nhung

ndng do diét nam t6i thieu (MFC) lai 1én dén 10 mg/L. Nong do 10 mg/L ciing duoc xac
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dinh ndng d6 e ché téi thiéu cua A. niger (VNHUCC.NEL160). Mic du ¢6 hiéu qua
khang lai tit ca cac chung phan lap nam da thir nghiém, nhung nano bac dudng nhu
khong c6 hoat tinh diét ndm (thé hién qua chi s6 MFC/MIC > 4) d6i véi mot sé phan
lap: VNHUCC.NEL38 (L. theobromae), VNHUCC.NEL56 (E. rostratum),
VNHUCC.NELS80 (Curvularia sp.). Biéu ndy ciing dwgc xac nhan bang cach tién hanh
nudi ciy dich tir cac dia sau MIC trén mdi truong PDA.

Bang 3.2. Gia tri nong d6 trc ché tdi thiéu (MIC) va gia tri nong do diét nAm tdi thiéu

(MFC) ctia cac phéan lap dai dién thyc hién trén dia vi giéng 96

Phan lap dai dién Chi/Loai MIC MFC MFC/MIC
VNHUCC.NEL93 Curvularia plantarum 2,5 5 2
VNHUCC.NELS80 Curvularia sp. 1,25 10 8
VNHUCC.NEL74 C. verruculosa 0,3125 20 64
VNHUCC.NELS51 C. radicifoliigena 0,3125 0,3125 1
VNHUCC.NEL56 E. rostratum 1,25 5 4
VNHUCC.NEL160 A. niger 5 10 2
VNHUCC.NEL38 L. theobromae 1,25 ND ND
VNHUCC.NEL10 Colletotrichum siamense  0,3125 0,625 2

Chii thich: ND (not dectected): khong xac dinh. MFC 1a gia tri nong do cia vi giéng
duogc trai trén moi truong PDA khong ghi nhan sy sinh truong sau 48 gio.

Dua trén két qua xac dinh ndng d6 tdi thiéu e ché (MIC) dugc trinh bay trong
muc 3.2.2.1, nghién ctru da lya chon mdt gia tri MIC chung (MICc) - gid tri MIC 16n
nhat ghi nhan dugc (5 mg/L) lam ngudng gidi han chuan dé danh gia tic dong ciia tam
chung phan 14p khac nhau. Bén canh d6, mot ndng d6 nano bac qua ngudng - nong do
30 mg/L dugc Iya chon dé tién hanh dong danh gia trong cac thir nghiém lién quan dén
sinh khéi, tinh toan ven mang té bao va enzyme — nham cung cip mét cai nhin toan dién
hon vé kha ning trc ché va anh hudng cta nano bac.
3.2.2.2. Anh hwéng ciia nano bac dén sinh khéi nim

Su phat trién ctia sgi nAm ciia cac chiing phan 1ap trong méi truong PDB c6 chira
nano bac sau 3 ngay bi urc ché dang ké va duoc thé hién & Hinh 3.27. Tac dong cua nano
bac & cac ndng d6 khac nhau (5 mg/L va 30 mg/L) 1én sy suy giam kha ning ting trudng,
tao sinh khéi ctia 8 chung phén 14p thir nghiém duoc thé hién rd nét so voi mau dbi ching.

O ndéng do 5 mg/L, nano bac cho thiy tic dong 1én sinh khdi cta hau hét cac
chung phan 1ap thir nghiém, ghi nhan su giam déng ké sinh khdi duoc tao thanh so véi
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mau ddi chung, dao dong trong khoang tir 13,17 mg (VNHUCC.NELIO —
Colletotrichum siamense) dén 34,53 mg (VNHUCC.NEL160 — 4. niger), twong Ung
muc giam tu 49,5 — 72%.
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Hinh 3.27. Anh hudng ciia nano bac dén kha ning ting sinh khéi (kho) ciia cac ching
phan 1ap thir nghiém sau 3 ngay nudi cay. Pé t6i vu khong gian hiéu thi phan két qua, ky
hiéu VNHUCC.NEL timg phan lap duogc rat gon thanh NEL. Control: mau dbi ching —
khong xir 1y nano bac. Do 1éch chuan (SD) duoc biéu thi tai cac thanh dit liéu twong tng

Chung phan 1ap VNHUCC.NEL93 (C. plantarum) ghi nhan sy suy gidm sinh
khéi 16n nhét, giam 72,3% luong sinh khéi so v6i mau dbi ching. Xir Iy & ndng do 30
mg/L cho thay sinh khdi ctia hdu hét cac chiing phan lap tiép tuc giam manh. Lugng sinh
khéi thu dugc sau 3 ngay nudi cay chi dao dong trong khoang tir 11,73 mg (NEL56) dén
21,57 mg (NEL160). Cac chung phan 1ap VNHUCC.NEL93 (C. plantarum),
VNHUCC.NEL74 (C. verruculosa) va VNHUCC.NEL160 (4. niger) déu ghi nhan mirc
suy giam trén 80% so voi mau doi chimg twong mg. Pic biét, 02 ching phan lap
VNHUCC.NEL160 (4. niger), VNHUCC.NEL38 (L. theobromae) c6 kha nang tao sinh
khéi ban dau rat cao trong diéu kién binh thuong, nhung lai rat nhay cam véi nano bac,
thé hién qua ty 1€ rc ché sinh khdi rat cao, voi su suy gidm sinh khdi ghi nhan lan luot
1én t6i hon 82,7% va 79,9 % & néng do 30 mg/L.
3.2.3. Anh huéng ciia nano bac dén dic diém sinh héa va tinh toan ven ciia mang té
bao

Mang té bao déng vai tro quan trong trong viéc duy tri 4p sudt thim thau va chirc
ning binh thuong. Mang té bao hoat ddng nhu mot rao can bao vé té bao bang cach diéu
chinh su trao d6i cac hop chat bén trong va bén ngoai té bao va duy tri sy 6n dinh coa

moi truong ndi bao.
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3.2.3.1. Ro ri thanh phan ngi bao (acid nucleic — OD34)

Pé nghién ciru sdu hon vé ton thuong ciia mang té bao ctia ndm, d6 dan dién ngoai
bao va acid nucleic (gia tri hip thy & OD26o) ctia moi trudong da dugc ghi nhan sau khi xtr
Iy voi nano bac. So voi nhom ddi ching, sau khi xtr Iy nano bac, cic minh ching cho thay
c¢6 nhitng tac dong dén tinh tham ctia mang soi nim, v6i su 1o i vat chat ndi bao tang 1én

theo nong do va thoi gian xtr Iy (Hinh 3.28).

Déi chirng - Control AgNPs 5mg/L AgNPs 30mg/L

VNHUCC.NEL93 e

Gia tri

VNHUCC.NEL80 Oz
™o
VNHUCC.NEL74 03
0.2

VNHUCC.NEL56 0.1

VNHUCC.NEL51

VNHUCC.NEL38

VNHUCC.NEL160 -
R

VNHUCC.NEL10
I R R R TG . R
Théi gian tiép xac (gie)
Hinh 3.28. Biéu d6 Heatmap tac dong cua nano bac dén su xu hudng thay doi gia trji hap
thu & bude song ODzso ctia 8 chung phan 1ap thir nghiém khéac nhau theo cac nong d6 xu
Iy nano bac. Mdi ndong do duoc thé hién trong mot khdi (block) nhat dinh. Thang ty 1¢
biéu thi gi4 tri hap thu & ODago twong ting.

Nghién ctru nay tién hanh danh gia do hip thu ODago ctia dich loc sgi nam dugc
nudi cdy & cac nong do nano bac khac nhau, nham phan anh sy giai phong cac thanh phan
ndi bao, dic biét 1a acid nucleic. So v&i mau ddi chimg (Control), cic mau dugce xir 1y véi
ndng d6 nano bac 5 mg/L va 30 mg/L cho thiy gia tri hap thu (ODaeo) ting dang ké. Xt
1y & nong d6 nano bac 30 mg/L ciing cho thay tao ra mot mirc d ro ri 1én hon dang ké so
v6i ndng d6 nano bac 5 mg/L d6i voi su phat trién cta cac chung phan 1ap thir nghiém
(Hinh 3.28). Pang cht y, sy khac biét trong mirc d6 10 ri vat chit ndi bao khong chi phu
thudc vao ndng d6 nano bac ma con chiu chi phdi dang ké bai thoi gian tiép xac. Khi thoi
gian tiép xtc kéo dai, lugng chat ndi bao dugc giai phong ngay cang gia ting, dic biét rd

rét sau 24 gio ti€p xuc véi nano bac.
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Hinh 3.29. Biéu d6 cho thay xu huéng ro ri acid nucleic (ODag0) theo thoi gian tiép xuc
& cac nong d6 khac nhau (Control — Déi chirg — Khong xir Iy nano bac; AgNPs 5 mg/L
va 30 mg/L) theo ting chung phan 1ap. D6 léch chuan (SD) dugc biéu thi tai cac nit
mang dir li¢u tuong Gng.



Chung phan 1ap VNHUCC.NEL38 (L. theobromae) cho thiy su khac biét 1o rét
vé gia tri ODaso khi xir Iy v6i hai nong d6 nano bac khac nhau. Sau 12 gio, véi gia tri
OD260 khi x1r ly nano bac 30 mg/L dat 0,1913 cao hon nhung khong qua khéc biét so
v6i 0,1707 khi xir Iy & nong do 5 mg/L. Dén 24 gio, sy khac biét ndy trd nén rd rang
hon, véi ODago 6 ndng d6 30 mg/L ting 1én 0,2567, vuot troi so véi gia tri 0,206 & ndng
d6 5 mg/L. Tai thoi diém 36 gid, xu hudng nay tiép tuc, khi gia tri ODago & ndng d6 30
mg/L 1a 0,3033, 16n hon so vé1 0,2477 & néng do 5 mg/L. Dac biét, tai 48 gio, sy khac
biét gitra hai né)ng d6 dat muac cao nhat, véi viée tiép xuc vo1 nano bac o néng do 30
mg/L ghi nhan gia tri ODaeo dat 0,3113 cao hon gia tri ODaso = 0,281 khi xtr 1y ¢ ndng
do 5 mg/L (Hinh 3.29).

Tuy nhién, nghién ctu cling cho thdy c6 mot sé chung phan lap nhu
VNHUCC.NEL74  (Curvularia  verruculosa), VNHUCC.NEL51 (Curvularia
radicifoliigena), VNHUCC.NEL10 (Colletotrichum siamense) ¢6 xu huéng toc do 1o ri
chiing lai (d6 ddc thap hon) & khoang thoi gian tiép xuc tir 36 dén 48 gio - diéu nay co
thé dén tir viéc mang té bao da bi pha hity hoan toan, & mtc d6 qua ngudng cua té bao
khong thé phuc hdi, vat chit ndi bao ro ri ra bén ngoai moi truong. Két qua thu duoc
xac nhan réng viée tiép xuc véi nano bac ¢6 kha nang lam ton thuong su toan ven cua
mang té bao & cac ching phan 1ap thir nghiém. Piéu nay goi ¥ rang nano bac c6 thé hoat
dong nhu mot tac nhan pha v& mang té bao, dan dén giai phong cac thanh phan noi bao.
3.2.3.2. Pé din dién ngogi bao (Extracellular electrical conductivity — EEC)

Bén canh d6, mot bang chimg cho thdy mot khi mang té bao nam bj tén thuong,
su giai phong cta ion bén trong té bao s& gia ting dan dén d6 din dién cua dich méi
truong ngoai bao ting 1én. Hinh 3.30A thé hién xu hudng gia ting do dan dién ngoai
bao cua cac chung phan lap thtr nghiém trong nghién ctru nay khi xtr 1y nano bac theo
thot gian. Két qua cho théy mot xu hudng ro rét, gid tri EEC khi xtr 1y v6i nano bac ¢
bat ky nong d6 nao déu cao hon nhom ddi chimg (Control) & tat ca cac thoi diém danh
gia (p <0,05) — trrt VNHUCC.NEL10, VNHUCC.NEL38 va VNHUCC.NEL56 khong
¢6 su khac biét giita xtr Iy nano bac ¢ ndng d6 5 mg/L véi mau ddi chimg (khong xur 1y
nano bac) & thoi diém 3 gio tiép xtc. Tuy nhién, xtr Iy v6i nano bac ndéng do cao 30
mg/L cho thiy su khac biét dang ké so véi nhom ddi ching & tat ca cac thoi diém, dic
biét 1a & thoi diém 48 gio (p < 0,01) va diéu nay ciing cho thay tic dong manh mé& hon
v6i mire do gia ting EEC 16n hon khi so sanh véi ndng d6 5 mg/L ¢ hau hét cac ching

phan lap.
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Hinh 3.30. Biéu d6 phan tan (Scatter plot) cho thay xu hudng chung céc gia tri d6 dan dién
ngoai bao (EEC) quan sat dugc & cac chung phan 1ap theo thoi gian khi xtr 1y nano bac &
cac nong do khac nhau.

Péng chu ¥, khi xét dén tac dong ctia nano bac theo thoi gian tiép xuc, so véi d6i
chung, gia tri EEC cua 8 tic nhan giy hai ting dang ké khi kéo dai thoi gian xur 1y. O
cac mdc thoi gian ngin (3 gid va 12 gid) cho thay gia tri EEC quan sat duoc c6 xu hudng
tang, nhung khong quéa khac biét so vdi nhém d6i chirng. Tuy nhién, ghi nhan & céc thoi
diém dai hon (36 gid va 48 gio), phan 16n cac gia tri EEC tang 1én dang ké so véi cac
khodng thoi gian tiép xtic sém trudc d6. Két qua ndy goi mé rang cé thé cac chiing phan
lap van giir hay duy tri kha nang chong chiu véi nano bac & mot mic do va thoi gian

chdng chiu nhét dinh, dic biét 14 trong giai doan tiép xuc sém, trude 12 gid.
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Hinh 3.31. Su bién dong gia tri EEC quan sat duoc theo thoi gian ciia timg phan 1ap thir

nghi¢m. Do 1€ch chuan (SD) duoc biéu thi tai cac nat mang dir liéu twong Uing.
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Ngoai xu hudng chung vé gia tri EEC & cac ching phan lap khi tiép xtc v6i nano
bac di dugc xac dinh, dé tién hanh so sanh mirc do gia ting gia tri EEC nay giita cac phan
1ap, nghién ctru nay da tién hanh chuan héa dit liéu sang dang mirc do thay ddi twong doi
theo ty 1¢ phan trim dé dam bao cung mot gia tri dau vao. Ching phan lap
VNHUCC.NELS51 (C. radicifoliigena) cho thay su gia ting EEC 16n nhat khi dugc xtr Iy
br:ing nano bac. Cu thé, & néng do 30 mg/L, sy gia tang lan luot dat 113,65% sau 36 gio
va 145,27% sau 48 gio. Pbi voi nong do 5 mg/L, mic ting twong tmg 1 83,18% va
102,59% tai cac thoi diém 36 gio va 48 gid. Mot chung phéan 1ap Curvularia khac -
VNHUCC.NEL74 (C. verruculosa) cting ghi nhan tac dong manh mé v&i mire d§ gia tang
EEC quan sat duoc ting 1an luot 124,83% va 84,70% khi xtr Iy ¢ 5 mg/L va 30 mg/L sau
48 gio (Hinh 3.30D-E). So v6i cac phan 1ap trong thir nghiém, VNHUCC.NEL38 (L.
theobromae) ghi nhan muc thay d6i gia tri EEC thap nhat so v6i d6i chiing. Tai thoi diém
48 gi0 sau xu 1y nano bac, gid tr1 EEC cia VNHUCC.NEL38 tang lan luot 34,33% va
64,33% & nong do 5 mg/L va 30 mg/L so voi ddi chting (Hinh 3.31).
3.2.3.3. Ham luwgng Ergosterol

Ergosterol 14 thanh phan sterol chinh va doi dao nhat ctia mang nam, déng vai tro
quan trong vao qua trinh diéu hoa tinh thdm va tinh luu dong ciia mang; diéu hoa, hoat
dong va phan phdi cac protein mang tich hop; va kiém soét chu ky té bao - dong vai tro
quan trong ddi véi tinh toan ven vé mit cdu trac cta mang té bao (Alcazar-Fuoli &
Mellado, 2012; Ouyang et al., 2021). Ciing chinh vi vay, ergosterol dugc xem la muc tiéu
chinh cta phan 16n cac thudc chong nam, khang nam hién nay, can thiép vao chiic ning
thong qua viéc te ché cac bude khac nhau trong qua trinh téng hop ergosterol hodc bang
cach tao phirc truc tiép voi ergosterol mang.

Két qua thé hién & Hinh 3.32 cho thay, xir Iy bang nano bac 1am giam dang ké ham
lugng ergosterol & cac chung phan 1ap thtr nghiém (p <0,05). Khong ¢6 sy khac biét c6 y
nghia thong ké giira xtr Iy nano bac & ndng d6 5 mg/L va 30 mg/L véi hai chung phén lap
VNHUCC.NEL38 (L. theobromae) va VNHUCC.NELS8O (Curvularia sp.) nhung c6 su
khac biét dang ké c6 ¥ nghia thong ké so voi ddi ching khong xir 1y (p < 0,05). Pang cht
¥, cac chung phan 1ap thudc chi Curvularia sp. (VNHUCC.NEL93, VNHUCC.NELSO0,
VNHUCC.NEL74, VNHUCC.NEL51) déu ghi nhan ham luong ergosterol giam trén 50%
so v6i ddi ching ¢ ndong do 30 mg/L. VNHUCC.NEL93 (C. plantarum) 1a chung phan
1ap ghi nhéan sy suy giam ham luong ergosterol 16n nhat véi mirc d6 suy giam 75% so véi
d6i chimg.
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Hinh 3.32. Su suy giam ham luong ergosterol khi xtr Iy voi nano bac & cac nong do
khac nhau. “*” biéu thi sy khac biét c6 ¥ nghia thong ké ¢ p < 0,05, ns cho thiy khong
c6 su khac biét c6 ¥ nghia thong ké. FW — khéi lwong tuoi soi nAm. Do 1éch chuan (SD)

dugc biéu thi tai cac cot mang dir liéu tuong ing
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Dic biét, ching phan 1ap VNHUCC.NELS51 (C. radicifoliigena) khi tiép xtc véi
nano bac & néng d6 5 mg/L chi ghi nhan sy suy giam 18,12% ham lugng ergosterol
nhung thé hién nhay cam cao khi xir Iy v6i ndng d6 cao 30 mg/L. Ham lugng ergosterol
ctia VNHUCC.NEL74 (C. verruculosa) cling cho thiy sy giam manh: 57,32% so véi
d6i chimg va 46,40% so véi xir Iy nano bac 5 mg/L.

Trong khi do, & cac phan lap dai dién thudc cac chi khac nhu VNHUCC.NEL10
(Colletotrichum siamense), VNHUCC.NEL160 (4. niger), VNHUCC.NEL38 (M.
parvum), VNHUCC.NELS56 (E. rostratum) ghi nhan mdt mtrc suy gidm ham lugng
ergosterol thip hon, dao dong tir 37 — 52,13% nhung khéc biét dang ké so vai ddi ching
& nong d6 30 mg/L (p < 0,05).
3.2.3.4. Qua trinh peroxy hoéa lipid - MDA

Malondialdehyde (MDA) 14 san pham phan hily ctia qua trinh peroxy hoa lipid
va thuong duoc dung dé theo ddi qua trinh peroxy hoa lipid do ton thuong oxy hoa, va
dugce xem nhu mot chi s6 ¢6 thé phan anh gian tiép mirc do ton thuong peroxy héa mo
(Castro et al., 2015; Zhao et al., 2016). Dir liéu vé su thay d6i ham luong MDA ndi bao
ctia cac ching phan lap khi xtr Iy v6i cac ndng dd nano bac khac nhau duoc trinh bay
trong Hinh 3.33.

Bén canh nhitng béng chtirng muc do ro ri acid nucleic, do dan dién ngoai bao,
nghién ctru ciing nhan thiy su gia ting gia tri MDA & tit ca cac ching phan lap nim
duogc thir nghiém vai nano bac sau 48 gid (Hinh 3.33B). Két qua cho thay, xir Iy nano
bac 1am tang dang ké ham luong MDA sau 48 gio tiép xtc & tat ca 8 phan 1ap thir nghiém
(p <0,05). Cu thé, viée xtr 1y nano bac & néng do 5 mg/L va 30 mg/L dan dén néng do
MDA cao hon tir 1,2 dén 3,1 1an so véi ddi chimg khong xtr 1y.

Nhiéu nghién ctru trudc day chi ra rang phospholipid & mang té bao 1a muyc tiéu
chinh cta cac dang oxy phan Gmg (ROS), trong d6 cac dang gbc du thira tao ra su thay
d6i va bién doi dang ké trong thanh phan té bao (Li et al., 2021; Zou et al., 2022). Céc
dir liéu nghién ctru thu thap dugc khi tiép xtic v6i nano bac trong nghién ctru nay da
ctng cb cac chudi bién dong dién ra & mang té bao mdi khi phan lap ndm chiu tic dong
ctia nano bac — hay mét yéu té bat loi/stress ctia diéu kién moi truong (Yang et al., 2020).
Nghién ctru nay phu hop voi nhitng phat hién ddc 1ap cua Liang et al. (2025); Zhao et
al. (2024) khi nhan thiy rang viéc xir Iy bang tinh ddu qué (Cinamomum sp.) 1am ting
dang ké néng d6 MDA, ting su 1o ri ham luong protein & A. flavus. MDA dugc tao ra
bdi qua trinh peroxy hoa mang lipid, din dén hinh thanh cac lién két chéo voi enzyme,
nucleotide, acid amin va nhiéu phan ttr khac. Qua trinh nay din dén viéc tao ra cac thanh

phan khong hoa tan, gy hai cho cdu tric mang té bao
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Hinh 3.33. Ham lugng MDA (umol/g) khi xir Iy v&i nano bac sau 48 gio. A. Biéu dd
phan bd (Box plot) cac gia tri dit liéu quan sat duoc cia MDA giita nhém ddi chimg
(Control) va nhoém dugc xir Iy v6i nano bac (5 mg/L va 30 mg/L). B. Biéu do cho thay
su khac nhau ham luong MDA theo timg phan l4p. D6 1éch chuin (SD) duogc biéu thi
tai cac cot mang dit liéu twong Gmg. Su khac biét c6 ¥ nghia (p < 0,05) dwgc biéu thi
bang “*”. tirng phan lap.

Diéu nay chirng minh rang nano bac c6 thé da thiic day phan tng lipid va peroxide
trong mang té bao va sy gia tang nay dan dén viéc khong thé phyc hdi tinh toan ven ctia
cAu tric mang, tir d6 gia ting tinh thAm va o ri cac thanh phan ndi bao ra khoi té bao.
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3.2.3.5. Anh hwéng ciia nano bac doi véi hé thong cdc enzyme chong oxy héa

Can bang oxy hoa khir trong té bao dong vai tro rat quan trong dé duy tri kha
nang song cua té bao va ROS ndi bao du thira s& pha v& trang thai can bang oxy hoa
khtr. Duéi tic dong cua stress oxy hoa, hé thong chdng oxy héa cua té bao bao gdm céc
enzyme chdng oxy hoa va cac hop chat khong phai enzyme, bao vé té bao khoi stress
oxy héa bang cach duy tri can bang oxy héa khir ndi bao, va cac enzyme chéng oxy hoa
chuyén d6i ROS hinh thanh trong té bao thanh céac chét it doc hodc vo hai, ¢6 tac dung

lam cham tdc do oxy hoa (Simonéicové et al., 2018; Su et al., 2020).

VNHUCC.NEL93 VNHUCC.NEL80 VNHUCC.NEL74 VNHUCC.NEL74
(Curvularia plantarum) (Curvularia sp.) (Curvularia verruculosa) (Curvularia radicifolligena)
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VNHUCC.NEL56 VNHUCC.NEL160 VNHUCC.NEL38 VNHUCC.NEL10
(Exserohilum rostratum) (Aspergillus niger) (Lasiddiplodia theobromae) (Colletotrichum siamense)

Hoat do enzyme (U/mg protein)
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(Contrel) Smg/L 30mg/L (Control) Smg/L 30mg/L (Control)  5mglL 30mg/L (Control) Smg/L 30mg/L

-~ CAT (Catalase) -#= SOD (Superoxide dismutase)

Hinh 3.34. Xu hudng bién dong hoat d6 cia 2 enzyme superoxide dismutase (SOD),
catalase (CAT) & cac nong do xir Iy khac nhau sau 48 gid. Enzyme SOD duoc biéu thi
bang dudng mau xanh, enzyme CAT dugc biéu thi bang dudng mau cam. Do 1éch chuan
(SD) duoc biéu thi tai cac nit mang dit liéu twong tng.

Enzyme superoxide dismutase (SOD) la mdt trong nhitng enzyme chinh chiu
trach nhiém bao vé chdng lai stress oxy hoa, dong vai tro 1a chat chéng oxy héa hoat
dong nhu chit don gbc tu do va ngin ngira cac qua trinh trung gian do gbc tu do
(Mansoor et al., 2022; Yu et al., 2020). Dua trén cac két qua thu dugc thé hién ¢ Hinh

3.34, & thoi diém 48 gio sau khi xtr 1y v6i nano bac (6 ca 2 ndong do), hoat do enzyme
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SOD & phan 16n cac chiing phan 1ap thir nghiém c6 xu huéng giam va khac biét dang ké
v6i miu ddi chimg (p < 0,05). Mtrc d6 suy giam hoat do enzyme SOD 16n nhit ghi nhan
¢ chung phan lap VNHUCC.NEL74 (Curvularia verruculosa), vé1 muc suy giam
67,98% khi xtr 1y ¢ ndng d6 30 mg/L so véi dbi chung. Nguoc lai, VNHUCC.NEL10
(Colletotrichum siamense) va VNHUCC.NELS56 (E. rostratum) lai ghi nhan sy gia tang
hoat d6 enzyme SOD khi xir Iy nano bac. Sy gia ting hoat dong ctia enzyme chdng oxy
hoéa ting (SOD) c6 thé gian tiép cho thiy bao tir ciia nhitng phan 1ap nay da va dang &
trang thai kich thich oxy hoa manh hon duéi tac dong cua nano bac ¢ thoi diém 48 gio,
va do d6 sy gia ting cac enzyme chdng oxy héa & day 1a phong vé tu nhién.

Trong khi d6, enzyme catalase (CAT) lai cho thay muc d6 mot sy nhay cam 16n
hon véi viée xir Iy nano bac, voi phan 16n ghi nhan dugc bién dong theo chiéu hudng
giam va c6 khac biét dang ké so voi mau ddi chung, dic biét 13 v6i ndong do xir Iy 30
mg/L (p < 0,05, ngoai trt VNHUCC.NEL10 — Colletotrichum siamense).

Nhin chung, chiéu huéng suy giam song song cia ca hai loai enzyme chdng oxy
hoa nay trong phan 16n cac phan 1ap thir nghiém cho thiy phan tmg phéi hop hodc mirc
d6 dé bi ton thuong chung trudc cing thang do nano bac gay ra, dic biét 1a & nong do cao.
C6 thé khang dinh, xtr Iy véi nano bac di it nhiéu gay nén sy bién dong cua cac enzyme
chéng oxy hoa ndy, pha v trang thai can bang oxy hoa khir trong té bao. Nhimg phat hién
cua nghién ctru nay phu hop vé1 nhiing phat hién trudc day, trong d6 sy suy giam hoat
dong cua cac enzyme chong oxy hoa nhu SOD, CAT, GSH-Px (glutathione peroxidase)
da pha v su can bang von cé, gian tiép dan dén ting ham lugng MDA, giy ra nhing ton
thuong té bao. Piéu nay ciing duoc chi ra trong nghién ctru ctia Qian et al. (2011), sy can
bang gitra san xuat ROS va cac chat “don dep” nhu SOD, CAT va APX (ascorbate
peroxidase) c6 thé bi pha v sau khi tiép xtc voi cac hop chat kim loai, ddn dén thay d6i
ham lugng MDA trong té bao. Liu et al. (2016) khi nghién ctru tac dong ctia cac hat nano
TiOs ciing cho rang tic dong gy doc ndm Pichia pastoris dén tir su suy yéu hé thong don
dep céc loai oxy phan g (ROS) — bang ching 1a sy giam cac gene lién quan dén chat
chéng oxy hoa, dic biét 1a cac gene tham gia vao qué trinh diéu hoa chat chéng oxy héa
GSH. Gén dy, mot nghién ctru chi ra rang xt Iy soi nAm Fusarium (giy bénh héo rii trén
cay dua ludi) voi nano bac trong thoi gian ngan (dudi 6 gid) c6 thé cai thién hoat tinh cta
3 enzyme chéng oxy hoa: SOD, CAT va POD (peroxidase), tuy nhién khi kéo dai thoi
gian xir 1y (12 gid, 24 gio) thi hoat tinh cia cac enzyme chéng oxy héa nay lai giam, tir
d6 anh hudng dén viéc loai bo cac gbe oxy phan tng va giy chét té bao ndm (Liu et al.,
2024). Mét nghién ctru khac gan day vé tac dong cua vat liéu nano nano dong — chitosan
(Ch-CuNP) dén hd so sinh hoa cua Macrophomina phaseolina, dac biét 1a cac hoat dong
enzyme cua CAT, POX, PPO (polyphenol oxidase) va PAL (phenylalanine ammonia-
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lyase) cling dugc ghi nhan. Hoat ddng cac enzyme nay ghi nhan sy phan trng phu thude
vao nong do, trong dé sy ting 1én & ndng do thip hoic giai doan mdi tiép xtic va cla cac
hoat dong enzyme giam dan khi ndng d Ch-CuNP ting thém (Fatima et al., 2024).

Pé lam sang to liéu ring c6 mbi lién hé chung nio giita sy bién dong cua hai
enzyme SOD va CAT nay khéng khi tiép xtc véi nano bac, nghién ctru nay da tién hanh
mot phan tich trong quan chi tiét gitra SOD va CAT & cac phuong thirc xi Iy khac nhau:
nhom dbi chimg, AgNPs 5 mg/L va AgNPs 30 mg/L. Mot phat hién tha vi khi phan tich
dir liéu SOD-CAT ban dau & nhom d6i ching cho thiy mot mdi twong quan am (yéu),
va viéc xtr 1y nano bac véi nong do 30 mg/L da lam thay d6i mdi tuong quan ndy, dan
dén mot mdi tuong quan duong trung binh (hé sé r = 0,4). Mic du cic twong quan nay
chua di manh, nhung ciing c6 thé nhin thay 16 rang su dich chuyén tuong quan khi tiép
xuc v6i nano bac. Diéu nay c6 thé chua du dé khang dinh nhung goi mé vé sy tac dong
clia nano bac dén su bién dong trong hoat dong cuia cac enzyme nay. Ngoai cai nhin tong
thé vé mdi tuong quan, nghién ctru ciing tién hanh phén tich thanh phan chinh PCA
(Principal components analysis) nhim cung cap bang chtng vé sy thay d6i méi twong
quan giira hoat dong ctia SOD va CAT khi tiép xuc véi nano bac cia ting ching phan
1ap khi tién hanh két hop dir liéu quan sat ctia hai enzyme SOD va CAT (Phu luc Hinh
4.10). Cac mau ddi chimg duoc ghi nhin phan bd gan truc it phan tan, bién thién, thé
hién it sy bién dong trong thay ddi hoat do enzyme. Trong khi, khi xtr 1y véi nano bac
30 mg/L da ghi nhan sy phan bd rong va léch vé phia bén trai, phan anh sy bién dong
16n va phan g tiéu cuc 16 rét khi xtr 1y nano bac & nong do cao.

Tom lai, cac dir li¢u thu thap duoc co thé o1 mé mot gia thuyét: nano bac da lam
suy yéu hoat dong cta cac enzyme chéng oxy héa, ngian khong cho enzyme SOD, CAT
tham gia loai bo cac gdc superoxide du thira dugc tao ra bén trong té bao. Khi nay su
tich tu cac gdc superoxide ngdy cang 16n, s& thiic day qua trinh peroxy héa mang té bao.
MDA duoc tao ra va gia tang trong qua trinh peroxy hoa s€ vo hi¢u hoa cac enzyme va
protein trong mang, dan dén hinh thanh cac “khoang trong” mang do t6n thuong, tir d6
lam ting tinh tham va lam suy yéu chirc ning ctia mang, giy ton thuwong va trc ché su
phat trién ctia ndm. Nhitng bién d6i nay hoan toan phu hop vdi cac bang chimg 1y sinh
hoa ghi nhan trong nghién ctru, gian tiép chimg minh nhiing thay doi trong sy toan ven
mang té bao nhu: gia tang vat chit ndi bao ra ngoai moi truong, do dan dién ngoai bao,
ham lugng MDA duoc khi tiép xtic v&i nano bac cta cac phan lap thir nghiém. Su bién
dong ROS khac biét giita cac phan 14p ndm c6 thé xudt phat tir sy khac biét trong toc do
sinh truéng cua timg phan 1ap, dan dén viéc soi ndm thu thip & cac giai doan phat trién
dé danh gia khac nhau. Piéu nay, két hop vé6i sy bién dong va tinh nhay cam cao cia

cac enzyme lién quan, c6 thé anh hudng dén kha nang phan tmg cua nam véi cac yeu to
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moi trudng. C6 thé phai can ting cac khoang thoi gian danh gid hon dé c6 cai nhin toan
dién vé tinh bién dong cta cac enzyme nay khi tiép xtc véi nano bac.
3.2.4. Anh huéng vi mé ciia nano bac dén su sinh trwéng ciia nAm

Danh gia vi mo 1én bao tir va soi ndm ciing dugc ghi nhan thong qua kinh hién vi
dién tir dé danh gia nhing tac dong bén trong viéc trc ché sy phat trién cia tic nhan giy
bénh nim nay. Két qua ghi nhan cho thiy, nano bac giy ra nhiéu thay d6i hinh thai khac
nhau trén soi ndm va bao tir cia cac tac nhan gy hai. Nhitng bat thuong vé hinh thai ndi
bat da dugc quan sat thiy, bao gom:

1. So véi su phat trién cua soi nam trong diéu kién binh thuong, nano bac c6 kha
nang giy ra su bién dang hay mat vach ngin & céc té bao soi nam

ii. Mot vat liéu ngoai bao xung quanh soi ndm trong cac nudi cay dbi chimg trong
tat ca céac giai doan dugc phan tich, dugc nhin théy nhu mot vat li¢u bong trén céac té bao
hoac nhu mot sgi nhé gén cac soi ndm véi nhau, giéng nhu mot mang sinh hoc.

iii. Nhiéu chiing phan lap quan sat thiy tinh trang dong tu t& bao chit dang ké, soi
nam bi teo lai hodc bién dang (co thit bat thuong).

iv. Nhitng bién d6i dang ké nhu sy bién dang va giam do chit cia hach nam, cing
v6i cac soi ndm khong mau va bi phan manh, tuong quan véi ndng do AgNPs. Dién tich
bé mat 16n hon cta nano bac cho phép bam dinh va khuéch tan chat hon vao bé mat té
bao nam, dan dén tinh toan ven cua mang bi ton hai va (rc ché nAm hiéu qua

v. Sy tich lily ctia cac thanh phan ngoai lai ¢ phia ngoai mang va su xam nhép tich
tu vao bén trong cling dugc quan sat.

vi. Su o ri vat chat ndi bao clia sgi ndm, bao tir cling dugc ghi nhan.

vii. Su suy giam/mit sic td hodc gia ting hién tuong nau hoa

Thanh té bao bao gdm glycoprotein, polysaccharides (dic biét 1a glucan va chitin),
hydrophobin va protein ludng tinh, 1& cac protein trong nim tham gia vao tuong tac ctia
chung v6i moi trudng (Cortés et al., 2019; Delgado et al., 2023). Khi té bao nim tiép xuc
v6i cac hat nano bac, cac twong tac Iy hoa dong, trao d6i dong hoc va nhiét dong luc hoc
va luc van der Waals hép dan xay ra giira bé mat cta cic hat nano va bé mit cta thanh
phan sinh hoc, ching han nhu mang va protein. TAt ca cac tuong tic nay duoc cho 13 giy
ra sy tuong tac gitta cac hat nano bac va mang té bao cua té bao nAm, dan dén sy tich tu
cac hat nano trén mang té bao va su pha vd mang sau d6 (Ghorbani et al., 2022). Hon nita,
kiém tra bang kinh hién vi d4 tiét 16 nhimng bién d6i nhu sy bién dang va giam do chat ctia
hach ndm, cing vé6i cac soi nim khong mau va bi phan manh, twong quan véi ndng do
nano bac ting cao. Dién tich bé mit 1én hon ctia nano bac cho phép bam dinh va khuéch
tan chit hon vao bé mit té bao ndm, dan dén tinh toan ven ctia mang bi ton hai va trc ché

nam hi¢u qua.
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Hinh 3.35. Nhirng tac dong vi thé cua nano bac & cac nff)ng d0 khac nhau 1én hinh thai soi
nim va bao tir C. plantarum (VNHUCC.NEL93) & vat kinh 40X. df: trang thai bién dang
cAu trac, teo nho. Dicl: hién tuong su mét, suy giam sic to, conj: hién tugng tiép hop, lk:
10 1i vat chét ndi bao. Control: mau d6i chimg khong xir Iy nano bac. Cac tam giac mau do
chi déu cho céc ton thuong & soi ndm. Cac tam gidc mau vang chi dau cho cac ton thuong
O céc bao ti.
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Hinh 3.36. Nhiing tac dong vi thé ctia nano bac & cic ndong do khac nhau 1én hinh thai
soi ndm va bao tir C. radicifoliigena & vat kinh 40X. Tam gidc mau vang chi ddu cho
nhiing tac dong ghi nhan & bao tr, tam giac mau do chi ddu cho nhiing tac dong cta

nano bac dén sgi nam. Control: mau doi chung
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Hinh 3.37. Nhiing tdc dong ctia nano bac ¢ céac néng do khac nhau lén hinh thai ¢ cép do
vi thé ctia soi ndm va bao tit E. rostratum (VNHUCC.NEL56) & vat kinh 40X. Ghi cha:
Control: mau di ching; accm: hi¢n tuong dong tu, Las: hién tuong maét, thoai hoa vach
ngan; lk: hién tuong ro ri vat chét ndi bao; df: biéu thi cho trang thai bi bién dang cAu tric,
teo nho. dmg;: trang thai bi ton thuwong tao thanh nhitng vét 1dm. Cac tam gidc mau do chi
déu cho cac ton thuong & soi nAm. Céc tam giac mau vang chi ddu cho céc ton thuong &
cac bao tur.
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Hinh 3.38. Nhiing tac dong ctia nano bac ¢ cac ndng d6 khac nhau 1én hinh thai & cép
d6 vi thé cua soi nAm va bao tir 4. niger (VNHUCC.NEL160) & vat kinh 40X. Ghi chi:
Control: mau dbi chimg. df: biéu thi cho trang thai bi bién dang cdu truc, teo nho. dmg:
biéu thi cho trang thai bi ton thuong tao thanh nhiing vét 16m, agl: trang thai dong tu vat
chat ndi bao. Cac tam giac mau do chi ddu cho céac ton thuong ¢ soi nim. Cac miii tén

mau vang chi dau cho céac ton thuong dén cac bao ttr.
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Control 7 Control

Hinh 3.39. Nhitng tdc dong ctia nano bac ¢ cac néng d0 khac nhau 1én hinh thai & cép do
vi thé clia soi ndm va bao tir L. theobromae (VNHUCC.NEL38) & vat kinh 40X. Control:
mAu ddi chimg (Hinh A, B). df: bién dang ciu tric, teo nho. dmg: trang thai bi ton thuong
tao thanh nhimg vét 1dm, agl: trang thai déng tu vat chit ndi bao; frg: hién twong phan méanh.
Céc tam giac mau d6 chi dau cho cac ton thuong ¢ soi ndm. Cac mili tén mau vang chi ddu
cho cac ton thwong & cac bao ti.

127



Hinh 3.40. Nhitng tac dong ctia nano bac ¢ cac ndng d6 khac nhau 1én hinh thai & cép
d6 vi thé cua soi ndm va bao tir C. siamense (VNHUCC.NEL10) ¢ vat kinh 40X. Ghi
cht: Control: mau dbi chung (Hinh A, B). df: hi¢n tugng bién dang cAu tric, teo nho.
dmg: ton thuong tao thanh nhitng vét 1dm. Cac tam gidc mau d6 chi dau cho cac ton

thuong ¢ sgi nam. Céc tam gidc mau vang chi dau cho céc ton thuwong ¢ cac bao tu.
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Bang 3.3. Tac dong vi thé cua nano bac dén bao tir va sgi nam cua tdm ching phan lap dai dién

Phéan 13p thir nghiém

Nhirng tac dong ghi nhan

Péi chirng (Control)

Xir ly nano bac

C. plantarum
(VNHUCC.NEL93)

O mAu dbi chiing, cac bao tir ctia Curvularia plantarum
van giit duoc cac ciu trac dién hinh cua loai: bao tir
thfing hodc cong nhe, mau nau nhat. CAu trac dién hinh
v6i té bao phu thr 3 phinh to, c6 mau nau d4m hon &
phan phu thr 3 nay cling nhu 2 vach ngin giéi han ciia
té bao nay so v6i cac phan khac.

Cudng bao tir (conidiophores) dai, mau nau, ¢6 vach
ngan 16 rang. Té bao sinh bao tir (conidiogenous cells)
mang cac bao tir (Hinh 3.35B)

Thanh soi nim tron nhén, soi ndm con nguyén ven,
khéng ¢6 dau hiéu tén thuong (Hinh 3.35B-C)

+0 néng do 10 mg/L, hién tugng 1o i vat chét ndi bao xay ra voi muc do vira phai, di kem
voi sy dong tu té bao chit trong soi nam. Khi tang nE”)ng d6 1én 20 mg/L, mirc d6 ro ri vat
chat ndi bao cang gia tang ro rét, khong chi xudt hién & soi ndm ma con duoc ghi nhan ¢ ca
bao tr.

+ O ndng do 30 mg/L, ghi nhan sy thay ddi hinh thai cac bao tir dién hinh cua loai C.
plantarum. Phan 16n cac bao tir khéng con trang thai cong dic trung, suy giam/mat sic to
cua cac té bao bao tir (dic biét 1a cac té bao trung gian), cac cuéng bao tir (Hinh 3.35G). Cac
bao tir méi hinh thanh & diu ngon — ghi nhan sy thoai hoa hoan toan (Hinh 3.35H). Cudng
sinh bao tr (conidiophres) mit sic t6, ngan, roi rac. Soi ndm dut giy, phan manh (chi ghi
nhan nhitng doan phan manh rdi rac trong vi truong). Quan sat duoc cac 16 rong rd rét trén
thanh soi ndm (Hinh 3.35L). Bén canh, ciing ghi nhan sy tich tu cac khdi mau den (chua 15)
trén sgi nAm va ca cubng sinh bao tir.

C. verruculosa
(VNHUCC.NEL74)

O mau d6i chung, cac bao tir cua Curvularia
verruculosa van gitt dugc cac cau triic dién hinh cua
loai nay: Bao tir 6 xu hudng hoi “thing”, hodc chi
cong nhe so v6i cac loai khac trong chi Curvularia.
Phan 16n bao tir c6 4 té bao (3 vach ngin). Mau sic
bdo tir tir ndu nhat dén nau, tuy nhién cac té bao bao
tir co xu huéng dong mau, mic du té bao thir 3 van
thuong c6 mau dam hon so véi cac té bao con lai
cua bao tu (Phy lyc Hinh 4.12).

Chuing phan 1ap VNHUCC.NEL74 cho thiy su nhay cam dang ké véi nano bac

+0 n6ng do 1 mg/L: da ghi nhan mot sO bién dang bét thuong ¢ hinh thai soi nam (su co
that bat thuong). Trong khi do, bao tir khong c6 cac thay doi dang ké

+0 néng do 10 mg/L, sgi nam tho rap, xudt hién nhiéu “khdi u”. Phin 16n cac bao t quan
sét dugc chi c6 3 t€ bao (2 vach ngin). Bén canh do, ghi nhan sy bam dinh bat thuong & cac
gbc phan nhanh ctia hé soi ndm (Phu luc Hinh 4.12C, D).

+O ndng d6 20 mg/L: s luong cac “khéi u” bat thuong cang day dic hon trén sgi ndm (Phu
luc Hinh 4.12F). So véi 10 mg/L, viéc tiép xtic v6i nano bac 20 mg/L tiép tuc quan sat dugc
su suy giam sb luong vach ngan, mot s6 truong hop chi con 1 vach ngan.

+ O ndng d6 30 mg/L: Sb lugng bao tir quan sat duoc rat thap. Soi nim bi teo nhd nghiém
trong. Sy suy gidm sc t6 ro rét duoc ghi nhan ¢ ca sgi nam va bao ti cua C. verruculosa.
Ngoai ra, mdt s6 trudng hop quan sat thay xu hudng tiép hop giita cic soi ndm lién ké (Phu
luc Hinh 4.12K).
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Bao tir va sgi nam tron nhan, nguyén ven.

Curvularia sp.

+ O ndng d6 0,1 - 10 mg/L: khong c6 qua nhiéu tic dong duoc ghi nhan, ngoai trir mot sb
bao tir ghi nhan su phinh to bat thudng ctia té bao bao tir thir 3 khi xtr 1y  nong d6 10 mg/L
so v6i dbi chimg.

+ O ndng d6 20 mg/L: suy giam sic 0, kich thudc, s6 lugng bao tir (Phu luc Hinh 4.13D)
+ O ndng d6 30 mg/L: soi nim va bao tir bi bién dang nghiém trong (Phu luc Hinh 4.13E,F)

Chung phan 1ap VNHUCC.NELS1 thé hién mirc do nhay cam cao di voi nano bac, véi cac
anh huéng duoc quan sat & néng do tir | mg/L nhu sau:

+0 néng d6 1 mg/L: Mét s6 bao tir xuét hién cac “khdi u” bat thuong trén bé mt.

+ O ndng d6 10 mg/L: Ngoai cac “khdi u” da ghi nhan trén bao tir, con quan sat thiy hién
tuong suy giam sic t6 nau dic trung ciia bao tir, khién cac t& bao bao tir c6 xu huéng dong
mau, giam sy phan biét mau sic.

+ O cac ndng do cao hon, cy thé 1a 20 mg/L va 30 mg/L: Ty 18 bao tir mat (hoan toan) sic
t6 ting lén déng ké. Dong thoi, soi ndm bi bién dang nghiém trong, co rit bat thuong va xuét
hién nhiéu “khdi u” trén thanh soi ndm, lam bé mat soi ndm tré nén sn sui hon. Tuong tu,
cac bao tir cling ghi nhan cac khdi u va cac vét ton thuong 15 rét (Hinh 3.36 E-K)

(VNHUCC.NELZ80)
O mau d6i chimg, bao tir chung phan lap
VNHUCC.NEL51 ¢6 dang bao tir thing hodc cong
nhe & cac té bao trung gian. Phin 16n cac bao tir bao
Curvularia g(‘A){An 4 té 'bélo (3 V‘éch ngér}), CAé.C ‘té' b:élo o Phﬁn dau,
o phan cuoi nhat mau hon céc té bao con lai.
radicifoliigena I . 1 N .
Cuong sinh bao tir (conidiophores) mau nau nhat, c6
(VNHUCC.NELS1) , - LA .
vach ngan, ¢ dang don, it phan nhanh
Exserohilum Soi nAm c6 bé mit nhin, cé vach ngin. Cudng sinh
rostratum bao tir (conidiophores) to, don doc, thang, cong

(VNHUCC.NEL56)  hodc hoi un khiic & phan dau, c6 vach ngin, khong
phan nhanh, hinh try gé‘m tron, mau nau 6 liu nhat
dén nau canh gian.

+ O ndng d6 10 mg/L, ghi nhan mét s6 bién dang & cip do nhe, tuy nhién cac ciu tric tong
thé (bao tir, cudng sinh bao tir, soi ndm) van duy tri cac dic trung nhu ban dau.

+0 néng do 20 mg/L, soi nim cua E. rostratum bi bién dang voéi su co thit, teo nho bat
thudng. Vat chat ndi bao ro ri ra bén ngoai. Ciu tric bao tir ciing ghi nhan sy bién ddi bat
thudng, mot sO ghi nhan mét vach ngan ¢ phan dau (Hinh 3.37 D, E)

+0 néng do 30 mg/L, h¢ soi nam bi bién dang hoan toan. Bao tr ciing bi t6n thuong, bién
dang, hién tuong mét vach ngin 16n hon (mét s truong hgp mét hoan toan). Bén canh do,
ghi nhan mét s6 phén té bao bao tir phinh to bét thuong, va mot $d ghi nhan sy tich tu cua
cac khdi mau den bén trong bao tir (Hinh 3.37H, M)

Aspergillus niger Mang cic ciu tric dién hinh duoc mé ta trude ddy:
(VNHUCC.NEL160)  dau bao tir toa ra. Bao tir dang hinh tron, khéng mau,
hoi san sui. Cudng bao tir dai, trong subt, khong c6
vach ngin Bong hinh cau, mau den (Hinh 3.38A).
Bén canh do6, khong xur 1y cho thdy qué trinh nay

Hién tugng dong tu té bao chét dugc ghi nhén ¢ cac néng dd nano bac tir 10 mg/L trd 1én
(bao g6m 10, 20 va 30 mg/L), dac bi¢t 1a & khu vuc ngon cta dinh bao dai. O n6ng do 10
mg/L, soi ndm chi xuét hién céc ton thuong nhe. Khi ting nong do xir 1y, cac bién dang trén
soi ndm trd nén rd rét hon, dong thoi muc d6 ton thuong ciing gia ting dang ké. Cu thé, tai
nong d6 30 mg/L, cac vét 1om va 16 thing trén soi nam co thé dé dang quan sat dugc. Ngoai
ra, cac biéu hién bién dang nhur trrong phinh, 16i 16m bt thuong va phan nhanh khong dién
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mam bao tir xdy ra binh thudng, v6i nhiéu dinh bao
dai dugc hinh thanh (Hinh 3.38B)

hinh ciing dugc ghi nhan. Mau sic ctia cac bao tir ciing thay doi 16 rét, mot ty 16 16n 1n cac
bao tir chuyén tir trang thai khong mau sang mau xam dam. Khi ndng d6 nano bac ting, cac
bong hinh cau mau den trén soi ndm khong con duy tri duoc kich thude binh thuong ma tré
nén nhé hon va méo mo, cho thay su ton thuong cang nghiém trong hon & ndng do cao cua
nano bac (Phu luc Hinh 4.14)

Lasiodiplodia
theobromae
(VNHUCC.NEL38)

Ca bao tir trudng thanh va non déu c6 hinh ban trimg
dén hinh elip-hinh trimg, véi cac dic trung nhu dinh
tron rong va thudn nhon vé phia gdc cut. Cac bao tir
truong thanh c6 mau nau nhat dén nau sdm voéi su
hinh thanh vén doc dién hinh, mét vach ngan. Trong
khi cac bao tir chua truong thanh trong sudt va
khong c6 vach ngan.

S6 lwong bao tir quan sat dugc trong vi trudng: 16n
(Hinh 3.39A)

Xt Iy nano bac & néng d6 10 mg/L, 20 mg/L va 30 mg/L giy ra nhimg tic dong va mirc do
bién dang khac nhau dén soi ndm, bao ti cta L. theobromae.

+ 0O ndng d6 10 mg/L: cac soi nim dit gdy, phan manh, mot s6 ghi nhan bién dang vdi cac
vét 16m. Hinh thai bao tir trudng thanh c6 xu hudng thuén nhon hon vé mét du so véi ddi
ching (ty 1€ bao tir ghi nhan hién twrgng quan sat dugc: 40%).

+ O ndng d6 20 mg/L: cac bién dang nghiém trong hon ghi nhan & soi ndm cua L.
theobromae véi cac vét 16m 16n va sau hon, bé mat soi niAm san sui hon. Mot sb ghi nhan
cac khdi u véi cac kich thudc khac nhau trén thanh soi ndm (Hinh 3.39F, G). Mot sb ghi
nhan vat chat ngoai bao bét thuong bam & du cac soi ndm (Hinh 3.39G). Bao tir thuoén nhon
hon khi so sanh céc bao tir xir Iy nano bac & ndng do 10 mg/L (gin nhu tam giac déu & nira
phén trén cua bao tur tinh tir vach ngén, tao thanh 1 d4u nhon, 1 dau ti). Xu ly véi nano bac
20 mg/L ciing ghi nhan sy gia ting thé tich ciia mot bao quan chua xéc dinh (khong bao
hodc thé lipid, Hinh 3.43F, mili tén mau vang)

+0 néng do 30 mg/L: hé soi nam ctia L. theobromae bi bién dang va phan manh hoan toan,
bén canh o ri vat cht ndi bao ciing dugc ghi nhan (Hinh 3.39H). Bao tir bién dang nghiém
trong, khong con nhan ra hinh thai dién hinh (Hinh 3.39K).

Dbang chu y, khong c6 bao tir chua truong thanh nao dugc ghi nhan khi xtr Iy véi nano bac
¢ ndng d6 tir 10 mg/L trd 1én.

Colletotrichum
siamense
(VNHUCC.NEL10)

O ddi ching khong xu 1y, bao tir C. siamense
nguyén ven mang dfiy du cac trang thai dién hinh
cua loai dugc mo ta trudc day: 1a mot té bao, hinh
try, trong sudt, tron & ca hai dau (mét s6 hoi nhon &
1 dau)

Céc bién dang va thay d6i cia VNHUCC.NE10 duoc ghi nhan tir ndng d6 10 mg/L

+ O ndng d6 10 mg/L, thanh soi ndm day hon va quan sat cic bién dang bét thudng. S6
luong trung binh bao tir quan sat duoc thap hon so voi dbi chimg. Mot s quan sat ghi nhan
sur tiép hop giita cac bao tir khi xir Iy & ndng do 10 mg/L

+ O ndng d6 20 mg/L va 30 mg/L: sb luong bao tir co thé quan sat duogc rat thip trong vi
truong. Pac biét, & n6ng do 30 mg/L, bao tir ghi nhén sy ton thuong nghiém trong voi cac
“khoang tréng” (Hinh 3.40K)
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3.2.5. M hinh héa va gia thuyét tic dong ciia nano bac dén kha niing c ché sinh
truwong phat trién nim trong diéu ki¢n phong thi nghiém

Maic du cac hoat dong khang ndm cua céc dang nano khac nhau da dugc nghién
cuu trude day, nhung co ché hoat dong chinh x4c ctua van chua duogc cong nhan cu thé.
Mo hinh gia thuyét vé tac dong clia nano bac trong nghién ciru nay dugc xay dung dua
trén cac phan tich sb liéu vé sinh khdi va nhitng bang chig bién d6i sinh hoa duoc ghi
nhan. Céc nghién ctru trude day cho thdy cac ché do hoat dong khac nhau ma ching thuc
hién hoat dong khang khuan cta minh bao gdm

Ngoai ra, cac phan tich bd sung nham xac dinh mdi tuong quan giira cac nhan t6
va sy suy giam sinh khéi nim ciing duoc tién hanh va trinh bay trong Phu lyc Hinh 4.15.
Phén tich nay sir dung twong quan Pearson giita yéu t& muc tiéu (gia tri suy giam sinh
khéi) va cac yéu t6 sinh héa lién quan duoc thyc hién trong nghién ciru nhu: gia tri ODaeo,
ham lugng MDA, gia tri do dan dién ngoai bao (EEC), ham lugng MDA, ham lugng
ergosterol ERG, va hoat d6 ctia 2 enzyme SOD va CAT. Két qua phan tich cho thay, duéi
tac dong ctia nano bac (AgNPs) ¢ hai ndng d6 5 mg/L va 30 mg/L, hai nhan té chinh anh
huong dén su bién d6i sinh khdi 13 ham luong malondialdehyde (MDA) va ergosterol
(ERG). Tur @0, co ché khang ndm gia dinh ctia nano bac dwa trén cac dit liéu thu thap
trong nghién ctru dugc mo hinh hoa trong Hinh 3.41.

AsNP O +
+
. AgNP AgNP Tuong tac bén ngoai mang TB %®® O ?
AgNP (Electrostalic interactions) Ro rivat chit noi
AgNP d v

hao

Nano bac

lErgusteruI

Tién chat tL ng hop
Ergosterol

M4t can bang
* oxy héa — khu
néi méi

Suy yéu hé thong don dep ROS
(ROS scavenging)

Enzyme SOD, CAT ',

AgNP

2

Hinh 3.41. M6 hinh gia thuyét con duong tac dong ciia nano bac 1én sy phat trién nim.
Sy tham nhdp vao té bao nim 1a budc dau tién trong cac giai doan lién quan dén
mot s& qua trinh tre ché sy phat trién cia ndm. Thanh té bao nim (gdm mang ludi chitin,
B-glucan, mannoprotein, lipid va cac polysaccharide cdu tric) mang nhiéu nhém chirc
nhu carboxyl, amino va sulthydryl (Ruiz-Herrera & Ortiz-Castellanos, 2019; Yoshimi et
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al., 2022). Céac nghién ciru trude ddy chi ra ring qua trinh ndy xay ra thong qua twong tac
tinh dién giita bé mat ndm duoc bao phil béi cac nhom carboxyl, amino va sulfhydryl
trong 16p peptidoglycan va nano bac (Mondéjar-Lopez et al., 2023; Peng & Chen, 2024).
Khi mat do tuong tac hodc thoi gian tiép xtic nhét dinh, nano bac c6 thé xAm nhap vao té
bao nam théng qua cac con dudng chinh: mot 1a di qua cac khoang ho trén mang té bao
bi bién tinh va mat tinh toan ven khi tiép xtc, hai 1a truc tiép xAm nhép vao bén trong té
bao (endocytosis) hodc qua cac kénh ion. Tir 6, di xAm nhap nhu thé nao thi nano bac
cling it nhiu gay su suy giam dan héi vi mé. Thyc té, trong nghién ciru ndy da ghi nhan
nhing ton thuong, “khoang tréng”, co rit bat thuong trén bé mit soi nam cua tat ca 8
chung phan lap dai dién thur nghi€ém, cling nhu sy ro ri ham lugng vat chét ndi bao. Tuy
nhién, sy tuong tac ban dau khong nhat thiét gay pha hity ngay 1ap tirc cau trac thanh té
bao. Mot sb truong hop, co thé nano bac chi “neo” (adsorb) tam thoi vao bé mat ngoai
bao hodc ma tran ngoai bao (extracellular matrix-like material) ma chua gay ra ton thuong
hinh thai rd rét (Parveen et al., 2023). Pay c6 thé 13 1y do cho cac quan sat khong ghi nhan
t6n thuong dang ké ¢ cac diy nong do thap hay thoi gian tiép xtic ngan & mot sd chung
phan lap.

Mot khi nano bac xam nhap, tich lily vao bén trong, cac dap tng v6i nhan t6 la -
diéu kién “stress” duoc kich hoat, dan dén céc bién doi sinh hoa, trong do géc tu do duoc
hinh thanh va tham gia vao chudi phan tng trung gian. Mot san pham quan trong cta qua
trinh nay l1a malondialdehyde (MDA), dugc tao ra khi xay ra peroxy hoa lipid. MDA dugc
xem 13 du hiéu chinh dé danh gia mirc d6 ton thuong va pha hay mang té bao do qua
trinh oxy hoa (Ayala et al., 2014). Két qua trong nghién ctru cho thay ham lugng MDA
trong soi ndm xur 1y v4i nano bac ting 1én dang ké, phan anh muc do gia ting peroxy hoa
lipid mang. Su gia ting MDA 1a chi thi gian tiép cho thay qua trinh sinh cac loai oxy phan
tmg (ROS) di duoc kich thich manh hon duéi tac dong ctia nano bac. O trang thai sinh 1y
binh thuong, hé théng chdng oxy héa ndi bao (bao gdm cac enzyme chu chét nhu
superoxide dismutase (SOD) va catalase (CAT) duy tri cAn bing oxy héa khir bang cach
khir hodc v6 hiéu hoa ROS, tir d6 ngin ngira ton thwong. Tuy nhién, dit liéu sinh héa trong
nghién ctru ndy ghi nhan hoat tinh cua SOD va CAT bién dong dang ké khi tiép xuc véi
nano bac ciia cic chiing phan lap. Nhiing bién dong ¢ cac enzyme “don dep” ROS nay
d6ng nghia hiéu suét loai bé ROS bi suy giam, dic biét khi sy diéu bién khong du bu dap
téc do phat sinh ROS. Hau qua 1a luong ROS ngiy cang gia ting va tich lily theo thoi
gian, dan dén pha v& “su can bang” cua hé thong oxy hoa khir ndi bao. Piéu nay phu hop
v6i cac két qua va co ché: su can bang giita san xuat ROS va cac hé thong don dep, chiang

han nhu superoxide dismutase (SOD), ascorbate peroxidase (APX), catalase (CAT) c6 thé
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bi mit can bang sau khi tiép xtc voi cac hop chit kim loai, dan dén thay d6i ham luong
MDA trong té bao vi MDA 13 d4u hiéu cho thdy mirc d6 can bang giita ROS va céac chét
chdng oxy héa (Qian et al., 2011)

Su tich liiy ROS kéo dai kéo theo chudi ton thuong thir cap: (i) thic day peroxy
hoa phospholipid mang — dugc phan anh r& qua mic MDA ting; (ii) tiém an nguy co gay
t6n thuong DNA (du khia canh nay chua dugc khao sat tryc tiép trong nghién ctru hién
tai); (iii) lam suy giam tinh toan ven ciu tric — chirc ning mang. Khi mang bi tén thuong,
tinh thAm khéng dic hiéu ting, din dén ro ri cac thanh phan ndi bao quan trong (acid
nucleic, protein, ion...), tir 46 lam suy giam chuyén héa, {rc ché tang truong soi nim va
c6 thé din dén chét té bao néu stress kéo dai hodc vuot ngudng chiu dung.

Theo thoi gian, ROS tich ty gdy mat can bang oxy hoa khir trong té bao. Su tich tu
ROS dan dén nhiing ton thuong nghiém trong, bao gdm phan manh DNA (mic du khong
dugc khao sat trong nghién ctru nay) va ting cudng qua trinh peroxy hoa lipid mang té
bao, dugc biéu thi bang sy gia ting ndng do malondialdehyde (MDA) — mét ddu hiéu rd
rang cua tén thuong mang té bao. Trong trang thai nay, té bao ndm chiu 4p luc kép, trang
thai “gong kim” tir cac tic dong & ca phia ndi bao va ngoai bao 1én mang, gy ra bién
dang, t6n thuong va hu hai cdu tric mang. Hau qua 1a mang té bao bi ro ri cac thanh phan
ndi bao quan trong nhu acid nucleic, protein, ion... dan dén suy giam chuc nang sinh
truong va cudi ciing 13 chét t& bao. Su gia tang tinh thAm ctia mang té bao ciing dugc xac
minh trong nghién ctru ciia Li et al. (2022) vé anh huéng ciia nano bac 1én té bao ctia bon
tic nhdn gdy bénh théi qua  kiwi: Alternaria  alternata, Pestalotiopsis
microspora, Diaporthe actinidiae va Botryosphaeria dothidea. Mot sb nghién ciru gan
day da chi ra rang nano bac giy t6n thuong dén thanh té bao cua nhiéu loai ndm, chang
han nhu C. albicans, Trichosporon asahii, Cladosporium halotolerans, Alternaria solani
(Ameen et al., 2023; Lara et al., 2015; Narware et al., 2023; Xia et al., 2016). Tuong tu,
khi danh gia tac dong clia nano bac ddi véi mam bénh ghé lta mi F. graminearum cho
thdy hinh thai sgi ndm, bao gdm mang té bao va thanh té bao, bi pha v& khi xu Iy bang
nano bac (Jian et al., 2022).

Mot phat hién ndi bat ciia nghién ctru ndy 14 su suy giam dang ké ham luong ergosterol
di kém voi hién tugng ro ri vat chét ndi bao va cac diu hiéu ton thuong cAu trc thanh — mang
té bao soi nam quan sat dugc dudi kinh hién vi. Ergosterol, mot sterol dac trung cua nam
(twong duong chirc ning véi cholesterol & dong vét nguyén sinh), hién dién chu yéu trong
mang sinh chét, noi n6 duy tri tinh toan ven cdu triic, diéu hoa tinh lwu dong va gdp phan vao
khé nang thich nghi ciia ndm trudc cac ap lyc moi truong (Dupont et al., 2012; Elias et al.,

2024). Hon nita, qua trinh sinh tong hop ergosterol lién quan mat thiét d&én co ché khang
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thudc khang ndm va doc luc clia cac ching gy bénh (Bauer et al., 2023; Slavin & Bach,
2022). Do d6, viéc ghi nhan su suy gidam ergosterol trong nghién ciru ndy, cing véi bang
chimg 10 ri ndi bao va ton thuong hinh thai, cung cip mét truc co ché hop 1y: nano bac gay
16 loan sinh tong hop hoic t6 chirc ergosterol, 1am mat 6n dinh mang, din dén céc tac dong
tidu cyuc tinh toan ven mang, dan dén su ro ri vat chat ndi bao ra ngoai moéi truong nudi ciy.
Két qua nay cing cd vai trd cta ergosterol nhur mot diém tan cong trung tim va giai thich
phan 16n cac hiéu img e ché quan sat duoc ddi voi tac nhan ndm gay bénh. Cac con duong
nay ciing dugc khing dinh véi nhiéu bao cdo ciing ghi nhan nhitng bién ddi 15 rét trong thanh
phﬁn thanh té bao khi tiép xtc voi cac hat nano. Cu thé, cac hat nano chitosan bao boc tinh
dau tir C. martinii va nano k&m oxid (ZnONP) gay giam nong do ergosterol va chitin mot
cach phu thudc lidu lugng (Kalagatur et al., 2018; Kumari et al., 2019). Nghién ctru cta
Rozalska et al. (2018) di cung cap bang chimg cho thdy su thay doi ty 18
phosphatidylcholine/phosphatidylethanolamine trong mang té bao, diéu nay din dén mat tinh
toan ven clia mang va suy giam chirc niang t& bao. Pong thoi, cac té bao duoc xir Iy bang
nano bac c6 ham luong phospholipid C18:2 giam, kém theo su trc ché qué trinh khtr bdo hoa
cac acid béo. Cac nanocomposite khac, chang han nhu vi cau natri alginat MgO/CuO phbi
hop véi nystatin khang ndm, ciing chimg minh kha ning gy ton thwong mang té bao C.
albicans, dan dén 10 ri cac thanh phan noi bao. Nhiéu nghién ctru trudc ddy di chi ra rang
dién tich hoic sb lugng khong bao trong té bao tang 1én sau khi tiép xtc véi vat liéu nano
(Wen et al., 2023; Wong et al., 2017). Hién tuong nay duoc cho 1a do muie do tu thue ndi bao
(autophagy) ting cao, mot phan tmg sinh hoc nham chdng lai cac yéu t6 bat 1oi tir méi truong.
Trong nghién clru nay, hién tuong twong tu (mac du khong xac dinh chinh xéac day la bao
quan nao) cling dugc ghi nhan ¢ 2 chung VNHUCC.NEL56 (E. rostratum) va
VNHUCC.NEL38 (L. theobromae).

O cép dd phéan tr, cac hat nano tuong tac voi nhiéu phan tr sinh hoc khac nhau va
hinh thanh phtic hop, gy bién dang cau tric ctia cac phén tir nay, bat hoat cac protein xiic
tac, dong thoi gay ton thuong acid nucleic nhur dirt gdy DNA va quang sai nhiém sac thé. Ton
kim loai tir cac hat nano kich hoat san sinh céc loai oxy phan tmg (ROS), gop phan pha hay
cac phan tir sinh hoc va dan dén cai chét t bao. Su gia ting ROS ciing thuc day qua trinh
peroxy hoa lipid, 1am ting biéu hién cac san pham oxy hoa lipid trong té bao (MDA). Su bién
dong cac enzyme superoxide dismutase, glutathione dismutase va ascorbate peroxidase da
duoc ghi nhan khi xir Iy vat liéu nano ¢ nAm & nhiéu nghién ctru trude day. Hon nita, mot sd
tac gia dua ra gia thuyét ring AgNP mang dién tich duong c6 thé twrong tac voi mang nim
mang dién tich 4m. Sy twong tic ndy c6 thé dan dén sy pha v thanh té bao va pha huy 16p
kép lipid cua mang, sau do su thoat ion ndi bao duogc tao ra, cudi cung dan dén su chét cua
cac té bao nim (Abdel-Hafez et al., 2016).
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CHUONG 4. KET LUAN & KIEN NGHI
4.1. KET LUAN
Tur két qua nghién ctru ctia luan an, rat ra dugc mot s6 két luén sau:

- Nghién ctru da xay dung bo dit liéu vé da dang va phan bd ctia thanh phan loai nAm
gdy hai trén cdy sen tai Thanh ph Hué trén cach tiép can tich hop dua trén cac bang ching
dt liéu hinh thai, phan tich phat sinh loai da locus va cac ti€u chi xac dinh ranh gidi loai
(GCPSR, PTP). Xac dinh duoc 21 tac nhan gdy bénh dén cp do loai, thudc 9 chi nAm khac
nhau. Trong do, 13 loai la ghi nhan méi cho khu h¢ nam Viét Nam, 20 loai la ghi nhan méi
trén cay sen tai Viét Nam, va 17 loai l4n dau tién dugc xac dinh 14 tic nhan gay bénh trén cay
sen trén thé giéi. Nghién ciru ciing chi ra rang su phan b thanh phan loai nAm gy hai khong
dong déu theo dia 1y va sinh canh, cho thay cac loai nAm gay hai trén cay sen tai thanh phd
Hué c6 tinh da dang va phurc tap sinh hoc ro rét.

- Nano bac ¢6 tic dung e ché manh mé su phat trién ctia cac chung nim gay hai trén
cdy sen trong diéu kién phong thi nghiém trén ca méi truong ran va long. Cu thé, phan 16n
cho thay hiéu Iyc trc ché nim cua nano bac ting, twong (mg véi su gia ting nong do. Tuy
nhién, mirc d§ hi€u qua khéac nhau gitra cac chung cling nhu loai. Gia tri ECso cua nano bac
d6i voi cac ching phan 1ap da duoc xac dinh thong qua ba mé hinh khac nhau, cho phép phan
loai mirc d6 nhay cam cac ching nim giy hai trén cy sen thanh bén murc: rat nhay cam,
nhay cam, khang va khang manh dya trén phuong phap thong ké tr phan vi. Trong moi
truong 16ng, nano bac da thé hién hiéu qua e ché sinh khdi va su phat trién cua tdm ching
nam gay hai, voi hiéu qua ting theo nong do tir 5 dén 30 mg/L. Nong do trc ché t6i thiéu
(MIC) dao dong tir 0,3125 dén 5 mg/L. Co ché trc ché su sinh trudng phat trién nAm ctia nano
bac duoc thé hién qua viéc gay ton thuong mang té bao nim, dan dén tang ro ri acid nucleic
va d6 dan dién ngoai bao (EEC), cling nhur giam ndng dd ergosterol trong mang té bao. Pong
thoi, mirc do peroxy hoéa lipid (MDA) ting 1én, trong khi hoat dong cua cac enzyme chdng
oxy hoa nhu SOD va CAT giam, cho thiy su suy yéu kha niang chéng chiu cta té bio ndm.
4.2. KIEN NGHI

- Can tiép tuc thu thap va xac dinh ddc diém sinh hoc cta cac chung phan lap chua du
dir liéu dé dinh danh loai gay bénh trén cdy sen, dong thoi tién hanh khuéch dai va phan tich
thém céac locus bd sung nham hoan thién viée phan loai va nhan di¢n chinh xéc cac chiing nay.
Tiép tuc danh gid anh hudéng ctia nano bac dbi voi cac ching nim nhu Diaporthe,
Neofusicoccum va Neopestalotiopsis, do cac chung nay doi hoi thoi gian nghién ciru kéo dai
va chua dugc thyc hién trong pham vi nghién ctru hién tai.

- Trién khai cac nghién ctru chuyén su hon, bao gdm ki thuat SEM, TEM va phén tich
phan tir nhu RNA sequencing, dé danh gia tac dong ctia nano bac ¢ cac cap do té bao va phan
tr mot cach toan dién hon. Tién hanh cac danh gid doc luc, hoac ddc tinh sinh thai cua nano
bac nham xéc dinh cac nguy co khi sir dung tai cac quy mo 16n nhur déng rudng, ao hd.
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PHU LUC

PHU LUC 1. THONG TIN HO SO CAC CHUNG PHAN LAP SU DUNG VA VAT LIEU NANO BAC SU DUNG

TRONG NGHIEN CUU
Bang phu luc 1.1. Hb so théng tin va ngudn gbe cia cac chung phéan 1ap dai dién (81) sir dung trong nghién ctru
. Bo phan Pia diém phan lap
STT Mai phén lap Chi Ho Loai Giong*  thu thap . . Quan/ Sinh canh
phan Iap Phuong/Xa Huyén
1 VNHUCC.NEL141  Neofusicoccum  Botryosphaeriaceae  N. parvum Senhdng Cuéngla  Pong Ba Phi Xuan Hb
2  VNHUCC.NEL142  Neofusicoccum  Botryosphaeriaceae  N. parvum Senhdéng Cubngla  ThuianHoa  PhG Xuan Hb
3 VNHUCC.NEL18 Neofusicoccum  Botryosphaeriaceae  N. parvum Senhdng Cuéngla  DPong Ba Ph( Xuan Hb
4  VNHUCC.NEL104  Neofusicoccum  Botryosphaeriaceae  N. parvum Sen tring L& Pong Ba Phi Xuan Hb
5 VNHUCC.NEL105  Neofusicoccum  Botryosphaeriaceae  N. parvum Sentraing Cudngla  Dong Ba Phi Xuan Hb
6 VNHUCC.NEL134  Neofusicoccum  Botryosphaeriaceae  N. parvum Senhéng L& Phong Hién  Phong Pién  Rudng
7  VNHUCC.NEL135  Neofusicoccum  Botryosphaeriaceae  N. parvum Senhong L& Phong Hién  Phong Pién  Rudng
8 VNHUCC.NEL202  Neofusicoccum Botryosphaeriaceae  N. parvum Sen traing L& Loc Tri Phu Loc Rudng
9 VNHUCC.NEL203  Neofusicoccum Botryosphaeriaceae  N. parvum Sen tring Cubngla  Loc Tri Phu Loc Rudng
10 VNHUCC.NEL250 Lasiodiplodia Botryosphaeriaceae L. theobromae Senhong L& Phu My Phl Vang Ruédng
11  VNHUCC.NEL251 Lasiodiplodia Botryosphaeriaceae L. theobromae Senhong L& Thuy Phuong Huong Thuy  Rudng
12 VNHUCC.NEL252 Lasiodiplodia Botryosphaeriaceae L. theobromae Senhong L& Thuy Phwong Huong Thiy  Ruédng
13 VNHUCC.NEL253 Lasiodiplodia Botryosphaeriaceae L. theobromae Senhong L& Phong Hién  Phong Pién  Rudng
14  VNHUCC.NEL254  Lasiodiplodia Botryosphaeriaceae L. theobromae Senhong L& Xuén Pha Phu Xuén Rudng



15 VNHUCC.NEL38 Lasiodiplodia Botryosphaeriaceae L. theobromae Sen hong L& Thiy Van Thuin Héa  Rudng
16 VNHUCC.NEL107  Lasiodiplodia Botryosphaeriaceae L. theobromae Senhdng L& Tay Loc Pha Xuan Chau
17 VNHUCC.NEL16 Lasiodiplodia Botryosphaeriaceae L. theobromae Sen tring L& Phong Hién  Phong Pién  Rudng
18 VNHUCC.NEL19 Lasiodiplodia Botryosphaeriaceae L. theobromae Sen tring L& Dong Ba Pha Xuén Hb

19 VNHUCC.NEL180 Lasiodiplodia Botryosphaeriaceae L. theobromae Senhdng L& La Chit Huong Tra Rudng
20  VNHUCC.NEL181  Lasiodiplodia Botryosphaeriaceae L. theobromae Senhdng L& La Chit Huong Tra Rudng
21  VNHUCC.NEL305  Curvularia Pleosporaceae C. radicifoliigena Senhong L& Phong Hién  Phong Dién Rudng
22  VNHUCC.NEL53 Curvularia Pleosporaceae C. asiatica Senhdng L& Thiy Van Huong Thiy ~ Rudng
23 VNHUCC.NEL42 Curvularia Pleosporaceae C. suttoniae Senhong L& Pong Ba Pha Xuén Chau
24  VNHUCC.NEL31 Curvularia Pleosporaceae Curvularia sp. Senhong L& Thiy Van Thuan Hoa Rudng
25 VNHUCC.NEL32 Curvularia Pleosporaceae C. plantarum Senhong L& Thuy Van Thuan Hoéa Rudng
26  VNHUCC.NEL37 Curvularia Pleosporaceae Curvularia sp. Sentring L& Pong Ba Pha Xuén Hb

27  VNHUCC.NEL50 Curvularia Pleosporaceae Curvularia sp. Sen tring L& Pong Ba Phi Xuan Hb

28  VNHUCC.NEL35 Curvularia Pleosporaceae C. plantarum Senhéng L& Pong Ba Pha Xuan Hb

29 VNHUCC.NEL300  Curvularia Pleosporaceae C. plantarum Senhong L& Pong Ba Pha Xuén Chau
30  VNHUCC.NEL51  Curvularia Pleosporaceae C. radicifoliigena Sen hong La Phong Hién  Phong Pién  Rudng
31 VNHUCC.NEL74 Curvularia Pleosporaceae C. verruculosa Sen hong La Hwong Toan Huwong Tra Rugng
32 VNHUCC.NEL301  Curvularia Pleosporaceae C. senegalensis Senhdng L& Tay Loc Pha Xuan Chau
33  VNHUCC.NELS80 Curvularia Pleosporaceae Curvularia sp. Sen hong La Thiy Bing  Thuin Héa  Rudng



34  VNHUCC.NEL57 Curvularia Pleosporaceae C. dactyloctenicola Senhong L& Thiy Bang  Thuan Hoa Rudng
35 VNHUCC.NEL82 Curvularia Pleosporaceae Curvularia sp. Sen hong L& Thiy Béng Thuan Hoa Rudng
36 VNHUCC.NELS85 Curvularia Pleosporaceae Curvularia sp. Senhdng L& Thity Béng Thuan Hoa Rudng
37  VNHUCC.NEL93 Curvularia Pleosporaceae C. plantarum tfg:g La Pong Ba Phi Xuan Hb

38 VNHUCC.NEL94 Curvularia Pleosporaceae Curvularia sp. Sentring L& Pong Ba Pha Xuan Hb

39 VNHUCC.NEL95 Curvularia Pleosporaceae C. senegalensis Sentring L& Tay Loc Pha Xuén Chau
40 VNHUCC.NEL100  Curvularia Pleosporaceae C. lunata Sen tring L& Poéng Ba Ph( Xuan Hb

41  VNHUCC.NEL101  Curvularia Pleosporaceae C. dactyloctenicola Sen tring L& Thiy Duong  Huong Thuy  Rudng
42  VNHUCC.NEL400  Curvularia Pleosporaceae Curvularia sp. Sen tring L& Téay Loc Pha Xuén Chau
43 VNHUCC.NELS68 Curvularia Pleosporaceae C. plantarum Sen tring L& Thuy Bing  Thuin Hba Rudng
44  VNHUCC.NEL69 Curvularia Pleosporaceae C. plantarum Sen traing L& Thiy Bang ~ Thuan Héa Rudng
45 VNHUCC.NEL65 Curvularia Pleosporaceae Curvularia sp. Sen tring L& Phong Hién  PhongPién  Rudng
46 VNHUCC.NEL66 Curvularia Pleosporaceae C. plantarum Sen traing L& Phong Hién  Phong Pién  Rudng
47  VNHUCC.NEL33 Exserohilum Pleosporaceae E. rostratum Senhong L& Pong Ba Phi Xuan Hb

48 VNHUCC.NEL34 Exserohilum Pleosporaceae E. rostratum Senhong L& Thuy Van Thuan Hoa Rudng
49 VNHUCC.NEL136  Exserohilum Pleosporaceae E. rostratum Senhong L& Phong Hién ~ Phong Pién  Rudng
50 VNHUCC.NEL137  Exserohilum Pleosporaceae E. rostratum Sen hong L& Phong Hién  Phong Pién  Rudng
51 VNHUCC.NEL56  Exserohilum Pleosporaceae E. rostratum Sen hong La Thiy Bing  Thuin Héa  Rudng
52  VNHUCC.NEL30 Nigrospora Apiosporaceae N. lacticolonia Senhong L& Dong Ba Phu Xuén Chau



53 VNHUCC.NEL431  Nigrospora Apiosporaceae N. lacticolonia Sen tring L& Dong Ba Pha Xuén Chau
54  VNHUCC.NEL233  Nigrospora Apiosporaceae N. lacticolonia Sen tring L& Thuy Xuan Thuén Hba Hb

55 VNHUCC.NEL13 Neopestalotiopsis Sporocadaceae Neopestalotiopsis sp. ~ Sen hdng L& Pong Ba Pha Xuan Chau
56 VNHUCC.NEL110  Neopestalotiopsis Sporocadaceae Neopestalotiopsis sp. ~ Senhdng L& Pong Ba Phi Xuén Hb

57 VNHUCC.NEL111  Neopestalotiopsis Sporocadaceae Neopestalotiopsis sp. ~ Senhdng L& Pong Ba Pha Xuan Hb

58 VNHUCC.NEL52 Colletotrichum Glomerellaceae C. endophytica Senhong L& Pong Ba Pha Xuén Chau
59  VNHUCC.NEL72 Colletotrichum Glomerellaceae C. siamense Sentring L& Tay Loc Pha Xuén Chau
60 VNHUCC.NEL71 Colletotrichum Glomerellaceae C. tropicale Sentring L& Tay Loc Pha Xuan Chau
61 VNHUCC.NEL172  Colletotrichum  Glomerellaceae C. siamense Senhong L& Phong Thu ~ PhongPién  Rudng
62 VNHUCC.NEL10 Colletotrichum Glomerellaceae C. siamense tfg:g La Xuén Pha Thuin Héa  Rudng
63 VNHUCC.NEL70 Colletotrichum Glomerellaceae C. siamense Sentring L& Pong Ba Pha Xuén Chau
64 VNHUCC.NEL79 Colletotrichum Glomerellaceae C. siamense Sen tring L& Thuan Hoa Pha Xuén Hb

65 VNHUCC.NEL91 Colletotrichum  Glomerellaceae C. fructicola Sen trang L& Dong Ba Phi Xuan Hb

66 VNHUCC.NEL92 Colletotrichum  Glomerellaceae C. plurivorum Sentring L& Pong Ba Pha Xuan Hb

67 VNHUCC.NEL98 Colletotrichum ~ Glomerellaceae Colletotrichum sp. Sen tring L& Phong Hién  Phong Pién  Rudng
68 VNHUCC.NEL102  Colletotrichum  Glomerellaceae C. plurivorum Sen tring L& Pong Ba Phi Xuan Hb

69 VNHUCC.NEL282  Colletotrichum Glomerellaceae C. fructicola Sen hong L& Huong Chit  Huong Tra Rudng
70  VNHUCC.NEL39D1 Colletotrichum  Glomerellaceae C. fructicola Sen tring L& Thiy Bang ~ Thuan Héa Rudng
71  VNHUCC.NEL40 Diaporthe Diaporthaceae Diaporthe sp. Sen tring L& bong Ba Phu Xuén Chau



72 VNHUCC.NEL4 Diaporthe Diaporthaceae Diaporthe sp. Sen tring L& Xuén Pha Thuan Hoa Chau
73 VNHUCC.NEL88 Diaporthe Diaporthaceae Diaporthe sp. Senhdng L& Poéng Ba Ph( Xuan Hb

74  VNHUCC.NEL20 Diaporthe Diaporthaceae D. hongkongensis Senhong L& Pong Ba Pha Xuan Hb

75 VNHUCC.NEL77 Diaporthe Diaporthaceae Diaporthe sp. Senhong L& Tay Loc Pha Xuén Chau
76  VNHUCC.NELS83 Diaporthe Diaporthaceae D. tectonae Senhdng L& Huong Chir  Huong Tra Rudng
77 VNHUCC.NEL89 Diaporthe Diaporthaceae D. tectonae Sentring L& Pong Ba Ph( Xuan Hb

78 VNHUCC.NEL21 Diaporthe Diaporthaceae D. hongkongensis Senhong L& Dong Ba Pha Xuén Hb

79  VNHUCC.NEL3 Aspergillus Aspergillaceae A. fumigatus Senhdng L& Poéng Ba Phi Xuan Hb

80 VNHUCC.NEL1 Aspergillus Aspergillaceae A. aculeatus Senhong L& Loc Tién Pht Loc Rudng
81 VNHUCC.NEL160 Aspergillus Aspergillaceae A. niger Sen hong La La Chir Huwong Tra Rugng

Ghi chi: Khung ddm: 29 chung phan 1ap dugc lya chon vao thir nghiém danh gia hiéu lyc Gc ché (5), va tinh toan gia tri ECso, cling nhu cac ghi nhan vé dic diém tan
nam khi xtr 1y nano bac. Trong 29 chung nay, 8 ching phan 1ap (font in ddm + khung d4dm) dugc lua chon dai dién trong cac thir nghiém dap tmg sinh hoa véi nano bac
nhim tim ra co ché phan tmg.



Bang phu luc 1.2. Sy phin b céc chi giy hai trén cay sen theo tirng dia diém (quén/huyén) tai Thanh pho Hué

Dia diém phan lap (Location)

Pha Xuén Phong Pién Phu Loc Pha Vang Huong Thuy Thuan Hoa Huong Tra  Tong

Chi  Neofusicoccum 5 2 2 0 0 0 0 9
Lasiodiplodia 3 2 0 1 2 1 2 11
Curvularia - 4 0 0 2 8 1 26
Exserohilum 1 2 0 0 0 2 0 5
Nigrospora 2 0 0 0 0 1 0 3
Neopestalotiopsis 3 0 0 0 0 0 0 3
Colletotrichum 2 0 0 0 2 1 13
Diaporthe 0 0 0 0 1 1 8
Aspergillus 1 0 1 0 0 0 1 3
Tong (Total) 40 12 3 1 4 15 6 81




Bang phu luc 1.3. Phan bd cac chi nAm gay hai theo timg gidng sen va sinh canh phan 1ap

_ Gibng ) Sinh cdnh )
Chi N - Tong - Tong
Sen hong Sen trang Ho Rudng Chau
Neofusicoccum 5 4 9 5 4 0 9
Lasiodiplodia 9 2 11 1 9 1 11
Curvularia 14 12 26 6 15 5 26
Exserohilum 5 0 5 1 4 0 5
Nigrospora 1 2 3 1 0 2 3
Neopestalotiopsis 3 0 3 2 0 1 3
Colletotrichum 3 10 13 4 5 4 13
Diaporthe 5 3 8 4 1 3 8
Aspergillus 3 0 3 1 2 0 3
Tong 48 33 81 25 40 16 81

Bang phu luc 1.4. Phan b6 céac tic nhan gy hai (s6 luong chung phan lap) theo ting dia diém phan 1ap va giéng

Pia diém phén lap

Pht Xuan  Phong Dién

Phu Loc

Hwong Thuy  Thuan Hoa

Huong Tra

Huong Tra  Tbng

Giong  Sen hdng

Sen tring

1
2

48
33

Téng

20 8
20 4
40 12

3

81




A Phan bé cac chi ndm gay hai theo tirng gidng sen B Phan bé chi ndm gay hai theo sinh canh
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THONG TIN BO SUNG VE VAT LIEU SU DUNG TRONG NGHIEN CUU - NANO BAC

Absorbance (nm)

T T T T T
300 350 400 450 500 550

Wavelength (nm)

IMS-NKL 5.0kV 4.3mm x100k SE(M)

IMS-NKL 5.0kV 4.3mm x150k SE(M)

Dung dich nano bac duoc téng
hop tir chiét xuat cay nha dam
Aloe vera, cung cip boi Khoa
Vit 1y, Pai hoc Khoa hoc Hué.
Hat nano c6 duong kinh tir 5-40
nm. Nong d6 dung dich gbc 14 40
mg/L.

Phu luc Hinh 1.3. A. Sy hinh
thanh cac hat nano bac (AgNPs)
duoc xac nhin bang phd UV-
Vis. Mot dai hap thu cong hudng
plasmon bé mit (SPR) 13 rét xuat
hién tai khoang 415 nm. B, C.
Két qua SEM cho thay, dung
dich nano bac c6 déc trung dang

hinh cau, it két tu



Bang phu luc 1.5. Phy lyc thong tin két qua 1ay nhiém nhan tao cac ching phén lap dai dién

Puong kinh vét bé¢nh theo phwong phap

l4y nhiém ap thach (mm) Puong kinh vét bénh
Ay nhiem ap thach (mm . .
N ) theo phwong phap - g pan 14y nhidm/
Loai Chiing lay nhiém bang dich ME e A
. R N LR N g2 Thoi gian ghi nhan
Gay ton thuwong Khong gay ton thuwong bao tir
(mm)
+ + 4 , .
VNHUCC.NEL18 (82.60 £ 5.32) (36.74 £ 1.06) X Cudng 14, 15 dpi
+ + Z , .
. VNHUCC.NEL104 (80.94 £ 5.11) (3576 + 2.25) X Cuong 14, 15 dpi
Neofusicoccum parvum n n
VNHUCC.NEL134 (6738 £2.31) (3038 = 1,99) X Cuong 14, 15 dpi
+ + 4 , .
VNHUCC.NEL203 (72.36 + 4,54) (31,94 + 2.4 X Cuong 14, 15 dpi
- + . .
VNHUCC.NEL38 (114,00 + 4.30) (2434 £2.62) X La, 5 dpi
+ + , .
o VNHUCC.NEL16 (99,35 + 15.,87) (30,23 + 4,95) X L4, 5 dpi
Lasiodiplodia theobromae n n
VNHUCC.NEL19 (91,79 £ 12,01) (47.87 £ 8,74) X La, 5 dpi
+ + , .
VNHUCC.NEL180 (68.96 = 9.24) (3543 £ 5.56) X La, 5 dpi
Curvularia plantarum + + + , .
VNHUCC.NELS3 (30,86 + 4,24) (13,98 £ 3,25) (15,68  1,28) L4, 7 dpi
VNHUCC.NEL32 X X (28 381 1.67) La, 7 dpi
+ .
VNHUCC.NEL300 X X (26.74 + 3,89) La, 7 dpi
Curvularia lunata + + , .
VNHUCC.NEL100 (28.92 +2.78) (16,55 = 1.58) X La, 7 dpi
Curvularia dactyloctenicola VNHUCC.NELS57 + + + L4, 7 dpi

(28,71 £ 2,20)

(17,86 + 2,73)

(22,39 +2,15)




VNHUCC.NEL101 Q4541150) agpdlzjn X L4, 7 dpi
Curvularia asiatica VNHUCC.NEL53 X X (30,96—; 2.88) La, 15 dpi
Curvularia senegalensis VNHUCC.NEL95 X X (26,21—; 1.75) L4, 15 dpi
VNHUCC.NEL301 X X @3J§l451) L4, 15 dpi
Curvularia radicifolligena VNHUCC.NEL51 (34,831 L42) a (305311 1.76) L4, 15 dpi
Curvularia suttoniae VNHUCC NEL42 X X (13, 671 1.71) La, 15 dpi
Curvularia verruculosa VNHUCC.NEL74 (235071 1.92) (8.56 1 126) (18,26—; 3.35) L4, 7 dpi
Curvularia sp. VNHUCC.NELS5 X X (29’131 326) La, 15 dpi
VNHUCC.NELS0 iy i y L4, 7 dpi
(32,97 +£5,17) (9,93 +3,19) (12,59 +1,76)
VNHUCC.NEL3I Q5ﬁ51335) a9pélzJ$ X L4, 7 dpi
VNHUCC.NEL400 (26,741 3,55) - X La, 15 dpi
VNHUCC.NEL94 65552453 (UJ612§D X L4, 7 dpi
Exserohilum rostratum VNHUCC.NEL56 (25,681 2.97) (21’141 291) X La, 7 dpi
Neopestalotitopsis sp. VNHUCC.NEL13 (21’791 207) (10,84—; 259) X La, 7 dpi
Diaporthe tectonae VNHUCC.NFEL89 (17’141 5.49) (13’351 3.66) X La, 15 dpi
Diaporthe hongkongensis VNHUCC.NEL20 (15,181 2.55) (8.80 I 1.14) X L4, 15 dpi
Diaporthe sp. VNHUCC .NEL40 + - X La, 15 dpi

(13,41 £3,83)




+

VNHUCC.NEL04 (20,31 +2.88) - X La, 15 dpi
Nigrospora lacticolonia VNHUCC .NEL30 (121’271 34.19) (415251 6.71) X L4, 15 dpi
Aspergillus sp. VNHUCC.NEL160 (1135 £ 3.42) : X L4, 15 dpi
Colletotrichum siamense VNHUCC.NEL70 (1396 1 1729 (505311 6.34) + La, 7 dpi
VNHUCC.NEL10 413 . 5.19) (28’891 634 X L4, 7dpi
VNHUCC.NEL72 . 511 431) X 0. 691 363) L4, 7 dpi
Colletotrichum tropicale VNHUCC.NEL71 X X (29’.454; 230 L4, 7 dpi
Colletotrichum endophytica VNHUCC.NEL52 (47,331 5 86) (24’071 3.06) (35’031 1.13) La, 7dpi
Colletotrichum fructicola VNHUCC.NEL91 404 1 2.69) (19,16—; 3.18) X La, 7dpi
VNHUCC.NEL39D1 Gs. 411 376) o 6’731 L82) X L4, 7dpi
Colletotrichum plurivorum VNHUCC.NEL92 (37’151 2.17) (28,381 176) (32.5 11 2.50) L4, 7dpi
VNHUCC.NEL102 (305 o 437) (5.5 s 287) X L4, 7 dpi

Ghi chu: (+): biéu thi qua trinh lay nhiém nhan tao biéu hién triéu chung bénh; (-): biéu thi phép lay nhiém nhan tao khong xuét hién triéu
ching; X: khong thyc hién; dpi: s6 ngay sau cdy (lay nhiém)

Muc tiéu ctia qua trinh lay nhiém nhan tao nay khong tip trung vao viéc so sanh ddc luc gifta cac chung phan 1ap, cling nhu khong

nham danh gia sy khac biét giita cac ching duoc thu thap. Ly do 14 s6 luong chung phan 1ap thu thap tir cic mau triéu ching trong

nghién ctru nay kha 16n, ddng thoi sy da dang vé chi gay hai (dic tinh, thoi gian hinh thanh bao tir) va thoi gian phan 1ap (tir nim

2020 dén nam 2024). Do do, qua trinh lay nhiém nhén tao dugc thuc hién trong cac thoi diém khéc nhau va cac két qua thu nhan



trong Bang phu luc 1.5 s& khong tién hanh phan tich kiém dinh HSD (Honestly Significant Difference) giita cac gia tri thu nhan.
Két qua ndy chu yéu nham xac nhan rang cac chung phan 1ap 13 tac nhan gy hai (bt ké tic nhan chinh hay mam bénh co hoi), tir

do6 tao tién deé cho cac phan tich, cac ndi dung ti€p theo cua luan an.

PHU LUC 2. CAC PHAN LAP THAM CHIEU SU DUNG TRONG PHAN TiCH PHAT SINH LOAI PA LOCUS

Béng phu luc 2.1. Cac chung phén 1ap tham chiéu str dung trong phan tich phat sinh loai da locus chi Neofisicoccum

Loai Chiing phan lap Ky chu SE;??@%OC NII:T_;O truy cap G_I?Elgfgk
N. arbuti CBS116131* Arbutus menziesii USA AY819720 KF531793
N. australe CMW6837 = CBS139662 Acacia sp. Australia AY339262 AY339254
N. batangarum CBS124924* = CMW28363 Terminalia catappa Cameroon FJ900607 FJ900634
N. batangarum CBS124923 = CMW28320 Terminalia catappa Cameroon FJ900608 FJ900635
N. brasiliense CMM1338* Mangifera indica Brazil JX513630 KC794031
N. brasiliense CMM1285 Mangifera indica Brazil JX513628 KC794030
N. cordaticola CBS123634* Syzygium cordatum Nam Phi EU821898 EU821838
N. cordaticola CBS123635 Syzygium cordatum Nam Phi EU821903 EU821843
N. cryptoaustrale CBS 122813* = CMW23785 Eucalyptus sp. Nam Phi FJ752742 FJ752756
N. eucalypticola CBS115679* = CMW6539 Eucalyptus grandis Australia AY615141 AY615125
N. eucalypticola CBS115766 = CMW6217 Eucalyptus rossi Australia AY615143 AY615127
N. eucalyptorum CBS115791* = CMW10125 Eucalyptus grandis Nam Phi AF283686 AY236920
N. hellenicum CERC1947* Pistacia vera Hy Lap KP217053 KP217069
N. hellenicum CERC1948 Pistacia vera Hy Lap KP217054 KP217070
N. hongkongense CERC2973* Araucaria cunninghamii Hong Kong KX278052 KX278261
N. hongkongense CERC2967 Araucaria cunninghamii Hong Kong KX278050 KX278259




. . A a . yn Nguon goc Ma so truy cap Genbank
Loal Chung phan lap Ky chu pl%ﬁn l@%’ ITS TUB-2
N. kwambonambiense =~ CBS123641 = CMW14140 Syzygium cordatum Nam Phi EU821919 EU821859
N. kwambonambiense CBS 123639* = CMW14023 Syzygium cordatum Nam Phi MHB863317 EU821840
N. luteum CBS110299* Vitis vinifera B6 Pao Nha AY?259091 DQ458848
N. luteum CBS110497 Vitis vinifera Bo Dao Nha EU673311 EU673092
N. lumnitzerae CMW 41469* Luminitzera racemosa Nam Phi KP860881 KP860801
N. macroclavatum CBS118223* Eucalyptus globulus Australia DQ093196 DQ093206
N. mediterraneum PD82 Hanh nhdn USA GU251192 GU251852
N. mediterraneum CBS121718* Eucalyptus sp. Hy Lap GU251176 GU251836
N. nonguaesitum CBS126655*= PD484 Umbellularia californica  USA GU251163 GU251823
N. occulatum CBS 128008* = MUCC227 Eucalyptus grandis Australia EU301030 EU339472
N. occulatum MUCC 286 Eucalyptus pellita Australia EU736947 EU339474
N. parvum CPC31234 Persea americana Hy Lap MN860181 MN905746
N. parvum CERC 3503 E. urophylla x E. grandis  Trung Qudc KX278059 KX278268
N. parvum MANS55 Syzygium cordatum Nam Phi KY052933 KY000117
N. parvum MFLUCC 11-0184 Linum usitatissimum Thaéi Lan JX646795 JX646843
N. parvum S?;?\Al\?\?gozgf = ATCCS8191 Populus nigra New Zealand AY?236943 AY236917
N. parvum LC013 Macadamia Trung Qudc OM392021 OM453641
N. pennatisporum MUCC510* Allocasuarina fraseriana  Australia EF591925 EF591959
N. ribis CBS 115475* Ribes sp Nam Phi AY236935 AY?236906
N. stellenboschiana CBS110864* = CPC4598 Vitis vinifera Nam Phi AY 343407 KX465047
N. stellenboschiana CPC 31232 Persea americana Hy Lap MN860179 MN905744
N. umdonicola CBS 123645* = CMW14058 Syzygium cordatum Nam Phi EU821904 EU821844
N. umdonicola CBS 123646 = CMW14060 Syzygium cordatum Nam Phi EU821905 EU821845
N. vitifusiforme CBS110887 = STE-U 5050* Vitis vinifera Nam Phi AY343382 KX465061
Botryosphaeria CBS 115476* Prunus sp. Nam Phi AY?236949 AY 236927

dothidea




Bang phu luc 2.2. Cac phén lap tham chiéu str dung trong phan tich phat sinh loai cta chi Lasiodiplodia

Tén khoa hoc Chiing (phan lip) Ky chii Dia diém 23 truy chp Genbank
phan lap ITS TUB2 TEFl-q

LaS|_od|_pIod|a GuolL DO1961*= CGMCC Aquilaria crassna Lao KY783442 KY848600 -

aquilariae 3.18471

L. avicenniae CMW 41467 * Avicennia marina Nam Phi KP860835  KP860680 KP860758

L. avicenniarum MFLUCC 17-2591* = C376 Avicennia marina Thai Lan MK347777 MK340867 -

L. americana CERC1960 Pistachia vera Hoa Ky KP217058  KP217066 KP217074

L. americana CERC1961* = CFCC50065 Pistachia vera Hoa Ky KP217059  KP217067 KP217075

L. brasiliense IBL344 Spondias purpurea Brazil KT151808 KT151802 -

L. brasiliense CMM2321 Carica papaya Brazil KC484797 KC481528 -

L. brasiliense CMMA4015* Mangifera indica Brazil JX464063 JX464049 -

L. bruguierae CMWA41470* Bruguiera gymnorrhiza Nam Phi KP860833  KP860678 KP860756

L. bruguierae CMW 42480 B. gymnorrhiza Nam Phi KP860832  KP860677 -

L. caatinguensis IBL271 Anacardium occidentale  Brazil KT154756  KT154750 -

L. caatinguensis IBL40 Spondias mombin Brazil KT154762  KT154755 -

L. caatinguensis CMM1325* = IBL.366 Citrus sinensis Brazil KT154760 KT008006 KT154767

L. citricola IRAN1521C = CBS124706 Citrus sp. Iran GU945353  GU945339 -

L. citricola IRAN1522C = CBS124707* Citrus sp. Iran GU945354 GU945340  KU887505

L. crassispora CBS118741* = WAC12533 Santalum album Australia DQ103550 DQ103557  KU887506

L. crassispora CMW22653 Pterocarpus angolensis  Africa FJ888465 FJ888452 -

L. chiangraiensis MFLUCC 21-0003* Khéng xac dinh Thaéi Lan MW760854 MW815630 MW815628

L. chinensis CGMCC3.18066* Hevea brasiliensis Trung Qubc KX499899  KX499937  KX500012

L. chonburiensis MFLUCC 16-0376* Pandanus sp Thai Lan MH275066 MH412773 MH412742

L. curvata GuoLDO01755 Aquilaria crassna Lao KY783443 KY848601  KY848532

L. endophytica MFLUCC 18-1121 Magnolia acuminata Trung Qubc MK501838 MK584572 -

L. egyptiacae CMM3611 Jatropha curcas Brazil KF234545  KF226691 KF254928

L. euphorbiaceicola =g 559 Cocos nucifera Brazil KT247490  KT247492  KT247494

L. euphorbicola

L. euphorbiaceicola CMW 33268 Adansonia sp. Senegal KU887131 KU887008  KU887430



. euphorbiaceicola
. exigua

. exigua

. gilanensis

. gilanensis

. gonubiensis

. gonubiensis

. gravistriata

. gravistriata

. henanica

. hormozganensis
. hormozganensis
. iraniensis

. iraniensis

. iraniensis

. iraniensis

L. jatrophicola)

. laeliocattleyae
. laeliocattleyae
. laosensis

. laosensis

. mahajangana
. mahajangana

. margaritacea

. macrospora

. marypalme

. mediterranea

. mediterranea

. microconidia

. missouriana

. missouriana

. newvalleyensis

rrrrrrrrrrrrrrrerrrrHrrrrrrrrHHrHrHrHrHrHrr-

CMM3609*

CBS137785* = IBL104
BL184

IRAN1523C* = CBS124704
IRAN1501C

CMW 14077*

CBS115812

CMM 4565

CMM 4564*

CGMCC 3.1917 = XCN6
IRAN1500C = CBS124709*
IRAN1498C = CBS 124708
CBS 124710* = IRAN1520C
IRAN1517C

IRAN1519C

CMM3610

CBS 167.28*
LPS10
GuolLD01818
GuoL.D01963
CMW27801*
CMW27820
CBS122519*
CMM3833*
CMM 2275*
CBS137783 =BL1*
ALG36
GuolL.D01889
UCD2193MO
UCD2199MO
EGY20113 *

Jatropha curcas
Retama raetam
Retama raetam
Khoéng xé4c dinh
Khoéng xé4c dinh
Syzygium cordatum
S. cordatum
Anacardium humile
A. humile

Vaccinium uliginosum

Olea sp.
Mangifera indica
Salvadora persica
Citrus sp.
Mangifera indica

Jatropha curcas

Mangifera indica
Khoéng xac dinh
Aquilaria crassna
Aquilaria crassna
Terminalia catappa
T. catappa
Adansonia gibbosa
Jatropha curcas
Carica papaya
Quercus ilex

Citrus sinensis
Aquilaria crassna
Vitis vinifera

Vitis vinifera
Phoenix dactylifera

Brazil
Tunisia
Tunisia
Iran

Iran

Nam Phi
Nam Phi
Brazil
Brazil
Trung Quéc
Iran

Iran

Iran

Iran

Iran
Brazil

Ai Cap
Peru

Lao

Lao
Madagascar
Madagascar
Australia
Brazil
Brazil
Italy
Algeria
Lao

Hoa Ky
Hoa Ky
Ai Cap

KF234543
KJ638317

KJ638318

GU945351
GU945352
AY639595
DQ458892
KT250947

KT250949

MH729351
GU945355
GU945356
GU945348
GU945349
GU945350

KF234544

KU507487
MK860747
KY783471
KY 783450
FJ900595

FJ900597

EU144050
KF234557
KC484843
KJ638312

KJ638314

KY783441
HQ288225
HQ288226
ON392175

KF226689
KJ638336
KJ638337
GU945342
GU945341
DQ103566
DQ458877
KT266812
KT250950
MH729357
GU945343
GU945344
GU945336
GU945337
GU945338

KF226690

KU507454
MN082384
KY848609
KY848603
FJ900641
FJ900643
EU144065
KF226718
KC481567
KJ638331
KJ638333
KY848614
HQ288267
HQ288268
OP080253

KF254926
KU887509

KU887511
KU887510
DQ458860

KU887515

KU887516

KF254927
KU887508

KY848552
KY848536
FJ900630

KU887520
KF254941
KU887521

OP080271



L. parva
L. parva
L. plurivora
L. pontae
L. pontae
L. pseudotheobromae
. pseudotheobromae
. pseudotheobromae
. pyriformis
. pyriformis
. rubropurpurea
. rubropurpurea
. subglobosa
. tenuiconidia
. thailandica
. theobromae

. theobromae
. theobromae

. theobromae

. theobromae
. theobromae

. tropica

. vitis

. viticola

. viticola

. venezuelensis

. venezuelensis
Diplodia multila

L
L
L
L
L
L
L
L
L
L
L. theobromae
L
L
L
L
L
L
L
L
L
L
L

CBS 456.78 *

CBS495.78

STE-U 5803 = CBS121103*
CMM1277* = IBL12
IBL14

CBS116459*

IBL266

CMM3887

CBS 121770*

CBS 121771
WAC12535*

WAC12536 = CMW15207
CMM3872*
GuoLD1857*

CPC22795 *

IBL340

CBS16496

IBL375
CMW28571

CBS111530*

CMM3831

CMM3612

CGMCC 3.18477 =
GuLD01846

CBS 124060 *
UCD2553AR
UCD2604MO*
WAC12539 = CBS 118739*
CMW13513

CMW 7060*

Mau dét trdng sin
Mau dét trdng sin
Vitis vinifera
Spondias purpurea

Anacardium occidentale

Gmelina arborea
A. occidentale
Jatropha curcas
Acacia mellifera
Acacia mellifera
Eucalyptus grandis
Eucalyptus grandis
Jatropha curcas
Aquilaria crassna
Albizia chinensis
Spondias purpurea

Khong xac dinh
Talisia esculenta
Terminalia ivorensis
Khoéng xéac dinh
Jatropha curcas
Jatropha curcas
Aquilaria crassna
Vitis vinifera
Vitis vinifera
Vitis vinifera
Acacia mangium

Acacia mangium
Fraxinus excelsior

Colombia
Colombia
Chau Phi
Brazil
Brazil
Costa Rica
Brazil
Brazil
Namibia
Namibia
Australia
Australia
Brazil

Lao

Trung Quéc
Brazil
Papua New
Guinea
Brazil
Cameroon
Khoéng xac
dinh

Brazil
Brazil

Lao

Italy

Hoa Ky
Hoa Ky
Venezuela

Venezuela
Ha Lan

EF622083
EF622085
EF445362
KT151794
KT151796
EF622077
KT247480
KF234559
EU101307
EU101308
DQ103553
DQ103554
KF234558
K'Y 783466
KJ193637
KT247466

AY640255

KT247467
GQ469924

EF622074

KF234556
KF234546

KY783454

KX464148
HQ288227
HQ288228
DQ103547
DQ103549
AY236955

EF622063
EF622065
EF445395
KT151791
KT151793
EF622057
KT247484
KF226722
EU101352
EU101353
DQ103571
DQ103572
KF226721
KY848619
KJ193681
KT247472

AY640258

KT247473
GQ469897

EF622054

KF226717
KF226692

KY848616

KX464642
HQ288269
HQ288270
DQ103568
DQ103570
AY236904

KU887523
EU673115
EF445362

KT151797
KT151799
EUG673111

KU887527

EUG673136

KF254942
KY848586
KY751301

KU887531

KY848540

KX464917
HQ288306
HQ288307
KU887533

AY236933




Bang phu luc 2.3. Cac phén lap tham chiéu st dung trong phén tich phat sinh loai ctia chi Nigrospora

M3 s6 truy cip Genbank

Loai Chiing phan lap Ky chi Ngll (‘3nAg6c
phan lap ITS TUB2 TEFI-a

Nigrospora aurantiaca  CGMCC 3.18130% = LC 7302  Nelumbo sp. Trung Quc  KX986064 KY019465 KY019295
N. bambusae CGMCC 3.18327*=LC 7114  Tre (18) Trung Quc  KY385307 KY385319 KY385313
N. cooperae BRIP 72440a* Heteropogon contortus Australia OP035048 OP039540  OP039539
N. camelliae-sinensis CGMCC 3.18125*=LC 3500 Camellia sinensis Trung Quéc  KX985986 KY019460 KY019293
N. covidalis CGMCC 3.20538* Lithocarpus sp. Trung Quéc  OK335209 OK431479  OK431485
N. chinensis CGMCC 3.18127*=LC 4575 Machilus breviflora Trung Quéc  KX986023 KY019462  KY019422
N. falsivesicularis CGMCC 3.19678* Saccharum officinarum Trung Quéc  MN215778 MN329942  MN264017
N. globosa CGMCC 3.19633* = LC12440 Dt thu thap & cac hang dong  Trung Quéc  MK329121 MK336134 —

N. globospora CGMCC 3.20539* Petasites hybridus Trung Quéc  OK335211 OK431481  OK431487
N. gorlenkoana CBS 480.73* Vitis vinifera Kazakhstan KX986048 KY019456 KY019420
N. guangdongensis CFCC 53917 Cunninghamia lanceolata (th)  Trung Qubc ~ MTO017509 MT024495  MT024493
N. guilinensis LC 7301 Nelumbo sp. (cudng 14) Trung Quéc  KX986063 KY019608  KY019404
N. guilinensis CGMCC 3.18124* =LC 3481 Camellia sinensis Trung Quéc  KX985983 KY019459  KY019292
N. hainanensis CGMCC 3.18129* =LC 7030 Musa paradisiaca (1) Trung Quéc  KX986091 KY019464 KY019415
N. lacticolonia CGMCC 3.18123* =LC 3324 Camellia sinensis Trung Quc  KX985978 KY019458  KY019291




N. lacticolonia LC 7009 Musa paradisiaca (1) Trung Qudc  KX986087 KY019594 -

N. lacticolonia SFC20230324-M06 Sargassum sp. (Phacophyceae) Han Qudc 0Q726357 0Q735182 -

N. macarangae MFLUCC 19-0141* Macaranga tanarius bai Loan,TQ MW114318 — —

N. macarangae NCYUCC 19-0177 Macaranga tanarius bai Loan,TQ MW114319 — —

N. magnoliae MFLUCC 19-0112* Magnolia liliifera Trung Quéc  MW285092 MW438334 -

N. musae CBS 319.34* Musa paradisiaca (qud) Australia KX986076 KY019455 KY019419
N. oryzae LC 7306 Nelumbo sp. (18) Trung Quéc  KX986068 KY019612  KY019408
N. oryzae LC 2689 Rhododendron sp. Trung Quéc  KX985942 KY019469  KY019423
N. oryzae LC 4338 Camellia sp. Trung Quéc  KX986008 KY019532  KY019349
N. osmanthi CGMCC 3.18126* = L.C 4350  Osmanthus sp. Trung Quéc  KX986010 KY019461  KY019421
N. philosophiae-doctoris CGMCC 3.20540* Disporum sessile Trung Quéc  OK335213 OK431483  OK431489
N. pyriformis CGMCC 3.18122* = LC 2045  Citrus sinensis Trung Quéc  KX985940 KY019457  KY019290
N. pyriformis LC 6988 Musa paradisiaca (1) Trung Quéc  KX986082 KY019589  KY019452
N. pyriformis SFC20230324-M16 Laurencia sp. (Rhodophyta) Han Quédc 0Q726365 0Q735192  0Q735209
N. rubi CGMCC 3.18326* =LC 2698  Rubus sp. Trung Quéc  KX985948 KY019475  KY019302
N. saccharicola CGMCC 3.19362* Saccharum officinarum Trung Quéc  MN215788 MN329951  MN264027
N. sacchari-officinarum CGMCC 3.19335* Saccharum officinarum Trung Quéc  MN215791 MN329954  MN264030
N. singularis CGMCC 3.19334* Saccharum officinarum Trung Quéc  MN215793 MN329956 MN264032
N. sphaerica LC 2840 Harpullia longipetala Trung Quéc  KX985965 KY019492 KY019318




N. sphaerica LC 7295 Nelumbo sp. (14) Trung Quéc  KX985933  KY019603  KY019398

N. sphaerica LC 2958 Cleyera japonica Trung Quéc  KX985966 KY019493  KY019319

N. sphaerica LC 6969 Aég" paradisiaca Trung Quéc  KX986077 KY019584 KY019386

N. vesicularifera CGMCC 3.19333* Saccharum officinarum Trung Quéc  MN215812 MN329975  MN264051

N. vesicularis CGMCC 3.18128* =LC 7010 Musa paradisiaca (13) Trung Quéc  KX986088 KY019463  KY019294

N. zimmermanii CBS 290.62* Saccharum officinarum (13) Ecuador KY385309 KY385317 KY385311

Arthrinium malaysianum . .

(OUTGROUP) CBS102053 Macaranga hullettii Malaysia NR120273 KF144988  KF145030

Apiospora obovata % . £

(OUTGROUP) L.C4940 Lithocarpus sp. Trung Quoc  KY494696 KY705166  KY705095

Bang phu luc 2.4. Cac phan 1ap tham chiéu sir dung trong phan tich phat sinh loai ctia chi Colletotrichum
— phirc hgp gloeosporioides theo tirng locus (6 locus)
AL & M3 s6 truy cip Genbank
Loai Chiing phinldp Ky chi Nfl“"llg“c
phan fap ITS GAPDH CHS-1 ACT TUB2 ApMAT
Colletotrichum aenigma 1CMP 18608* Persea americana Israel JX010244 JX010044 JX009774 JX009443 JX010389 KM360143
ICMP 17673* = Aeschynomene .
C. aeschynomenes ATCC 201874 virginica Hoa Ky JX010176  JX009930 JX009799 JX009483 JX010392 KM360145
C. alatae IC (]:313[32‘7'96179* N Dioscorea alata An Dj JX010190 JX009990 JX009837 JX009471 JX010383 KC888932
. ICMP 12071* = .

C. alienum C824 Malus domestica New Zealand JX010251 JX010028 JX009882 JX009572 JX010411 KM360144
C. analogum CGMCC3.16079 = Ageratina adenophora  Trung Qudc OKO030860 OKS513663 OKS13559 OKS13599 OKS13629 N/A

YMF 1.06943*




ICMP 18537* =

C. aotearoa C1282.4 Coprosma sp. New Zealand JX010205 JX010005 JX009853  JX009564 JX010420 KC888930
C. arecicola CGMCC 3.19667* Areca catechu Trung Québc MK914635 MK935455 MK935541 MK935374 MK935498 N/A
C, artocarpicola MFLUCC 18- Artocarpus Thi Lan MN415991 MN435568 MN435569 MN435570 MN435567 N/A
1167* heterophyllus
ICMP 18580* =
C. asianum CBS 130418 = Coffea arabica Thai Lan JX010196  JX010053 JX009867  JX009584  JX010406 FR718814
C1315.4
. VPRI 43075* = . . . R,
C. australianum UMC002 Citrus sinensis Australia, Vic MG572138 MG572127 MW091987 MN442109 MG572149 MG572171
C. cangyuanense 51(\}/[1;:/[?520})81369, Ageratina adenophora  Trung Quoc 0OKO030864 OKS13667 OKS513563 OKS13603 OKS13633 N/A
C. camelliae S(Ez[lggﬁ'“gzs Camellia sinensis Trung Quéc KJ955081  KJ954782  MZ799255 KJ954363  KJ955230  KJ954497
C. castaneae GUCC 21268.4* Castanea mollissima Trung Québc 0OP722991 OP737973 OP715778 OP715812 OP720868
MFLUCC 15-0022
C. changpingense ; lcgsl\gfg Fragaria xananassa Trung Québc KP683152 KP852469 KP852449 KP683093 KP852490 N/A
SA0016
. . MFLUCC 18- . .. .
C. chiangmaiense 0945% Magnolia garrettii Thai Lan MW346499 MWS548592 MW623653 MW655578 N/A N/A
CMM 4268* = .
Musa sp. Brazil KX094252 KX094183 KX094083 KX093982 KX094285 KX094325
C. chrysophilum URM?7368
AFK17 MN625458  MN632506 N/A MN622831  MN622860 MN622877
. ICMP 18539* = .
C. cigarro UWS124 Olea europaea Australia JX010230  JX009966  JX009800  JX009523 JX010434 N/A
C. citrulli CAASZT54 Citrullus lanatus Trung Qudc MZ475134  OL456686  OL901154  OL449284  OLA456645 N/A
. clitrulll ,
CAASZT52* Citrullus lanatus Trung Quoc MZ475133 O0L456685 OL901153  O0L449283 0OL456644 N/A
* =
C. clidemiae I(J(iz/lll; 118658 Clidemia hirta USA, Hawaii  JX010265 JX009989 JX009877  JX009537 JX010438 KC888929
C. cobbittiense BRIP 66219* gs’t‘gl ’l’l’s'e stricta X €. ustralia MH087016 MHO094133 MHO094135 MHO094134 MH094137
% = 4
C. cycadis BRIP 71326a Cycas revoluta Trung Quoc  MT439915 MT439919 MT439917 N/A MT439921 N/A

VA-2021a 371351




CGMCC 3.17615

C. conoides = CAUG17* = Capsicum annuum Trung Québc KP890168 KP890162 KP890156 KP890144 KP890174 N/A
LC6226
GUCC 12079 Cordyline fruticose Trung Qudc OP722972  OP784099  OP730652  OP740194  OP761965 N/A

C. cordylinicola MFLUCC 090551,
BCC38872, Cordyline fruticosa Thailand HM470246 HM470240 JX009864 HM470235 HMA470249 JQ899274
LC0856*

C di \ CGMCC 3.16083*  Ageratina adenophora  Trung Qubc OKO030867 OK513670 OKS513566 OK513606 OK513636 N/A

. dimorphum -

YMEF 1.07303 Ageratina adenophora Trung Quoc OKO030866  OK513669  OKS513565  OKS513605  OKS513635 N/A

C. dracaenigenum g/ilgkf cC19- Dracaena sp. Thai Lan MN921250 MT215577 MT215575 MT313686 N/A N/A
YTI6 gi‘gﬁ’l”;)“ blakeana Trung Quéc  OK560626 OK562584  N/A OK562583  OK562585 N/A

C. endophytica . A
CAUG28 Capsicum sp. Trung Qudc KP145441 KP145413  KP145385  KP145329  KP145469 N/A
EIPP 33 Coffea arabica Trung Qudc MK330020 MK344238 MK344261 MK344284 MK344215 MK344199
MFLUCC 13- Pennisetum Thai Lan KC633854 KC832854 MZ799261 KF306258 MZ673954 N/A
0418* = 1.C0324 purpureum

C. fici-septicae MFLU 19-2770* Ficus septica Pai Loan, TQ MWI114367 MWI183774 MW177701 MWI151585 N/A N/A
LC2923, LF130 Camellia sinensis Trung Qudc KJ955083 KJ954784 N/A KJ954365 KJ955232 KJ954499
GUCC 12054 Zingiber officinale Trung Qudc OP722955 N/A OP730615  OP740157  OP761928

C. fructicola ML348 Fragaria % ananassa Dai Loan, TQ  MK908461 MK908513 MK908564 MK908615 MK908666 MKI08758
ICMP 18581* =
CBS 130416* = Coffea arabica Thai Lan JX010165  JX010033 JX009866  FJ907426 JX010405  JQ807838
BPDI16 = C1315.3
CBS 133125% = Vaccinium Hoa Ki

C. fructivorum Coll1414 = acctniu b JX145145  MZ664047 MZ799259 MZ664126 JX145196
BPIS84103 macrocarpon (Burlington)
IMI 356878* =

C. gloeosporioides ICMP 17821 = Citrus sinensis Italy JX010152  JX010056  JX009818  JX009531 JX010445  JQ807843

CBS 112999



Camellia sinensis,

LCBI2LFs34 e Trung Quéc  KJ955158  KJO54859  N/A KJ954434  KJ955305  KJ954569
CBS 273.51 = o
o Citrus limon Ttaly JX010148  JX010054  JX009903  JX009558  N/A N/A
Carya illinoinensis
DAR 76936 = .
oD 1o Australia JX010151  JX009976  JX009797  JX009542  N/A N/A
ICCIIB/IS?” - Citrus sp. New Zealand  JX010149  JX009931  JX009747  JX009462  N/A N/A
CBS 119204 = . ,
ICMP 18678 Pueraria labata Hoa Ky JX010150 JX010013 JX009790 JX009502 N/A N/A
GUCC 12116 Tlex chinensis Trung Qubc ~ OP723021  OP784138  OP730685 OP740223  OP762002  N/A
GUCC 12051 Rhododendron simsii Trung Qubc ~ OP723007  OP784052  OP730606  OP740148  OP761919  N/A
GUCC 12120 Viburnum dilatatum OP723014  OP784141  N/A N/A OP762006  N/A
ICCII\;SPS 178694 = Mangifera indica Nam Phi JX010155  JX009980  JX009796  JX009481  N/A N/A
ICCII;?; 28697 = Vitis vinifera Hoa Ky JX010154  JX009987  JX009780  JX009557  N/A N/A
o GUCC 12050 Gardenia jasminoides ~ Trung Quéc ~ OP722956  OP737964  OP715768  OP715803  OP720860  N/A
. gardeniae -
GUCC 12049+ Gardenia jasminoides ~ Trung Quéc  OP722995 OP737963 OP715766 OP715801 OP720858  N/A
C. gracile Sﬁ%‘f&;ﬁgfﬁ’ Ageratina adenophora  Trung Quéc  OK030868 OK513671 OKS513567 OK513607 OKS13637  N/A
) CBS 132879* = .
C. grevilleae CPC 15481* Grevillea sp. Italy KC297078 KC297010 KC296987 KC296941 KC297102 N/A
C. grossum CGMCC 3.17614*  Chili pepper Trung Québc KP890165 KP890159 KP890153 KP890141 KP890171 N/A
Vitis vinifera
C. hebeiense gggfflg;“”' Trung Quéc  KF156863 KF377495 KF289008 KF377532 KF288975  N/A
C. hederiicola MFLU 15-0689%  Hedera helix Ttaly MN631384  N/A MN635794 MN635795 N/A N/A
) CBS 142418" = ... Hy Lap
C. helleniense CPC28644 Poncirus trifoliata (Arta) KY856446 KY856270 KY856186 KY856019 KY856528 N/A
* r
C. henanense CGMCC 3.17354% . llia sinensis Trung Quéc  KJ955109  KJ954810 MZ799256 KMO023257 KJ955257  KJ954524

=LC3030 =LF238




NBRC 7478* =

C. horii ICMP 10492 = Diospyros kaki Nhit Ban GQ329690 GQ329681 JX009752 JX009438 JX010450 JQ807840
MTCC 10841
. . CBS 142411* = . , .
C. hystricis CPC28153 Citrus hystrix Italy, Catania KY856450 KY856274 KY856190 KY856023 KY856532 N/A
GUCC 12045 1llicium simonsii Trung Qudc OP723001 OP784039  OP730596  OP740136  OP761907 N/A
C. jiangxiense LC3463 = .
CGMCC 3.17363  Camellia sinensis Trung Quoc KJ955201 KJ954902 N/A KJ954471 KJ955348  KJ954607
= LF687*
C. . ICMP 18534 = Kunzea ericoides New Zealand  JX010227 JX009904 N/A JX009473 JX010427 HEG655657
kahawae subsp. ciggaro  C1266.1
C. kahawae subsp. IMI 319418* = ,
kahawae ICMP 17816* Coffea arabica Kenya JX010231 JX010012 JX009813 JX009452 JX010444 JQ894579
C. ligustri GUCC 12111* Ilex chinensis Trung Québc 0OP722988 OP737968 OP715773 OP740216 OP720864 N/A
* r
C. ledongense S(Il;]l\)/llcﬁg(? 18888 Quercus palustris Trung Qudc MG242008 MG242016 MG242018 MG242014 MG242010 N/A
C. kunmingense GUCC 12053* Ophiopogon japonicus  Trung Qudc 0OP722975 OP737965 OP715769 OP715804 OP720861 N/A
C. makassarense CBS 143664* Capsicum annuum Indonesia MH728812 MH728820 MHS805850 MH781480 MHS846563 MH728831
C . SAUCC200702* Rosa chinensis Trung Quéc MW786742 MW846240 MWS883686 MWS883695 MWS888970 N/A
. mengyinense ,
& SAUCC200983 Juglans regia Trung Quoc MW786642 MW876476 MWS883691 MWSE83700 MWSE88975 N/A
CBS 116870* =
C. musae ICMP 19119 = Musa sp. Hoa Ky JX010146 JX010050 JX009896 JX009433 HQ596280 KC888926
MTCC 11349
CGMCC3.18962 = %
Ageratina adenophora  Trung Quoéc OKO030870 OKS513673 OK513569 OKS13609 OKS513639 N/A
C. nanhuaensis YMF1.04993* 8 P & )
YMF 1.04990 Ageratina adenophora ~ Trung Quoc OKO030871  OK513674 OK513570  OKS513610  OK513640 N/A
C. nullisetosum gf/[l;;[lc &39:23 80= Mangifera indica Trung Qudc OKO030872 OKS1367S OKS513571 OKS13611  OKS13641  N/A
CBS 470.96* = Nuphar
C. nupharicola ICMP 18187* = P Hoa Ky JX010187 JX009972 JX009835 JX009437 JX010398 JX145319
lutea subsp. polysepala
C1275.25
, ICMP 17938 = Nuphar .
C. nupharicola CBS 469.96 lutea subsp. polysepala Hoa Ky JX010189 JX009936 JX009834 JX009486 JX010397 N/A




CGMCC3.16074,

C. oblongisporum YMF1.06938* Ageratina adenophora Trung Quéc  OKO030874 OK513677 OK513573 N/A OK513643 N/A
ZHKUCC 210080  Reineckea carnea Trung Qudc N/A OL672738  OL672728  OL672718  OL739541 N/A
C. pandanicola MFLUCC 17-
0571% Pandanaceae Thailand MG646967 MG646934 MG646931 MG646938 MG646926 N/A
C. parvisporum gfql}lfgggig?s N Ageratina adenophora OKO030876 OK513679 OKS13575 OKS513613 OK513645 N/A
CBS 141365*
C. perseae —GA100 Avocado Israel KX620308 KX620242 MZ799260 KX620145 KX620341 KX620177
C. proteae CBS 132882* Protea sp. Nam Phi KC297079 KC297009 KC296986 KC296940 KC297101 N/A
C. pseudotheobromicola Yoo CC 18- Prunus avium Trung Quéc  MHS$17395 MH853675 MHS853678 MHS53681 MH853684 N/A
. CBS 145.29* = -
C. psidii ICMP 19120 Psidium sp. Italy JX010219  JX009967  JX009901  JX009515  JX010443  KC888931
ICMP 18705 = Coffea sp. Fiji JX010185  JX010036  JX009890  JX009490  JX010412  N/A
C. queenslandicum C956.1
ICMP 1778* Carica papaya Australia JX010276 JX009934 JX009899 JX009447 JX010414 KC888928
* =
C. rhexiae g?l?l:)3236134 Rhexia virginica USA JX145128 MZ664046 MZ799258 MZ664127 JX145179 JX145290
ICMP 19051* =
C. salsolae C1314 Salsola tragus Hungary JX010242 JX009916 JX009863 JX009562 JX010403 KC888925
LC2931 = )
C. siamense CGMCC 3.17353 Camellia sp., pathogen Trung Quoc KJ955087 KJ954788 N/A KJ954369 KJ955236 KJ954503
=LF139
ICMP 18578* =
, CBS 130417 . ‘s
C. siamense —BPDI2 = Coffea arabica Thai Lan JX010171 JX009924 JX009865 FJ907423 JX010404 JQ899289
C1315.2
C. siamense (syn. C CBS 125378, Hymenocallis :
) . .y T ICMP 18642, yme Trung Qudc JX010278 JX010019 GQ856730  JX009441 JX010410 JQ899283
hymenocallidis) LC0043 americana
C. siamense (syn. C. CBS 130420,
. b y)' ) ICMP 19118 = Jasminum sambac Viét Nam HMI131511 HMI131497  JX009895 HM131507 JX010415 JQ807841
Jjasmini-sambac LLTAOI = LC921
C. siamense GUCC 12101 Curcuma phaeocaulis Trung Qubc OP723012 OP784114 OP730666 OP740202 OP761980 N/A




C. siamense (syn. C.

murrayae) GZAAS 5.09506 Murraya sp. Trung Qudc JQ247633 JQ247609 N/A JQ247657 Q247644 N/A
C. siamense ZCGWF1501 Litchi chinensis Trung Qubc MK457191 MK457189 N/A MK457187 MK457186 N/A
C. siamense DL71 Litchi chinensis Trung Qubc OR461255  OR455991 OR456029  OR456067 OR456105 OR456133
C. syzygicola MFLUCC 10- Syzygium Thai Lan KF242094 KF242156 N/A KF157801 KF254880 N/A
0624* samarangense
C. tainanense CBS 143666* Capsicum annuum Pai Loan, TQ MH728818 MH728823 MHS805845 MH781475 MH846558 MH728836
C. temperatum CBS 133122* Vaccinium Bronx JX145159  MZ664045 MZ799254 MZ664125 JX145211  JX145298
macrocarpon
YMF 1.04950 = . . £
C. tengchongense YMF 1.04950* Isoetes sinensis Trung Quoc OL842169 OL981264 OL981290 OL981238 N/A N/A
MTCC 11350 =
C. theobromicola CBS 124945* = Theobroma cacao Panama JX010294 JX010006 JX009869 JX009444 JX010447 KC790726
ICMP 18649
Cti ICMP 4832* Cordyline sp. New Zealand JX010269  JX009952 JX009898 JX009520  JX010442 KM360146
* =
CBS 124949 Theobroma cacao Panama JX010264 JX010007 JX009870 JX009489 JX010407 KC790728
ICMP 18653
C. tropicale CCLF186 Hylocereus spp. Mexico 0OP269659 OP302778 N/A OP302777  N/A OP302779
GC3 =FCl1 Ficus carica MT192648 MTI155819 MW684717 MTI199873  MT199874  MT221652
* 7 7
C. viniferum FZAAS 508601 V:itl:S‘ can.sss 5 Trung Quoc JN412804  JN412798 N/A JN412795  JN412813 JN412787
=ygl vinifera, cv. ‘Shuijing
C. vulgaris Sﬁgfgjﬁ?}z‘m N Hippuris vulgaris Trung Québc OL842170 OL981265 OL981291 OL981239 N/A N/A
* r
C. wuxiense S?gfigf"”sg“ Camellia sinensis Trung Quoc KU251591 KU252045 KU251939 KU251672 KU252200 KU252101
BRIP 45094* =
ICMP 17903 = .. .
C. xanthorrhoeae CBS 127831 = Xanthorrhoea preissii Australia JX010261 JX009927 JX009823 JX009478 JX010448 KC790689
C1271
. MFLUCC 19- T, £
C. xishuangbannaense 0107* Magnolia liliifera Trung Quoc MW346469 MWS537586 MW660832 MW652294 N/A N/A
C. yulongense CFCC 50818* Vaccinium dunalianum o o05c  MH751507 MKI108986 MH793605 MH777394 MK108987 N/A
var. urophyllum
C. yunanjiangensis CGMCC3.18964 = Ageratina adenophora  Trung Qubc OKO030885 OK513686 OKS513583 OK513620 OK513649 N/A

YMF 1.04996*




C. trumcatum CBS 151.35% Phaseolus lunatus USA GU227862 GU228254  GU228352  GU227960  GU228156 N/A
(OUTGROUP) Mse 221 Durio zibethinus Thi Lan OP740247 ~ OP744517  OP744516  OP744515  OP744518  N/A
C. boninense " Crinum asiaticum var. A TR
(OUIGROUP) CBS 123755 i Nhit Bén JQO05153  JQ005240  JQO005327  JQ005501  JQO05588  N/A
Bang phu luc 2.5. Cac phan 1ap tham chiéu sir dung trong phan tich phat sinh loai ctia chi Colletotrichum
— phirc hop orchiaderum (5 locus)
. Chiing . Ngudn gbc M3 s6 truy cap Genbank
Loai han I3 Ky chu han 14
phan fap phan fap ITS GAPDH CHS-1 ACT TUB2
Colletotrichum g 120 49+ Cattleya sp. Bi MG600758  MG600819  MG600866  MG600963  MG601025
cattleyicola
C. cliviicola CBS 125375* Clivia miniata Trung Quéc MG600733  MG600795  MG600850  MG600939  MG601000
C. monsterae ;%22;4:* Monstera deliciosa ~ Trung Quée  MZ595897  MZ664121  MZ799351  MZ664195  MZ674015
C. musicola CBS 132885* Musa sp. Mexico MG600736  MG600798  MG600853  MG600942  MG601003
C. orchidearum  CBS 135131* Dendrobium nobile  Ha Lan MG600738  MG600800  MG600855  MG600944  MG601005
C ki VIC 47381" = Pereskia aculeat Brazil MZ262421  MZ265337  N/A N/A N/A
. peresKkiae COAD 2995 eresKia acuileata razi
C. piperis %19;},397 =CPC piper nigrum Malaysia MG600760  MG600820  MG600867  MG600964  MG601027
CBS 125474* Coffea sp. Viét Nam MG600718  MG600781  MG600841  MG600925  MG600985
LC8240 = M51 Paederia foetida Trung Quéc MZ595848  MZ664113  MZ799291  MZ664146  MZ673969
C. plurivorum )
ZHKUCC 23-0867  Impatiens balsamina  Trung Quéc OR286376  OR493878 OR493850  OR493822  OR453364
GUCC 12141 Piper sarmentosum  Trung Quée OP723084 OP784117 OP730669 OP740205 OP761983
C. sojae ATCC 62257* Glycine max USA MG600749  MG600810  MG600860  MG600954  MG601016
C. syngoniicola  LC8894 = M745*%  Syngonium sp. Trung Quéc MZ595863  MZ664117  MZ799296  MZ664161  MZ673982




CBS 181.82* Theobroma cacao An Do MG600734 MG600796 MG600851 MG600940 MG601001
C. vittalense i

GUCC 12144 Piper sarmentosum Trung Quoc OP723092 OP784120 OP730672 OP740208 OP761986
C. reniforme LC8230* Smilax cocculoides Trung Quéc MZ595847 MZ664110 MZ799290 MZ664145 MZ673968
C. magnum .
(OUTGROUP) CBS519.97 Citrullus lanatus USA MG600769 MG600829 MG600875 MG600973 MG601036
C. merremiae Merremia
(OUTGROUP) CBS 124955 umbellata Panama MG600765 MG600825 MG600872 MG600969 MG601032




Béng phu luc 2.6. Cac phan 1ap tham chiéu st dung trong phan tich phat sinh loai da locus cta chi Curvularia

Nguon goc

Mai s6 truy cap Genbank

Loai Ching phan lap Ky chu A 1A
phan lap ITS GAPDH
Curvularia aeria CBS 294.61 7 yiau thu thap (rkhong gy HF934910 HG779148
C. affinis CBS 154.34 T Khong c6 dir li¢u Indonesia KJ909780 KM230401
C. ahvazensis CBS 144673" Zinnia elegans Iran KX139029 MG428693
C. akaii CBS 317.86 Themada triandra Nhat Ban KJ909782 KM230402
subsp. japonica
C. akaiiensis BRIP 16080 * Khoéng c6 dir liéu An Pj KJ415539 KJ415407
C. alcornii ?‘FLUCC 10-0703 mays Thai Lan JX256420 JX276433
UTHSC 08-3414 T MAiu mé nguoi USA HE861833 HF565488
C. americana A ™
UTHSC 07-2649 Mau mo nguoi USA HES861834 HF565486
(ngbn chan)
C. annelliconidiophori CGMCC3.19352"  Saccharum officinarum Trung Quéc MN215641 MN264077
LC12013 Saccharum officinarum Trung Quéc MN215645 MN264081
MFLUCC 10-0711 " Panicum sp. Thai Lan JX256424 JX276436
C. asiatica USJCC-0074 Oryza sativa SriLanka 0Q275215 0Q269626
LC11959 Saccharum officinarum (t8)  Trung Qudc MN215647 MN264083
BRIP 12044 " Oryza sativa Australia KJ415540 KJ415406
C. australiensis —
CBS 172.57 O. sativa (mau thu tir hat) Viét Nam IN601026 IN601036
C. australis BRIP 125217 Sporobolus caroli Australia KJ415541 KJ415405
C. bannonii BRIP 16732 T Jacquemontia tamnifolia Hoa Ky KJ415542 KJ415404




C. beasleyi BRIP 10972 T Chloris gayana Australia MH414892 MH433638
BRIP 15854 Leersia hexandra Australia MH414893 MH433639
C. beerburrumensis BRIP 12942 7 Eragrostis bahiensis Australia MH414895 MH433634
C. boeremae IMI 164633 * Portulaca oleracea An Dj MH414911 MH433641
C. borreriae CBS 859.73 Mau tro nui ltra Chile HE861848 HF565455
C. bothriochloae BRIP 12522 " Bothriochloa bladhii Australia KJ415543 KJ415403
C. brachyspora CBS 186.50 Mau dat Indonesia KJ922372 KMO061784
C. buchloes CBS 246.49 T Buchloé dactyloides Hoa Ky KJ909765 KMO061789
C. canadensis CBS 109239 Overwinter grass Canada MN688804 MN688831
C. carica-papayae CBS 135941 Carica papaya An Pj HG778984 HG779146
CPC 28829 T Z. mays Thai Lan MF490814 MF490836
C. chiangmaiensis LC12030 S. officinarum Trung Qudc MN215650 MN264086
LC12044 S. officinarum Trung Qudc MN215651 MN264087
C. chlamydospora UTHSC 07-2764" Miu méng chin (nguoi) Hoa Ky HG779021 HG779151
C. clavata BRIP 61680 Oryza sp. Australia KUS552205 KU552167
C. cymbopogonis CBS 419.78 (?(‘);"’l‘i as)p Ha Lan HG778985 HG779129
C. coatesiae BRIP 24261 T Litchi chinensis Australia MH414897 MH433636
C. coicis CBS 192.29 T Coix lacryma-jobi Nhat Ban MH855040 HG779130
C. coimbatorensis SZMC 222257 Miu gidc mac nguoi An Dj MN628310 MN628306
C. colbranii BRIP 13066 * Crinum zeylanicum Australia MH414898 MH433642
C. comoriensis CBS 110673 Khong c6 dir liéu N/A LT631357 LT715841




C. crassiseptum CBS 503.90 T Plant material Nigeria LT631310 LT715882
C. crustacea BRIP 13524 T Sporobolus sp. Indonesia KJ415544 KJ415402

CPC 288107 Dactyloctenium aegyptium Té‘;‘.‘ Lan MF490815 MF490837
C. dactyloctenicola (Chiangmai)

MFLUCC 23-0142 Ananas comosus Thai Lan OR438362 OR567318
C. dactyloctenii BRIP 12846 T Dactyloctenium radulans Australia KJ415545 KJ415401
C. deightonii CBS 537.70 Sorghum vulgare Denmark LT631356 LT715839

LC12034 S. officinarum Trung Qudc MN215654 MN264089
C. determinata T — i

CGMCC3.19340 S. officinarum (13) Trung Quoc MN215653 MN264088

LC12038

CN025B5 Stipagrostis ciliata E:;[l‘bla‘ Far ON074982 ON355397

CMW-IA X ok Namibia: Far

6946 =CMW Mau dat East ’ OR992658 ON355434
C. deserticola 64029 = CN037D9

CMW-IA

6932 =CMW , s Namibia: Far

58190 = CBS Stipagrostis ciliata East ON074985 ON355399

151410 = CN025G1"

LC12004 S. officinarum Trung Qubc MN215659 MN264092
C. elliptiformis Egi\;[go(;%'l%ﬂ s officinarum (ré) Trung Quéc MN215656 MN264091

MFLUCC 23- 0103  Ananas comosus Thai Lan OR438363 N/A
C. ellisii CBS 193.62 " ylau thu thap Qrkhong — pyyitan IN192375 JN600963
C. eragrosticola BRIP 12538 T Eragrostis pilosa Australia MH414899 MH433643
C. eragrostidis CBS 189.48 Sorghum seed Indonesia HG778986 HG779154
C. falsilunata CGMCC(C3.193297 S. officinarum (ré) Trung Quéc MN215660 MN264093




USJCC-0140 Panicum maximum SriLanka 0Q275222 0Q269633
C. flexuosa CGMCC3.19447™  S. officinarum (r&) Trung Quéc MN215663 MN264096
LC13491 S. officinarum Trung Qudc MN215664 MN264097
C. gladioli CBS 210.79 Gladiolus (14) Romania HG778987 HG779123
CBS 187.50 Andropogon sorghum (hat)  Indonesia KJ909781 KMO083609
USJEC-0021 = Oryza sativa SriLanka MT410573 MZ971269
C. geniculata HSF004
USJCC-0063 Panicum virgatum SriLanka MZ948817 MZ971263
USJCC-0073 Saccharum officinarum SriLanka ON514024 ON561894
C. graminicola BRIP 23186 T Aristida ingrata Australia JN192376 JN600964
CGMCC3.19330 T S. officinarum (ré) Trung Quobc MN215667 MN264100
C. guangxiensis -
LC12001 S. officinarum Trung Quoc MN215672 MN264105
C. gudauskasii DAOM 165085 Khong c6 dir li¢u N/A AF071338 AF081393
C. harveyi BRIP 574127 Triticum aestivum Australia KJ415546 KJ415400
C. hawaiiensis BRIP 11987 T O. sativa Hoa Ky KJ415547 KJ415399
C. heteropogonicola BRIP 14579 ' Heteropogon contortus An Dj KJ415548 KJ415398
C. heteropogonis CBS 284917 H. contortus Australia KJ415549 JN600969
Cu_RgMdu Luffa acutangula An Db MK737953 MK737951
C. hominis UTHSC 08.849 Mau giac mac (ngudi) Hoa Ky N/A HF565483
Egig(i ;’;‘gﬂ Miu gisc mac (ngwdi) Hoa Ky HG779011 HG779106
C. homomorpha CBS 156.60 1 ﬂﬁ“ thu thap tirkhong 0 JN192380 IN600970
C. inaequalis CBS 102427 Mau dat Phap KJ922375 KM061787




C. intermedia CBS 334.64 Avena versicolor Hoa Ky HG778991 HG779155
. . CBS 630.82 T = - Quén dio
C. ischaemi ICMP 6172 Ischaemum indicum Solomon MH861533 JX276440
C. kenpeggii BRIP 14530 T Triticum aestivum Australia MH414900 MH433644
C. kusanoi CBS 137.29 Eragrostis major Nhit Ban JN192381 LT715862
C. lamingtonensis BRIP 12259 T Microlaena stipoides Australia MH414901 MH433645
USJCC-0023 Panicum virgatum SriLanka MT410575 MZ971271
C. lunata CBS 730.96 Mau sinh thict phoi USA JX256429 JX276441
(nguoi)
E13 Zea mays An Do MH183189 LC524133
C. malina CBS 131274 " Zoysia matrella USA JF812154 KP153179
C. manamgodae CGMCC3.19446 ™" S. officinarum (ré) Trung Quéc MN215677 MN264110
LC13495 S. officinarum (&) Trung Qudc MN215678 MN264111
BRIP 12900 * Cynodon transvaalensis Australia MH414902 MH433646
C. mebaldsii
BRIP 13983 Cynodon dactylon x C. Australia MH414903 MH433647
transvaalensis
C. micropus CBS 127235 FT Paspalum notatum Georgia HE792934 LT715859
C. microspora GucCcCce6272" Hippeastrum striatum Trung Qubc MF139088 MF139106
C. miyakei CBS197.29 T Eragrostis pilosa Nhéat Ban KJ909770 KM083611
C. mosaddeghii IRAN 3131C T Syzygium cumini Iran MG846737 MH392155
ggcsji,ig;gg: Moringa ovalifolia Namibia MW175363 MW173105
C. moringae
CBS 146828 T Moringa ovalifolia Namibia MW175363 MW173105
C. muehlenbeckiae USJCC-0027 Sorghum sp. SrilLanka MZ948813 MZ971259




CBS 144.63 T Sorghum sp. USA MH858242 HG779108

BRIP 12919 " O. sativa Ghana KJ415550 KJ415397
C. neergaardii

CBS 276.91 Khong co di lidu Australia LT631362 LT715848
C. neoindica IMI 129790 T Brassica nigra An bo MH414910 MH433649
C. nicotiae BRIP 11983 T Miu dit Algeria KJ415551 KJ415396
C. nodosa CPC 28800 " Digitaria ciliaris Thai Lan MF490816 MF490838

CPC 28801 Brachiaria reptans Thai Lan MF490817 MF490839
C. nodulosa CBS 160.58 Eleusine indica N/A JN601033 JN600975
C. oryzae CBS 169.53 T 0. sativa Viét Nam KP400650 KP645344
C. ovariicola Sgﬁfgf%‘g Eragrostis interrupta Australia JN192384 JN600976
C. pallescens CBS 15635 Miau thu thip Grkhong  ppgonesia KJ922380 KM083606
C. palmicola MFLUCC 14-0404 é;‘;flf"l:;’g‘)’”he wrightii i Lan MF621582 -
C. pandanicola MFLUCC 15-0746 f’;’gﬁ"l’;"cshsé‘t"khﬁ) Thai Lan MH275056 MH412748
C. papendorfii CBS 308.67 T Acacia karroo Nam Phi KJ909774 KM083617
C. paraverruculosa FMR 17656" MAu dit Mexico LR736641 LR736646
C. petersonii BRIP 14642 T D. aegyptium Australia MH414905 MH433650
C. perotidis 5113331;510422; Perotis rara Australia JN192385 KJ415394
C. phaeospara CGMCC3.19448 ™ . officinarum (r&) Trung Quéc MN215686 MN264118
C. pisi CBS 190.48 T Pisum sativum Canada KY905678 KY905690
C. plantarum CGMCC3.19342" 8. officinarum (ré) Trung Quéc MN215688 MN264120




USJCC-0068 Echinochloa crus-galli SriLanka 0Q275228 00Q269639
USJCC-0033 O. sativa SriLanka 0Q275226 00Q269637
C. platzii BRIP 27703b T Cenchrus clandestinum Australia MH414906 MH433651
C. polytrata CGMCC3.19338"  S. officinarum (r&) Trung Quéc MN215691 MN264123
C. portulacae BRIP 14541 " Portulaca oleracea Hoa Ky KJ415553 KJ415393
C. prasadii CBS 143.64 T Jasminum sambac An Dj KJ922373 KM061785
C. protuberans CGMCC3.19360 T S. officinarum (1a) Trung Quéc MN215693 MN264125
C. protuberata CBS 376.65 T Deschampsia flexuosa Anh KJ922376 KM083605
C. pseudobrachyspora CPC 28808 ' Eleusine indica Thai Lan MF490819 MF490841
C. pseudolunata UTHSC 09-20027  Mau thu thap tir USA HES61842 HF565459
xoang mili (nguwdi)
C. pseudorobusta UTHSC 08-3458 ~ iau thu thap tir, USA HES61838 HF565476
xoang mili (ngwoi)
C. quinzhouensis CGMCC(C3.25225 Curcuma kwangsiensis Trung Quéc ORS575729 ORS576898
CGMCC3.19328 "  S. officinarum (r&) Trung Quéc MN215695 MN264127
C. radici-foliigena - -
LC11956 S. officinarum (r€) Trung Quodc MN215698 MN264130
CGMCC3.19327 " S. officinarum (ré) Trung Quobc MN215699 MN264131
C. radicicola — -
LC11953 S. officinarum (r€) Trung Qudc MN215700 MN264132
C. ravenelii BRIP 13165 Sporobolus fertilis Australia JN192386 JN600978
C. reesii BRIP 4358 Mau thu thap tir Australia MHA414907 MH433637
khong khi
C. richardiae BRIP 4371 T Richardia brasiliensis Australia KJ415555 KJ415391
C. robusta CBS 624.68 T Dichanthium annulatum Hoa Ky KJ909783 KM083613
C. rouhanii CBS 144674 " Syngonium vellozianum Iran KX139030 MG428694




C. ryleyi BRIP 12554 T Sporobolus creber Australia KJ415556 KJ415390
LC12023 S. officinarum Trung Qudc MN215704 MN264136
C. saccharicola — N i
CGMCC3AB44 = ¢ icinarum (rf) Trung Quéc MN215701 MN264133
LC12019
C. sacchari-officinarum  CGMCC3.19331 T S. officinarum (13) Trung Quobc MN215705 MN264137
CBS 149.71 Khoéng c6 dir licu Nigeria HG779001 HG779128
C. senegalensis Ié?f 01122022-230- ¢ 1amum lycopersicum Hoa Ky 0Q657947 0Q689441
CW;j Zinnia elegans Srilanka MW353711 MW358932
C. shahidchamranensis ~ TRAN 3133C 7 f;;:ludg %’t‘l'c"“tam‘“ated Iran MH550084 MH550083
C. soli CBS 222.96 " Miu dit Papua New KY905679 KY905691
Guinea
C. sorghina BRIP 15900 T Sorghum bicolor Australia KJ415558 KJ415388
CBS 198.31 Capsicum anuum Cyprus HF934916 HG779136
C. spicifera —
CBS 274.52 Mau dat Spain JN192387 IN600979
C. sporobolicola BRIP 23040b ' Sporobolus australasicus Australia MH414908 MH433652
C. subpapendorfii CBS 656.74 T MAu dit Egypt KJ909777 KM061791
FMR 10992 7 Mau vet thwong &'chan ;g4 HES61828 HF565479
: (nguoi)
C. suttoniae Mau mé & xoang buém —
FMR 11690 , - e USA HE861826 HF565477
canh miii (nguoi)
SZMC 22226 " Miu gidc mac nguoi An Dj MN628311 MN628307
C. tamilnaduensis SZMC 26758 Mau gidc mac ngudi An P MN628308 MN628304
SZMC 26759 Mau giac mac nguoi An bo MN628309 MN628305
C. thailandicum ?/IFLUCC 15-0747 Pa::dai?us sp- Thai Lan MH275057 MH412749
(mau 14 dang phan hiy)
C. trifolii CBS 173.55 Trifolium repens USA HG779023 HG779124




C. tripogonis BRIP 12375 T Tripogon loliiformis Australia JN192388 JN600980
C. tropicalis BRIP 14834 T Coffea arabica An Pj KJ415559 KJ415387
C. tsudae ATCC 447647 Chloris gayana Nhit Ban KC424596 KC747745
BRIP 10967 C. gayana (13) Australia KC424604 KC747754
C. tuberculata CBS 146.63 T Z. may An Pj JX256433 JX276445
C. umbiliciformis CGMCC3.19346 ™  S. officinarum (r&) Trung Quéc MN215711 MN264142
C. uncinata CBS 221.527 O. sativa Viét Nam HG779024 HG779134
C. variabilis CPC 28815 T Chloris barbata Thai Lan MF490822 MF490844
CPC 28816 Imperata cylindrica Thai Lan MF490823 MF490845
C. verruciformis CBS 537.75 Lobibyx sp. feather New Zealand HG779026 HG779133
MFLUCC 10-690 O. sativa Thai Lan I1X256437 JX276448
LC11951 S. officinarum (ré) Trung Qudc MN215714 MN264145
CBS 149.63 Elaeis guineensis Nigeria HF934909 HG779110
C. verruculosa - - - —
CBS 150.63" Punica granatum (L3) An D) KP400652 KP645346
CPC 28792 C. dactylon Thai Lan MF490825 MF490847
CPC 28809 E. indica Thai Lan MF490824 MF490846
La (cta loai khéng xac
C. vietnamensis FMR 17659 * dinl(l) i Viét Nam LR736642 LR736644
FMR 11956 Sorghum seed Indonesia LR736652 LR736643
C. vidyodayana USJICC-0029 Oryza sativa Srilanka 0Q275234 0Q269645
C. warraberensis BRIP 14817 " D. aegyptium Australia MH414909 MH433653
C. xishuangbannaensis ~ KUMCC 17-0185 7 Pandanus amaryllifollus — qy 0 ugc MH275058 MH412750
(14 dang phéan hiy)
f{,‘i}’i"é’;ﬁ{’ﬁf’)’s CBS 136.29 T Zea mays USA AF071325 KMO034846
paccliicold CBS 155.26 Khéng cé dir lidu N/A KY905674 KY905686

(OUTGROUP)




Béng phu luc 2.7. Cac phan 1ap tham chiéu sir dung trong phan tich phat sinh loai ctia chi Exserohilum

Loai

Chiuing phéan lap

Ky chu

Nguon gbc phan lap

M3 s6 truy cip Genbank

ITS GAPDH
Exserohilum corniculatum BRIP 11426T Oryza sativa Australia LT837453 LT883533
E. holmii CBS 318.64 Dactyloctenium aegyptium LT837457 LT883537
CBS 413.65"°T Dactyloctenium aegyptium  Hoa Ky LT837459 LT715890
CBS 505.90 Sorghum vulgare Venezuela KT265252 LT715889
CBS 128053 Dactyloctenium aegyptium Thai Lan KT265253 LT882555
= BRIP 12792
E. khartoumensis IMI  249194%°T Sorghum bicolor var. mayo  Sudan LT837461 LT715888
CBS132708
E. minor BRIP 14612 Ascocarps formed by BRIP Australia LT837467 LT715884
BRIP 14614 1D3asc9t;loctenium aegyptium Australia LT837468 LT715885
BRIP 14616" Dactyloctenium aegyptium Australia LT837470 LT883545
E. monoceras BRIP 11542 LT837473 LT883546
BRIP 12236 Echinochloa colona Australia LT837472 LT715876
BRIP 12271A Echinochloa colona Australia LT837475 LT883548
E. neoregeliae CBS 1328327 Neoregelia carolinae Nhat Ban LT837476 LT715886
E. neoregeliae CBS 132833%T Neoregelia carolinae Nhat Ban LT837477 LT715887
E. oryzicola CBS 502.90"°T Oryza sativa Colombia HF934949 LT715878
CBS 376.76 Oryza sativa Tho Nhi Ky LT837456 LT883535
E. pedicellatum CBS 322.64T Triticum aestivum USA KT265258 LT715902
BRIP 12040 Oryza sativa Australia LT837452 LT883532
E. persianum IRAN 3503C Festuca sp. Iran 0Q119789 0Q123392
FCCUU 1201 Festuca sp. Iran 0Q119790 0Q123393




E. protrudens BRIP 14816" Dactyloctenium aegyptium Australia LT631309 LT715881

E. rostratum BRIP 10995 Zea mays Australia LT837823 LT882566

E. rostratum BRIP 14916 Zea mays Australia LT837835 LT882552

E. rostratum BRIP 16078 Spinifex hirsutus Australia LT837826 LT882563

E. rostratum CBS 196.29 Leptochloa chinensis Nhat Ban LT837462 LT715896

(syn. E. leptochloae)

E. rostratum CBS 297.80 Sorghum bicolor Sudan KT265244 LT715895

E. rostratum CBS 325.87 Homo sapiens Hoa Ky KT265237 LT715898

(sync E. macginnisii)

E. rostratum CBS 412.93 Plant debris from forest soil ~ Cuba KT265246 LT715894

(sync. E. antillanum

E. rostratum CBS 571.73 Zea mays USA LT837831 LT715892

(sync. E. prolatum)

E. turcicum BRIP 12267 Sorghum bicolor Australia LT837482 LT883553
BRIP 13326 Sorghum sudanense Australia LT837480 LT883551
CBS 690.71FT Zea mays Pirc LT837487 LT882581

Bipolaris maydis CBS 13629 Zea mays Hoa Ky MH855024 LT715779

B. oryzae MFLUCC 10-0715" Oryza sativa Thai Lan JX256416 JX276430




Béng phu luc 2.8. Cac phan 1ap tham chiéu sir dung trong phan tich phat sinh loai da locus ctia chi Neopestalotiopsis

Loai Chiing phan I3p Ky chii Ng}l("inAg(‘)c M3 s6 truy cip Genbank
phan lap ITS TUB2 TEF
Neopestalotiopsis acrostichi MFLUCC 17-1754 * Acrostichum aureum Thai Lan MK764272 MK764338 MK764316
N. alpapicalis MFLUCC 17-2544 * Rhizophora mucronata  Thai Lan MK357772 MK463545 MK463547
N. aotearoa CBS 367.54 * Canvas New Zealand KM199369 KM199454 KM199526
N. asiatica MFLUCC 12-0286 * Prunus dulcis Trung Quéc JX398983  JX399018 JX399049
N. australis CBS 114159 * Telopea sp. Australia KM199348 KM199432 KM199537
N. brasiliensis COAD 2166 * Psidium guajava Brazil MG686469 MG692400 MG692402
N. camelliae-oleiferae CSUFTCCS1 * Camellia oleifera Trung Qudc 0K493585 0OKS562360 OK507955
N. camelliae-oleiferae CSUFTCCS82 = LHNJ&2 Camellia oleifera Trung Qudc 0K493586 0K562361 0OK507956
N. chiangmaiensis MFLUCC 18-0113 * Pandanus sp. Thai Lan N/A MH412725 MH388404
N. cocoés MFLUCC 15-0152 * Cocos nucifera Thai Lan N/A N/A KX789689
N. coffeae-arabicae HGUP4015 Coffea arabica Trung Qudc KF412647  KF412641 KF412644
N. coffeae-arabicae HGUP4019 * Coffea arabica Trung Quéc KF412649 KF412643 KF412646
N. cubana CBS 600.96 * Leaf litter Cuba KM199347 KM199438 KM199521
N. cubana CSUFTCC37 Camellia oleifera Trung Qudc 0K493583 0OK562358 0K507953
N. dendrobii MFLUCC 14-0106 * Dendrobium Thii Lan MK993571 MK975835  MK975829
cariniferum
N. dendrobii MFLUCC 14-0099 D. cariniferum Thai Lan MK993570 MK975834 MK975828
N. drenthii BRIP 72263a Macadamia integrifolia  Australia MZ303786 MZ312679 MZ344171
N. drenthii BRIP 72264a * Macadamia integrifolia  Australia MZ303787 MZ312680 MZ344172
N. egyptiaca CBS 1401628 = PEST1 Mangifera indica Egypt KP943747  KP943746 KP943748
N. elaeidis MFLUCC 15-0801 Céay co Thai Lan ON650690  N/A ON734011
N. ellipsospora 5386 115113; HRUCC Ardisia crenata Héng Kong KM199343 KM199450 KM199544
N. eucalyptorum CBS 147684 * = Eucalyptus globulus B6 Dao Nha MW794108 MW802841 MW805397

MEAN1308




N. eucalypticola CBS 264.37 * Eucalyptus globulus N/A KM199376 KM199431 KM199551
N. foedans CGMCC 3.9123 * Mangrove plant Trung Qudc JX398987 JX399022 JX399053
N. formicarum CBS 362.72 * Dead ant Cuba KM199358 KM199455 KM199517
N. formicarum CBS 115.83 Mau thyc vt phan manh  Cuba KM199344 KM199444 KM199519
N. guajavae FMBCC 11.1 * Guava Pakistan MF783085 MH460871 MH460868
N. hydeana MFLUCC 20-0132 * ;‘::Zf;’;z;‘lsms Thai Lan MW266069 MW251119  MW251129
N. iberica CSUFTCC93 Camellia oleifera Trung Qudc 0K493589 0K562364 0K507959
N. iberica CBS 147688 * Eucalyptus globulus Bo Pao Nha MW794111 MW802844 MW805402
N. iraniensis CBS 137768 * Fragaria ananassa Iran KM074048 KM074057 KM074051
N. iraniensis CBS 137767 Fragaria ananassa Iran KM074045 KMO074056 KM074053
N. javaensis CBS 257.31 * Cocos nucifera Indonesia KM199357 KM199437 KM199543.1
N. keteleerie MFLUCC 13-0915 * Keteleeria pubescens Trung Quéc KJ503820 KJ503821 KJ503822
N. lusitanica MEAN1317 = PE256 MW794110 MW802843 MW805406
N. longiappendiculata CBS 147690 * Eucalyptus globulus B0 Pao Nha MW794110 MW802845 MW805404
N. macadamiae BRIP 63737¢ * Macadamia integrifolia  Australia KX186604 KX186654 KX186627
N. magna MFLUCC 12-0652 Pteridium sp. Phap KF582795  KF582793 KF582791
=I1CMP 20011
N. mesopotamica CBS 336.86 * Pinus brutia Iraq KM199362 KM199441 KM199555
N. musae MFLUCC 15-0776 * Musa sp. Thai Lan KX789683 KX789686 KX789685
N. natalensis CBS 138.41 * Acacia mollissima Nam Phi KM199377 KM199466 KM199552
N. nebuloides BRIP 66617 * Sporobolus elongatus Australia MK966338 MK977632 MK977633
N. olumideae BRIP 72273a * Macadamia integrifolia  Australia MZ303790 MZ312683 MZ344175
N. pandanicola KUMCC 17-0175 Pandanus sp. Trung Qudc NA MH412720 MH388389
N. pernambucana URM?7148-01 * Vismia guianensis Brazil KJ792466 NA KU306739
N. perukae FMBCC 11.3 * Guava Pakistan MH209077 MH460876 MHS523647
N. petila MFLUCC 17-1737 * Rhizophora mucronata  Thai Lan MK764276 MK764342 MK764320
N. phangngaensis MFLUCC 18-0119 * Pandanus sp. Thai Lan MH388354 MH412721 MH388390
N. photiniae GUCC21-0820 OP806524  OP896200 0OP828691
N. piceana CBS 254.32 Cocos nucifera Indonesia KM199372 KM199452 KM199529




N. piceana CBS 394.48 * Picea sp. Anh KM199368 KM199453 KM199527
Leucospermum
N. protearum CBS 114178 * cuneiforme cv. Zimbabwe IN712498 KM199463 LT853201
“Sunbird”
N. psidii FMBCC 11.2 * Guava Pakistan MF783082 MH477870 MH460874
N. rhapidis GUCC 21501 * Rhododendron simsii Trung Qudc MWO931620 MW980441 MW980442
N. rhizophorae MFLUCC 17-1550 * Rhizophora mucronata  Thai Lan MK764277 MK764343 MK764321
N. rhododendri GUCC 21504 * Rhododendron simsii Trung Quoc MWO979577 MW980443 MW980444
N. rosae CBS 101057 * Rosa sp. New Zealand KM199359 KM199429 KM199523
N. rosae CBS 124745 Paeonia suffruticosa USA KM199360 KM199430 KM199524
N. rosicola CFCC 51992 * Rosa chinensis Trung Quoc KY885239 KY885245 KY885243
N. rosicola CFCC 51993 Rosa chinensis Trung Qudc KY885240 KY885246 KY885244
N. saprophytica CBS 115452 Magnolia sp. Trung Qudc JX398982 KM199433 JX399048
N. scalabiensis MUM 21.34 * Vaccinium corymbosum B0 Pao Nha MW969748 MW934611 MW959100
N. sichuanensis CFCC 54338 * Castanea mollissima Trung Qudc MW166231 MW218524 MW199750
N. sichuanensis SM15-1C Castanea mollissima Trung Qudc MW166232 MW218525 MW199751
N. sonneratae MFLUCC 17-1745 * Sonneronata alba Thai Lan MK764279 MK764345 MK764323
N. surinamensis CBS 450.74 * Soil under Elaeis Suriname KM199351 KM199465  KMI199518
guineensis
N. suphanburiensis MFLUCC22-0216 0OP497994  OP752135 OP753372
N. thailandica MFLUCC 17-1730 * Rhizophora mucronata  Thai Lan MK764281 MK764347 MK764325
N. vaccinii T V. corymbosum Bb Pio Nha MW969747 MW934610  MW959099
N. vacciniicola MUM 21.35 * V. corymbosum Bo6 Pao Nha MWO969751 MW934614 MW959103
. . Vitis vinifera cv. £
N. vitis MFLUCC 15-1265 * « v Trung Quoc KU140694 KU140685 KU140676
Summer black
N. vitis MFLUCC 15-1270 V. vinifera cv. “Kyoho”  Trung Qudc KU140699 KU140690 KU140681
N. zakeelii BRIP 72282a * Macadamia integrifolia  Australia MZ303789 MZ312682 MZ344174
N. zimbabwana S:”EEI-II}: 337* L. cunciforme Zimbabwe JX556231 KM199456 KM199545
f S%’{f;’fﬁg‘ﬁ%’;"ps’s cocos  CBS 272.29% Cocos nucifera gi‘)"}?v‘:) KM199378 KM199467  KM199553
Pestalotiopsis abietis CFCC 53011 * Abies fargesii Trung Quéc MK397013 MK622280  MK622277

(OUTGROUP)




Bang phu luc 2.9. Cac phén lap tham chiéu st dung trong phén tich phat sinh loai da locus cta chi Diaporthe

(theo tirng phén chi va phirc hop)

M3 sb truy cip Genbank

Loai Chung phan 1ap tham chiéu ITS TEF TUB2
Phan nhanh Foeniculina (Clade Arecae)
Diaporthe acutispora CGMC(C3.18285 =LCe6161* KX986764 KX999155 KX999195
D. anacardii CBS 720.97* KC343024 KC343750 KC343992
D. anacardii (D. phillipsii) CAAS817 MK792305 MKS828076 MNO000351
D. arecae CBS 161.64* KC343032 KC343758 KC344000
D. arecae CBS 535.75 KC343033 KC343759 KC344001
D. arecae (D. eugeniae) CBS 444.82* KC343098 KC343824 KC344066
D. arecae (D. fraxini-angustifoliae) BRIP 54781 JX862528 JX862534 KF170920
D. arecae (D. fulvicolor) PSCGO51* MK626859 MK654806 MK691236
D. arecae (D. guangxiensis) JZB320094* MK335772 MK523566 MK500168
D. arecae (D. krabiensis) MFLUCC 17-2481* MN047101 MN433215 MN431495
D. arecae (D. limonicola) CBS 142549* MF418422 MF418501 MF418582
D. arecae (D. nelumbonis) R Kirschner 4114* KT821501 N/A LC086652
D. arecae (D. nelumbonis) A-SER3 MK907914 N/A N/A
D. arecae (D. taiwanensis) NTUCC 18-105-1* MT241257 MT251199 MT251202
D. aseana MFLUCC 12-0299a* KT459414 KT459448 KT459432
D. aseana (D. tectonigena) MFLUCC 12-0767 = LC6512 KX986782 KX999174 KX999214
D. biconispora 7JUDG62* KJ490597 KJ490476 KJ490418
D. biconispora (D. longiconidialis) ZHKUCC 22-0058 ON322888 ON315045 ON315077
D. biconispora (D. pometiae) SAUCC 194.72 MT822600 MT855912 MT855797
D. camelliae-sinensis SAUCC194.92* MT822620 MT855932 MT855817




D. donglingensis CFCC 56581* OM956090 ON157986 ON158021
D. donglingensis CFCC 57432 OM956091 ON157987 ON158022
D. foeniculina CBS 111553* KC343101 KC343827 KC344069
D. foeniculina CBS 123208 KC343104 KC343830 KC344072
D. hongkongensis CBS 115448* KC343119 KC343845 KC344087
D. hongkongensis ZJUD74 KJ490609 KJ490488 KJ490430
D. hongkongensis (D. araliaechinensis) GUCC 412.7 OP581218 OP688523 OP688548
D. hongkongensis (D. araliaechinensis) GUCC 412.71 OP581219 OP688524 OP688549
D. hongkongensis (D. araliaechinensis) GUCC 412.17 OP581220 OP688525 OP688550
D. hongkongensis (D. australiana) BRIP 66145 MN708222 MN696522 MN696530
D. hongkongensis (D. eucalyptorum) CBS 132525 JX069862 N/A N/A

D. hongkongensis (D. eucommiae) SCHM 0020 AY 601921 N/A N/A

D. hongkongensis (D. lagerstroemiae) SCHM 3608 AY 622994 N/A N/A

D. hongkongensis (D. lithocarpus) CGMCC3.15175 KC153104 KC153095 KF576311
D. hongkongensis (D. lithocarpus) CGMCC3.15178 KC153103 KC153094 N/A

D. hongkongensis (D. rhodomyrti) CFCC 53101 MK432643 MK578119 MK578046
D. hongkongensis (D. rhodomyrti) CFCC 53102 MK432644 MK578120 MKS578047
D. hongkongensis (D. salinicola) MFLUCC 18-0553 MNO047098 MNO077073 N/A

D. hongkongensis (D. salinicola) MFLU 17-2592 MN047099 MNO077074 N/A

D. hsinchuensis NTUPPMCC18-153-1* MZ268409 MZ268472 MZ268430
D. hsinchuensis NTUPPMCC 18-153-2 MZ268410 MZ268473 MZ268431
D. tanakae MAFF 410127 AB245075 N/A N/A

D. tanakae MAFF 410600 AB245077 N/A N/A

D. undulata CGMCC3.18293 = LC6624* KX986798 KX999190 KX999230
D. undulata LC8111 KY491546 KY491546 KY491556
D. pungensis SAUCC194.112* MT822640 MT855952 MT855837




D. pungensis SAUCC 194.89 MT822617 MT855929 MT855814
D. saccharata CBS 116311* KC343190 KC343916 KC344158
D. melatosmatis SAUCC194.55% MT822583 MT855896 MT855780
D. zhaoqingensis ZHKUCC 22-0056* ON322885 N/A ON315074
D. zhaogingensis ZHKUCC 22-0057 ON322886 ON315043 ON315075
D. xishuangbanica CGMCC3.18283 = LC6744* KX986784 KX999176 KX999217
D. xishuangbanica CGMCC(C3.18282 = LC6707 KX986783 KX999175 KX999216
D. corylicola CFCC 53986* MW839880 MW815894 MW883977
D. eucalyptorum MFLUCC 12-0306 KT459419 KT459453 KT459437




PHU LUC 3 - MOT SO THONG TIN BO SUNG VE PAC PIEM HINH THAI,
CAC PHAN TiCH PHAT SINH LOAI, RANH GIOI LOAI

Chi Neofusicoccum

Phu luc Hinh 3.1. Dic diém hinh thai Neofusicoccum parvum va triéu chiig bénh do tac
nhan nay gay ra. A. Cay sen khoe khong co triéu chirng bénh. B-D: Tri€u chirg bénh do
Neofusicoccum parvum gy ra trén ciy sen. E-G: Pac diém hinh thai tan ndm & mat trudc
(Hinh E) va sau (Hinh F) cta N. parvum (ching phan lap VNHUCC.NEL18) sau 7 ngay va
sau 15 ngay (Hinh G). H, K: Pic diém sinh bao tir thir nghiém trén méi trudng WA + manh
cét 14 thong khtr trang. L: Hinh thai hé soi nAm cta N. parvum dudi kinh hién vi — d6 phong
dai 10X. M: Hinh théi bao to N. parvum

Pic diém hinh thai tin nim (nudi ciy) va bao tir cia Neofusicoccum parvum: Trén moi
truong PDA, dic trung v6i soi ndm khi sinh phat trién manh & ving trung tim, mau tring
& giai doan ban dau va chuyén sang mau xam den (Davy's Grey, Color code: ##5B5F5F)
theo thoi gian (sau 4-5 ngay nudi cay). Mit ngugc (reverse side) mau xanh than dén den &
trung tdm, phan trang xam & phan phia ngoai dén ria. Tuy nhién, phan trang xam theo thoi
gian chuyén dan sang mau xanh than den (Color code: #2A3646, #222F3E) dén den (sau
14 — 15 ngay nudi ciy). Ciu trac thé qua (pycnidia) duoc ghi nhan sau 20 ngay khi nudi



ciy trén moi truong thach nudc (WA) 2% c6 bo sung 14 thong hap khir tring. Bao tir ¢6
dang hinh thoi hay elip thuén dai, hoi nhon & 2 dau, thanh méng.
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Phu luc Hinh 3.2. Cay phat sinh loai Maximum likelihood (ML) céc chung phan lap
Neofuscoccum parvum dugc xay dung tur t€p dit liéu trinh tu can chinh cuia tiing vung gene:
A.ITS, B. TUB2. Cac chiing loai TYPE (Ex-TYPE) duoc biéu thi bang chir “T” in ddm &
cudi mdi nhan phan loai. Thanh ty 1€ biéu thi sb lugng thay thé w6c tinh trén mdi vi tri

nucleotide



Chi Lasiodiplodia
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Phu luc Hinh 3.3. Cay
phat sinh loai
Maximum likelihood
(ML) cua chi
Lasiodiplodia  dugc
xay dung tur t&p dit licu
trinh tu can chinh ghép
nbi cua 3 locus ITS +
TUB2 + TEFI-a. Cac
gia tri hd trg SH-aLRT
> 70%/aBayes >
0,75/ML
(%) > 70% duoc hién

thi tai mdéi nat

bootstrap

Diplodia mutila
CMW7060 duoc su
dung lam nhom ngoai
(outgroup). Cac ching
loai Ex (TYPE) duoc
biéu thi bang chir “T”
in ddm & cudi mdi
nhan phéan loai. Thanh
ty 1¢ biéu thi s6 lugng
thay thé udc tinh trén

moi vi tri nucleotide.



Phu luc Hinh 3.4. Pic diém hinh thai Lasiodiplodia theobromae va triéu chirng bénh

ghi nhin. A-C: Triéu ching bénh do L. theobromae gy ra trén cay sen. D: Cac khéi bao
tir mau den c6 thé quan sat trén vét bénh E: Dic diém hinh thai tan ndm cua L. theobromae
(chung phan 1ap VNHUCC.NEL38) sau 3 ngay cay. F: Bao tir chua truong thanh; G-H: Bao

tor trudng thanh.



Chi Nigrospora

Thong tin mau dai dién (VNHUCC.NEL30): Trong chau sen tai mot vuon ban cay canh
— khu vyc ctra Thuong Ttr, phuong Dong Ba, Thanh ph Hué, Viét Nam. Phan lap tir 14 sen
hdng (Nelumbo nucifera) cé tridu ching chay 1a (c6 cac khdi bao tr mau den trén bé mit
14 co triéu chung). Ngay ghi nhan triéu chiing va thu thap mau: 01 thang 05 nam 2023. Toa
do: 16°28'15.13" N, 107°34'59.70" E. Holotype: KN.TT.SH.020501D1-2. Ex-Holotype
(miu nudi cdy séng): VNHUCC.NEL30

Phu luc Hinh 3.5. Triéu chimg chay 14 cay sen va dic diém hinh thai cta tac nhan gay hai

Nigrospora. A. Triéu ching chay 14 ghi nhdn trén cay sen hong & Thuong T, Pong Ba,
Thanh phé Hué. B. Triéu ching chay 1a ghi nhan trén cdy sen tring & hd Tinh Tam (phia
dao Phuong Truong), Pong Ba, Thanh phé Hué. D, E: Hinh thai tan ndm cta phan 1ap dai
dién VNHUCC.NEL30 trén moi truong PDA. F, G: Bao tir truong thanh. H: Bao tur chua

truong thanh; L, M: Thir nghiém lay nhiém nhén tao trén chau.



Pac diém hinh thai tin nam (nuéi cay) va bao tir ciia Nigrospora lacticolonia

Bdc diém nudi cdy: Tan nam trén PDA c6 dang bong, vién mép nguyén, ban dau c6 mau
trang, chuyén sang mau xam nga (Ma mau/color code: #D8DACS, Timberwolf) dén xam
nau hay nau (#9C9B84, Grullo) theo tudi (ban ddu & tim va lan rong dan). Tuong tw, mit
ngugc (reverse side) ban dau c6 mau tring, sau d6 chuyén mau nau nhat (Color code:
#A3986E, Light Taupe), dén xam khoi hodc nau dit ddm (M3 mau/Color code: #5C534A,

Umber) theo thoi gian. Tan nAm dat dudng kinh 85 mm sau 7 ngdy

Bic diém bao tir: Cac soi nAm phan nhanh va c6 vach ngan. Bao tir don bao, ¢ dang hinh
cau hodc gan hinh cdu. Cac bao tir chua trudong thanh cé dang trong sudt, sau d6 chuyén
dan sang mau den dam khi truong thanh.

Céc dia diém ghi nhan triéu ching va cac thong tin chung phén lap khéac trong nghién ctru:

+ Khu vyc trong sen tring ¢ hd Tinh Tam (phia dao Phuong Truong, va dao Bong
Lai), phuong Dong Ba, Thanh phd Hué. Ngay ghi nhan: 23 thang 04 nim 2023

+ Chau trong sen canh (sen tring) cua mot ho dan kinh doanh sen hat tai phuong
Pong Ba, Thanh phd Hué (chung phan 1ap VNHUCC.NEL431)

+ Hb trong sen (hd nay trong 14n sen hong va sen trang) trudc mat ling vua Dong
Khanh (Tu Ling), duong Poan Nhit Hai phuong Thuy Xuan, Thanh phd Hué
(VNHUCC.NEL233, mau ghi nhan triéu ching thu thap trén ciy sen trang). Ngay thu thap:
03 thang 10 nam 2022

+ Rudng trong sen trang, tai xd Phong Hién, Phong Dién (gidng sen dwgc mua tir

mot ho dan trong sen ¢ hd Tinh Tam). Ngay ghi nhan: 30 thang 03 nim 2021



Chi Neopestalotiopsis

Théng tin miu dai dién: Hé thong khu vuc hd/thuy dao trong sen trude mit Dong Khuyét
Pai, Ctra Hién Nhon, Thanh phé Hué, Viét Nam. Phan 1ap tir 14 sen hong (Nelumbo

nucifera) co triéu chung dom 14 (dac trung mau nau nhat ¢ tam, c6 cac 16p dong tam xép

chdng 1én nhau). Ngay ghi nhan triéu chimg va thu thip mau: 05 thang 03 nim 2023. Toa
do: 16°28'17.58" N, 107°34' 48.85" E + 12.44m. Holotype: DNDT.DB.SH.04. Ex-
Holotype (miu nudi ciy séng): VNHUCC.NEL13
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Phu luc hinh 3.6. Triéu chtimg ddm 14 trén ciy sen hong va dic diém hinh thai ciia tac nhan
gay hai Neopestalotiopsis sp. (ching phan lap VNHUCC.NEL13). A. Triéu ching dém 1a
ghi nhén trén cay sen hong. B, C: Hinh thai tan ndm ctia phan lap dai dién VNHUCC.NEL13
trén moi truong PDA sau 7 va 15 ngay. G-K: Céc dang bao tir chua trudng thanh; L-M: Bao
tir truong thanh. Thanh ty 18 biéu thi kich thudc tuong tng

Dac diém hinh thai tin nam (nuéi cay) va bao ti:

Bdc diém nudi cdy: Tan nAm ctia Neopestalotiopsis sp. trén PDA dat duong kinh trung binh

1a 79-82,4 mm khi nudi cdy & nhiét do 30°C sau bay ngay. Vién tan nim c6 mép hoi gon



song, soi nam khi sinh (aerial mycelia) day ddc, mat chinh tin ndm cé mau trang dén trang
nga. Mit nguoc (reverse side): c6 mau vang nhat (Hinh 3.6B). Cac khéi bao tir hinh thanh

va d& dang quan sat & ca 2 mit sau 15 ngay nudi cay trén méi trudng PDA (Hinh 3.6C).

Pdc diém bao tir: Cum bao tir (conidiomata) thuong don 1¢ (nhung thudng hinh thanh tap
trung tai mgt khu vyc), dang ri dich c6 mau den dam (phén 16m), mot s6 ¢6 dang cam ca
hdi, dang cac khéi bao tir c6 mau cam c4 hdi (nhat) dén nau ddm (Phuy luc Hinh 3.6E). Bao
tir truong thanh cé kich thude (18-32) x (5-7) pm, bdn vach ngan, nhin va hoi thit lai ¢
vach ngin. Céc té bao bao tir (conidiogenous cells) c6 dang hinh tru trong d6i. Té bao day
c6 hinh nén cut, thanh méng, hoi trong subt, trong khi ba té bao gitra hinh try, thanh nhan;
té bao bao tir thit hai tinh tir ddy c6 mau nau nhat hon; té bao thir ba va thir tu (tinh tir té
bao day) c6 mau nau dam hon va giita 2 té bao nay c6 dic trung v4i vach ngan giita rd hon,
rong hon va c6 c6 mau sam hon cac vach ngin khéc. Té bao bao tir & dinh hinh ndn, thanh
mong, nhin, trong sudt, vd c¢6 2—4 phan phu dinh (phan 16n c6 2). Phan phu dinh
(appendages) & cac bao tir truong thanh khéng phan nhanh, thang dén hoi udn cong nhe,
dai 15-26 pm (giai doan trudng thanh, n = 50). Phan phu goc (té bao day) thuong & dang
don, hinh chi, khong phan nhanh, dai 6-8 pm (n =30). Cac phan phy dinh va gbc ciing duoc
ghi nhan & cac bao tir chua trudng thanh nhung cé su khac bi¢t véi trudng thanh & do dai,

do day.
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Phu luc Hinh 3.7. Cay phat sinh loai (ML) cua 3 phan lap dai dién va cac phan lap tham
chiéu thudc Neopestalotiopsis dua trén tép dir liéu két hop 2 locus ITS + TUB2 + TEFI-a



Chi Colletotrichum

Bang phu luc 3.1. Cac loai Colletotrichum va cac tri¢u chirng lién quan trén cay sen

Phirc hop loai

dwgc xac dinh

Loai/loai phic hgp  Chiing phén lap

dai dién

Triéu chirng dién hinh

gloeosporioides C. fructicola

C. siamense

C. endophytica

C. tropicale

VNHUCC.NEL91

VNHUCC.NEL10

VNHUCC.NEL52

VNHUCC.NEL71

Ghi nhan trén hoi nau dam (mau
nau sam hon so véi cac dang vét

bénh khac) — Sen tring

Lién quan dén 2 dang triéu ching
chinh: théi x4m den, ngan nude trén
14 sen (dac bi¢t 1a 14 trai) va dang
d6m nau vién vang. Tuy nhién,
dang th6i xam den 1a dang pho bién

nhAt.

Lién quan dén cac tri€u chimg hon
hop kho nau + cac vét thoi nau dong

tam

Lién quan dén tri¢u chimg thdi nau
(phan 16n phia dudi vét bénh co

mau sang)

orchidearum C. plurivorum

VNHUCC.NEL92

Lién quan dén céc triéu chimg thdi
nau c6 cac vong dong tim mau nau
O phia trong va kem thém 1-3 16p
ddng tAm mau den xam khong déu
0 vong ngoai. Ghi nhan trén cay sen
trang (phan 16n 1a du ¢ giai doan

som- 14 dii con thép)




Théng tin miu dai dién

VNHUCC.NEL91: Miu dugc thu thap trén 14 sen trang tai HO Tinh Tam (phudng Pong

Ba, Thanh ph6 Hué) véi triéu ching thdi nau (mau nau ddm — sAm mau hon céc triéu ching

khac). Holotype: TND.TITAM.ST.2. Ex-holotype (mau nuéi cdy song): VNHUCC.NEL91

A A =) oD
Colletotrichum fructicola % @J f e

(VNHUCC.NEL91)

Phu luc hinh 3.8. Triéu ching bénh va dic diém hinh thai cua C. fructicola (ching phan
1ap VNHUCC.NEL91). A. Tri€u chung th6i nau dam trén trén sen héng; B. Cac khdi bao
tr mau cam c6 thé quan sat trén cac vét bénh khi 1ay nhidm nhan tao sau 15 ngay; C. Pic
diém hinh thai tan ndm cua C. fructicola trén méi trudng PDA va OA ¢ thoi diém 7 ngay
sau cdy; D-G Cac Khdi bao tir (conidiomata = conidial mass) va két cdu tan nim trén moi
truong PDA; H-N: Bao tir vo tinh; O: ciu triic cta qua thé; P: cudng sinh bao tir va cac bao

tur (conidiophore — conidia)



VNHUCC.NEL10: Miu dugc thu thap trén 14 sen tring c6 triéu chung théi den (kéo dai
tir khi khong trung tdm dén bia 14, mot sé vét bénh quan sat thdy cac khéi bao tir mau cam
c6 thé nhin thay bang mét thudng) tai Phuong Xuan Phu, Thanh phd Hué. Ngay thu thap:
22 thang 10 nim 2022. Holotype: L4[2]D2quan. Ex-Holotype (miu nudi cdy song):
VNHUCC.NEL10

Phu luc hinh 3.9. Triéu chimg bénh va dic diém hinh thai cua C. siamense (chung phan

1ap VNHUCC.NEL10). A. Tri¢u ching thbi xam den sen héng; B. Dic diém hinh thai tan

nam cua C. siamense trén moi truong PDA & thoi diém 10 ngdy sau cdy; C-E Cac khdi bao
tir (conidiomata = conidial mass) va két cau tan ndm trén moi truong PDA; F-H: Khdi bao
tir chira day dic cac bao tir quan sat dudi kinh hién vi; L-N: bao tir vo tinh trén méi trudng

PDA; I: dia 4p (appressoria); J, K: cudng sinh bao tir va cac bao tir (conidiophore — conidia)



VNHUCC.NELS52: Mau duoc thu thap trén sen hong trong mot chiu trong sen canh tai
phuong Pong Ba, Thanh phé Hué. Holotype: KN.TT.SH.020501.D2(5). Ex-holotype
(miu nudi cdy song): VNHUCC.NEL52

Colletotrichum endophytica

(VNHUCC.NEL91)

Phu luc hinh 3.10. Triéu ching bénh va dic diém hinh thai cua C. endophytica (ching
phan 1ap VNHUCC.NEL52). A: Cac bién thé mau sic khac nhau cua tan nim C.
endophytica trén méi trudng PDA ¢ thoi diém 10 ngay sau cdy; B: Triéu chimg hdn hop
(kho nau + cac vét dong tam) trén sen hong; C-E Cac khdi bao tir (conidiomata = conidial
mass) va két ciu tan ndm trén moi truong PDA; F: Mang 1ué6i soi nAm; G, H: cubng sinh
bao tir va cac bao tir (conidiophore — conidia); K, M: dia &p (appressoria); N: bao tir vo tinh.
Thanh ty 1&: 10um



VNHUCC.NEL71: Mau duoc thu thap trén 14 cy sen trang trong 1am canh tai phuong Tay
Loc, Thanh phd Hué. Holotype: DNVV.NHA.0406[3.1]. Ex-holotype: VNHUCC.NEL71

Colletotrichum tropicale

(VNHUCC.NEL71)

Phu luc hinh 3.11. Triéu chting bénh va dic diém hinh thai ciia C. tropicale (ching phan
1ap VNHUCC.NEL71). A-B. Triéu chtng thdi nau trén sen hong twong tng véi mat trén va
dudi ctia vét bénh; C. Pic diém hinh thai tan nAm cua C. tropicale trén moi truong PDA (3
ngay sau cdy), PDA ¥ (10 ngay sau cdy), SNA (7 ngdy sau cdy) va OA (5 ngdy sau cdy);
D-E Cac Khéi bao tir (conidiomata = conidial mass) va két ciu tan nam trén moi truong

PDA; F-H: Bao ttr v tinh trén méi trudng PDA; J: Bao tir dang nay nam.Thanh ty 1&: 10pum



VNHUCC.NEL92: Mau dugc thu thip trén 14 cdy sen trang c6 triéu ching thdi nau dong
tam (tdm vét bénh mau nau sang, cac 16p dong tam khong déu, phia ngoai vét bénh tir 2-3
16p dong tAm mau den xam) tai chau trong sen tring tai phuong Tay Loc, Thanh phd Hué.
Holotype: DNDT.ST.021023. Ex-holotype: VNHUCC.NEL92. Ngay ghi nhan tri¢u chung
va thu thap mau: 02 thang 10 niam 2023.

Colletotrichum plurivorum

(VNHUCC.NEL92)

Phu luc Hinh 3.12. Triéu chirng bénh va dic diém hinh thai cia C. plurivorum (chiing
phan 1ap VNHUCC.NEL92) A. Triéu chiing bénh th6i nau déng tim ghi nhan trén ciy
sen trang; B. V&t bénh khi tién hanh lay nhiém nhan tao; C. Pic diém hinh thai tin ndm
trén moi truong PDA (sau 7 va 20 ngdy sau cay — dpi) va SNA (5 ngay sau cdy); D — F: Két
cAu tan ndm va hinh thai cac qua thé (ascomata) trén mdi truong PDA; G: Mit cét cdu trac
qua thé va 16p vo boc ngoai qua thé (Ascoma & ascoma peridium); H: Tai bao tir chua
truong thanh; K: Ti bao tir (asci) trudng thanh; L: Conidiophores; M-Q: Ascopores. Thanh
ty 1&: 10um

Diic diém hinh thdi (nudi cdy) tin ndm: Trén moi trudng PDA, sau 7 ngay nudi cay, dudng
kinh tan ndm C. plurivorum — phtic hop loai orchiaderum (VNHUCC.NEL92) dat trung

binh tir 78,8 dén 80,6 mm. Ban dau, tdn ndm c6 mau trang nga vaoi két cau bong nhe va vién



déu, trong khi mat dudi cia tan nidm xuat hién cac vong dong tam, trong d6 cac vong &
trung tAm co sic td ddm hon va mau sic nhat dan khi ra xa tim vong (Hinh 3.12C). Sau 20
ngay, mau sic cla tan ndm chuyén sang trang nga dén xam nhat (Hinh 3.12C); dong thoi,
cac cAu truc qua thé nhin phia trén c6 mau den phan b rai rac trén bé mit tan ndm (Hinh

3.12 D-F).

Diic diém vi thé: Hinh thai hitu tinh (sexual morph) ghi nhén trén PDA. Quan sat trén kinh
hién vi, cac ciu triic thé qua (ascomata) c6 mau nau nhat, dén nau sam, 16p vo qua thé gdbm
cac té bao nho xép lién tiép. Tai bao tir (asci) 2 16p hinh chuy dén hinh tru hoi cong, thanh
nhin, c6 6-8 bao tir, c6 budng dinh nhin thiy duoc, trong sudt. Bao tir ti (Ascospore) trong

sudt, thanh nhin, hinh khuyén dén hinh ban nguyét, hoi nhon ¢ 2 dau (Hinh 3.12 M-Q)



Chi Curvularia & Exserohilum

VNHUCC.NEL74: Mau duoc thu thip trén rudng sen héng & Huong Tra, Hué véi triéu
chtng dién hinh vét ddm niu (sang) thudng xuat hién tir mép 14 mé rong va lan dan vao
bén trong. Mit dudi mau ndu xam/nau tro (Ma mau/color code: #a9907¢, Muted tan). Hiém
khi c6 quang halo vang quanh vét bénh. Cac vét bénh ban dau ting dan kich thudc theo
hudng tir ngoai vi vao trung tdm phién 14. Khi hop lai thanh mang 16n, mép ton thuong cé

xu hudng co rit, lam phién 14 cong xoan vao phia trong theo chiéu tién trién cia vét bénh.

Holotype: TNXL.TLSHT.SHO1(3) Ex-holotype: VNHUCC.NEL74

Curvularia verruculosa

(VNHUCC.NEL74)

Phu luc hinh 3.13. Triéu ching bénh va dic diém hinh thai cta Curvularia verruculosa
(chung phéan 14p VNHUCC.NEL74). A-C. Triéu chirng bénh thdi nau, kém theo hién tuong
xoin 14 ghi nhan trén rudng trong cdy sen hong tai thi xa Huong Tra; D. Dic diém hinh thai
tan ndm trén moi trudng PDA (5 ngay sau cdy — dpi); E-M: Bao tir phan sinh; N-P: Cubng

sinh bao tr mang céc bao tir (conidiophore va conidia). Thanh ty 1¢: 10pum

Diic diém vi thé va bao tir (VNHUCC.NEL74): Trén méi trudng PDA, kich thudc tan nAm

45-52.4 mm sau 5 ngay, mau long chudt dén x4m than oliu dam dic trung (Black olive,



Hex code: #40413D), mit nguoc tan nAm mau than réu den dén den theo thoi gian, vién c6
mau tring nga. Céc té bao sinh bao tir (conidiogenous cells) dang tich hop, hinh thanh mot
phén ctia chinh soi nAm (khong tach roi), co thé xuét hién & ddu mat cta soi. Soi nAm mau
nau nhat, c6 vach ngian. Trong qua trinh sinh bao tir, cac dau soi phat trién theo kiéu
sympodial, tao nén cac doan gp khuc lién tiép dic trung. Hinh anh vi thé thudng thay 1a
mot soi mang nhidu “mau gdi” va cac seo bao tir xép léch doc theo cac khiic gap. Bao tir
mau nau nhat, dang thrfmg hodc hoi cong nhe, elip. Bao tir truéng thanh ¢6 3 vach ngan, té
bao bao tir thir 3 ¢o kich thudc 16n hon, mau sic ciing thuong sam hon cac té bao con lai.
Céc té bao day (basal cells) va cac té bao dinh (apical cells) gan nhu khong mau, doi khi

nau nhat

VNHUCC.NELS53 (Curvularia asiatica)

Phu luc hinh 3.14. Triéu chiing bénh va dic diém hinh thai cua Curvularia asiatica (ching
phan 1ap VNHUCC.NEL53). A. Triéu ching bénh théi nau (phia trén vét bénh mau nau,
dudi mau nau nhat) ghi nhan trén sen hong lang Da Lé Chanh; B-M: Bao tir phan sinh (D-

M tuong tmg v6i thanh ty 1& 10 pm); N, O: Cubng sinh bao tir mang cic bao tir

(Conidiophore va conidia).



VNHUCC.NELS1 (Curvularia radicifoliigena):

Curvulariaradicifolligena

(VNHUCC.NEL51)

Upper (7dpi) Reverse (7dpi)

Phu luc Hinh 3.15. Dic diém hinh thai cta Curvularia radicifoliigena (chung phan 1ap
VNHUCC.NEL51). A. Hinh thai tan ndm cta chung phan 1ap VNHUCC.NEL51 trén cac
moi trudng PDA sau 7 ngay cdy (dpi); B-E: Cudng sinh bao tir, cic té bao sinh bao tir va
bao tu; F-M: Bao tir. Thanh ty 1¢: 10 um.

Chung dai dién VNHUCC.NEL51 duoc phan 1ap tir mau vét bénh thdi nau trén rudng sen
hong & Phong Hién, Phong Dién. Miu VNHUCC.NEL305 dugc thu thap véi triéu chimg
tuong tu tai rudng sen lién ké ciing duoc xac dinh dya trén cac dic diém hinh thai va phan
tie (ITS, GAPDH) 1a C. radicifoliigena. Vét bénh do tic nhan nay dic trung véi cac mang
hoai tr mau niu sang dén nu dam & trung tam. Ria tén thuong c6 quang vang—xanh. Cac

mod veét bénh theo thoi gian tréd nén khd va gion. Mat dudi vét bénh cd mau nau xam dén



xam tro. Vét bénh lan nhanh theo mang 16n, gdy nhitng t6n hai 16n & bé mit 14 du — 14 dam

nhiém nhiém vu quang hop chinh cuia cay sen.
Holotype: TN.PHPD.SH.R1.6 Ex-holotype: VNHUCC.NEL51

Piic diém vi thé va bao tir (VNHUCC.NELS51): Nudi ciy trén PDA, sau 7 ngdy. Mit trén
mau xam nhat dén xam 6-liu, bé mait mo, dang bong min; vung trung tim nhat mau hon,
trong khi viung ngoai vi dam hon nhe, tao gradient sdc thai tir tAm ra ria khuén lac. Mt du6i
tan nam c6 nau den dén gan nhu den, phan bd mau twong dbi dong nhat; khu vuc trung tim
sam rd va lan déu ra xung quanh, ria ¢ thé nhat hon nhung van nam trong ph6 nau den.
Cubng sinh bao tir (conidiophore) dang thang dén hoi cong, c¢6 vach ngin rd va thanh nhin
(Phu luc Hinh 3.15B-E), thudng don 1é hodc mét sb truong hop phan nhanh don gian (Phu
luc Hinh 3.15C, D). Té bao sinh bao tir (conidiogenous cell) dang tich hop trén
conidiophore, kiéu holoblastic—porogenous, phat trién theo 161 sympodial — theo kiéu gap
khuac dac trung; vét seo nho & dau hodc doc bén hong. Bao tir don hoi cong nhe, mat sb
dang elip dén ludi liém, hai dau thuon, té bao giita phinh va thuong sim mau hon. Bao tir

c6 3 vach ngan

VNHUCC.NELS7 (C. dactyloctenicola)

Curvularia dactyloctenicola 2 3 2 . 1
(VNHUCC.NEL57) £

PDA PCA SNA 2 8 :

Q W

000

Phu luc hinh 3.16. Dic diém hinh thai ciia Curvularia dactyloctenicola (ching phan lap
VNHUCC.NEL57). A. Hinh thai tin nim cua ching phan lap VNHUCC.NEL57 trén cac
moi truong PDA, PCA va SNA; B, C: Cudng sinh bao tir va céc té bao sinh bao tir; D-G:
Bao tir phan sinh. Thanh ty 1¢: 10 pm.




VNHUCC.NEL93 (C. plantarum): Chung dai dién cua loai Curvularia plantarum dugc
phan lap tir gidng sen trang tai HO6 Tinh TAm (Thtra Thién Hué), ky hiéu VNHUCC.NEL93.
Trén cung gidng sen tring, nghién cru con ghi nhan ba ching khac ciing duge cac dinh 1a
C. plantarum, bao gébm: VNHUCC.NEL68, VNHUCC.NEL66 va VNHUCC.NEL9.
Ngoai ra, loai ndy ciing duoc phét hién trén giéng sen hong cao san, v6i cac ching twong
ung: VHUCC.NEL32, VNHUCC.NEL35 va VNHUCC.NEL300. Cung v6i d6, cac ching
nay duoc ghi nhan trén ca 3 phan dang sinh canh trong nghién ctru ctru: ruong, hd, chau.

Vét bénh dic trung cua loai nay la dang thdi nau dam, lan tir tia mo rong vao trung tam,

khong ghi nhén su xuat hién cac quang halo ¢ ria vét bénh.

Pic diém nudi cAy va vi thé: Trén moi truong PDA, khuén lac sau 7 ngay c6 dang tron
déu, mat chinh tan nAm xam luc nhat dén 6 liu xam, trung tAm sam hon; bé mit min dén
hoi bot, c6 vong dong tim md. Mit nguoc (reverse) ndu xam dén xanh den, ving ria c6
mau tring nga. Cudng sinh bao tir 16n, phat trién gdi 1én nhau, vach ngin rd (septate), thanh
nhan, mau nhat dén nau nhat. Conidiophore c¢6 thé don 1é hoidc phan nhanh don gian, chu
yéu moc don phat tir soi nAm. Pinh va cac vi tri cin dinh mang té bao sinh bao tir tich hop.
Té bao sinh bao tir (conidiogenous cells) dang tich hop trén conidiophore, kiéu phat sinh
theo 16i gap khiic tai ving dinh hozc cén dinh. Bao tir thang hodc phan 16n hoi cong nhe,
hai dau thuén (phan 16n nhon hon rd rét & dau), c6 3 vach ngin khi ¢ dang trudng thanh.

Céc té bao bao tir thir 2 va thir 3 (t€ bao bao tir trung gian) c6 mau sic sim hon so véi cac



loai té bao bao tir con lai. Dic biét, té bao bao tir thir 3 ¢6 kich thudc 16m nhét. Kich thudce
15-22(-25) x 4.2 -5.3 um (6-9 um tai phan rong nhét ctia t& bao bao tir thir 3). Rén (hilum)

rd ¢ dau cua té bao bao tir dinh

Curvularia plantarum
VNHUCC.NEL93

Phu luc Hinh 3.17. Pic diém hinh thai cua Curvularia plantarum (chung phan 1ap
VNHUCC.NEL93). A. Hinh thai tan nim cta chung phan 1ap VNHUCC.NEL93 trén cac
moi trudng PDA sau 7 ngdy cdy (dpi); B: Cudng sinh bao tir, cac t& bao sinh bao tir va bao
tur; F-M: Bao tu. Thanh ty 1¢: 10 pm.



Exserohilum

Exserohilum rostratum

(VNHUCC.NELS56) (VNHUCC.NEL33)

Phu luc hinh 3.18. Triéu chimg bénh va dic diém hinh thai ctia Exserohilum rostratum
(chung phéan 1ap VNHUCC.NEL56). A-C. Triéu chtrng bénh khé nau nhung c¢6 quan (vién)
vang ghi nhan trén ruong trong ciy sen hong tai Lang Thiéu Tri, Thity Bang, Thanh ph
Hué; D. Pic diém hinh thai tan nidm trén modi truong PDA cua 2 ching phan lap
VNHUCC.NEL56 va VNHUCC.NEL33 (5 ngay sau cay — dpi); E: Cudng sinh bao tir mang
cac bao tir (Conidiophore va conidia); F: Chlamydospore; G: cac té bao sinh bao tir

(conidiogenous cells, miii t€én mau vang). H-R: bao tu. Thanh ty 1¢: 10um

VNHUCC.NELS56: Mau dugc thu thap tai ruong sen trudc mit Lang Thiéu Tri, Thity Bﬁng,
Thuy Xuén. Triéu ching dién hinh 1 ddm khong déu va c6 mau nau sim dén den, véi
quang vang, theo thoi gian chay 14 va kho héo, c6 rat nhiéu vét nhin ¢ bé mat 1a. Mit duéi
vét bénh mau nau do hat dé (Ma mau/color code: #914825 - chesnut) dén nau sim (#582al3
- seal brown). Trén moi truong PDA, dudng kinh tan ndm sau 5 ngay dao dong tir 74-80mm.
Céc ching déu dat dudng kinh tbi da ctia dia Petri 90mm sau 7 ngay. Tan nam bong (soi
nam khi sinh day dic) ¢ ving trung tim c6 mau niu nhat dén nau xam (French bistre, color

code #856d4d), sac nau nhat dan khi ra dén ria. Mat ngugc tdn nam c6 mau xam réu, xam



xanh (Gunmetal, color code #212¢3¢) chiém phan 16n (5/6 dién tich), vong ria chiém (1/6)
c6 mau trang rd rét. Theo thoi gian, mau sic chuyén dan sang réu xam dén den. Bao tir
théng, hoi cong nhe, c6 mau nau nhat hay nau oliu, c6 kich thudc 16n, vach ngén rd rét, mot
s6 bao tir trudng thanh co thé dat 13-14 vach ngan (s6 luong vach ngin dao dong tir 2-14
tiy muc do trudng thanh). Chlamydospore: ghi nhan trén méi truong PDA. Cudng sinh bao
tr mau nau nhat, phan 16n dang don, mot s6 ¢6 phan nhanh. C6 rén 16i (protuberant hilum)

dac trung & mot dau cua bao tu.

Chi Diaporthe

Phu luc Hinh 3.19. Pic diém hinh thai cia cac chung phan 1ap thudc chi Diaporthe va cac

khoi bao tir (conidiomata) trén bé mat tdn nam



Phan tich ranh gidi loai ciia cac ching ghi nhan trong chi Diaporthe ciia nghién ctru

Y

nay

Diaporthe hongkongensis ZJUDT4

Diaporthe rhodomyrti CFCC53102

Diaporthe eucalypiorum CBS132525
Diaporthe araifaechinensis GUCC412.7

Diaporthe lagersiroemiae SCHM3608

Diaporthe lithocarpus CGMCC3.15178
VNHUCC.NEL21
VNHUCC.NEL20

Diaporthe eucommiiae SCHM0020

Diaporthe lithocarpus CGMCCJ.15175

@w =1,363E-
Diaporthe hongkongensis CBS115448

0,008

Diaporthe salinicola MFLU18-0553

Diaporthe australiana BRIP66145

Phu luc Hinh 3.20. Biéu d6 phan tich ranh gi6i loai theo phwong phap GCPSR ciia ching
phéan 1ap VNHUCC.NEL20, VNHUCC.NEL21 v6i1 cac don vi phan loai li€én quan

VNHUCC.NEL77

Diaporthe efeutherrhenae 02

Diaporthe yunnanensis LC6168

Diaporthe pseudobauhiniae MFLU17-0964

0,014
@w = 0,3137

Diaporthe siamensis MFLUCG10-0573a

Diaporthe fici-septicae MFLU18-2588

Phu luc Hinh 3.21. Biéu d6 phan tich ranh gi6i loai theo phwong phap GCPSR ciia ching
phan lap VNHUCC.NEL77 v6i cac don vi phan loai lién quan



VNHUCC.NEL89 Diaporthe hubeiensis JZB320123
VNHUCC.NEL83

Diaporthesp.LC6232

Diaporthe tectonae KNU16-003

Diaporthe alangii CFCC52556

’(I
Diaporthe tectonae MFLUCC12-0777 N >
Diaporthe tectonae MFLUCC14-1139

Diaporthe morindae ZHKUCC22-0072

Diaporthe tulliensis A15L

Ow =0,71484
0,004

Diaporthe tullien:

Diaporthe tulliensis fsp4-1

Diaporthe tulliensis BRIP62248a

Phu luc Hinh 3.22. Biéu d6 phén tich ranh gidi loai theo phuong phap GCPSR cua chiing
phéan 1ap VNHUCC.NELS83, VNHUCC.NELZ89 v6i cac don vi phan loai lién quan
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Phu luc Hinh 3.23. Biéu dd phan tich ranh gi6i loai theo phuwong phap GCPSR ciia ching
phan 1ap VNHUCC.NEL40 véi cac don vi phan loai lién quan
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Phu luc Hinh 3.24. Két qua phén tich
cdy phat sinh theo phuwong phap dong
t6 tién PTP (Poisson tree processes)
cua 3
VNHUCC.NEL20, VNHUCC.NEL21
va VNHUCC.NELS8
phuong phap phan loai loai dya trén

chung phéan lap

day la mot

phan bd Poisson theo cac su kién dot

bién trén cdy phat sinh loai.
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Hinh 3.25. Két qua phan tich ciy phat
sinh theo phuwong phap ddng to tién
(hop nhit) PTP
processes) cua 3 chung phan lap
VNHUCC.NEL83, VNHUCC.NELS89
va VNHUCC.NEL77

(Poisson  tree



Khi phéan tich ranh gidi loai cia 2 chung phan lap VNHUCC.NELS3,
VNHUCC.NELS9 cua chi Diaporthe, nghién ctru nay da tién hanh 4 phan tich doc 1ap bao
g6m phan tich phat sinh loai da locus/don locus, GCPSR, va phuong phap hop nhat dong
t6 tién PTP - va cac két qua dugc xem nhu tirng bang chimg doc 1ap (Hinh 3.16, Phu luc
Hinh 3.20, 3.23). Tuy nhién, d6i 2 voi ching phan lap VNHUCC.NELS3,
VNHUCC.NELS9 trong khi 2 phuong phap phan tich phat sinh loai da locus va GCPSR
déu cho thiy, 2 chiing phan 1ap nay dugc chi dinh cho loai D. tectonae ddc 1ap va tach biét,
khong c6 su tai to hop v6i cac loai co mobi quan hé phat sinh gan (D. tuliensis, D. hubeiensis,
D. alangii, D. morindae, D. glabrae). Bén canh d6, c6 1 dic diém hinh thai rat khac biét
trong nhom nay 1a cac khdi bao tir (conidiomata) ctia D. tectonae rat 16n so véi cac phan
loai c6 mbi quan hé phat sinh gan. Tuy nhién, phan tich sir dung phuong phap hop nhat
d6ng to tién PTP lai chi ra ring cac loai ndy c6 chung 1 t6 tién va nén chi dinh cho 1 loai
duy nhét (Phu luc Hinh 3.23).

Trong trudng hop cia VNHUCC.NEL20, VNHUCC.NEL21 tit ca cic bang ching
(phat sinh loai da locus, GCPSR, PTP) déu chi ra ring cac phan loai nay nén chi dinh cho
1 loai duy nhat. Xét vé lich sy ghi nhan ciing nhu cac ky chu dugc bio céo, Diaporthe
hongkongensis do Gomes va cdng sy bao cao (2013). Tiép theo, D. lithocarpus dugc Gao
va cong su (2014) mo ta lan dau tir cay soi (Lithocarpus glabra) & Trung Qubc, trong khi
D. eucalyptorum dugc Crous va cdng sy (2012) bao céo tir mot loai Eucalyptus sp. & Uc.
Niam 2017, Gao va cong su tiép tuc mé ta D. lagerstroemiae, tén goi dugc 1y theo tén ky
cha phan lap cay Tuong vi - Lagerstroemia indica & Trung Qudc. Nam 2018, D. eucommiae
dugc phan lap to Fucommia ulmoides dugc bao cao boi Jiang va cong sy (2018) cling &
Trung Quéc. Diaporthe australiana dugc phat hién trén cdy macca (Macadamia sp.) tai Uc
(Wrona va cong su, 2020), trong khi D. salinicola dugc bao cdo tir rung ngdp man ¢ Thai
Lan (Dayarathne va cong su, 2020). D. rhodomyrti 1a loai méi nhat dugc gidi thiéu trong
nhém nay va dugc phan 13p trén Rhodomyrtus tomentosa tai Trung Quéc (Cao va cong su,
2022). Do d6, dua trén cac két qua va cac bang chimg ghi nhan vé ranh gi6i loai trong
nghién ctru nay, tam loai ké trén duwoc dé xudt 1a dong nghia danh phap véi D.
hongkongensis va 2 chung phan 1ap VNHUCC.NEL20, VNHUCC.NEL21 ciing dugc chi
dinh cho danh phép Diaporthe hongkongensis.
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Phu luc Hinh 3.26. Céc cay phat sinh loai ML don gene tuong Uing v&i ting locus: A. ITS,
B. TEFI-a, C. TUB2 cua 3 chung phan 1ap VNHUCC.NEL83, VNHUCC.NELS89 va

VNHUCC.NEL77. Thanh ty 1¢ biéu thi s lwong thay thé wéc tinh trén mdi vi tri nucleotide.



PHU LUC 4 — PHAN TiCH VE CAC TAC PONG CUA VAT LIEU NANO BAC LEN CAC TAC NHAN GAY HAI TREN CAY SEN

Phu luc Béang 4.1. Hiéu luc trc ché (%) cua 29 ching phan 1ap thir nghiém trén méi trudng PDA sau 7 ngdy

Hiéu lwc e ché (%)

Ching phan lap
Chi ., n .. Nano bac (mg/L)

thir nghiém DPoi chirng PC (Hex)

0,1 (mg/L) 1(mg/L) 10(mg/L) 20 (mg/L) 30 (mg/L)

Exserohilum VNHUCC.NEL56 0 0,000 0,000 49,667 69,333 73,292 7,000
Curvularia VNHUCC.NELS57 0 -2,583 25,534 68,902 71,088 79,185 3,428
Curvularia VNHUCC.NELS2 0 0,000 0,000 27,875 54,167 65,292 26,583
Curvularia VNHUCC.NELS80 0 0,000 0,000 0,000 1,042 24,208 0,000
Curvularia VNHUCC.NEL51 0 4,422 18,848 76,954 82,180 90,085 42,251
Curvularia VNHUCC.NEL9%4 0 0,000 0,000 4,583 7,083 67,583 0,000
Curvularia VNHUCC.NEL37 0 4,167 3,000 39,792 41,750 72,417 100,000
Curvularia VNHUCC.NEL95 0 0,000 0,000 23,208 28,958 53,958 2,667
Curvularia VNHUCC.NEL93 0 0,000 13,292 24,458 44917 77,167 45,875
Curvularia VNHUCC.NEL31 0 0,000 0,000 4,750 21,542 87,333 100,000
Curvularia VNHUCC.NEL32 0 12,619 11,433 33,444 63,994 80,550 49,715
Curvularia VNHUCC.NEL42 0 11,685 8,822 10,934 48,569 69,404 100,000
Curvularia VNHUCC.NEL74 0 15,189 17,083 27,797 56,670 83,649 34,122
Colletotrichum VNHUCC.NEL71 0 0,000 0,542 18,833 34,250 63,750 79,042
Colletotrichum VNHUCC.NEL10 0 3,237 1,925 36,177 44,269 71,522 5,293
Colletotrichum VNHUCC.NEL91 0 0,000 7,333 13,917 27,625 66,833 4,750



Colletotrichum VNHUCC.NEL52 0 0,000 0,000 1,833 29,792 58,417 45,417
Colletotrichum VNHUCC.NEL92 0 0,000 0,000 18,083 34,375 70,750 32,417
Colletotrichum VNHUCC.NEL72 0 0,000 0,000 26,833

Colletotrichum VNHUCC.NEL70 0 2,849 0,407

Lasiodiplodia VUNHUCC.NEL38 0 0,000 0,000

Neofusicoccum VNHUCC.NEL18 0 0,000 0,000

Neopestalotiopsis VNHUCC.NEL13 0 0,000 0,000

Diaporthe VNHUCC.NEL77 0 0,000 0,000

Diaporthe VNHUCC.NEL20 0 0,000 0,000 77,500

Diaporthe VNHUCC.NELS8 0 0,000 0,000 69,458

Diaporthe VNHUCC.NELS89 0 0,000 0,000 0,000 60,042 63,292 100,000
Nigrospoera VNHUCC.NEL30 0 0,000 0,000 49,667 69,333 73,625 -
Aspergillus VNHUCC.NEL160 0 0,000 1,725 45,020 56,471 73,647 86,784




Phu luc Bang 4.2. Gi4 tri ECso theo dudng cong liéu lugng-dap tmg (dose-response) ctia cac chung phan 1ap dai dién dya trén ba

mo hinh hdi quy logarit tuyén tinh, ndi suy theo truc ndng d6 logio va hdi quy Probit v6i phép chuyén d6i logio

ECso R? ECso ECso R
Chi/Loai Chiing phén lap (theo hdi quy logarit (Logarit (ndi suy theo truc (theo hdi quy Probit- (Probit logo)
. ] A robit log1o
tuyén tinh) tuyén tinh) nong do logio) log10) &
Exserohilum rostratum VNHUCC.NEL56 8,117 0,878 10,118 12,075 0,929
Curvularia dactyloctenicola VNHUCC.NEL57 3,871 0,986 3,666 5,022 0,886
ECs0>30
Curvularia sp. VNHUCC.NELS80 NA 10,739 0,919
(974800664)
Curvularia sp. VNHUCC.NELS2 22,035 0,811 17,919 18,876 0,933
C. plantarum VNHUCC.NEL93 18,980 0,741 21,320 17,486 0,774
ECs0>30
Curvularia sp. VNHUCC.NEL9%4 26,665 27,715 0,816
(479,552)
ECs0 >30 ECs0>30
C. senegalensis VNHUCC.NEL95 0,755 28,135 0,879
(120,915) (30,012)
ECso0 >30
Curvularia sp. VNHUCC.NEL31 23,834 22,543 0,895
(56,639)
C. plantarum VNHUCC.NEL32 8,522 0,740 14,559 9,442 _
Curvularia sp. VNHUCC.NEL37 18,728 0,782 22,305 17,656 0,778
ECs0>30 ECso >30
C. suttoniae VNHUCC.NEL42 20,565
(41,586) (32,949)
C. radicifoliigena VNHUCC.NELS1 2,721 0,949 3,436 3,422 0,919
C. verruculosa VNHUCC.NEL74 9,810 _ 17,041 10,235 _
Colletotrichum siamense VNHUCC.NEL10 19,700 0,791 21,779 18,051 0,802
ECs0>30
C. endophyticum VNHUCC.NELS52 26,628 26,703 0,938
(228,298)
C. siamense VNHUCC.NEL70 27,532 22,934 20,853




ECso0>30

C. tropicale VNHUCC.NEL71 24,833 25,339 0,881
(63,047)
ECso>30 ECs0>30
C. siamense VNHUCC.NEL72 NA 0,861
(6696763) (43,543)
ECs0 >30 ECso >30
C. fructicola VNHUCC.NEL91 25,207 0,720
(86,236) (32,670)
C. plurivorum VNHUCC.NEL92 46,410 23,805 22,418 0,907
Neopestalotiopsis sp. VNHUCC.NEL13 5,182 0,870 6,543 9,139 0,915
Neofusicoccum parvum VNHUCC.NEL18 8,146 0,870 8,189 11,897 0,915
Nigrospora lacticolonia VNHUCC.NEL30 8,065 0,878 10,118 11,983 0,932
ECs0 >30
Lasiodiplodia theobromae VNHUCC.NEL38 27,239 29,279 0,981
(1572,324)
Aspergillus niger VNHUCC.NEL160 11,135 0,876 13,518 13,657 0,924
Diaporthe hongkongensis VNHUCC.NEL20 15,578 15,984 17,876 0,936
Diaporthe sp. VNHUCC.NEL77 2,274 0,860 3,209 3,871 0,984
Diaporthe sp. VNHUCC.NELS88 25,738 16,908 20,299 0,899
ECso0 >30
Diaporthe tectonae VNHUCC.NEL89 17,811 22,069 0,870

(41,690)
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Phu luc Hinh 4.1. Duong
(cong) ndng d6 - dap ung
cung v6&i vi tri xac dinh
ngudng ECso cua cac chung
phén lap dai di¢én twong Ung
theo cac diém dir liéu thuc
nghiém. Cac duong mau xanh
luc: thé hién duong dap tmg
theo mé hinh logarit tuyén
tinh (Linear-log regression),
mau tim: thé hién duong dap
ung theo phuong phéap ndi suy
theo truc nong do logio (log
interpolation), dudng mau
cam: thé hién duong dap g
theo md hinh Probit logio. Céac
duong doc danh dau gia tri
ECs theo tirng mo hinh twong
mg v6i cung mau sic. Cac
dai md mau biéu thi khoang
tin cay 95% cua céc udce tinh.
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Phu luc Hinh 4.2. Pudng (cong) ndng do - dap img cting vai vi tri xac dinh ngudng ECso cia cac ching phan 1ap dai dién tuong tmg theo cac diém di
liéu thuc nghiém. Cac duong mau xanh luc: thé hién duong dap tmg theo mo hinh logarit tuyén tinh (Linear-log regression), mau tim: thé hién dudng
dap g theo phuong phap noi suy theo truc ndng do logio (log interpolation), dudng mau cam: thé hién dudng dép img theo mé hinh Probit logio. Cac
dudng doc danh dau gia tri EC50 theo timg m hinh tuong tmg véi cing mau sic. Cac dai md mau biéu thj khoang tin cdy 95% ctia cac udc tinh.



VNHUCC.NEL8O (Curvularia sp.) VNHUCC.NELB82 (Curvuiaria sp.)
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Phu luc Hinh 4.3. Puong (cong) néng do - dép tmg cting véi vi tri xac dinh ngudng ECso cta cic chung phan 1ap dai dién tuong tmg theo cac diém dit
liéu thuc nghiém. Cac duong mau xanh luc: thé hién duong dap tmg theo mé hinh logarit tuyén tinh (Linear-log regression), mau tim: thé hién dudng
d4p tmg theo phuong phéap noi suy theo truc ndong do logio (log interpolation), dudng mau cam: thé hién dudng dap tng theo mé hinh Probit logjo. Cac
dudng doc danh dau gia trj EC50 theo timg mé hinh tuong timg voi cting mau sic. Cac dai md mau biéu thi khoang tin ciy 95% clia cac udc tinh.



VNHUCC.NELS2 (Colletotrichum endophytica) VNHUCC.NEL71 (Colletotrichum tropicale)
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Phu luc Hinh 4.4. Puong (cong) néng do - dép tmg cting véi vi tri xac dinh ngudng ECso ctia cac chung phan 1ap dai dién tuong tmg theo cac diém dir
liéu thie nghiém. Cac duong mau xanh lyc: thé hién duong dap tmg theo mé hinh logarit tuyén tinh (Linear-log regression), mau tim: thé hién dudng
d4p tmg theo phuong phéap noi suy theo truc nong do logio (log interpolation), dudng mau cam: thé hién dudng dap tmg theo mé hinh Probit logjo. Cac
dudng doc danh dau gia trj ECso theo tirng mé hinh trong tmg véi cting mau sac. Cac dai mo mau biéu thi khoang tin cay 95% cua cac udc tinh.



VNHUCC.NEL10 (Colletotrichum siamense) VNHUCC.NEL70 (Colletotrichum siamense)
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Phu luc Hinh 4.5. Puong (cong) néng do - dép tmg cting véi vi tri xac dinh ngudng ECso ctia cac chung phan 1ap dai dién tuong tmg theo cac diém dir
liéu thie nghiém. Cac duong mau xanh lyc: thé hién duong dap tmg theo mé hinh logarit tuyén tinh (Linear-log regression), mau tim: thé hién dudng
d4p tmg theo phuong phéap noi suy theo truc nong do logio (log interpolation), dudng mau cam: thé hién dudng dap tmg theo mé hinh Probit logjo. Cac
dudng doc danh dau gia trj ECso theo tirng mé hinh trong tmg véi cting mau sac. Cac dai mo mau biéu thi khoang tin cay 95% cua cac udc tinh.



VNHUCC.NEL77 (Diaporthe sp.) VNHUCC.NELBS (Diaporthe tectonae)
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Phu luc Hinh 4.6. Puong (cong) ndng do - dép tmg cting véi vi tri xac dinh ngudng ECso ctia cic chung phan 1ap dai dién tuong tmg theo cac diém dir
liéu thie nghiém. Cac duong mau xanh lyc: thé hién duong dap tmg theo mé hinh logarit tuyén tinh (Linear-log regression), mau tim: thé hién dudng
d4p tmg theo phuong phéap noi suy theo truc nong do logio (log interpolation), dudng mau cam: thé hién dudng dap tmg theo mé hinh Probit logjo. Cac
dudng doc danh dau gia trj ECso theo tirng mé hinh trong tmg véi cting mau sac. Cac dai mo mau biéu thi khoang tin cay 95% cua cac udc tinh.



VNHUCC.NEL 18 (Neofusicoccum parvumy) VNHUCC.NEL30 (Nigrospora lacticolonia)
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Phu luc Hinh 4.7. Puong (cong) néng do - dép tmg cting véi vi tri xac dinh ngudng ECso ctia cac chung phan 1ap dai dién tuong tmg theo cac diém dir
liéu thie nghiém. Cac duong mau xanh lyc: thé hién duong dap tmg theo mé hinh logarit tuyén tinh (Linear-log regression), mau tim: thé hién dudng
d4p tmg theo phuong phéap noi suy theo truc nong do logio (log interpolation), dudng mau cam: thé hién dudng dap tng theo mé hinh Probit logjo. Cac
dudng doc danh dau gia trj EC50 theo timg mé hinh tuong tmg voi cting mau sic. Cac dai md mau biéu thi khoang tin ciy 95% clia cac udc tinh.



VNHUCC.NEL160 (Aspergillus niger) VNHUCC.NEL38 (Lasiodiplodia theobromae)
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Phu luc Hinh 4.8. Pudng (cong) ndng do - dap g cting vai vi tri xac dinh ngudng ECso ctia cac ching phan 1ap dai dién tuong tmg theo cac diém di
liéu thuc nghiém. Cac duong mau xanh luc: thé hién duong dap tmg theo mo hinh logarit tuyén tinh (Linear-log regression), mau tim: thé hién dudng
dap g theo phuong phap noi suy theo truc ndng do logio (log interpolation), dudng mau cam: thé hién dudng dap img theo mé hinh Probit logio. Cac
dudng doc danh dau gid tri ECso theo timg mé hinh trong tmg véi cting mau sic. Cac dai mo mau biéu thi khoang tin ciy 95% cua cac udc tinh.
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Phu luc Hinh 4.9. Su khac biét trong phan bé mirc d6 nhay cam cuia cac ching phan
1ap theo dir li¢u gia tri udc tinh ECso trong g véi cac mo hinh udce tinh khac nhau



Bang phu luc 4.3. Gia tri OD2¢o trung binh theo cac mbc thoi gian (3, 12, 24, 36, 48
gi®) dudi cac diéu kién xur 1y khac nhau (Control — Déi chimg, AgNPs 5 mg/L va AgNPs

30 mg/L.
ID Time Control AgNPsS AgNPs3(
NEL10 3 0,155333 0,193667 0,198333
12 0,165 0,202667 0,219
24 0,174 0,247 0,297333
36 0,174333 0,263 0,357333
48 0,177667 0,274667 0,362
NEL160 3 0,221667 0,255333 0,296667
12 0,246333 0,279667 0,339
24 0,256 0,304667 0,384667
36 0,265333 0,330667 0,413333
48 0,262333 0,362333 0,450667
NEL38 3 0,143 0,165667 0,174667
12 0,156 0,170667 0,191333
24 0,166 0,206 0,256667
36 0,173333 0,247667 0,303333
48 0,181333 0,281 0,311333
NEL5S1 3 0,054333 0,127333 0,223333
12 0,088333 0,168667 0,270333
24 0,119333 0,191333 0,330667
36 0,137333 0,252333 0,408333
48 0,172667 0,293 0,451333
NEL5S6 3 0,134667 0,138333 0,152
12 0,142667 0,151667 0,175667
24 0,184 0,221667 0,295333
36 0,204 0,260333 0,354667
48 0,213667 0,289667 0,414
NEL74 3 0,098667 0,110333 0,122667
12 0,123 0,147333 0,155333
24 0,129667 0,211333 0,291
36 0,134667 0,233333 0,321333
48 0,138667 0,238 0,331667
NEL80 3 0,084 0,095333 0,122333
12 0,092333 0,113667 0,194667
24 0,123333 0,146667 0,258
36 0,144 0,166 0,293667
48 0,162667 0,189333 0,325333
NEL93 3 0,123333 0,136 0,153333
12 0,138333 0,184 0,24
24 0,156667 0,216667 0,260667
36 0,18 0,235667 0,304
48 0,194333 0,263 0,39




Bing phu luc 4.4. Gia tri d6 dan dién ngoai bao (EEC) theo céac mbc thoi gian (3, 12,
24, 36, 48 gid) dudi cac diéu kién xir 1y khac nhau.

ID Time Treatment Mean SD

NEL10 3 AgNPs30 97 2
NEL10 3 AgNPs5  90,66667 1,154701
NEL10 3 Control 88 2,645751
NEL10 12 AgNPs30 103 2,645751
NEL10 12 AgNPs5 96 1
NEL10 12 Control 90,66667 0,57735
NEL10 24 AgNPs30 125,3333 2,309401
NEL10 24 AgNPs5  105,3333 1,527525
NEL10 24 Control 93,33333 1,154701
NEL10 36 AgNPs30 155,6667 1,154701
NEL10 36 AgNPs5  129,6667 0,57735
NEL10 36 Control 95,33333 1,527525
NEL10 48 AgNPs30 190,6667 4,041452
NEL10 48 AgNPs5 139 2,645751
NEL10 48 Control 100,3333 1,527525
NEL160 3 AgNPs30 123  2,645751
NEL160 3 AgNPs5  117,3333 2,516611
NEL160 3 Control 95 2
NEL160 12 AgNPs30 134,6667 3,785939
NEL160 12 AgNPs5 127 1,732051
NEL160 12 Control 101 1
NEL160 24 AgNPs30 146,3333 3,05505
NEL160 24 AgNPs5  135,3333 1,527525
NEL160 24 Control 103,6667 1,527525
NEL160 36 AgNPs30 182,3333 3,05505
NEL160 36 AgNPs5  156,6667 2,081666
NEL160 36 Control 107 1
NEL160 48 AgNPs30 217,3333 3,05505
NEL160 48 AgNPs5 177 2,645751
NEL160 48 Control 112 3
NEL38 3 AgNPs30 97 0
NEL38 3 AgNPs5  85,66667 3,511885
NEL38 3 Control 85,33333 1,527525
NEL38 12 AgNPs30 104 1,732051
NEL38 12 AgNPs5 91,66667 0,57735
NEL38 12 Control 88,66667 0,57735
NEL38 24 AgNPs30 114 2
NEL38 24  AgNPs5 102 2,645751
NEL38 24 Control 92,33333 1,527525
NEL38 36 AgNPs30 121 1
NEL38 36 AgNPs5 110 1

NEL38 36 Control 94,66667 0,57735




NEL38 48 AgNPs30 164,3333 2,081666
NEL38 48 AgNPs5  134,3333 3,05505
NEL38 48 Control 100 1,732051
NEL51 3 AgNPs30 89,33333 4,041452
NEL51 3 AgNPs5  90,66667 1,527525
NEL51 3 Control 79,33333 1,154701
NEL51 12 AgNPs30 116,6667 2,081666
NEL51 12 AgNPs5 101 4,582576
NEL51 12 Control 66,33333 1,527525
NEL51 24 AgNPs30 124,3333 2,886751
NEL51 24 AgNPs5  111,6667 2,886751
NEL51 24 Control 71  1,732051
NEL51 36 AgNPs30 147 1
NEL51 36 AgNPs5  138,6667 1,527525
NEL51 36 Control 84,66667 2,516611
NEL51 48 AgNPs30 182 4
NEL51 48 AgNPs5  156,3333 1,527525
NEL51 48 Control 94,33333 1,527525
NEL56 3 AgNPs30 108,3333 1,527525
NEL56 3 AgNPs5 103 1
NEL56 3 Control 102,3333 2,516611
NEL56 12 AgNPs30 129,6667 1,527525
NEL56 12 AgNPs5  121,3333 2,081666
NEL56 12 Control 114 2,645751
NEL56 24 AgNPs30 164,3333 2,081666
NEL56 24 AgNPs5  131,6667 1,527525
NEL56 24 Control 118,6667 1,527525
NEL56 36 AgNPs30 195,6667 3,05505
NEL56 36 AgNPs5  162,3333 2,516611
NEL56 36 Control 120 1
NEL56 48 AgNPs30 211,6667 3,05505
NEL56 48 AgNPs5  173,3333 3,511885
NEL56 48 Control 123 2
NEL74 3 AgNPs30 110,6667 3,05505
NEL74 3 AgNPs5  110,3333 1,527525
NEL74 3 Control 87,66667 2,081666
NEL74 12 AgNPs30 128 2,645751
NEL74 12 AgNPs5  128,3333 0,57735
NEL74 12 Control 90,33333 2,886751
NEL74 24  AgNPs30 148 3,605551
NEL74 24 AgNPs5  141,6667 2,886751
NEL74 24 Control 91 1
NEL74 36 AgNPs30 203,3333 3,511885
NEL74 36 AgNPs5 170 3
NEL74 36 Control 99 3,605551
NEL74 48 AgNPs30 235,3333 0,57735



NEL74 48 AgNPs5  193,3333 6,027714

NEL74 48 Control 104,6667 1,527525
NELS8O0 3 AgNPs30 108,6667 1,527525
NELS8O0 3 AgNPs5  100,6667 1,154701
NELS8O0 3 Control 96 2
NELS8O0 12 AgNPs30 117,3333 2,516611
NELS8O0 12 AgNPs5 106 2
NELS80 12 Control 99 1
NELS8O0 24  AgNPs30 155 2,645751
NELS8O0 24 AgNPs5  131,3333 3,511885
NELS8O0 24 Control 101 1
NELS80 36 AgNPs30 175,6667 3,21455
NELS8O0 36 AgNPs5  146,3333 2,309401
NELS8O0 36 Control 100 2
NELS8O0 48 AgNPs30 192,6667 2,081666
NELS8O0 48 AgNPs5  159,3333 3,05505
NELS8O0 48 Control 104,3333 2,081666
NEL93 3 AgNPs30 104,6667 1,154701
NEL93 3 AgNPs5 96 3,605551
NEL93 3 Control 84,33333 3,05505
NEL93 12 AgNPs30 125,6667 2,081666
NEL93 12 AgNPs5  110,3333 1,527525
NEL93 12 Control 89,33333 2,516611
NEL93 24  AgNPs30 144 1,732051
NEL93 24 AgNPs5  123,6667 4,50925
NEL93 24 Control 94 2
NEL93 36 AgNPs30 188,3333 1,527525
NEL93 36 AgNPs5  149,3333 3,05505
NEL93 36 Control 107,3333 2,516611
NEL93 48 AgNPs30 214,6667 4,50925
NEL93 48 AgNPsb 167 2
NEL93 48 Control 111,6667 1,527525

Biang phu luc 4.5. Gia tri ham lugng MDA cua 8 chiing phan 1ap dudi cac diéu kién
xtr Iy khéc nhau.

Chung Ham lwong

phéan lap MDA (%) SD
NEL93 8,37 0,23
C}ontrol NEL80 7,53 0,15
(boi chimg) NEL74 8,80 0,17
NEL51 7,44 0,05
NEL56 4,77 0,21
NEL160 9,57 0,51
NEL38 7,10 0,46

NEL10 6,80 0,80




5 mg/L NEL93 14,67 0,45

NEL80 11,57 0,40
NEL74 16,57 0,23
NEL51 15,67 0,05
NEL56 11,73 0,46
NEL160 13,00 0,50
NEL38 8,93 0,31
NEL10 10,57 0,31
30 mg/L NEL93 18,73 0,23
NEL80 13,77 0,21
NEL74 21,33 0,29
NEL51 20,40 0,17
NEL56 14,90 0,17
NEL160 16,93 0,45
NEL38 13,30 0,78
NEL10 15,37 0,15

Phu luc Bang 4.6. Két qua phan tich sy khac biét c6 ¥ nghia thong ké theo timg cip cia

MDA
Posthoc Turkey Results (MDA)

ID Comparison diff Iwr upr p adj
NEL93 5 mg/L-30 mg/L -4,06667 -4,87199 -3,26135 1,09E-05
NEL93 Control-30 mg/L -10,3667 -11,172 -9,56135 5,7E-08
NEL93 Control-5 mg/L -6,3 -7,10532 -5,49468 1,01E-06
NELS0 5 mg/L-30 mg/L -2,2 -2,89367 -1,50633 0,000167
NEL80 Control-30 mg/L -6,23333 -6,927 -5,53967 5,63E-07
NELS0 Control-5 mg/L -4,03333 -4,727 -3,33967 4,52E-06
NEL74 5 mg/L-30 mg/L -4,76667 -5,35716 -4,17618 8,87E-07
NEL74 Control-30 mg/L -12,5333 -13,1238 -11,9428 3,22E-11
NEL74 Control-5 mg/L -7,76667 -8,35716 -7,17618 4,69E-08
NELS51 5 mg/L-30 mg/L -4,72667 -4,99701 -4,45633 1,4E-09
NELS1 Control-30 mg/L -12,96 -13,2303 -12,6897 6,42E-14
NELS51 Control-5 mg/L -8,23333 -8,50367 -7,96299 6,44E-14
NELS6 5 mg/L-30 mg/L -3,16667 -3,94109 -2,39225 3,87E-05
NELS6 Control-30 mg/L -10,1333 -10,9078 -9,35891 4,92E-08




NELS56 Control-5 mg/L -6,96667 | -7,74109 -6,19225 5,61E-07
NEL160 5 mg/L-30 mg/L -3,93333 | -5,1578 -2,70887 0,000155
NEL160 Control-30 mg/L -7,36667 | -8,59113 -6,1422 3,67E-06
NEL160 Control-5 mg/L -3,43333 | -4,6578 -2,20887 0,000333
NEL38 5 mg/L-30 mg/L 436667 | -5,74897 -2,98437 0,00017

NEL38 Control-30 mg/L 6,2 -7,5823 -4,8177 2,24E-05
NEL38 Control-5 mg/L -1,83333 | -3,21563 -0,45103 0,015497
NEL10 5 mg/L-30 mg/L 4.8 -6,05817 -3,54183 5,79E-05
NEL10 Control-30 mg/L -8,56667 | -9,82484 -7,30849 1,86E-06
NEL10 Control-5 mg/L -3,76667 | -5,02484 -2,50849 0,000231

Phu luc Bang 4.7. Ham lugng ergosterol (%) theo tirng chiing phan 1ap

ID Treatment | Mean SD
NEL10 |30mg/L | 0,026667 | 0,001528
NELIO |5 mg/L 0,033333 | 0,001528
NEL10 | Control 0,042333 | 0,002517
NEL160 | 30 mg/L | 0,036667 | 0,001528
NEL160 | 5 mg/L 0,043333 | 0,001528
NEL160 | Control 0,062 0,003
NEL38 |30mg/L | 0,032667 | 0,002082
NEL38 |5 mg/L 0,037 0,003606
NEL38 | Control 0,054667 | 0,005033
NEL51 |30mg/L | 0,015333 | 0,002082
NEL51 | 5mg/L 0,040667 | 0,001155
NELS51 | Control 0,049667 | 0,002517
NEL56 |30 mg/L | 0,018667 | 0,001528
NEL56 |5 mg/L 0,0225 0,0015
NELS56 | Control 0,039 0,001732
NEL74 |30mg/L | 0,022333 | 0,002517
NEL74 |5 mg/L 0,041667 | 0,002517




NEL74 | Control 0,052333 | 0,003215

NEL80 |30mg/L |0,022 0,002

NEL80 |5 mg/L 0,026667 | 0,002309

NEL80 | Control 0,045667 | 0,004041

NEL93 |30mg/L |0,012667 | 0,002082

NEL93 | 5mg/L 0,03 0,002

NEL93 | Control 0,050667 | 0,001155

Phu luc Bang 4.8. Két qua phan tich kiém dinh Turkey posthoc su khéc biét co y nghia thong

ké cua Ergrosterol khi so sanh cap gilra cac phuong thirc xur 1y theo ting chiing phan 1ap

Turkey posthoc

ID Comparison diff Iwr upr p adj
NEL10 5 mg/L-30 mg/L 0,006667 0,00187 0,011464 0,012533
NEL10 Control-30 mg/L 0,015667 0,01087 0,020464 0,000141
NEL10 Control-5 mg/L 0,009 0,004203 0,013797 0,002895
NEL160 5 mg/L-30 mg/L 0,006667 0,00132 0,012014 0,02037
NEL160 Control-30 mg/L 0,025333 0,019986 0,03068 1,61E-05
NEL160 Control-5 mg/L 0,018667 0,01332 0,024014 9,64E-05
NEL38 5 mg/L-30 mg/L 0,004333 -0,00511 0,013781 0,395343
NEL38 Control-30 mg/L 0,022 0,012552 0,031448 0,000925
NEL38 Control-5 mg/L 0,017667 0,008219 0,027115 0,002945
NELS1 5 mg/L-30 mg/L 0,025333 0,020323 0,030344 1,08E-05
NELS1 Control-30 mg/L 0,034333 0,029323 0,039344 1,8E-06
NELS51 Control-5 mg/L 0,009 0,00399 0,01401 0,003615
NELS56 5 mg/L-30 mg/L 0,003833 -0,00015 0,007816 0,057669
NELS56 Control-30 mg/L 0,020333 0,01635 0,024316 1,02E-05
NELS56 Control-5 mg/L 0,0165 0,012517 0,020483 3,58E-05
NEL74 5 mg/L-30 mg/L 0,019333 0,012397 0,02627 0,000344
NEL74 Control-30 mg/L 0,03 0,023063 0,036937 2,78E-05
NEL74 Control-5 mg/L 0,010667 0,00373 0,017603 0,007789
NELS0 5 mg/L-30 mg/L -0,064 -0,22948 0,10148 0,502305
NELS0 Control-30 mg/L -0,04233 -0,20781 0,123147 0,725193
NELSO0 Control-5 mg/L 0,021667 -0,14381 0,187147 0,916084
NEL93 5 mg/L-30 mg/L 0,017333 0,012836 0,02183 5,45E-05
NEL93 Control-30 mg/L 0,038 0,033503 0,042497 7,35E-07
NEL93 Control-5 mg/L 0,020667 0,01617 0,025164 1,94E-05
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Phu luc Hinh 4.10. Méi twong quan giita hai enzyme SOD va CAT va sy phan bd dap tng
ctia chiing phén 1ap khi xir Iy v6i nano bac ¢ cac nong d6 khac nhau. (A). Mic d6 tuong
quan cua 2 enzyme (B). Biéu d6 PCA (Ellipse véi do tin cdy 95%) theo tac dong cua cac
cong thirc xtr Iy (Mau hong cam — AgNPs 30 mg/L, mau luc — AgNPs 5 mg/L va mau xanh
dwong — Ddi chig) (C). Biéu do PCA theo chiing phan 1ap. Mau sic phan anh gié tri cos
(murc d6 dong gop cua timg mau vao cac chiéu PCA). Mau cam (gia trj cos? cao) thé hién
cac mau c6 dong gop 16m vao cac thanh phan chinh, trong khi méau xanh (gia trj cos? thap)
thé hién déng gop thap hon.

Ngoai cai nhin tong thé vé mdi trong quan, nghién ctru cling tién hanh phén tich thanh
phan chinh PCA (Principal components analysis) nhdm cung cp bang ching vé sy thay dbi



mdi twong quan giita hoat dong ctia SOD va CAT khi tiép xtc voi nano bac cta timg ching
phan 1ap khi tién hanh két hop dit liu quan sat cta hai enzyme SOD va CAT (Hinh 3.34). Két
qua phan tich PCA cho thay rang su bién thién ctia dit liéu cia 2 enzyme SOD va CAT chu yéu
tap trung vao mot thanh phan chinh duy nhat (Dim.1), v6i ca hai bién déu déng gop tuong
duong, twong tu nhau (Phu luc Hinh 4.10B). Céc dit li¢u theo véi cac phuong thure xur 1y (néng
do khéc nhau) co thé duoc phan biét mot cach 10 rét tryc quan trén biéu dd PCA véi cac hinh
elip (ellipse) cho thdy sy phén tan riéng biét trong cac diéu kién khac nhau (ndng do xtr Iy khac
nhau). Cac mau déi chimg dugc ghi nhan phan bd gan truc it phan tan, bién thién, thé hién it sur
bién dong trong thay doi hoat d6 enzyme. Trong khi, khi xtr Iy vi nano bac 30 mg/L da ghi
nhén sy phan bd rong va 1éch vé phia bén trai, phan anh sy bién dong 16n va phan tmg tiéu cuc
10 rét khi x1r Iy nano bac ¢ néng do cao.

Trong biéu d6 PCA theo ching phan 1ap, cho thiy hai thanh phan chinh Dim1 va Dim2
giai thich 1an luot 44,4 va 35,2% d0 bién thién dit liéu. Tong 2 thanh phan chinh nay giai thich
duoc 79,6% téng bién thién dit liéu, thé hién tot su thay doi trong hoat d§ enzyme SOD va CAT
dudi tac dong clia nano bac giita cac chung phan 13p. Biéu do ciing cho thdy cac chiing phan
1ap nam gan trung tAm hodc phia bén phai: bao gom 3 loai Curvularia sp. (VNHUCC.NELS],
VNHUCC.NEL74, VNHUCC.NEL93), va Lasiodiplodia theobroame (VNHUCC.NEL38) —
13 nhitng mau c6 nhimng phan img nhat quan va chung xu hudng phan tmg. Bén canh d6, co thé
d& dang quan sat thdy nhu VNHUCC.NEL160 (4. niger) va VNHUCC.NELS80 (Curvularia
sp.) ndm riéng biét & cac goc phan tu (quadrant) khéc, tach biét voi sy phan bd ciia cac nhom
cac phan 1ap khéc, xa gbc trung tim — diéu ndy c6 nghia 14 co sur khac biét trong dap g ctia
VNHUCC.NEL80 hay VNHUCC.NEL160 (4. niger) khi xtr Iy v6i nano bac so voi cic mau

con lai, va can dugc phan tich sdu hon dé hi€u 10 co ché va dac tinh tao nén su riéng biét nay.



Phan cum phan cép (Hierarchical Clustering)
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Phu luc Hinh 4.11. Biéu d6 phan cum phan cap (Hierarchical Clustering) dap tng ctia
cac chung phan 1ap véi su bién dong SOD va CAT

Dua trén cac két qua thu thap vé suy giam sinh khéi, 10 ri vt chat noi bao (ODaso), d0
dan dién ngoai bao (EEC), ham luong malondialdehyde (MDA), ergosterol (ERG) va
hoat tinh cta cac enzyme chdng oxy héa (SOD, CAT), nghién ctru da tién hanh phan
tich mbi twong quan giita cac yéu to nay va sy suy giam sinh khéi, tir d6 1am rd anh

huong ctia chung dén qua trinh suy giam sinh khdi.



Phu luc Hinh 4.12. Nhiing tac dong vi thé ciia nano bac & cac ndng do khac nhau 1én

hinh thai soi ndm va bao tir C. verrruculosa (VNHUCC.NEL74) & vat kinh 40X

Ghi chu: Control: mau d6i ching; df: trang thai bi bién dang, teo nhd; Dicl: sy mat, giam
sac to, conj: bi€u thi cho sy két dinh cua sgi nam khac nhau, lk: biéu thi cho trang thai
1o ri vat chat ndi bao. Céac tam giac mau do chi dau cho céc ton thuong & soi nam. Céc

tam gidc mau vang chi dau cho céac ton thuong & cac bao tu.



Phu luc Hinh 4.13. Nhirng tac dong vi thé cua nano bac ¢ cac ndng do khac nhau 1én
hinh thai soi ndm va bao tir Curvularia sp. (VNHUCC.NELS0) & vat kinh 40X. Control:

mau doi chimg — khong xtr Iy nano bac. Cac tam giac mau do chi dau cho cac ton thuong

¢ so1 nam. Céc tam gidc mau vang chi dau cho céc ton thuong & cac bao tir.
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Phu luc Hinh 4.14. Mirc d6 dong tu ting dan ¢ phan dau ngon cudng bao tir cia A.
niger twong tmg voi su gia ting ndng d6 nano bac. Tir ndng d6 nano bac 10m/L trd 1én
ghi nhan hién twong dong tu (miii tén mau do), trong khi & nong do thap hon va dbi

chung (Control) khong ghi nhan hién tuong nay.



PHAN TiCH TUONG QUAN GIUA CAC YEU TO KHAO SAT VA XAC PINH
YEU TO CHINH PEN SU SUY GIAM SINH KHOIL HIEU LUC UC CHE NAM

Bo qua su khac biét yéu t6 thoi gian (thoi diém ghi nhan), phan tich nay sir dung
turong quan Pearson giita yéu t6 muc tiéu (gia tri suy giam sinh khéi) va cac yéu té sinh
hoa lién quan dugc thyc hién trong nghién ctru nhu: gia tri ODa2go, ham lugng MDA, gia
tri 36 dan dién ngoai bao (EEC), ham lugng MDA, ham lugng ergosterol ERG, va hoat
d6 cua 2 enzyme SOD va CAT ¢ hai néng d6 5 mg/L va 30 mg/L. Két qua cho thay, nhan
t6 chu dao anh huong dén sy bién ddi sinh khdi 13 ham lugng malondialdehyde (MDA)
va ddc bi¢t la ham lugng ergosterol (ERG).

Phén tich anh hwéng ciia nano bac ¢ ndng dd 5 mg/L

O mtc xtr Iy 5 mg/L, sinh khéi thé hién trong quan 4m véi MDA (-0.30) va tuong
quan duong yéu v6i ERG (0.24). Biéu nay cho thdy dudi tic dong ctia nano bac, su gia
tang stress oxy hoa (dugc phan anh qua ham lugng MDA tang) c6 xu hudng lam giam
sinh truong té bao. Pong thoi, su suy giam ergosterol — mot thanh phan quan trong ciia
mang t& bao nam — ciing gop phan lam giam sinh khéi, mac du mic do twong quan
duong giita ERG va sinh kh6i khong qua manh.

Bén canh d6, xét twong quan MDA va ERG ciing cho thay c6 tuong quan am (-
0.54), cho thay peroxid héa lipid c6 thé lién déi dén suy giam ergosterol — phit hop véi
vai trd ERG trong 6n dinh d6 nhét va tinh chon loc mang. Diéu nay phan anh sy gia ting
stress oxy hoa ciing c6 thé 13 yéu t6, dong lyc thuc day 1am giam ham lugng ergosterol,
tir 46 gy nén su suy giam sinh khdi ¢ ndng d6 xur 1y nay.

Ngoai ra, & ndng do nay, ergosterol c6 twong quan 4m manh voi enzyme catalase
(CAT) (-0,77), trong khi sinh khéi gan nhu khong twong quan véi CAT (-0,05). Diéu nay
c6 thé chi ra 2 thong tin: (i) CAT ting chu yéu nhu mot dap Gmg Gmg suét (mang tinh bu
trir), khong con dong bién véi kha ning ting trwéng. (ii). Khi ton thuong lipid mang
tang, té bao kich hoat manh hé enzyme bao vé (CAT), nhung viéc nay khong du dé bao
toan ergosterol. Trong khi, phan tich ciing ghi nhan tuvong quan 4m dang ké (-0,54) giira
SOD va MDA, c6 nghia mdt khi tang hoat tinh enzyme SOD di kém giam peroxid hoa
lipid, cho thay SOD tr& thanh tuyén phong tht hang dau véi superoxide, dy lui chudi
peroxid hoa.

Téng hop lai, viéc tiép xuc vo1i nano bac & néng do 5 mg/L co thé xuét hién mot
mure do “stress” ddi véi té bao ndm voi truc thong tin: stress oxy hoa khoi phat (MDA
ting) — giam ERG — mang kém 6n dinh — can tré tich ity sinh khoi. Tir d6, co thé
suy ludn rang su suy giam sinh khdi & ndng d6 5 mg/L chu yéu do tac dong kép cua

stress oxy hoa va ton thuong mang té bao.



Anh hwéng ciia nano bac é ndng dé 30 mg/L

O ndng d6 cao hon 30 mg/L, hé sd twong quan 4m giita sinh khéi va MDA ting
vé d6 16n (r = -0.49) so voi 5 mg/L hay ddi chimg, cho thiy peroxid hoa lipid trd thanh
yéu t6 chi phdi manh hon dbi voi suy giam tang truong & ndng do nay. Pong thoi, sinh
khéi thé hién twong quan 4m véi gia tri ODago (r = -0.23). Nhu da biét, ODago dai dién
cho 10 ri vat chat ndi bao, mdi twong quan 4m nay ngu ¥ rang khi ro ri ting (ODaso cao)

thi sinh khéi giam — pht hop véi co ché pha huy mang.

Béi chirng (Control) AgNPs 5mg/L

Sinh khéi  1.00 Sinhkhdi ~ 1.00

CAT  1.00 - CAT 100

AgNPs 30mg/L

Sinhkhéi  1.00

0D260  1.00

EEC

CAT 1.00

Phu luc Hinh 4.15. Biéu d6 twong quan cia yéu té (ODaso, MDA, EEC, MDA, ERG, SOD,
CAT) dén sinh khéi ¢ cac nong do xur 1y khac nhau.

Nguoc lai, sinh khéi van duy tri twong quan duong dang ké véi ergosterol (0.49)
va enzyme catalase (CAT) (0.16), khiang dinh tinh toan ven sterol mang van 1a yéu t6

tién quyét dé duy tri tang truong hay “bi trc ché” duéi ap luc stress cao. MDA va ERG



van am (r ~ -0.44), cung c¢6 chudi nhin qua: Tuwong tu véi ndng do 5 mg/L, MDA va
ERG van c6 trong quan 4m manh (-0.44), khang dinh vai tro cua stress oxy hoa trong
viéc 1am giam ham lugng ergosterol, ciing ¢6 chudi dir kién: stress oxy héa — peroxid
hoéa lipid — suy giam ergosterol — rbi loan mang — e ché ting trudng (giam sinh
khéi). Hay noi cach khac, sy suy giam ergosterol tiép tuc anh huong tiéu cyc dén sinh
truong té bao, ddng thoi stress oxy hoa gia ting lam ton thuong cau tric té bao va chirc
nang sinh 1y, din dén giam sinh khoi.

Tuong quan duong nhe gitra sinh khdi va CAT (r =~ 0.16) & nong d6 cao (30 mg/L)
c¢6 thé ngy y rang: (i) nhing mau duy tri hoat tinh CAT tot hon ¢ kha ning bao toan
ERG va sinh khéi hon & mot mic dd nhat dinh nao d6 so vdi cac chung phan 1ap khac;
tuy nhién hiéu Gng nay 1a khong dii va van bi lan 4t boi mirc do peroxid hoa lipid. (ii)
Kha ning “vuot ngudng” ciia hé phong vé: khi stress vuot kha nang khir goc tu do cia
SOD/CAT, ting cudng enzyme khong con déo nguoc duge toc d6 ton thuong mang.

Nhin chung, toan bo phan tich twong quan nay cho thay, dudi tac dong ciia nano
bac & ca hai ndng d6 5 mg/L va 30 mg/L, ham lugng MDA va ergosterol 1 hai nhan

L A2

t6/yéu t6 chinh, “chia khéa” quyét dinh dén su suy giam sinh khdi. SOD/CAT déng vai
tro “dém” khi stress & muc do vira phai, hai enzyme nay nghich bién v6i MDA/EEC
(bao vé hiéu qua); khi cing thang cao, twong quan bao vé yéu di do vuot ngudng. Cu
thé:
+ MDA, chi s6 phan anh murc d6 stress oxy héa, c6 twong quan am véi sinh
khéi, cho thay khi stress oxy hoa ting cao, sinh truong té bao bi trc ché rd rét.
+Ergosterol, thainh phan c4u tao quan trong ctia mang té bao ndm, c6 tuong
quan dwong véi sinh khdi, minh chimg cho vai tro thiét yéu cua ergosterol
trong duy tri sy phét trién va 6n dinh mang té bao.

Xét theo yéu td tic dong: MDA s& duoc xem 1a chi dau trung tim cho ton thuong,
lién két chit ch& véi cac yéu td ERG va EEC. SOD/CAT chi ddu cho hé thdng dap ung
— bao vé trude ton thuong va ERG 13 ddu hiéu chia khoa cho truc dap tng, stic chong
chiu cua t& bao nidm khi c6 cac ton thuong. Nhu vy, su suy giam sinh khéi dudi tac
d6ng ctia nano bac chu yéu dugc thuc day boi su gia ting stress oxy hoa (ting MDA) va
dong thoi 14 sy giam sut ham lugng ergosterol, gay ton thuong mang té bao va lam suy

yéu chirc ndng sinh 1y cua t€ bao nam.



