CONG NGHE GEN



CONG NGHE GEN

BIEU HIEN CUA MOT SO GEN LIEN QUAN BEN KHA NANG CHIU HAN
O MOT SO DONG CHE TAI PHU THO

Nguyé&n Héng Chién™*, Lwu Ngoc Quyén', Nguyén Thi Kim Linh', Mai Thi Phwong Nga®

'vién Khoa hoc ky thuat Néng Lam nghiép mién ni phia Bic

2Trwo"ng Pai hoc Khoa hoc va Céng nghé Ha Ndi, Vién Han 1am Khoa hoc va Céng nghé Viét Nam

TOM TAT

Dya vao céac két qua nghién ciru trude day, 05 gen (GolS3, RHL41, bHLH102, DHN1 va DREB26) lién quan
dén kha nang chiu han di dwoc lya chon dé phan tich biéu hién gen trong diéu kién han & mot sb dong ché trong
tai Phi Tho. Cay ché (Camellia sinensis) tudi 1 dugc xir ly han véi dung dich PEG 6000 20% (w/v) trong cac
khoang thoi gian Oh (d6i chimng), 12h, 24h va 72h. Sau xtt Iy, mau la truong thanh (I4 tha 4-5) cia ba dong che
LVC4C1, PHN2CI va VSHC7C2 dugc dung dé tach chiét RNA tong sb. Két qua phan tich muc do biéu hién
ctia cac gen bang ki thuat qRT-PCR cho thay, tat ca 05 gen déu biéu hién ting ¢ diéu kién han, mic do biéu hién
ctia cac gen nay khéc nhau & cling mot dong ché va ciing khac nhau giita cac dong ché. Poi véi dong che
LVC4C1, mic do biéu hién tuong ddi ciia 05 gen déu tang & tat ca cac thoi diém xur ly, trong khi chi c6 2 trong
s6 5 gen c6 mic d6 biéu hién twong d6i tang o tat ca cac thoi diém xir ly o hai dong ché PHN2C1 va VSHC7C2.
Ngoai ra, trong ba dong ché nghién cau, dong LVCA4C1 c6 4/5 gen (RHL41, DHN1, bHLH102 va DREB26) c6
muc d6 biéu hién tuong dbi tang manh nhat sau 72h xu ly. Nhiing két qua nay c6 thé lién quan dén kha ning
chiu han ciia dong ché LVC4C1 tét hon so véi hai dong ché PHN2C1 va VSHC7C2,

Tir khoa: Cay che, chdng chiu han, mie d6 biéu hién gen, qRT-PCR, yéu té phién ma.

MO DAU

C6 ngudn gbc tr chau A, cay cheé (Camellia sinensis (L.) O. Kuntze) phan b rong rai trén khap thé gisi, véi hon
5 triéu ha va duoc trong & hon 60 quéc gia trén toan thé gioi. Cay chec6 vi tri quan trong trong nén kinh té cua
nhiéu nuéc, dem lai ngudn thu nhap va ngoal t& quan trong cua cac nuwéc nhw An Do, Sri Lanka, Kenya,
Malawi... San xuét ché chi yéu tap trung & chau A (trong dé, san xuat ché & Trung Quédc va Nhat Ban chiém
khoang 23% An D6, Sri Lanka va Bangladesh, chiém khodng 44% tdng san lwong ché trén thé gigi). Nam 2023,
Cac nuGc xuAt khdu cheé chinh gém c6 Trung Quéc, Kenya, Sri Lanka, An D6. Viét Nam ding thir 10 trong s6
nhirng nwéc xuat khau che Ién nhat thé gisi (Ridder, 2024).

O Viét Nam, ché 1a mét trong nhirng cay trdng quan trong nhat, phuc vu tiéu dung trong nuéc ciing nhw xuét
kh&u. Nam 2023, dién tich tréng ché & Viét Nam khodng 123.000 ha vé&i san lwong ché khéd dat hon 190 nghin
tdn. Cay che duoc trong chli yéu & cac tinh mién nui phia Béc va Tay Nguyén, déng vai tro thiét yéu trong viéc
cung cép sinh ké va kinh te bén vitng cho cac > vung nay. Nganh ché s dung khoang 1,5 triéu lao dong va ké tir
n&m 2010, déng gop kinh t& hang nam cla xuét khauché la hon 200 triéu USD/ndm (Van Ho et al., 2019).

Han han la mét han ché 16n déi véi sinh trwdng, ndng suét va chét lwgng cua cay ché. Han han c6 thé lam glam
san lwong ché tlr 14-33% va gay chét cay tlr 6-19%. Han han c6 thé dan dén giam thé nang nwéc clia cac md va
tao ra cac loai oxy phan (rng tich tu, gay hai nghiém trong cho cac thanh phan t& bao khéac nhau. Cac phan &rng
cta thuc vat rat phirc tap, dac biét 1a & cay than gd l1au ndm, c6 hang tram gen lién quan dén nhing phan &ng
nay. Céc nghién clru nham lam sang té co ché phan &ng cla cay ché véi diéu kién khd han cling da dwoc thyc
hién. Nhiéu yéu té phién ma va gen lién quan dén chéat chuyén hoa dugc ching minh la c6 lién quan dén phan
wng véi stress han cla thwe vat. Vi dy, cac yéu td phién ma (Transcription Factors) CBF va DHN déu tham gia
vao phan rng lanh, han han va cac stress phi sinh hoc khac (Hu et al., 2020) Mét sb nhiéu yéu t6 phién ma khac
(WRKY, bHLH, NAC, HSP, LEA) da dwgc chirng minh la dwgc kich hoat & cay ché dé ng pho véi lanh va han
han. Phan tich di liéu phién ma & cay che cho théy 12 ho TF (AP2/EREBP, bHLH, bZIP, HD-ZIP, HSF, MYB,
NAC, WRKY, zinc-finger protein, SCL, ARR, va SPL) c6 thé dc')ng vai trd quan trong trong viéc cay che phan trng
v&i han han (Liu et al., 2016). G&n day, Samarina va ddng tac gia (2020) st dung phwong phap phat hién twong
ddng toan dién (két ho’p di liéu tir thw vién gen va phan tich transcriptome) ho da xac dinh dwoc 45 gen lién
quan dén phan &ng vai lanh va han han & cay che, trong do co 9 gene l&n dau dwoc phat hién va 36 gen da
dwoc cong bd. Str dung qRT-PCR, nhém nghién clru da xac dinh dwgc cac gen GolS1 va GolS3 (galactinol
syntases), RHL41 (zinc finger protein), DREB26 (dehydration response element-binding protein), DHN1, CAUL,
Hydrolase22, BMY5 va bHLH102,.. dwoc didu diéu hoa biéu hién tang & didu kién han.

Do tac déng cla bién déi khi hau nén khi hau & Viét Nam nhitng ndm gan day ngay cang b4t thwong, thé hién
qua céc biéu hién dj thuwdng cla cac yéu td nhiét do, lwgng mwa, muc nwédc bién dang va cac hién twong thoi tiét
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cye doan. Han han xay ra thwdng xuyén hon da tac dong khong nhé dén nganh san xuét che. Vi vay, cong tac
nghién ctru chon tao ra cac gidong che c6 kha nang chiu han tot la rat can thiét. Tuy nhién, cho dén nay, cac
nghién ctu sau vé cac gen lién quan dén kha nang chéng chiu stress vé sinh néi chung va chéng chiu han néi
riéng trén cay ché van con rat it. Nghién ctu nay phan tich biéu hién ctia mét sé gen lién quan dén kha nang chiu
han & 3 dong ché c6 kha n&ng chiu han khac nhau tréng tai Phi Tho.

NGUYEN LIEU VA PHUONG PHAP
Nguyén liéu

Cay che tudi 1 clia ba dong ché (Camellia sinensis): LVC4C1, PHN2C1 va VSHC7C2. Cac cay duoc tao ra bang
phwong phap giam hom tai Vién Khoa hoc ki thuét ndng Iam nghiép mién nui phia Bac. Dong LVC4C1 c6 kha
nang chju han tdt, trong khi dong hai dong ché PHN2C1 va VSHC7C2 cé kha nang chju han & mc trung binh kha.

Phwong phap
Xt ly han

Cay con duoc loai bd sach gia thé & phan ré cay, sau d6 chuy&n vao dung dich PEG 6000 20% (w/v), dung dich
chi gdm PEG 6000 va nwéc cat. Sau khoadng thei gian Oh (d6i chirng), 12h, 24h va 72h tién hanh thu mau 1. Méi
dong ché thu khoang 5-6 14 tlr 03 cay. Mau la dwoc nhing ngay vao N2 1dng, nghién thanh bot min, bao quan
trong td -80°C truéc khi tach chiét RNA.

Tach chiét RNA tdng sé va téng hop cDNA:

RNA tdng sb dwoc tach chiét tir 14 ché theo phuong phap Muoki d& md ta (Muoki et al., 2012). Sau khi tach chiét
RNA tbng sb, cac mau RNA dwoc danh gia cdm quan trén gel Agarose 1% bang phwong phap dién di. B6 tinh
sach va ndng do ctia RNA dwoc kiém tra va danh gia bang may do ndng dd RNA NanoDrop véi ty 1& bwdc séng
A260/280 va A260/230. Cac mau RNA sau dé dwoc x&r Iy béng bd kit Turbo DNA-freeTM dé loai béd DNA. O
buéc tiép theo, phdn ng PCR dwoc thuc hién véi mdi B-tubulin (F- AGGTTCTGGGATGGGTACCT; R-
CACATTGTTAGGGATCCACTCCAC)dé xac nhan DNA da bj cét hoan toan béi enzym DNase. Néu mau RNA
con 1an DNA, IGc nay DNA sé 1a doan khudn va san phdm PCR sau dién di sé& xuét hién vach DNA ¢6 kich thuéc
khoang 2000 bp, néu mau RNA sach DNA thi khéng xuét hién vach DNA nay. Sau d6, RNA tinh sach dwoc st
dung dé phién ma ngwoc nhadm tao ra DNA bb sung (cDNA) bang céach st dung cDNA Reverse Transcription Kit
(Thermo Fisher Scientific).

gRT-PCR:

Méi 6ng phan &ng chiva 5 UL SYBR Green qPCR Mastermix 2X, 0,2 uL mdi mdi loai, 1,0 uL cDNA va bd sung
nwéc dén thé tich 10 pL. Phan &ng real-time PCR dwoc thwe hién theo chu trinh nhiét nhw sau: 95°C-10 phut,
sau dé 40 chu ki gébm 2 bwéc: 95°C-15 gidy, 60°C-30 giay va 72°C-30 giay, cudi cling Ia budc kéo dai & 72°C
trong 10 phat. Mtrc dd biéu hién twong di cia cac gen duoc tinh theo phuong phap 2Me (Livak, Schmittgen, 2001).
MUrc y nghia ctia so sanh mrc d6 biéu hién twong ddi dwoc xac dinh gitka hai nhém gia tri bidu hién & thdi diém
ban dau (Oh) va cac thoi diém xt Iy han bang ham Tukey Test véi dé tin cay 95% véi p < 0,05, phan mém R 4.3.3.

Bang 1. Trinh tw cac méi dwoc str dung trong nghién ciru

TT Tén mai Trinh tw nucleotide (5'-3") Gen dich Kich thwéc

F- TGCTGGCATGTTTGTATTTGAG .
1 GolS3 Galactinol Synthase 3 142
R- TGGTGGGATAGGCTTGTAAAC

F- AACTGCTTGATGCTCCTCTC ) o
2 RHL41 Responsive to high light 41 165
R- AAGGTCTCCTCCTCCCATTA

F- ACACCGATGAGGTGGAGGTA .
3 DHN1 Dehydrin 1 149
R- AATCCTCGAACTTGGGCTCT

F- AGGCTCGACACAGACAATTC .
4 bHLH102 bHLH transcription factor bHLH102 161
R- GACGATGACGACGATGATGAA

F- CCAGAGCCAAACAAAGCAATAC Dehydration response element-binding

5 DREB26 . 151
R- GGGTGGAATAAGAGCCTAACC protein 26

TT Tén moi Trinh tw nucleotide (5'-3") Gen tham khao Kich thwéc
F- GGCGGATCAAGTGTTGGAAGGGAG e .

1 TBP TATA-box binding protein gene 166

R- ACGCTTGGGATTGTATTCGGCATTA
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KET QUA VA THAO LUAN

Tach chiét va kiém tra chat lwong RNA

MAu la clia 3 dong ché & cac diéu kién: dbi ching (khong x( Iy han), x& ly han 12h, 24h va 72h dwoc dung dé
tach chiét RNA tong so. Tach chiét RNA ché theo quy trinh cia Muoki (2012) cho két qua tot, RNA thu dwoc
nguyén ven. Tiép theo, RNA tong s6 dwoc lam sach dé loai bd cac protein, ion mudi va cac tap chat khac, sau dé

xt Iy v&i enzym DNase dé loai bd cac soi DNA mach ddi.Két qua sau do dwoc kiém tra lai bang dién di trén gel
agarose (Hinh 1).

Tk iy W s W o iy W e ) S b

Hinh 1. Két qua kiém tra ARN téng sé trén gel agarose
Ladder 1kb, m&u ARN cta céc dong ché duoc danh s theo thirtw tir 1 dén 12

Dé khang dinh cac mau RNA tdng sb da dwoc loai bd hoan toan soi DNA mach déi, phan ng PCR dwoc thuc
hién v&i mdi B-tubulin. Gen B-tubulin trong hé gen cé kich thwéc kha Ién, véi nhidu intron cé kich thwéc khac
nhau, nhwng sau qua trinh phién ma, cac intron dwoc loai bd, kich thwéc clia gen nay con khoang 1344bp (Wu et
al., 2016). C&p mdi nhan gen B-tubulin da duoc thiét k& dé& khuyéch dai gen nay véi kich thuéc khodng 2000 bp
khi van con intron (néu soi khuén 1a DNA) va chi dai hon 600bp khi da loai bé intron (néu soi khuén 1a cDNA). Két
qua cho thay, sau khi xt ly v&i enzym DNase, RNA clia cAc mau da sach hoan toan, khéng con 1an DNA (Hinh
2).

D6 tinh sach cia RNA ciing dwoc kiém tra, két qua thu duoc ty 16 A260/280 va OD260/0D230 cla 12 mau 1an
lwgt nam trong khoang 1,8-1,9 va 1,9-2,1 cho thay RNA tong so thu dwoc Ia tinh sach. Nong do RNA tong so &
cac mau nam trong khoang >300-1000 ng/pL, dat yéu cau cho cac thi nghiém tiép theo.

Hinh 2. Két qua kiém tra RNA bang PCR v&i méi B-tubulin
Sén pham PCR duoc dién di trén gel agarose 1%. Ladder 1kb; mdu RNA cda cac dong ché duoc danh sé theo ther tye
ter 1 dén 12; BC-: Béi chimg am (khéng c6 doan khuén); BC+: Béi ching duong (doan khuon la DNA cda giéng ché
tim Nhat Ban)

Panh gia mirc dd biéu hién caa 5 gen dich

Chung t6i lwa chon 05 gen dich lién quan dén kha néng chiu han dwa vao cac két qua nghién cu trwdc day. Sw
bidu hién ting clia cac gen GolS3, RHL41, bHLH102, DHN1 va DREB26 trong phan (rng véi didu kién han da
dwoc bao cao (Samarina et al., 2020). Trong nghién ctru nay, gen CsTBP (TATA-box binding protein gene) dwgc
st dung lam gen tham chiéu. Gen CsTBP da dwoc chirng minh l1a mét trong cac gen tham chiéu c6 sy biéu hién
4n dinh & cac md, cac giai doan phat trién cla |4 va dwdi mot sé diéu kién kich thich & cac gibng ché khac nhau
(Wu et al., 2016).

Hau hét cac gen trong nghién ciru nay déu c6 mirc biéu hién tang & cac dong ché tai cac thoi diém thu mau sau
Xt Iy han so v&i mau doi ching (khong xt Iy han). Gen RHL41 biéu hién manh nhat & dong che LVC4CL, trong
khi dé, gen GolS3 biéu hién manh nhat & dong VSHC7C2 sau 72h x& ly han (Hinh 3).



HOI NGH| KHOA HOC TOAN QUOC VE CONG NGHE SINH HOC 2024

Lvc4ct PHN2C1
oh =12h 24h =72h

oh =12h 24h =72h 12

Mure d6 biéu hign
Murc d6 biéu hién

; ;
e b 2 b b
3 "~ L 3 a | & a, BT T
= e *!llj T ~ T3 |~ Buab
a? ek Bey b abi a2 2 a abfHT 3
. aBak TR 0 | &2 "E o W G -1
GolS3 RHL41 DHN1 bHLH102 DREB26 Gols3 RHL41 DHN1 bHLH102 DREB26
VSHC7C2
Oh 212h 24h %72h
12
< b
£ 9 ‘.-[:
3 ]
3 Ik
Afy
s s it
g T
= ' A
&2
3 L 72
i b T ?
-t B
N e b Th b | F
al ad 3 B i &l
|7 & - B B | —I-r-
0 i i
Gols3 DHN1 bHLH102 DREB26

Hinh 3. Mrc dd biéu hién ctia 05 gen lién quan dén kha nang chju han & 03 dong ché LVC4C1, PHN2C1 va
VSHC7C2 & céac th&i diém xi Iy han: Oh, 12h, 24h va 72h (1an lwet tir trai sang phai)
Céc chir cai khac nhau biéu hién sw khéc nhau cé y nghia théng ké gidra cac thoi diém xdr ly cia cung 1 gen véi P<0,05

Dé so sanh mirc dd biéu hién manh hay yéu cta cac gen & tirng dong ché va gitra cac dong che, mirc do biéu
hién twong ddi clia cac gen dich & thoi gian xir Iy han Oh (d6i chirng) duwoc dwa vé gia tri la 1. Két qué cho thay,
& dong ché LVC4C1, gen DHN1, GolS3 va RHL41 biéu hién manh nhat sau 72h xt ly (tdng lan luot 1a 5,9; 9,25
va 39,38 Ian), trong khi hai gen bHLH102 va DREB26 biéu hién manh nhét sau 12h xt& ly han (tdng 1an lwot 1a
8,65 va 9,35 1an) (Hinh 4). Twong tw, & dong ché VSHC7C2, 03 gen DHN1, GolS3 va RHL41 biéu hién manh
nhét sau 72h x ly (tang lan lwot 1a 3,93, 28,19 va 12,84 1an), gen DREB26 biéu hién manh nh4t sau 12h x& ly
(tang 3,19 Ian), trai lai, gen bHLH102 biéu hién giam & tit ca cac thdi gian x& ly 12h, 24h va 72h (gidm 1an lwot la
0,53, 0,32 va 0,20 1an).Khéng gibng hai dong ché trén, cac gen lién quan dén chiu han c6 kiéu biéu hién kha khac
& dong PHN2C1. Cu thé, 04 gen RHL41, DHN1, bHLH102 va DREB26 biéu hién manh nhat sau 12h x& Iy han,
gidm dan sau 24h va 72h xt ly, trong khi gen GolS3 chi biéu hién téng sau 24h x( ly (tdng 2,03 I&n).

Galactinol synthase (GolS) déng vai trd quan trong va khong thé thiéu trong cac buéc khdi dau va quan trong
trong viéc hinh thanh con dwéng sinh tdng hop raffinose, c6 chirc nangnhw chét bao vé thdm thdu trong t& bao
thwc vat (Salvi et al., 2020). K&t qua nghién ctru ctia Samarina va ddng tac gia (2020) da xac nhan co ché bao vé
salicylate khoisy tAn cong cua cac gdc hydroxyl qua trung gian galactinol va raffinose la rat quan trong dbi voi
chéng chiuhan va lanh & cay che.

bHLH (Basic helix-loop-helix) la mét trong nhitng ho nhan t6 phién ma quan trong nhét va Ién nhat & thuc vat,
doéng vai trd quan trong trong viéc didu hoa sinh trwdng va phat trién, phan rng véi stress.O’ cay A. thaliana, gen
bHLH102 ma héa cho mét protein tin hiéu va két qua nghién ctu clia Samarina va ddng tac gid (2020) da xac
nhan chirc ndng gen nay la can thiét & cay che.

DHN da dwoc chiing minh la gen downstream cua gen CBFs va dugc didu hoa bidu hién ting trong didu kién
stress han va lanh. Protein dehydrin (DHN) rat quan trong doi v&i on dinh mang va ngan nglra sy két tu protein
(Nguyen Hong Chien, 2016).

Samarina va ddng tac gia (2020) bao céo rang gen GolS3, bHLH102 va DHN1 dwoc cam (ng béi cac kich thich
céng thang va cho thdy méi twong quan tich cwc dang k& véi kha néng chdng chiu ctia cay dbi véi ca stress lanh
va han, tréi lai, RHL41 va DREB26chi duwoc diéu hoa biéu hién ting & didu kién han. Két qua nay phu hop véi
cac két qua trong nghién ctru cla ching t6i khi tht ca 05 gen déu bidu hién ting & didu kién han. O dong ché
LVC4C1, cac gen RHL41, DHN1, bHLH102 va DREB26 biéu hién tang & tit ca cac thdi diém xt Iy han va ting
manh nhét sau 72h, khi so sanh vai hai dong ché PHN2C1 va VSHC7C2.

9
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Fold change
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Hinh 4. Biéu dd so sanh mirc d6 biéu hién twong déi caa 05 gen lién quan dén chju han sau Oh, 12h, 24h
va 72h xtr ly véi PEG6000 & 03 dong che LVC4C1, PHN2C1 va VSHC7C2

DREB26 la mét dai dién cia ho gen AP2/ERF, lam trung gian didu hoa sw phién méa cta cac gen phan &ng véi
stress thdm thau (Parmar et al., 2019). DREB26 thuéc nhém phu A5, ma héa cho cac protein &rc ché (repressor
proteins) dé& ngan can sw biéu hién cta cac yéu t6 phién ma DREB khéac. Diéu nay c6 nghia gen DREB26 c6 thé
ngén chan céac gen bao vé vacac gen dwoc cdm (ng bdi stress khi & didu kién binh thuwong. Trong nghién cru
nay, gen DREB26 biéu hién giam sau 24h va 72h x ly han & ca hai dong ché PHN2C1 va VSHC7C2.

RHL41(lién quan dén zinc-finger protein Zat12), 1a moétdai dién cho mét nhém nhdé gen ¢ phéan (ng véi nhigu
stress moi truong khac nhau. Mét sb tac gia bao céo rang Zat12 hoat ddng nhu mét chét te ché phién ma CBF.
Nghién ctru ctia ching tdi cho thdy mirc do biéu hién ctia RHL41téng Ién manh mé trong thdi gian xt Iy han, cho
thay gen nay c6 thé cé chirc ndng cu thé déi véi phan ting véi stress han & cay che.

Mrc d6 bidu hién twong dbi cha tat ca 05 gen déu ting & dong ché LVC4C1 c6 thé lién quan dén kha nang chiu
han tét hon clGa dong ché nay so véi hai dong ché PHN2C1 va VSHC7C2. Khi phan tich 11 chi tiéu gidi phau cau
tric 14 dé danh gia kha nang chiu han cla cac dong ché, dong LVC4C1 ciing biéu hién kha néng chiu han tbt hon
(gia tri ham thanh vién trung binh dat 0,66) khi so sanh v&i hai dong ché PHN2C1 (0,5) va VSHC7C2 (0,34).

KET LUAN

Mlrc d& bidu hién cta 05 gen lién quan dén kha nang chiu han khac nhau & cling mét dong ché va ciing khac
nhau gitra cac dong ché. Péi véi dong ché LVCAC1, mic dod biéu hién twong déi ctia 05 gen déu ting & tat ca
céac thoi diém x@ ly, trong khi chi c6 2 trong sb 5 gen c6 mirc dd biéu hién twong dbi tdng & tat ca cac thoi didm
xt ly® hai dong che PHN2C1 va VSHC7C2. Ngoai ra, trong ba dong ché nghién ctru, dong LVC4C1 c6 4/5 gen
(RHL41, DHN1, bHLH102 va DREB26) c6 murc do biéu hién twong déi ting manh nhat sau 72h xt ly.Nhirng két
qua nay c6 thé lien quan dén kha nang chiu han cta dong ché LVC4C1 tt hon so v&i hai dong ché PHN2C1 va
VSHC7C2.

L&i cam on: Cong trinh nay dwoc thyc hién véi sw h§ tro kinh phi cta dé’ tai "Nghién ctru chon tao giéng ché
méi va gidi phap ky thuédt canh tac phu hop cho san xuat hang héa tai mét sé vung trong chinh".
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EXPRESSION OF SOME GENES RELATED TO DROUGHT TOLERANCE IN
SOME TEA LINES IN PHU THO

Nguyen Hong Chien®™, Luu Ngoc Quyen®, Nguyen Thi Kim Linh®*, Mai Thi Phuong Nga?
"Northern Mountainous Agriculture and Forestry Science Institute

“University of Science and Technology of Hanoi, Vietnam Academy of Science and Technology

SUMMARY

Based on previous results, five genes (GolS3, RHL41, bHLH102, DHN1 and DREB26) related to drought
tolerance were selected to analyze gene expression in three tea lines grown in Phu Tho under artificial drought
conditions. 1-year tea plants of the tea lines LVC4C1, PHN2C1 and VSHC7C2 were treated with the PEG 6000
20% (w/v) solution for Oh (control), 12h, 24h and 72h. After drought treatments, the 4™-5" leaves were collected
to extract the total RNA. The gRT-PCR results showed that all tested genes were significantly upregulated in
response to drought in tea plants. The expression levels of these genes were different in the same tea line and
among three tea lines. In the LVC4CL line, the relative expression levels of 5 genes increased at all treatment
times, while only 2 out of 5 genes had relative expression levels increased at all treatment times in PHN2C1 and
VSHC7C2 lines. In addition, among the three tea lines, LVCAC1 line had 4/5 genes (RHL41, DHN1, bHLH102
and DREB26) with the strongest relative expression level after 72 hours of the drought treatment. These results
may be related to the better drought tolerance of LVC4CL1 line than PHN2C1 and VSHC7C2 lines.

Keywords: Tea plant, drought tolerance, gene expression level, gRT-PCR, transcription factor.
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LENGTH AND SEQUENCE HETEROPLASMY IN mtDNA D-LOOP REGION
OF INDIVIDUALS FROM KINH POPULATION IN SOUTHERN VIETNAM

Nguyen Thi Lan Huong*, Nguyen Ngoc Hoa Binh, Dang Thanh Xuan, Mai Quang Truong
Forensic Medicine Center of Ho Chi Minh City, HCMC, Vietnam

SUMMARY

In forensic science, the control region of human mitochondrial DNA (mtDNA), mainly the hypervariable regions
I (HVD), Il (HVII), and 111 (HVII1I), which are located at positions 16024 to 576, are the most extensively studied.
These regions provide a high index of polymorphism. However, high mutation rates in mtDNA can cause
heteroplasmy, complicating the interpretation of mtDNA results. In spite of this, there are currently few studies
that describe this issue. To gain further insights in mtDNA heteroplasmy, this work investigated the presence of
heteroplasmy (length and sequence) in the hypervariable regions (HVI, HVII and HVIII) on D-loop segment of
the mtDNA from 396 unrelated healthy Kinh individuals using standard Sanger sequencing method with
separation by capillary electrophoresis. All the subjects displayed length and sequence heteroplasmies in the
HVI, HVII and HVIII regions. From position 16180 to 16195, 15 patterns of polycytosine or C-stretch were
observed (125 samples, 31.56%), 221 Kinh individuals (55.81%) were found to have similar pattern to the
reference, and 8 patterns (50 samples, 12.63%) didn’t have polycytosine but were different from the reference.
From position 303 to 315, 8 patterns were observed, whereas 7CT6C and 8CT6C were the most frequently
found. From position 514 to 523, there were 4 motifs of (AC),, including (AC), to (AC);. From position 568 to
573, there were 6 samples (1.52%) with insertion of +2C, +3C, and +4C at np 573. In addition, there were 8
samples (2.02%) with sequence heteroplasmy, in which 7 positions were detected. The frequency of
heteroplasmy was also calculated. The nomenclature of variants was established according to EMPOP
guidelines. The study provided a new perspective with important consequences in medical, evolutionary and
forensic fields.

Keywords: Control region, heteroplasmy, Kinh population, mitochondrial DNA.

INTRODUCTION

In forensic science, the nucleotide sequence analysis of the control region of human mtDNA, mainly in
hypervariable regions | (HVI), Il (HVIl) and Ill (HVII), has been categorized as a useful tool for personal
identification and maternal testing. HVI is located at position 16,024 to 16,365, HVII at position 73 to 340 and
HVIII at position 438 to 576 (Butler, 2011). These regions provide a high index of polymorphism. Due to the huge
number of mtDNA copies existing in one human body and high mutation rate of mtDNA, all individuals are
expected to exhibit some level of heteroplasmy, in which some copies of that individual's mtDNA have a different
sequence than the others (Melton, 2004). In other words, heteroplasmy is the presence of more than one type of
mtDNA in an individual (Melton, 2004). Two or more mtDNA populations may occur between cells in an individual,
within a single cell, or within a single mitochondrion (Butler, 2011). Length heteroplasmy often occurs around the
homopolymeric C-stretches while sequence heteroplasmy is typically detected by the presence of two nucleotides
at a single site, showing up as overlapping peaks in a sequence electropherogram (Butler, 2011). Heteroplasmy
has also been reported to remain stable over time in the same individuals and thus be inherited rather than age
related (Lagerstrom-Fermér et al., 2001). Although heteroplasmy can sometimes complicate the interpretation of
mMtDNA results, the presence of heteroplasmy at identical sites can improve the probability of a match (Ilvanov et
al., 1996).

Understanding the levels of human mtDNA heteroplasmy is vital in several fields, especially in forensic science.
However, currently there are few works that focus on this issue. To gain further insights in mtDNA heteroplasmy,
this work investigated the presence of heteroplasmy (length and sequence) in the hypervariable regions (HVI,
HVII and HVIII) on the D-loop segment of the mtDNA.

MATERIALS AND METHODS
Materials

The buccal cells were collected by sterile cotton swabs from 396 unrelated healthy Kinh individuals. This
information was ascertained through inquiry before sampling. The data were collected from cases examined at
the Forensic Medicine Center of Ho Chi Minh City from 2018 to 2022.
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Methods

Extraction of genomic DNA: Genomic DNA was extracted from buccal swabs using the QlAamp DNA Mini Kit
(Qiagen, Germany) according to the manufacturer’s instructions. The quantity of recovered DNA was determined
using Invitrogen™ Qubit™ dsDNA HS Assay Kit (Thermo Fisher Scientific, USA).

PCR amplification, DNA purification, and sequencing:

PCR amplification: The extended D-loop region (about 1.3 kb in size, np 15973 to 632) was amplified with the
primer sets of 15973F (5'-AACTCCACCATTAGCACCCAAAG-3’) and 632R (5'-GTGAGCCCGTCTAAACATT-3’)
(Sigma, Germany). PCR was performed in 25 pL of a volume contalmng 6.75 pL of DNA solution (1-5 ng), 2.5 pL
of each 5 yM primer, 0.75 pyl DMSO 10%, and 12.5 pL Phusion® Hot Start Flex 2X Master Mix (Thermo Fisher
Scientific, USA). Thermal cycling was carried out on the Veriti™ 96-Well Thermal Cycler (Thermo Fisher
Scientific, USA), began with 30 s at 98°C, followed by 30 cycles of 5 s at 98°C, 10 s at 55°C, and 30 s at 72°C,
and the final extension at 72°C for 5 minutes.

Size selection and purlflcatlon All PCR products were analyzed by electrophoresis on a 1.5% agarose gel and
visualized by GelRed™ Nucleic Acid Stain (Thermo Fisher SC|ent|f|c USA) staining under a UV transilluminator
(Wealtec, USA). The PCR products were purified using QIAquick® Gel Extraction Kit (Qiagen, Germany).

Sequencing: The purified amplicons were sequenced by Sanger method using BigDye Terminator v3.1 Cycle
Sequencing Kit (Thermo Fisher Scientific, USA) with 6 primers on the capillary electrophoresis benchtop
instrument ABI 3130 Genetic Analyzer (Applied Biosystems, USA).

Statistical analysis: The data were preliminarily treated by Sequencing Analysis 5.4 software. The nucleotide
sequences were analyzed and aligned with the revised Cambridge Reference Sequences (rCRS) using
Sequencher 5.4.5 software. The frequencies of each heteroplasmy were facilitated by dividing the number of
times the heteroplasmy observed in a population by the total number of examined samples at a particular genetic
locus in the D-loop region.

RESULTS
Nucleotide variations in C-stretch at position 16180-16195 in HVI

All of the HVI variable sequences in 396 Kinh individuals were analyzed and compared with the rCRS using
Sequencher 5.4.5 software and rechecked by the expanded rCRS (Figure 1). Some homopolymeric sequences
were observed in some individuals in the control region between position 16180 and position 16195. There were
56 samples where nucleotide insertions occurred, causing the sequence of the 16180-16195 region to extend to
17 and 18 nucleoctides instead of 16 nucleotides like the rCRS sequence.

TGARTATTIGTACHGTACCATARATACTIGACC TAGTACATARRAACCCAATCCACATC
TGARTATTETACHGTABCATAAATACTTGAGC TAETABATAAAAACCCAATCCACAECAAAR
ccPRGARTATIGTACHGTACCEHARATACTIGRECACC

CCCATGCTTACAAGCARGIA:
CCTATGCTTAGAAGCAAGTHE
CCETATGCTIACAAGCARGEAC

ATCAAC!
ATCAACG!
CAETCARGI

8 Ticoso Tielon Tiei1n Tieiz0 Tie130 Tiée1an Treiso Tic1en Tie170 Treizn Tiéeiso Trezon Tiez10 T1
GCTATGTATCICGTACATTACTGCCAGCCACCATGAATATTGTACHGTACCATARATACTIGACCACCTGTAGTACATARARAACCCAATCCACATCARAACCCCCTCCCTATGCTTACAAGCARGTACAGCAATCAAC!

_W13F_FO7_2020-00-20 Fagment base
T Acnﬁ T
T G T ACAG T

2015 BW3_M13F_FO7_2"
T

Figure 1. Sequence analysis of the mitochondrial D-loop region
The electropherogram shows the differences between the sample and the rCRS (top row). Each sample was sequenced more
than once to check for accuracy. Dots indicate where differences occurred.

Table 1. Sequence types of polyC1 (position 16180 to 16195) in the mtDNA control region for 396 Kinh individuals
(Ref: AAAACCCCCTCCCCAT, bold; Base change: red, bold, underline; Symbol “:” means absence of one nucleotide)

Sequence SNP Number of Observations Frequency
AAAACCCCCTCCCCAT rCRS 221 0.5581
AAAACCCCCCCCCCAT 16189C 12 0.0303
AAAACCCCCCCCCCCAT 16189C, 16193.1C 2 0.0051
AAAACCCCCCCCCCCCAT 16189C, 16193.1C, 16193.2C 5 0.0126
AAAACCCCCCCCCICAT 16189C, 16192.1T 3 0.0076
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AAAACCCCCCCCICAT 16189C, 16192T 4 0.0101
AAAACCCCCTCCCTAT 16193T 2 0.0051
AAAACCCCCTCCICAT 16192T 28 0.0707
AAAACCCCTICCCCICAT 16188T, 16189C, 16192.1T 1 0.0025
AAAACCTCCCCCCCAT 16186T, 16189C 1 0.0025
AAAACTCCCTCCCCAT 16185T 10 0.0253
AAAATCCCCCCCCCAT 16184T, 16189C 1 0.0025
AAAATCCCCTCCCCAT 16184T 1 0.0025
AAACCCCCCCCCCCAT 16183C, 16189C 3 0.0076
AAACCCCCCCCCCCCAT 16183C, 16189C, 16193.1C 45 0.1136
AAACCCCCCCCCCTCAT 16183C, 16189C, 16192.1T 1 0.0025
AAACCCCCCCCCTCAT 16183C, 16189C, 16192T 1 0.0025
AAAGCCCCCTCCCCAT 16183G 2 0.0051
AACCCCCCCCCCCCAT 16182C, 16183C, 16189C 39 0.0985
AAGACCCCCTCCCCAT 16182G 5 0.0126
ACCCCCCCCCCCCCAT 16181C, 16182C, 16183C, 16189C 4 0.0101
GACCCCCCCCCCCCAT 16180G, 16182C, 16183C, 16189C 1 0.0025
AAA:CCCCCACCCCAT 16183delA, 16189A 1 0.0025
AAACACCCCCCCCCAT 16183C, 16184A, 16189C 3 0.0076

In this study, it was revealed that the polycytosine stretch (C-stretch or polyC) observed in the HVI region had a
total of 24 patterns of nucleotide sequence variations (Table 1). 15 patterns of C-stretch were observed (125
samples, 31.56%), whereas 221 Kinh individuals (55.81%) were found to be similar to the reference and 8
patterns (50 samples, 12.63%) didn’t have polycytosine but were different from the reference. Interestingly, C-
stretches with the nucleotide transitions from T to C at position 16189 were observed in 125 Kinh individuals
(31.56%). In the C-stretches region, repetitions of cytosine with more than 9 nucleotides were observed in 112
Kinh individuals. Additionally, nucleotide transition (A — G) at position 16180 was found in one Kinh individual
and one individual with A deletion at position 16183 was identified.

Nucleotide variations in C-stretch at position 303-315 in HVII

In this study, 8 patterns were observed at position 303-315 in HVII region (Table 2). Notably, there was no sample
which was identical to the rCRS. The insertions were observed within a stretch of seven Cs between 303 and 309
(+C, +2C, +3C) or within five Cs between 311 and 315 (+C) in the control region. At positions 303-309, 151
sequences with an insertion of a single C residue, 76 sequences with an insertion of two C residues and 5
sequences with an insertion of three C residues were identified. Finally, at 311-315, 391 control regions with 6
cytidine residues were found. It was notable that at position 303-309, there were 5 sequences with one C deletion
and one sequence with 3C deletion. Additionally, nucleotide transition (T — C) at position 310 which generated
polycytosine were found in four Kinh individuals.

Table 2. Sequence variations from position 303 to position 315 in HVII of mitochondrial DNA for 396 Kinh individuals
(Ref: CCCCCCCTCCCCC or 7CT5C, bold; Base change: red, bold, underline; Symbol “:” means absence of one nucleotide)

Patterns Sequence SNP Number of Observations  Frequency
7CT5C  CCCCCCCTCCcCccC rCRS 0 0

13C Ccccceececcecececce 310C 4 0.0101
4CT6C  CCCC:::TCCCCCC 307delC, 308delC, 309delC, 315.1C 1 0.0025
6CT5C  CCCCCC:TCCCCC 309delC 1 0.0025
6CT6C  CCCCCC:TCCCCCC 309delC, 315.1C 4 0.0101
7CT6C CCccceceTececececec 315.1C 154 0.3889
8CT6C  CCCCCCCCTCCCCCC 309.1C, 315.1C 151 0.3813
9CT6C CCccceececcTreeccecece 309.1C, 309.2C, 315.1C 76 0.1919
10CT6C CCCCCCCCCCTCCCCCC  309.1C, 309.2C, 309.3C, 315.1C 5 0.0126
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Length variation with C-stretch at position 568-573 in HVIII

From position 568-573, there were 6 samples (1.52%) (Table 3) with insertion of +2C (3 samples), +3C (1
sample), and +4C (2 samples) at np 573. When the polyC has 10Cs or more, the downstream sequence was not
recorded accurately because the signal was unclear, which was caused by an out-of-phase phenomenon during
Sanger sequencing

Table 3. Nomenclature of SNPs from position 566 to position 576 in HVIII
(Ref: CACCCCCCACA, bold; Base change: red, bold, underline)

Sequence SNP Number of Observations
CACCCCCCACA rCRS 390
CACCCCCCCCACA 573.1C, 573.2C 3
CACCCCCCCCCACA 573.1C, 573.2C, 573.3C 1
CACCCCCCCCCCACA  573.1C, 573.2C, 573.3C, 573.4C 2

AC repeats at nucleotide position 513-522 in HVIII

(AC)n is a kind of length polymorphism in which the n represents the number of AC dinucleotide repeats (from
position 513 to position 522 in the rCRS). Some previous studies recorded it as (CA), motif. A total of four repeat
motifs [(AC)4 to (AC);] were detected: 195 sequences with (AC)4, 196 with (AC)s, 4 with (AC)s and 1 with (AC)7
repeats (Table 4). (AC). and (AC)s exhibited the most frequent occurrence whereas (AC)7 was the rarest.

Table 4. Length variation from position 513 to position 522 in HVIII region of mitochondrial DNA for 396 Kinh individuals
(Ref: ACACACACAC or (AC)s, bold)

Sequence Number of Observations Frequency
ACACACAC or (AC)s 195 0.4924
ACACACACAC or (AC)s 196 0.4949
ACACACACACAC or (AC)s 4 0.0101
ACACACACACACAC or (AC); 1 0.0025

Sequence heteroplasmy

There were 8 samples (2.02%) with sequence heteroplasmy: Y (T/C) and R(A/G) (Figure 2). Among the 8
individuals who possessed detectable sequence heteroplasmy, only one sample exhibited mixed bases at 2
positions (16111 C>Y, 198 C>Y), the remaining samples were heteroplasmic at one position. The sequence
included 16111 C>Y, 16247 A>R, 16295 C>Y, 16299 A>R, 16311 T>Y, 198 C>Y, and 215 A>R. These SNP
occurred at both HVI and HVII regions. The total number of sequence heteroplasmic positions recorded was 7
positions, of which 5 positions (71.43%) occur in the HVI region, the remaining 2 positions (28.53%) occur in the
HVII region. No sequence heteroplasmy was detected in the remaining regions on the D-loop. Among the 7
heteroplasmic positions, position 215 was observed three times, the others occurred only once (Table 5).

A AT T AT T A& AT
T TARATIAAR T TA

AT A G EE A C A
TA T 3 o T @ 1T

Figure 2. Sequence heteroplasmy at 16311Y (T/C) and 215R (A/G)

Table 5. Positions along the control region at which heteroplasmy was observed

Nucleotide position Number of Observations rCRS Base change
198 1 C Y
215 3
16111 1 C Y
16247 1 A R
16295 1 C Y
16299 1 A R
16311 1 T Y

15



CONG NGHE GEN

DISCUSSION
PolyC in HVI

The nucleotide transition (T>C) at position 16189, the nucleotide transversion (A>C) at position 16181 and/or
16182 and/or 16183 and the nucleotide C insertion at position 16193 resulted in the repetition of cytosine by more
than 10 times. This region carries valuable genetic markers that could discriminate one ancestral population from
another. The HVI C-stretch was observed in the Thai, Chinese Tu, Asian (Chinese, Taiwanese, Korean, and
Japanese), European, and Amerindian Populations (Sangthong et al., 2015). This homopolymeric stretch of
cytosines create problems for DNA polymerases as they synthesize the complementary strand to the mtDNA
template present in the PCR reaction (Butler, 2011). The impact of a 16189 T to C transition on the sequencing
result downstream of the C-stretch region could be seen in Figure 3.

C T ¢ ARARNE ETE e € ¢ ¢ A& 6
T CARARACEC C CEEECCE L
g
\

AC A g dRt P
C RC R CCCRGGETTT

Figure 3. A sample with the C-stretch in HVI

Frequently, approximately 15% of Europeans get a T-to-C transition at position 16189, relative to the CRS
(Bendall et al., 1995). In the phylogenetic context, position 16189 was commonly observed in different mtDNA
lineages (Finnila et al., 2001). This position was among the 50 fastest evolving sites (Irwin et al., 2009). 16189
T>C transition in the HVI region could be associated with disease (Bendall et al., 1995). Chinnery et al. (2005)
suggested that the 16184-16193 polyC tract has a very small role in the pathophysiology of type 2 diabetes
(Chinnery et al., 2005) while Liou et al. (2010) reported that the mtDNA 16189 variant could cause alteration of
mtDNA copy number in human blood cells (Liou et al., 2010).

PolyC in HVII

In the HVII region, at position 303-315, a polycytosine tract with a single thymidine inserted at position 310
creates length polymorphism among individuals, as well as variation within an individual, associated with aging
and cancer. This sequence was involved in forming a persistent RNA-DNA hybrid that led to the initiation of
mtDNA heavy-strand replication (Frigi et al., 2009). The mtDNA length heteroplasmy in HVI and HVII regions
played a role in determining mtDNA copy number (Zhao et al., 2010). In the study, most samples showed
insertions of C residues, located within a stretch of seven Cs between 303 and 309 or within five Cs between 311
and 315. There were 4 haplotypes containing 13C in the region 303-315. Substitution of T to C has also been
reported. Zahidin et al (2018) reported 2 cases of T to C substitution, leading to polyC in the HVII region with 16C
and 17C (Zahidin et al., 2018). Similar to HVI, the phenomenon of C insertion in the region 303-315 also
sometimes caused difficulty in sequencing (Figure 4).

A A ACCCCCcCc CcHCCCCC
ARARACCCCCCCCCCCCCCTCTTTT

Figure 4. C-stretch region of HVII region between 309 and 315 with substitution of T to C at np 310
PolyC in HVIII

C-stretch in HVIII is considered as a hotspot for length heteroplasmy in EMPOP. Thus, it is ignored for calculating
haplotype frequency and forensic genetic indices (Brandstatter et al., 2004). Accurate recording of the 6 Cs in this
region was performed using CE, but this was not possible for longer than 10 Cs (Figure 5). Brandstatter et al.
(2004) reported that polyC spanning nucleotides 568-573 were present in 5% of the individuals from Nairobi,
Kenya. Irwin et al. (2009) recorded 3% of the samples showed length heteroplasmy with expansion of the C-
stretch beyond the 6 Cs in most individuals.

G AC ACC CCCCcCcCCZCAC
G AC AC C CCTCTCTCTCTCTCA AT

a

Figure 5. Insertion of +4C at np 573
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(AC)n patterns in HVIII

Even though the HVI and HVII sequences were utilized in most forensic cases, it is remarkable that HVIII (AC),
repeat segment also plays a key role as an additional mtDNA marker in forensic investigations (Ilvanov et al.,
1996). In some previous studies, (AC)s was the most common motif among Pakistani, Iraqi, Malaysian, Korean,
Germans, Japanese, and Indian Muslims, while (AC)s was common among Thais, Venezuelans, Cameroonians
and Urali Kuruman.

Sequence heteroplasmy

The detection of mixed positions that may represent sequence heteroplasmy from Sanger-based data in this
study relied primarily on repeated visual inspection of properly aligned electropherogram traces by experienced
examiners. Shared sequence heteroplasmy between maternal relatives can increase the strength of the mtDNA
evidence in a case of historical significance (Ilvanov et al., 1996). Irwin et al. (2009) examined population-based
mtDNA datasets developed via Sanger sequencing and identified sequence heteroplasmy in the control region in
approximately 6% of individuals when buccal and blood cells were examined. The control region nucleotide
positions at which sequence heteroplasmy has been most frequently observed are consistent with the positions
with the highest substitution rates (Irwin et al., 2009). However, there are a few notable exceptions. The variable
rates are primarily accounted for by differences in the tissue types, and populations examined. The incidence of
sequence heteroplasmy in tissues with high metabolic activity (e.g. 79% in muscle) has been generally higher
than in blood or blood-derived specimens (4-8%) (Naue et al., 2015).

Sequence heteroplasmy, which occurred in HVI and HVII, was similar to the study of Irwin et al., 2009. Position
215 is not reported as an evolutionary fast site. This may be due to unusual mechanisms affecting variation at this
site. Position 215 is situated close to the origin of heavy strand replication (Irwin et al., 2009). Santos et al. (2008)
reported that the 215G variant may induce a conformational change in the control region. Therefore, mutations at
this position could affect mtDNA replication (Irwin et al., 2009). In contrast to position 215, positions 198, 16111
and 16311 in this study are considered some of the fastest evolving sites according to the study of Irwin et al. (2009).

CONCLUSION

The study reported on heteroplasmy in the mtDNA control region in the Kinh population. From the 396 samples
analyzed, examples of length heteroplasmy caused by polycytosine stretches were found in HVI, HVII and HVIII
regions. Sequence heteroplasmy occurred at both HVI and HVII regions. The presence of these variants can be
visually identified in sequence electropherograms generated by capillary electrophoresis. Whereas heteroplasmy
may complicate interpretation of the results, it actually becomes a “signature” of the donor's mtDNA haplotype,
which can strengthen the identification of a sample. The analysis of heteroplasmy in D-loop is potentially useful
for medical, evolutionary, and forensic purposes.
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DA HINH TRINH TU VUNG SIEU BIEN VA HIEN TUONG DI THE BO GEN
TY THE CUA CAC CA THE DAN TOC KINH O MIEN NAM VIET NAM

Nguyén Thi Lan Hwong®*, Nguyén Ngoc Hoa Binh, Pang Thanh Xuan, Mai Quang Trwéng
Trung tdm Phéap y Thanh phé Hé Chi Minh, Viét Nam

TOM TAT

Trong khoa hoc phap y, viing diéu khién cua DNA ty thé ngudi (mtDNA), gom cac ving siéu bién | (HVI), II
(HVI1) va Il (HVII1), ndm & vi tri 16024 dén 576, dugc nghién ctu rong rai nhat. Nhitng ving nay cung cap chi
s6 da hinh cao. Tuy nhién, ty 1¢ dot bién cao & mtDNA c6 thé gay ra hién tugng di thé, 1am phuc tap viéc giai
thich két qua mtDNA. Mac du vay, hién nay c6 rat it nghién ciru mé ta vin dé nay. Dé hiéu rd hon vé dj thé
mtDNA, dé tai nay da nghién ctru sy hién dién cua di thé (chidu dai va trinh tu) trong céc ving siéu bién (HVI,
HVII va HVIII) trén doan D-loop cua mtDNA tir 396 c4 thé nguoi Kinh khoe manh khong c6 quan h¢, str dung
phuong phép giai trinh tu Sanger tiéu chuan duya trén dién di mao quan. Tat ca cac ddi twong déu hién thi di thé
vé Chleu dai va trinh ty ¢ c&c vung HVI, HVII va HVIII. T vi tri 16180 den 16195, c6 15 kiéu polycytosine
(125 mau, 31,56%), trong khi 221 ca the Kinh (55,81%) dugc phat hién gidng véi rCRS va 8 kiéu (50 mau,
12,63%) khong c6 polycytosine nhung khac véi trinh ty tham chiéu. Tir vi tri 303 dén 315, 8 kiéu trinh tu da
dugc quan sat, trong d6 7CT6C va 8CT6C chiém tan s cao nhat. Tir vi tri 514 dén 523 ¢6 4 md tip (AC),, gom
(AC), dén (AC);. Tir vi tri 568 dén 573, 6 mau (1,52%) c6 chén +2C, +3C, +4C tai vi tri 573. Ngoai ra, c6 8 mau
(2,02%) di thé vé trinh tu, trong d6 7 vi tri dugc phat hién. Danh phép cua cac bién thé theo EMPOP di duoc dé
cap. Nghién ctru nay cung cip mot géc nhin méi véi nhitng hé qua quan trong trong cac linh vuc y té, tién hoa va
phapy.

Tur khéa: Dan toc Kinh, DNA ty thé, hién twong di thé, ving diéu khién.

* Author for correspondence: Tel: 0974487053; Email: ntlhuong226@gmail.com
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GENETIC CHARACTERISTICS OF 22 a-STR LOCI
IN THE VIETNAMESE POPULATION

Nguyen Thi Lan Huong, Vuong Gia Bao*, Mai Quang Truong
Forensic Medicine Center of Ho Chi Minh city, HCMC, Vietnam

SUMMARY

This study reported Short Tandem Repeat (STR) allele data from 4346 Vietnamese individuals across 22
autosomal STR (a-STR) loci: CSF1PO, FGA, THO1, TPOX, VWA, D1S1656, D2S1338, D2S441, D3S1358,
D5S818, D7S820, D8S1179, D10S1248, D12S391, D13S317, D16S539, D18S51, D19S433, D21S11,
D2251045, Penta D and Penta E. Population samples consisted of 90% ethnic Kinh and 10% individuals of other
ethnic minority or of mixed origin (by questionnaire data). Sample types included buccal swab, blood, hair, nail,
tissue, tooth and bone. DNA extraction was performed using QlAamp DNA Mini Kit, QlAamp DNA
Investigator Kit and Bone DNA Extraction kit. PCR reactions were carried out with the PowerPlex® Fusion
System kit. The PCR products were subjected to capillary electrophoresis on ABI 3500 Genetic Analyzer.
Electrophoretic results were analyzed using GeneMapper® ID-X software v1.4. Direct counting method and Excel
software were applied to determine allele frequency and forensic genetic parameters. The allele distribution
frequencies of 22 a-STR loci were established. The samples were in Hardy—Weinberg equilibrium according to
the distribution of genotypes by 22 a-STR loci. The combined matching probability (CMP), combined power of
discrimination (CPD), combined power of exclusion (CPE) and combined paternity index (CPI) achieved values
of 6.2236x10™, 1, 0.999999998952507 and 8.4811x108, respectively. The a-STR loci have high discriminatory
power and polymorphic information content, which demonstrates that a-STR has great potential for population
biodiversity research, human identification, paternity testing, and forensic applications.

Keywords: Allele frequency, forensic genetic parameter, STR, Vietnamese population.

INTRODUCTION

The most widely used genetic markers in forensic DNA profiling (an examination of a DNA sample’s sequence
and/or length at discrete locations) are Short Tandem Repeats (STRs) or Simple Sequence Repeats (SSRs).
STRs (also known as microsatellites) consist of units 2-6 bp long, repeated about 5 to 30 times. Therefore, when
multiple loci are analyzed together, the number of possible combinations between STR loci as a group is
extremely large. It is the highly variable number of repetitions of units in the STR marker region between
individuals that has made STR markers the standard for individual identification. The small size of STR markers
makes them much more suitable for forensics because shorter loci are more likely to be found intact (Butler, 2005).
Each individual has a DNA profile on the autosomes (a-STR profile) and for each marker there is one paternal
allele and one maternal allele. Therefore, the a-STR profile is individual-specific.

When comparing two DNA profiles, a match is always a statistical exercise. To determine the probability that a
particular genotype might occur at random in a population as well as to ensure the reliability of DNA analysis
based on STR markers, population data must be compiled to make an estimate of the frequency of each possible
allele and genotype (Chakraborty, 1992). The number of STR loci and sample size must be large enough to
obtain the precise and reliable results. Establishing a DNA database is vital for every forensic laboratory.

This study was carried out to initially create a DNA database, including allele frequencies and forensic genetic
parameters for 22 a-STR loci in the Vietnamese population. The DNA database was used to serve the
assessment work at the Forensic Medicine Center of Ho Chi Minh City in determining consanguinity relationships
and solving complicated cases.

MATERIALS AND METHODS

Materials

Biological samples (buccal cell, blood, hair root, nail, tissue, bone, tooth) were collected for paternity testing and
casework at the Forensic Medicine Center of Ho Chi Minh City (Vietham) from 2016 to 2023. For this study, cases
with excluded paternity were selected, including 4346 unrelated individuals (2451 men and 1895 women) of any
age, living in Vietnam. Samples were randomly collected from across Vietnam, and all personal information was
kept confidential.
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Methods

Extraction of genomic DNA: Genomic DNA was extracted from buccal cells, blood and tissues with the QlAamp
DNA Mini Kit (Qiagen, Hilden, Germany), nails and hairs with QIAamp DNA Investigator Kit (Qiagen, Hilden,
Germany), bones and teeth with Bone DNA Extraction Kit (Promega, USA) according to the manufacturer’s
instructions. The quantities of recovered DNA were determined using Invitrogen™ Qubit™ dsDNA HS Assay Kit
(Thermo Fisher Scientific, USA).

Genotyping of autosomal STRs: The 22 a-STR loci, one Y-STR locus and the sex determination locus
(Amelogenin gene) were simultaneously amplified using the PowerPlex® Fusion System kit (Promega, USA) on a
Veriti™ 96-Well thermal cycler (Applied Biosystems, USA). The PCR products were subjected to capillary
electrophoresis on ABI 3500 Genetic Analyzer (Applied Biosystems, USA), following manufacturer’s
recommendations. Data were collected with Data Collection v1.0 software. Electrophoretic results were analyzed
using GeneMapper® ID-X software v1.4 (Applied Biosystems, USA).

Statistical analysis: Allele frequency distribution for each locus and forensic genetic parameters (Matching
Probability (MP), Power of Discrimination (PD), Polymorphic Information Content (PIC), Power of Exclusion (PE),
Typical Paternity Index (TPI), observed heterozygosity (Ho), and expected heterozygosity (He)) were calculated
according to some studies of Butler, 2005; Sensabaugh, 1982; Nei, 1987; Brenner, Morris, 1990.

RESULTS AND DISCUSSION
Allele frequencies and forensic genetic parameters of 22 a-STR loci

In the study, 320 alleles were detected with a mean of 14.55 alleles per locus, ranging from 8 alleles at TPOX to
27 alleles at Penta E. In 4346 individuals, the number of heterozygous individuals in the loci was 3 - 7 times
greater than the number of homozygous individuals. The high number of heterozygous individuals showed that
there was diversity about alleles and therefore there will be less chance for a random combination (Edwards et
al.,, 1992). The database of allele frequencies of 22 a-STR loci in 4346 individuals was shown in Table 1. The
results showed that the allele with the highest frequency was allele 8 of the TPOX marker with a frequency of
0.5802 (Figure 1). Alleles with the lowest frequency were alleles that appeared only once with a frequency of
0.0001. These may be rare alleles and require further investigation with a larger sample size for accurate
confirmation.
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Figure 1. lllustration of DNA profile on autosomes
Left: Male DNA profile (XY), right: Female DNA profile (XX).

Regional variation is one of the factors that contributes to improving the reliability of the matching probability of
two DNA profiles. Allele frequencies vary across different regions and areas. For example, surveying the alleles of
the TPOX locus, although allele 8 had the highest frequency, following by allele 11, values were achieved in turn
of 0.4520 and 0.3571 in Japan (n=1501) (Fujii et al., 2014), 0.5269 and 0.3353 in the Philippines (n=167)
(Rodriguez et al., 2015), 0.5746 and 0.2516 in Belarus (n=12225) (Tsybovskiia et al., 2017), and 0.5802 and
0.2640 in the present study (n=4346). Or for allele 22 on the FGA locus, the frequency in Japan was 0.1965
(highest), in the Philippines it was 0.1617 (second highest after allele 23), in Belarus it was 0.2112 (highest) and
in this study it was 0.1970 (highest).
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Table 1. Allele frequencies and forensic genetic parameters of 22 a-STR loci in 4346 Vietnamese individuals

Allele

D3

D1

D2

$1358 S1656 S441

D10
51248

D13
317

Penta E D16

§539

D18
S51

D2
51338

CSF1IP  PentaD THO1

o

VWA

D21
s11

D7
5820

D5
5818

TPOX

D8
$1179

D12
$391

D19
$433

FGA

D22
51045

7.2
7.4

8.1

9.1
9.2
9.3
10
10.1
11
1.1
11.2
113
12
121
122
123
13
131
13.2

14
14.1
14.2
143
15
15.2
15.3
15.4
16
16.2
16.3
17
17.2
17.3
17.4
18
18.2
183
18.4
19
19.1
19.3
20
20.2
21
21.2

0.0002

0.0007

0.0024

0.0337

0.3102

0.3575

0.2269

0.0617

0.0064

0.0003

0.0005

0.0001

0.0018

0.0754

0.0436

0.0972

0.0873

0.0001

0.2994

0.0029

0.1948

0.0082
0.0766

0.0723

0.0161

0.0185

0.0029

0.0023
0.0001

0.0001
0.0001
0.0023

0.0145

0.2178
0.0013
0.2951

0.1271
0.1691

0.0020
0.0163

0.0001
0.1439
0.0001

0.0097

0.0005

0.0003

0.0005

0.0025

0.0609

0.3448

0.2382

0.2231

0.1034

0.0240

0.0023

0.0001
0.0012

0.3479

0.1330

0.1245

0.2138

0.1389

0.0321

0.0083

0.0003

0.0413

0.0028

0.0025
0.0002

0.0114

0.0498

0.2551

0.1205

0.0544

0.0893

0.0701

0.0001
0.0662

0.0592

0.0005
0.0542

0.0015
0.0411

0.0301

0.0183

0.0001

0.0024

0.2247

0.1291

0.2816

0.0002

0.2447

0.0957

0.0208

0.0006

0.0001

0.0005

0.0012

0.0078

0.0618

0.1414
0.0001
0.0001

0.2006

0.2228

0.1585

0.0629

0.0385

0.0368
0.0001

0.0258

0.0243

0.0001

0.0200

0.1096

0.0718

0.2215

0.1079

0.0400

0.0068

0.0006

0.0354

0.1949

0.2793

0.0002

0.3894

0.0775

0.0132

0.0023

0.0002

0.0013
0.0007
0.0364

0.0005
0.0645

0.3445

0.1463

0.1275

0.0032

0.1343

0.0958

0.0332

0.0074

0.0037

0.0002

0.0001

0.0005

0.0003

0.1291

0.3221

0.0001

0.0602

0.3747

0.0460

0.0656

0.0018

0.0005

0.0003

0.2676

0.0293

0.1568

0.2310

0.2102

0.0866

0.0162

0.0013

0.0001
0.0116

0.1629
0.0001
0.0637
0.0083
0.0002

0.1660

0.0008

0.3602

0.0010

0.0001

0.1910

0.0304

0.0033

0.0001

0.0321

0.0013

0.0613

0.2438

0.2693

0.2224

0.0006

0.1539

0.0140

0.0013

0.0001
0.0007

0.5802

0.0995

0.0358

0.2640

0.0186

0.0010

0.0020

0.0007

0.1550

0.1338

0.1268

0.1590

0.1612

0.1664

0.0737

0.0171

0.0039

0.0005

0.0116

0.0048

0.0687

0.0002

0.1977

0.0005

0.1944

0.0001
0.1870

0.1261

0.0005

0.0072

0.0002

0.0036

0.0005

0.0467

0.0037

0.2531

0.0425

0.2593

0.1087

0.0699

0.1550

0.0098

0.0350

0.0006
0.0033

0.0005

0.0003

0.0021

0.0007

0.0115

0.0001

0.0801

0.0569
0.0008
0.1616
0.0148

0.1667

0.0013

0.0030

0.0361

0.3104

0.2208

0.2321

0.0277

0.0013

0.0007
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Allele D3 D1 D2 D10 D13 PentaE D16 D18 D2 CSF1PO PentaD THO1 VvWA D21 D7 D5 TPOX D8 D12 D19 FGA D22
S1358 S1656 S441 S1248 S317 S539 S51 S1338 S11 S820 S818 S1179 S391 S433 $1045
213
21.4 0.0001
22 0.0156 0.0090 0.0438 0.0001 0.0985 0.1970
222 0.0001 0.0118
23 0.0094 0.0040 0.1711 0.0746 0.1416
23.2 0.0133
24 0.0035 0.0024 0.1498 0.0239 0.1427
24.2 0.0136
25 0.0023 0.0009 0.0579 0.0107 0.0800
25.2 0.0078
253 0.0006
26 0.0005 0.0058 0.0021 0.0013 0.0435
26.1 0.0001
26.2 0.0024
27 0.0006 0.0023 0.0151
27.2 0.0007
28 0.0002 0.0535 0.0008
28.2 0.0015
29 0.2587
29.2 0.0005
293 0.0006
30 0.2598
30.2 0.0225
30.3 0.0025
31 0.0694
31.2 0.0795
32 0.0262
32.1 0.0001
32.2 0.1622
33 0.0035
33.2 0.0469
34 0.0013
34.2 0.0056
35 0.0001
35.2 0.0013
Forensic genetic parameters
MP 0.1284 0.0438 0.0693 0.0964 0.0796 0.0214  0.0800 0.0385 0.0335 0.1214 0.0576 0.1176 0.0712 0.0538 0.0822 0.0767 0.2309 0.0378 0.0400 0.0546 0.0277 0.0899
PD 0.8716 0.9562 0.9307 0.9036 0.9204 0.9786  0.9200 0.9615 0.9665 0.8786 0.9424 0.8824 0.9288 0.9462 0.9178 0.9233 0.7691 0.9622 0.9600 0.9454 0.9723 0.9101
PIC 0.6692 0.8188 0.7705 0.7218 0.7488 0.8778  0.7502 0.8364 0.8485 0.6797 0.7889 0.6865 0.7673 0.7998 0.7433 0.7576 0.5258 0.8402 0.8340 0.8005 0.8632 0.7342
PE 0.4499 0.6682 0.6090 0.5400 0.5580 0.7513  0.5514 0.7094 0.7117 0.4624 0.6263 0.4843 0.5893 0.6364 0.5555 0.5704 0.2761 0.7167 0.6935 0.6518 0.7351 0.5493
TPI 1.7468 3.0563 2.5686 2.1494 2.2472 4.1078 2.2106 3.5048 3.5333 1.7959 2.6960 1.8863 2.4361 2.7752 2.2333 2.3191 1.2119 3.5977 3.3176 2.9051 3.8528 2.1994
He 0.7196 0.8360 0.7994 0.7596 0.7797 0.8862  0.7840 0.8529 0.8631 0.7248 0.8098 0.7291 0.7976 0.8218 0.7745 0.7899 0.5821 0.8573 0.8515 0.8226 0.8756 0.7712
Ho 0.7138 0.8364 0.8053 0.7674 0.7775 0.8783  0.7738 0.8573 0.8585 0.7216 0.8145 0.7349 0.7948 0.8198 0.7761 0.7844 0.5874 0.8610 0.8493 0.8279 0.8702 0.7727
No. alleles
10 19 16 10 10 27 10 22 14 11 17 9 11 20 16 10 8 12 15 18 25 10

The matching probability (MP) was highest at the TPOX locus (0.2309), lowest at the Penta E locus (0.0214). The
power of Discrimination (PD), Polymorphic Information Content (PIC), Power of Exclusion (PE) and Typical
Paternity Index (TPI) were highest at the Penta E locus with values of 0.9786, 0.8778, 0.7513, and 4.1078,
respectively. The lowest values for PD, PIC, PE, and TPI were observed at the TPOX locus, with values of
0.7691, 0.5258, 0.2761, and 1.2119, respectively. The lowest and the highest observed heterozygosity (Ho) were
obtained in the TPOX and Penta E loci (0.5874 and 0.8783, respectively). The expected heterozygosity (He) values
ranged from 0.5821 (TPOX) to 0.8862 (Penta E). The heterozygosity of all loci was greater than 0.7, except for
TPOX. These results indicated that these loci have high discriminatory power in the Vietnamese population.
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Combined forensic genetic parameters

Combined matching probability (CMP) = 6.2236x102". This means that the chance of any two people having
exactly the same DNA profile is 1 in 1.6068x10%. That is the DNA profile of an individual was unique in the
population. Thus, when these 22 STR loci are combined, it is reliable and accurate for individual identification,
paternity testing, and research on population genetics.

A Combined Power of Discrimination (CPD) value of 1 indicates that the DNA profiling method can distinguish
each individual in the population from all others. Understanding in another way, instead of looking at the
probability of matching, the probability of “not matching” was interested in.

Combined Power of Exclusion (CPE) = 0.999999998952507. This index indicated that a person's DNA profile
differs from the DNA profile of a randomly selected person in the population by 99.9999998952507%.

Combined Paternity Index (CPI) = 8.4811x10°%. This index is also often used for paternity testing. That means the
number of similarities between a child and the biological father is 8.4811x10° times.

Almost all countries calculate their allele frequencies and standardize them to improve accuracy in conclusions. In
Table 2, the combined matching probability (CMP) decreases when more markers are examined, from 7.29x107*°
(15 loci) to 1.948x10%® (31 loci). This means the possibility of having any two people with identical DNA profiles is
increasingly unlikely as the number of markers examined increases. Similarly, the combined indices CPD, CPE
and CPI all increase when increasing the number of markers and sample size. This means that the more markers
are examined, the greater the chance of accurately identifying each individual and the lower the probability of
errors in concluding consanguinity relationships. CPD and CPE values in this study indicate that the
discriminatory power of the examined loci is considerably high. The study collected a large number of samples
(n=4346) and analyzed with many loci simultaneously (22 loci), which improved the efficiency, reliability, and
accuracy of the data.

One of the most important applications of the DNA database created from the study is to determine the accuracy
(probability of paternity - POP) in lineal paternity testing. The more loci that are examined, the closer the POP
value is to 100% if a match is obtained. For example, when comparing two DNA profiles of a father and a child, if
15 loci are examined, the POP value is 99.999992220147%. If 22 loci are examined, the POP value will be
99.9999999994358%. However, if a new DNA profile does not have the observed allele in the database, the POP
calculation cannot be performed. Therefore, the DNA database must be updated annually.

With the advancement of science and technology, a number of new technologies and genetic markers, such as
next-generation sequencing and single nucleotide polymorphisms, have been widely used. However, due to the
lack of databases for new genetic markers, STR profiling using older methods is still employed in forensic
practice. In 1997, the Federal Bureau of Investigation (FBI) laboratory selected 13 STRs as its core loci (CODIS),
which were expanded to 20 STRs in 2017. Commercial STR kits are based on these core loci. In recent years,
these core loci have been supplemented by an increasing number of new non-CODIS loci to obtain additional genetic
information and further improve discrimination. However, the newly approved STRs should be used with caution.

Table 2. Comparison of forensic genetic parameters with other studies (surveyed loci covered 13 CODIS)

Parameter

CMP

CPD

CPE

CPI

This study

Shimada et al.,
2002

Tran Khanh Linh
et al., 2010

Liu et al., 2013

Anghel et al.,
2014

Rodriguez et al.,
2015

Park et al., 2016

Tsybovskiia et
al., 2017

6.2236x10%
(n=4346, 22 loci)

7.29x10™® (n=150, 15 loci)

8.21x10?® (n=176, 23 loci)

3.601x10%
(n=1000, 22 loci)
2.902x10%
(n=1000, 24 loci)

7.089342x107% (n=123486,
18 loci)

1 (n=4346, 22 loci)

0.9999999999999999998
(n=178, 16 loci)

0.999999999999491
(n=182, 12 loci)

0.99999999999999914651
(n=150, 15 loci)

0.999999999999999999722
(n=336, 15 loci)

0.999999998952507

(n=4346, 22 loci)

0.99999994
(n=178, 16 loci)

0.9999923
(n=182, 12 loci)

0.9999916368
(n=150, 15 loci)

0.999999295
(n=336, 15 loci)

0.999996
(n=176, 23 loci)

0.9999999971
(n=1000, 24 loci)

0.999961 (n=12346,

18 loci)

8.4811x10°
(n=4346, 22 loci)
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Barrio et al., 2.022x10% (n=496, 20 loci) 1.473x10°
2019 1.948x10°%° (n=496, 31 loci) (n=496, 20 loci)
1.118x10™
(n=496, 31 loci)
Vu et al., 2021 1.8648x10% 1 (n=1000, 22 loci) 0.9999999992
(n=1000, 22 loci) (n=1000, 22 loci)
CONCLUSION

The study has established the allele frequency database and associated statistical parameters for 22 a-STR
markers from a large sample (4346 unrelated individuals distributed among provinces scattered across Vietnam).
The a-STR loci have high discriminatory power and polymorphic information content, which demonstrates that a-
STR has great potential for population biodiversity research, human identification, paternity testing, and forensic
applications.
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DAC DIEM DI TRUYEN CUA 22 CHI THI PHAN TU a-STR
TU CAC CA THE NGU' O VIET NAM

Nguyén Thi Lan Hwong, Vwong Gia Bao’, Mai Quang Trwong
Trung tam Phéap y Thanh phé Hé Chi Minh, Viét Nam

TOM TAT

Nghién ciru ndy béo céo dir liéu alen STR tir 4346 nguoi Viét Nam dwoc khao sat trén 22 locus STR nhiém sic
thé thuong (a-STR): CSF1PO, FGA, THO1, TPOX, VWA, D1S1656, D251338, D2S441, D3S1358, D5S818,
D7S820, D8S1179, D10$1248 D12S391, D13S317, D16S539, D18S51, D19S433 D21S11, D2281045 Penta
D va Penta E. Dan sé bao gom 90% nguoi Kinh va 10% la nguoi dan toc thiéu sé khac hoic c6 nguon goc hdn
hop (theo dit lieu bang cau hoi). Cac loai mau bao gdm niém mac miéng, mau, toc, méng tay, mo, rang, xuong.
Qua trinh tach chiét DNA duoc thuc hién bang cach su dung cac bo kit QlAamp DNA Mini Kit, QlAamp DNA
Investigator Kit va Bone DNA Extraction Kit. Phan tng PCR duoc thuc hién vai bo kit PowerPlex® Fusion
System. San pham PCR duoc dién di mao quan trén may phan tich di truyén ABI 3500. Két qua dién di dugc
phan tich bing phin mém GeneMapper® ID-X v1.4. Phuong phap dém tryc tiép va phan mém excel duoc ap
dung dé xac dinh tan suat alen va cac thdng sé di truyén phéap y. Bang tan suat alen cua 22 locus a-STR da duoc
xé&c lap. Cac mau ¢ trang thai can bang Hardy-Weinberg theo su phan b kiéu gen cua 22 locus STR. X4c suit
trang khop két hop (CMP), kha ning phén biét két hop (CPD), kha ning loai trir két hop (CPE) va chi sé quan hé
huyét théng két hop (CPI) dat céc gié tri lan luot & 6.2236x10%, 1, 0.999999998952507 va 8.4811x10°. Céc
locus a-STR ¢6 kha ning phéan biét va thong tin da hinh cao, chung t6 rang a-STR ¢6 tiém nang 16n cho nghién
ctru da dang sinh hoc quan thé, nhan dang con ngudi, xét nghiém quan hé huyét thong va cac tng dung phép y.

Tir khoa: Tan suét alen, thong sé di truyén phap y, STR, nguoi Viét Nam.

" Author for correspondence: Tel: 0765230982; Email: giabaovuong10@gmail.com
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KHAO SAT PHUONG PHAP PCR-DGGE CHO PHAN TiCH BA DANG
VI KHUAN TRONG MAU PHAN CUA TRE 6-24 THANG TUOI

Nguyén Thi Quy', Pao Trong Khoa', Nguyén Thi Them??, D& Thi Huyén'*
Vién Coéng nghé sinh hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam
2Hoc vién Khoa hoc va Céng nghé, Vién Han Iam Khoa hoc va Cong nghé Viét Nam

®Bénh vién 19-8, B6 Cong an

TOM TAT

Pa dang vi khuin va mit can bang vi khuan trong phan cua tré 6-24 thang tudi dugc cho 1 c6 lién quan dén
nhiéu bénh nhu tiéu chay, tu ky, béo phi, di tng, cham... Viéc phan tich da dang c4u tric vi khuan trong phan
bang phuong phap dién di trén gel gradient chat bién tinh (DGGE) cho phép thuc hién trén mot sé luong mau
I6n, c6 kha ning so sanh cau trdc vi sinh trong cAc mau va goi ¥ duoc tinh trang mat can bang vi sinh ciing nhu
xéc dinh vi khuin gay bénh c6 thé c6. Bé ap dung duoc phuong phap DGGE trén déi twong vi khuan trong mau
phén tré khoe manh va tré tiéu chay kéo dai chua rd nguyén nhén, trong nghién cttu ndy vung V3, V6-V8 cua
gen 16S rDNA da duoc khuéch dai bang chuong trinh tough-up, tough-down va chuong trinh dac hiéu tir hé gen
cua 8 vi khuan da biét, 5 da hé gen vi khuan cua tré khoe manh va 1 da hé gen cua tré tiéu chay kéo dai. Két qua
cho thiy, gel DGGE c6 ndng d6 polyacrylamide 8% Ia thich hop cho phan tach tét, da dang ving V3. Chuong
trinh tough-up gitp khuéch dai duoc ving V3 da dang hon céc chuong trinh PCR khac. Ham lwong DNA gen
V3 thich hop nhit cho phan tich DGGE la 1 pg/giéng. Gel DGGE dugc nhuém véi SYBR-Gold cho d6 nét va do
nhay tét, dam bao cho viéc quét anh phén tich danh gia da dang vi sinh vat trong cac mau nghién cuu.

Tir kh6a: DGGE, chuong trinh PCR tough-up, da dang vi khuan trong phan, tiéu chay kéo dai, ving gen V3.

MO DAU

O Viét Nam, tiéu chay 1a mot trong 10 bénh phd bién va dirng thir 4 v& ty 1& tir vong & tré dwdi 5 tudi va tap trung
chi yéu & tré 6-24 thang tudi. Tuy theo didu kién y té va dich té, khoadng 3-20% tré tiéu chay cAp dién tién thanh
tiéu chay kéo dai. Mac du Bénh vién Nhi trung wong da ap dung cac phwong phap hién dai nhuw real-time PCR
chan doan 24 tac nhan gay tiéu chay théng thu’crng nhwng ciling c6 t&i 47,39% tré khong tim dwgc ra nguyén
nhan (Vi Thi Thu Ha et al., 2016). Gan day, béng phuwong phap giai trinh tw thé hé méi tim h|eu da hé gen vi
khuan trong phan clia tré tiéu chay & mot sb6 nwédc, cac nha nghién ciru nhan thay sw thay ddi cAu tric hé vi sinh
vat clia tré (réi loan hé vi sinh) [a nguyén nhan dan t&i tré tiéu chay kéo dai, khé hoéi phuc. Phwong phap gidi trinh
tw gen thé hé méi la phwong phap danh gia dwoc toan dién nhat sy méat can bang hé vi sinh cla tré nhung
phwong phap nay chi danh gia dwoc trén tirng ca thé, véi chi phi tdn kém va méat nhidu thoi gian, khé so sanh
tinh trang mét can bang trén sb lwong 16n tré trong cling thoi diém. Méc du dwoc xem 1& phwong phap c6 kha
naéng phan tich thdp hon phwong phap gidi trinh tw nhwng cac phwong phap ddu van tay phan tr (molecular
fingerprinting techniques) nhw dién di trén gel gradient bién tinh (denaturing gradient gel electrophoresis -
DGGE), da hinh dd dai doan gi&i han (restriction fragment length polymorphism - RFLP) hay da hinh c&u hinh sgi
don (single strand conformation polymorphism - SSCP) van dwoc st dung thuwdng xuyén cé gia tri d& c6 thé so
sanh sy bién déng vi sinh trong hé sinh thai lién quan dén cac yéu tb tac dong khac nhau (Westaway et al., 2021).
Phan tich DGGE vuing V3, V6-V8 (goi tt Ia viing V68) ctia gen 16S rDNA thwéng dwoc st dung trong danh gia
da dang vi khuan trong phan cla tré dé tim ra sw mat can béng vi sinh trong bénh nhw di ing (StSepetova et
al., 2007, Bisgaard et al., 2011) hay bénh eczema (Forno et al., 2008), tiéu chay (Mai et al., 2006).

Do phan cé hé vi sinh da dang nhét trong céac hé sinh thai, déc biét & co thé ngudi (Costea et al., 2017) nén viéc
danh gia da dang vi sinh, so sanh, xac dinh sw bién déng vi sinh git)a nhém chirng va nhém bénh béng phwong
phap DGGE can duoc khao sat. CAc nghién ctru trwdrc da chi ra ndng dé chét bién tinh (gdm urea va formamide
deionized, trong d6 100% chét bién tinh gdm 7 M urea, 40% formamide deionized) thich hop cho phan tach
DGGE viing gen V3 1a 35-70% va viing V68 |a 40-60%. Mot sb tAc gia da cho ring gel dwoc nhudm béng bac c6
dd nhay tét (Qiu et al., 2012) nhung mét s tac gia lai cho rang viéc nhudm gel DGGE béng ethidium bromide va
SYBR-Gold cho dd nhay va do nét tét hon (Huang, Fu, 2005). Vi vay, trong nghién ctu nay ching toi tién hanh
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khao sat mot s yéu té nhw néng dd gel polyacrylamide, viing gen V3, V68 ctia gen 16S rDNA, ham lwong DNA
va phuwong phap thich hop cho phan tich gen bang DGGE dé c6 thé danh gia da dang vi khuén trong mau phan
tré 6-24 thang tudi t6t nhat. K&t qua cla cong trinh nay sé dinh huwéng phwong phap cho phan tich da dang vi
khuén trong cac mau phan cla tré khée manh va tré tiéu chay kéo dai, xem xét sy mat can bang vi khuén trong
phan cua tré tiéu chay kéo dai.

NGUYEN VAT LIEU VA PHUONG PHAP

Vat liéu

DNA hé gen cuia 8 ching vi khuan bao gf‘)m Escherichia co'li ATCC27117, Bacillus cereus, B. subtilis 168,
Staphylococcus aureus, Salmonella enterica Typhymurium (viét tat 1a S. Typhimurium), S. enterica Enteritidis
ATCC 13076 (viet tat 1a S. Enteritidis), Listeria fermentum, Enterococcus faecium da dwoc tach chiet trong nghién
ctru trwdc (Nguyén Hong Duong et al., 2023) dwgc sir dung lam khudn khuéch dai gen 16S rDNA trwéc khi

khuéch dai viing gen V3, V68 trong thi nghiém lwa chon ndng dé gel polyacrylamide thich hop cho phan tach
DGGE hai vung gen.

DNA da hé gen cua vi khuan trong mau phan cta tré khde manh H1 (bé gai 8 thang tudi), tré tiéu chay kéo dai
chwa ré nguyén nhan B1 (bé gai 11 thang tudi bj tiéu chay trén 14 ngay) dwoc tach chiét tir nghién clru trwéc
(Nguyen et al., 2023). Hai mau DNA da hé gen H1 va B1 dwoc sir dung dé khdo sat phuong phap PCR khuéch
dai viing V3 cho viéc danh gia da dang va lwa chon phwong phap nhuém gel DGGE. DNA da hé gen vi khudn
trong phan cla 4 tré khée manh 6-24 thang tudi (ky hiéu H2-H5) dung d& khuéch dai viing V3 cho thi nghiém
danh gia ham lwong gen V3 thich hop cho phan tich DGGE. Viéc thu m&u phan cho nghién ctu da dwoc Hoi
ddng Pao dirc cta Bénh vién Nhi trung wong chap thuan cho phép theo Gidy chiing nhan sb 1875/BVNTWW-
HDBDD ngay 10/7/2023.

Phwong phap PCR khuéch dai viing gen V3, V68 va gen 16S rDNA tir hé gen/da hé gen vi khuén

Gen 16S rDNA cla vi khuan duwoc khuéch dai badng cap méi 27-F va 1527-R tir DNA hé gen/da hé gen cda vi
khuan. Vung gen V3, V68 dwoc khuéch dai tr sdn phdm PCR gen 16S rDNA, s dung céc trinh tw méi V3
(Ariefdjohan et al., 2010, Fei et al., 2016) V68 (Mai et al., 2006) dwoc liét ké trong Bang 1 trong d6 trinh ty clamp
la 5' CGC CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG 3. PCR duoc tién hanh trong téng thé
tich 25 pl gém 2,5 pl dém PCR 10x, 2,0 ul dNTP (2 mM), 1,0 pl mdi méi loai (10 pM), 5,0 pl DNA khuén (2 ng/pl),
0,25 ul DreamTaq DNA polymerase (5 U/ul, Fermentas). Chuong trinh PCR s dung cho kh&o sét khuéch dai da
dang viing gen V3, V68 gdm ba chwong trinh. Chwong trinh d&c hiéu (ky hiéu 1a N) c6 nhiét d6 bat cap mdi voi
soi khuén 1a 55°C, chwong trinh tough-up (ky hiéu la U) c6 nhiét d6 gan mdi ting dan trong méi 5 chu ky tr 50°C,
52°C, 55°C va cubi cing 1a 20 chu ky c6 nhiét do gan mdi & 58°C. Chuong trinh tough-down twong tw nhw
chwong trinh tough-up nhwng nhiét dd bat cap mdi v&i sei khudn giam dan tir 58°C xubng 52°C, cudi cing la 20
chu ky v&i nhiét dd méi bét cap sgi khudn la 50°C. Téng sé chu ky trong cac chuwong trinh PCR 1a 35 chu ky
(Nguyén Héng Duong et al., 2023). San phdm PCR dugc kiém tra bang dién di trén gel agarose 0,8%
(Sambrook et al., 2001). Ham lwgng DNA va chét lwong DNA dwoc do bang may Nanodrop 2000 (Implen).

Bang 1. Danh sach méi diing dé khuéch dai gen 16S rDNA, cac ving gen V3, V6-V8

Gen Kich thwéc Tén moi Trinh tw méi
Gen 16S rDNA 1500 bp 27-F 5-GAG TTT GAT CCT GGC TCAG-3'
1527-R 5-AGA AAG GAG GTG ATC CAGCC-3'
Vung gen V3 180 bp BA338F-GC 5'-GC-clamp GAC TCC TAC GGG AGG CAG CAG-3'
UN518R 5-ATT ACC GCG GCT GCT GG-3'
Vung gen V6-V8 433 bp U968F-GC 5'-GC-clamp GAA CGC GAA GAA CCT TAC-3
L1401R 5-GCG TGT GTA CAA GAC CC-3’

Phan tich viing gen V3, V68 biang DGGE

Viing gen V3, V68 sau khi khuéch dai dwoc phan tich bang dién di DGGE nhuw dwoc mé ta béi Hovda va ddng
tac gid (Hovda et al., 2007) trén hé thdng may VS20-DGGETC system (Cleaver Scientific Ltd, England). Trong do
vung V3 dwoc phan tich trén gel c6 ndng dod chat bién tinh tlr 35% dén 70%, ving V68 dwoc phan tich trén gel c6
ndng dd chét bién tinh tr 40 dén 60%. Nong dd polyacrylamide trén ban gel dwoc khao sat & hai ndng dd la 6%
va 8%. bién di dwoc tién hanh trong dém TAE 1x (Eppendorf AG, Hamburg, Germany) & 60°C, 20V trong 10 phat
sau do tang lén 70V trong 18 gio. Sau khi dién di, gel dwoc thir nghiém nhudém véi ba phwong phap 1a ethidium
bromide (0,5 mg/l) hodc SYBR-Gold (511494, Thermo Scientific, USA) pha lodng 10000 14n trong dém TAE 1x,
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pH 7,6 va nhudm bac theo phwong phap sé 2 clia Qiu va ddng tac gid nam 2012 (Qiu et al., 2012).

KET QUA VA THAO LUAN
Khao sat néng dé gel polyacrylamide cho phan tich viing V3, V68

Dé dam bao do 4n dinh cho viéc khuéch dai viing V3, V68 clia 8 chung vi khuén khao sét, va cla da hé gen vi
khuén trong méau H1, B1, gen 16S rDNA va da gen 16S rDNA cla céc vi khuan da dwoc khuéch dai bang PCR
st dung moi va chwong trinh PCR dac hiéu tir hé gen cua cac ching khao sat va da hé gen cua mau H1, B1. Két
qué (Hinh 1) cho thdy gen 16S rDNA c6 cuing kich thuwéc khoang 1,5 kb da dwoc khuéch dai thanh cong tir 8
chang vi khuan va hai DNA da hé gen B1, H1. Gen dwoc khuéch dai dic hiéu, khéng cé bang phu (Hinh 1A)
trong d6 mau dbi chirng am khéng c6 bang nao dwoc khuéch dai. St dung san pham PCR gen 16S rDNA nay
lam khuén, cac vang V3, V68 cla vi khuén ciing da dwoc khuéch dai thanh cong véi ham lwgng DNA thu duoc
I&n (khoang 100 ng/pl). Ving gen V3 dwoc khuéch dai c6 kich thwdc thdp hon DNA chuén 250 bp, twong tng
véi kich thwéc mong doi la 180 bp. Vung V68 dwoc khuéch dai cé kich thwdc thap hon bang DNA chuén 500 bp,
twong &ng voi kich thwéc mong doi 1a 433 bp (Hinh 1B).

Céc vung gen V3, V68 da dwoc phan tich trén gel DGGE véi ndng d6 polyacrylamide 6%, tuy nhién, chi cé ving
V68 xuét hién cac bang DNA nhung rat me, khdng ré rang (Hinh 1C) con viing V3 hoan toan khéng nhin thay
bang dién di (két qua khong dwoc trinh bay). Khi ting ndng doé gel polyacrylamide 1&n 8%, cac bang DNA ving
V3, V68 clia cac vi khuan da thé hién rd & tat ca cac mau (Hinh 1D, E). Viing V3 c6 kha nang phan tach kha tét,
d&c biét & kha nang phan biét cac vi khuan trong cling chi. Ving V3 cla céc vi khuan & céac chi khac nhau dirng
& céac vi tri cach nhau kha xa trén gel dién di va quan sat rd hon & dwdng chay Mix (Hinh 1D). Trinh tw c6 quéang
dwdng di chuy&n dai hon thé hién trinh tw gidu GC hon so véi cac trinh tw khac do céc trinh tw ndy cé nhiét do
néng chay cao hon nén dirng & ving gel cé ndng dod chét bién tinh cao hon. Theo d6, ving V3 cua E. faecium di
chuyén quing dwdng ngén nhét, tiép do 1a ving V3 cla L. fermentum, B. cereus, B. subtilis, E. coli, S
Typhimurium, S. Enteritidis va cubi cling la S. aureus. Bang chu y, viing V3 cla B. cereus, B. subtilis ¢6 trinh tw
gan giéng nhau nén nam gan nhau. Vung V3 cla S. Typhimurium va S. Enteritidis cung & vi tri nhw nhau trén
dién di dd vi viing V3 cla hai vi khudn nay twong ddng nhau vé& trinh tw vi cling trong mét loai S. enterica (Hinh 1D).
Diéu do cho thay, phan tich viing V3 trén DGGE cua cac chiing vi khuan nay cé kha ning danh gia do da dang
va quan hé di truyén cta cac vi khuan.

V3 V68
Bp 1 23 45678M()123456738

1 2 3 4 5 6 7 8 HL M () B1

2000

1500 Bp
1000 T R R R 1 750
500 FYYYYY LYY s00
250 ; 250

A. Bién di gen 16S rDNA B. bién di vung V3, V68
123 45678()Mx 1234567 8Mix 1234567 8Mix

S. Typhymurium

E. faecium .
. coli ATCC 27117

L. fermentum
B cereus

B. subtilis 168
E. coli
S. enterica

Salmonella/L. fermentum
S. aureus/E. faecium/B. cereus

. subtilis 168

S. aureus

C. DGGE vung V68 gel 6% D. DGGE vung V3 gel 8% E. DGGE vung V68 gel 8%
Hinh 1. Lwa chon ndng do gel polyacrylamide cho phan tach cung V3, V68

A: Dién di dé phan tich gen/da gen 16S rDNA khuéch dai tir DNA hé gen cda 8 chung vi khudn va da hé gen vi khuan
trong m4u phan cua tré khée manh va tré tiéu chdy kéo dai. B: Pién di dé phan tich ving gen V3, V68 duoc khuéch dai ter
khudn 1a sén phdm PCR gen 16S rDNA; C: Pién di d5 DGGE trén gel polyacrylamide 6% phan tach ving V68; D, E: Dién di db
DGGE trén gel polyacrylamide 8% phan tach viing V3, V68 tuong dmg. (-) Béi chung am khéng chira DNA khudn; M: DNA
chuén 1 kb (Fermentas); 1-8: San phdm PCR c6 ngudn géc tuong ing tir E. coli ATCC 27117, B. cereus, B. subtilis 168,

S. aureus, S. Typhymurium, S. Enteritidis ATCC 13076, L. fermentum, E. faecium. H1, B1: Twong tmg véi DNA da hé gen tir
mé&u phan cda tré khde manh; tré tiéu chdy kéo dai; Mix: Hén hop ving V3 cda 8 chdng chithj tir 1 dén 8.
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Nguwoc lai, mac du ving V3 dwoc phan tach tét trén gel DGGE & ndng dd gel polyacrylamide 8% nhuwng viing
V68 clia 8 chiing vi khuan khong dwoc phan tach tdt va khéng dac trwng cho chi, loai. Dién hinh, viing V68 cla
S. Typhimurium ndm & vi tri cao nhét trén gel sau d6 dén ving V68 cua E. coli ATCC27117 va cudi cing la
B. subtilis 168. Tuy nhién, viing V68 clia cac vi khudn Salmonella, L. fermentum lai ndm cling trén mot ving, va
rat gan, khé phan biét véi viing V68 clia S. aureus, E. faecium, B. cereus. Vi vay, viéc s& dung viing gen V68 cho
danh gia da dang vi khuan va phan biét vi khuén trong cac mau méi trudng, déc biét Ia trong phan noi cé cong
ddng vi khuén rét phiec tap la rat khé khan. Ving gen V68 ciing da dwoc khao sét phan tach & gradient néng do
chét bién tinh 30-75% nhwng sw phan tach viing V68 clia cac chiing ciing khéng dwoc cai thién. Do vay, ving V3
sé dwoc str dung dé& khao sat phwong phap nhuém gel DGGE va ham lwgng DNA dwa 1&n gel. Hén hop V3 cla
8 chling dworc trdn véi ham lwong twong dwong dé Iam ddi chirng dwong trong céc thi nghiém tiép theo.

Khao sat phwong phap nhuém gel DGGE

Trong cac nghién clru trwde, chwong trinh tough-up da dwoc chirng minh ¢ kha nang khuéch dai da gen 16S
rDNA tir da hé gen vi khuan trong mau phan da dang hon chuong trinh tough-down va chuwong trinh dac hiéu.
Chuwong trinh tough-down ciing cho dé da dang ctia gen 16S rDNA tbt hon chuong trinh dac hiéu (Nguyén Héng
Duong et al., 2023). Trong nghién ctru nay, da gen 16S rDNA cula vi khudn tlr mau phan cia tré khée manh va
tré tieu chay kéo dai dwoc khuéch dai béng chwong trinh tough-up. Pa gen 16S rDNA nay dwoc dung lam khudn
cho khuéch dai viing V3 bang ba chwong trinh tough-up, tough-down va chwong trinh déc hiéu. Két qua (Hinh 2A)
cho thay viing gen V3 da dwoc khuéch dai & ca ba chwong trinh nhuwng viing gen V3 ¢6 kich thuwéc da dang hon,
ham lwong cao hon & mau PCR st dung chwong trinh tough-up. Trén ban dién di, viing gen V3 khuéch dai bang
chuwong trinh tough-up c6 thém cac bang phu dam hon, nét hon so véi san phém khuéch dai bng chwong trinh
d&c hiéu (chi c6 mét bang dac hiéu duy nhét, voi luong thap hon khi dién di véi ciing thé tich mau). Két qua nay
cling twong dong Vi cac nghién ciru triedc, trong do & cac chu ky dau cua chwong trinh PCR, nhiét do gan moi
th4p da gitip khuéch dai dwoc cac trinh tw c6 sb ban copy thap c6 trong mau va sé Iuang méi bam duwoc vao soi
khuén téng, giup khuéch dai DNA véi ham luwgng 16n (Pechgit et al., 2011). Két qua thtr nghiém nhudém gel
DGGE bang cac phwong phap khac nhau cho thay, trong ba gel duo’c nhuém béng SYBR-Gold, ethidium
bromide va nhuém bac thi ban gel dwgc nhuém bang bac cho d6 phat hién bang kém nhét, cac bang khéng ré
rang, khéng nét va day ciing 1a phwong phap nhudm phurc tap nhat (Hinh 2D) Phwong phap nhuém SYBR-Gold
va nhuém ethidium 1a phwong phap nhuém don gidn nhung cho d6 nét cta bang tét hon, phd bang phat hién
ciing nhidu hon (Hinh 2B, C). Trong dd, phwong phap nhuém bang SYBR-gold cho bang rd nét nhat, da dang
nhét. Twong ddng véi Két qué nay, nghién ciru trwdc day so sanh viéc str dung phwong phap nhudém gel béng
SYBR-Gold va ethidium ciing cho thdy SYBR-Gold cé do nhay tét hon (Huang, Fu, 2005, Tuma et al., 1999).
Phwong phap nhudm gel bang ethidium bromide ré nhwng doc. Vi vay, phwong phap nhudém gel bang SYBR-
Gold dwgc lwa chon cho cac thi nghiém sau.
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Hinh 2. Bién di dé phan tich san pham khuéch dai viing gen V3 tie m&u phan tré khée manh va tré tiéu chay kéo dai (A)
va DGGE phan tich vung gen dwoc nhuém bang ethidium bromide (B), SYBR-Gold (C) va bac (D)

M: DNA chudn 1 kb (Fermentas); (-) Béi ching am khong chiza DNA khuon; H1: DNA khudn c6 nguén géc tir tré khée manh;
B1: DNA c6 nguon goc ter mau phén cda tré tiéu chay; N. U, D: Tuong dng la DNA duwoc khuéch dai bang chuwong trinh déac
hiéu, tough-up va tough-down; (+): Déi chirng duwong.

Két qua phan tich DGGE ciing cho thdy, & mau phan tré tiéu chay kéo dai, ving V3 dwoc khuéch dai bang
chwong trinh tough-up cho dd da dang bang cao hon so v&i chwong trinh tough-down. Didu d6 ching té d& phan
tich da dang vi khuan trong mét mau, viéc siv dung chuong trinh tough-up sé cho két qua tét hon la hai chuong
trinh con lai. So sanh gitka mau chirng va mau bénh, tré b tiéu chdy cé xu hwéng gidm mirc do da dang vi khuan.
Két qua trén Hinh 2 ciing chi ra ring mau tir tré khde manh cé s bang nhidu hon mau bénh nén mau khée manh

¢6 xu hwéng c6 hé vi sinh vat da dang hon.

Khao sat ham lwong DNA vung V3 thich hop cho phan tich DGGE

Trong cac mau phén,‘ vi sir]h vat trong mau rat da dang. Vi vay, viéc lya chon ham lwgng DNA thiph hop cho
phan tich DGGE la can thiét. Trong cac thi nghiém trén, ham Iwgng V3 dwgc phan tich trén maéi giéng la 1 pg.
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Trong thi nghiém nay, d& danh gia chinh xac hon ham lwong DNA thich hop cho phan tich DGGE, viing V3 gen
16S rDNA clia da hé gen vi khuan tr 5 tré khde manh H1-H5 da dwoc khuéch dai va phan tich DGGE. Két qua
(Hinh 3) cho thay viing V3 ctia da gen vi khuén da dwoc phan tach kha tét trén gel DGGE, cac bing DNA déu thé
hién rd nét trong ca 5 mau. Mac di la mau khée manh nhung da dang ving V3 & cac mau khac nhau 1a khac
nhau vé ca sb lwong bdng va vi tri cla cac bang DNA trén dién di dd (Hinh 3A). Didu nay chirng td vi khuin &
cac mau ching ciing rét da dang. Dwa trén phd bang DNA c6 thé thay da dang vi khuan trong mau H1 khac hén
v6i 4 mau con lai. Mau H3, H4 c6 sy twong ddng nhau vé& phé bang hon ca. Nhw vay, rat cé thé da dang vi khudn
mau H3, H4 gibng nhau hon so v&i mau Hi1. Nhin trén hai ban dién di thi c6 thé thdy ham lwgng DNA thich hop
dwa lén giéng DGGE la 1 pg vi & ham lwong nay cac bdng thé hién ré nét, khong bi nhoe phl sang céc béng bén
canh tao thuan lgi cho viéc quét béng danh gia da dang trong cAc mau. Khi tdng 1én ham lwong 2 pg/giéng dién
di, cac bang co su giao thoa, nhoe véi cac béng 1an can lam cho dd nét cla bang kém hon. Theo tim hiéu cla
tac gid, khong c6 tai liéu khoa hoc nghién ctvu khao sat ham lwgng DNA thich hgp cho phan tich DGGE nhwng
trong mot dién dan, cac nha nghién ctvu da thao luan, chia sé cé thé s& dung ham lwong DNA ving V3 tlr 250
ng-750 ng/giéng dién di la da. Tuy nhién, d& nghién ctru dwoc da dang vi sinh trong mau sinh thai, viéc ting ham
lwgng DNA cho phan tich 1a can thiét. Vi vay, dé phan tich da dang vi khuan dya trén viing V3, lwong DNA thich
hop dé dwa lén giéng cho phan tach la 1 ug/giéng.

(+)H1 H2 H3 H4 H5

(+) HL H2 H3 H4 H5

E. coli

S. enterica

S. aureus

A. 1 ug DNA/giéng B. 2 ug DNA/giéng

Hinh 3. Bién di d6 DGGE phan tich viing gen V3 cta vi khuén trong mau phan twr 5 tré khée manh
v&i ham lwgng DNA khéac nhau 1 pg/gieng (A) va 2 pg/gieng (B)

(+): Péi chirng duong; H1-H5: DNA c6 ngudn géc ttr mau phan cua tré khée manh H1-H5.

KET LUAN

Viing V3 gen 16S rDNA cla vi khudn trong mau phan tré khde manh va tré tiéu chay kéo dai da dwoc phan tich
thanh cong bdng phwong phap PCR-DGGE trén gel polyacrylamide 8%, ndng dé chat bién tinh 35-70% vé&i ham
lwgng DNA dwoc dwa vao phan tich trén méi giéng dién dila 1 pg. Phd bang DNA cla V3 trén dién di d & cac
mau khac nhau la khac nhau thé hién sy da dang cta vi sinh vat cé trong mau.

Loi cam on: Cong trinh duoc hé tro kinh phi tir ¢é tai nghién ciu ma s6 DTPLCN.63/22 (Bé Khoa hoc va Cong nghé) va
trang thiet bj ciza Phong Thi nghiém trong diém Cong nghé gen, Vién Céng nghé sinh hoc, Vién Han Iam Khoa hoc va Cong
nghé Viét Nam (VAST).
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INVESTIGATION OF PCR-DGGE METHOD FOR ANALYZING BACTERIAL
DIVERSITY IN FECAL SAMPLES FROM CHILDREN OF 6-24 MONTHS OLD

Nguyen Thi Quy*, Dao Trong Khoa', Nguyen Thi Thom??, Do Thi Huyen>*
!Institute of Biotechnology, Vietham Academy of Science and Technology
’Graduate University of Science and Technology, Vietnam Academy of Science and Technology

%19-8 Hospital, Ministry of public security

SUMMARY

Bacterial diversity and bacterial dyshiosis in stools of children at 6-24 months old are related to many diseases
such as diarrhea, autism, obesity, allergies, eczema, etc. Analysis of bacterial diversity by denaturing gradient gel
electrophoresis (DGGE) method allows spontaneously performing on a large number of samples, capable of
comparing the structure of microbial diversity in the samples and suggesting the status of bacterial imbalance or
possible pathogens presence in the feces. To successfully apply the DGGE method for analysis of the bacterial
structure and diversity in the feces of healthy children and persistent diarrheal children with undetected-
pathogens, in this study V3, V6-V8 regions of the 16S rDNA gene were amplified from the genomic DNA of 8
bacteria, 5 bacterial metagenomic DNA extracted from the feces of healthy children and a metagenomic DNA
from feces of a child with persistent diarrhea, using tough-up, tough-down and specific PCR programs. The
results showed that DGGE gel contained 8% polyacrylamide concentration was suitable for separating diverse
V3 regions of bacteria. The V3 region that was amplified by tough-up program exhibited more diverse than one
amplified by other PCR programs. The V3 DNA content of 1 pg per well was enough for analyzing this region
by DGGE. DGGE gel stained with SYBR-Gold presented good sharpness and sensitivity for analysis of bacterial
diversity in research samples.

Keywords: DGGE, PCR tough-up program, bacterial diversity, persistent diarrhea, V3 gene region.
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KHAO SAT in silico MOT SO BAC BIEM CUA BETA-GLUCOSIDASE
TU DU LIEU TRINH TU DNA METAGENOME 8.4 GB CUA VI KHUAN
TRONG DA CO DE

Db Thi Huyén* Nguyén Minh Chién®?, Trwong Nam Hai'
Vién Coéng nghé sinh hoc - Vién Han 1am Khoa hoc va Céng nghé Viét Nam
Hoc vién Khoa hoc va Cong nghé - Vién Han lam Khoa hoc va Céng nghé Viét Nam

3Céng ty TNHH Duwoc Hanvet

TOM TAT

Trong nghién ctru treée, metagenomic DNA cua vi khuan trong da co dé da duogc giai trinh ty véi kich thude di
liéu 1a 8,4 Gb va 164,644 gen da dugc du doan. St dung cac bo dir lieu CAZy, KEGG, COG, 384 trinh ty ma
héa cho beta-glucosidase dd duoc khai thac trong d6 ¢6 131 trinh tu duge ude doan 1a trinh ty hoan thién. Phan
I6n (93,1%) trinh ty c6 kich thuéc 16n trén 700 amino acid, c¢é chi sé pl trong khoang 5,0-6,5 mang vuing trung
tam x{c tac thuoc ho GH3 va cé ving phu tro FN3. Cac enzyme duoc ude doan c6 chi sb alkaline cao, trong d6
67,9% enzyme c6 kha niang hoat dong o ving pH kiém (chi sé alkaline >0.6). Bn enzyme c6 chi s6 pl cao
nhung duoc wdc doan hoat dong tét & viing pH axit va 3 enzyme c6 chi sb pl cao dugc udc doan hoat dong &
viing pH kiém. Trong 7 enzyme nay, 5 enzyme dugc xac dinh 1a enzyme tiét, c6 trinh ty tin hiéu tiét ¢ phia dau N.
Hon nira s6 enzyme (69 enzyme) duoc uéc doan bén o nhiét do trén 65°C. Hai enzyme c6 kich thudc thip nhat
dugc ude doan c6 kha nang hoat dong ¢ pH kiém. Cac bién s6 do dal gen, gia tri pl, gi4 trj alkaline, kha nang
bén nhiét, cau tric enzyme la cac blen doc lap, chua xac dinh dugc méi lién quan véi nhau. Nghién ctru nay da
cung cap nhitng théng tin chung vé mot s6 dic diém co ban cua beta-glucosidase duge udc doan dya trén phan
tich tin sinh hoc, ¢6 gié tri cho dinh hudng khai thac gen va biéu hién gen.

Tir khoa: Beta-glucosidase, chi s alkaline, dix liéu 8,4 Gb, in silico, vi khuan trong da c6 dé.

MO DAU

Beta-glucosidase (BGL, EC 3.2.1.21) 14 enzyme quan trong dwoc (ng dung nhiéu trong nhiéu nganh céng
nghiép, ndng nghiép, thuc phdm va y dwoc. BGL ¢6 kha néng xuc tac chuyén héa gbe glucosyl tir dau khéng khiv
cla ca ba loai lién két aryl-, alkyl va beta-glucoside trong disaccharide va ca cac chudi oligosaccharide ngan
thanh glucose va cac chudi polysacchradide ngdn hon. Enzyme dwoc dung trong chuyén hoéa sinh khi
lignocellulose cho san xuét cdn sinh hoc. Ngoai ra, enzyme c¢6 vai trd quan trong trong nhiéu qua trinh sinh hoc &
cac co thé sdng khac nhau va dwoc (ing dung rong rai trong cong nghiép thuc phdm, cong nghiép hwong liéu, tai
ché gidy, khir doc bot sén va ting téc d6 dwdrng hda, chuyén hda chét xo trong thirc &n gia suc, gia cam, ting
hiéu qua st dung thirc &n, hap thu chét dinh dwéng tir thirc &n cho déng vat. & trong mét sé diéu kién nhat dinh,
beta-glucosidase con dwoc st dung trong tdng hop oligosaccharide, aryl-, alkyl-beta-glucoside. Day 1a cac hop
chét c6 tinh &n dinh cao, than thién v&i méi trwéng, bé mat khong bi ion héa va tw phan hady sinh hoc, dwoc tng
dung nhiéu trong ché tao thuéc, vaccine, sdn pham lam dep, céng cu trong chan doan,... (Seeberger, Werz,
2007; Tran et al., 2023; Ma et al., 2024). Vi vay enzyme nay rat dwgc cadc nhém nghién ctu trén thé gi¢i quan
tam nghién ctu, tim kiém dé (ng dung vao cong nghiép.

Hién nay, viéc (r’ng dung BGL vao thuc t& con nhiéu han ché do enzyme thwérng cé hoat d6 thép, chi hoat dong
tbt nhét & nhiét d6 40—-70°C va pH 4,5-5, nhung cac (rng dung cdng nghiép thwéng can enzyme hoat dong & phd
pH rdng va nhiét dd ndm ngoai gi&i han nay. Vi du, cac budc tién xi Iy sinh khéi trong qua trinh san xuét nhién
liéu sinh hoc thwéng hoat dong & nhiét do trén 80°C (Rocha et al., 2023). D& tang hwong vi cho nwéc ép tréi cay,
cac enzyme c6 hoat tinh téi wu & pH acid 2,8-3,8 sé thich hop d& gidi phéng cac chat bay hoi cé chra két
glycoside (Godse et al., 2021). BGL thuéng rat nhay cdm véi glucose nén dé bj trc ché néu san phdm chuyén
héa tang cao (Ahmed et al., 2017). Vi vay, viéc nghién ctu mé& réng tim kiém cac ngudn gen méa héa cho céc
BGL c6 déc tinh quy, dwoc uéc doan tir dir liéu DNA metagenome tir cac hé sinh thai tiém n&ng la rat can thiét.
Hién nay, cong nghé Metagenomics da dwoc trng dung dé giai trinh ty da hé gen cuda vi sinh vat trong hé sinh
thai da cho ra nhirng bd di¥ liéu gen rat I&n t nguon vi sinh vat chwa nudi cay dwoc. Pay la ngudn gen rat mai,
chwa dworc khai thac, mang nhirng thong tin méi vé cu triic cla cac loai protein/enzyme khéac nhau. Cuing véi sy
phét trién ctia cong nghé thdng tin, viéc khao séat cAu tric va tinh chat clia enzyme tlr di¥ liéu 16n nay c6 thé thuc
hién dwoc dé dwa ra nhitng thong tin mai vé cau tric ciing nhw dac diém cla nhém enzyme trong hé sinh théi,
cho phép Iwa chon enzyme cé dac tinh quy cho nghién cru trng dung.
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NGUYEN VAT LIEU VA PHUONG PHAP

Vat liéu nghién ciru

D@ liéu DNA metagnome co kich thwéc 8,4 Gb cla vi khudn trong da c6 dé thu dwoc tir gidi trinh tw bang hé
thong HiSeq Illumina 2500 (lllumina, San Diego, Hoa Ky). T 8,4 Gb di liéu, chung téi da lap rap va wéc doan
duwoc 164,644 gene. Sau d6 st dung cdng cu BLASTall, cac gen nay da dwoc so sanh véi co s& div lieu CAZy
(carbohydrate-active enzymes database- CAZy, http://www.cazy.org), Kyoto Encyclopedia of Genes and

Genomes (KEGG) (Kanehisa et al., 2008), Cluster of Orthologous Groups (COG) (Powell et al., 2011) dé chu giai
chtrc nang cua tirng gen (Do et al., 2018a, 2018b).

Nghién ctru khai thac cac trinh tw ma héa beta-glucosidase tir b6 dir liéu DNA metagenome

Tu cac két qua chi gidi chire nang dua trén bo dir lieu CAZy, KEGG, COG, céc trinh tw ma héa cho BGL sé&
duoc trich xuét ra moét file riéng. Cac théng tin v& ma gen, trinh tw gen, trinh tw amino acid suy dién tir gen dugc
trich xuét bang cong thirc Vlookup trong Microsorf Excel. D6 twong ddng cla trinh tw amino acid v&i cac trinh tw
trong div liéu KEGG/CAZy/NR NCBI sé& dwoc trich xuét theo clng trinh tw.

Nghién ctru danh gia da dang phé pl va chi sé axit/kiém dw doan cuia beta-glucosidase

Khéi lwong phan t& va gia tri pl cGa méi trinh tw enzyme BGL dwoc wéc doan bang céng cu wéc doan trong
EXPASY (https://web.expasy.org/compute_pi/). Khodng pH hoat dong clia enzyme dwoc wédc doan dwa trén
phén mém AcalPred (http://lin.uestc.edu.cn/server/AcalPred). Day 1a céng cu co thé dat dwoc dd chinh xac tdng
thé 1a 94, 01% (Fan et al., 2013). Khi mét trinh tw amino acid nhap vao, phén mém Sé ty dong tinh toan va cho ra
két qua cudbi cung vé kha nang chiu klem/aX|t clia protein sau vai phat. Két qua cudi 1a mot gia tri trong khoang
gi®i han tlr 0 dén 1 theo mrc tang cla chi sb truy van. Néu viéc khao sat mirc do hoat déng trong viing alkaline
thi trinh tw ndo c6 chi sb cang gan 1 1a trinh tw c6 kha néng hoat déng tét & viing alkaline. Do vay, d6i véi 1 trinh
tw, tdng gié tri alkaline va acid sé bang 1.

Dw doan kha nang chju nhiét cia enzyme

Dwa trén thanh phan va trinh tw cGa cac amino acid, lién két hidro, lién két Vanderwaals, twong tac ky nwéc va
d&c diém cla cac enzyme tlr cac sinh vat sdng trong diéu kién moi trwéng c6 nhiét dé cao (Ebrahimi et al., 2011),
Phan mém cda TBI (www.tbi.org.tw/tools) xay dwng trén sé liéu ctia 150.000 protein chiu nhiét d6 khac nhau
trong ngan hang NCBI dé dy doan kha nang chiu nhiét, dwa trén nguyén tic twong déng. Kha nang chiu nhiét
dwoc dw doan & ba mtrc 14 trén 65°C, 55-65°C va dwdi 55°C.

Dw doan cau tric chia enzyme

M6t sb cong cu dy doan ciu truc dwoc wng dung nhiéu trong nhitng n&m gan day la Swiss-Prot (c6 tich hop
AlphaFold), Phyre2 hay Comparative modelling. M&i cdng cu cé wu diém riéng, phu hop véi teng nhém trinh tw
c6 dd twong ddng véi cAu tric cé san khac nhau. Cong cu Swiss-Prot cho phép wéc doan cau tric phan tu cla
céc trinh tw mé&i, c6 do twong ddng thap, khé wéc doan duwoc bang Phyre2. Phyre2 la cong cu dw doan cAu tric
bac ba cla céc trinh tw dya trén nguyén Iy nhan biét viing cudn xoan theo cac twong tac phan t& ddi véi cac trinh
tw c6 d6 twong ddng voi cAu tric da biét trén 30%. Phwong phap Comparative modelling c6 thé giap dw doan
cu tric phan t& dbi véi céc trinh tw c6 dd twong ddng cao trén 50% so véi trinh tw da biét. Trong nghién ctu
nay, cac enzyme dwoc dy doan cAu tric dwa trén trinh tw amino acid b&ng céng cu Phyre2 (http://www.sbg.bio.ic
.ac.uk/~phyre2, truy cap thang 6/2024) voi ché d6 md hinh héa mé& rong (intensive) do ching c6 doé twong dong
phl hop vé&i véi clu tric da biét khoang trén 30%. CAc viing bao tha cia enzyme dwoc wéc doan dwa trén cong
cu wéc doan viing bao thd clia géi cong cu tryc tuyén BLAST.

KET QUA VA THAO LUAN
Khai thac cac trinh tw ma hoa beta-glucosidase

T 164,644 gene, chiing ti da thu dwoc 387 trinh tw ma héa betaglucosidase. Trong sb cac trinh tw nay chi co
131 trinh tw hoan thién (chiém 29,2%) 88 trinh tw thiéu ddu 3', 60 trinh tw thiéu dau 5' va 103 trinh ty thiéu ca hai
d3u. Trong s6 céc trinh tw hoan thién c6 43 trinh tw dwoc chi gidi chirc ndng dwa trén di liéu COG, 113 trinh tw
chu gidi chrc nang béi KEGG (dat 86,25%), 131 trinh tw dwoc chu gidi béi CAZy (dat 100%). Nhw vay, di liéu
CAZY cho dat ti 1& chi gidi gen thanh céng cao nhat, dat 100%.
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Hinh 1. Biéu dd phan b6 do dai (A) va pl (B) cia 131 trinh tw amino acid cta beta-glucosidase tir bd div ligu DNA
metagenome trong da cé dé

Két qua khao sat dé dai céc trinh tw cho thay, trinh tw gen c6 do dai ngan nhét la 257 amino acid va dai nhét la
894 amino acid. Trong d6 c6 122 trinh tw (chiém 93,1%) cé d6 dai trén 700 amino acid. Phan I&n cac trinh ty ¢
chi sb pl nghiéng vé phia axit nhe, ndm trong khoang 5,0-6,5 chi cé 1 trinh tw c6 chi sé pl thp dwdi 5 va 6 trinh
tw c6 pl cao trén 7 (Hinh 1B). Trinh tw cé kich thwéc thap nhat dwoc wéc doan cé chi sé pl thdp nhét. Khong co
méi lién hé nao gitra d6 dai va gia tri pl clia beta-glucosidase.

Théng thueng céc trinh tw beta-glucosidase GH1 thueng c6 kich thwéc khoang 400-500 amino acid. Dién hinh
nhw BGL GH1 ctia Trichoderma spp. thudng cé kich thuéc trong khodng 455 dén 466 amino acid (Mohamad Sobri
et al., 2020). C4c beta-glucosidase GH3 thwong ¢6 kich thwéc I¢n hon do phan t& thwong ¢ 2 module cho hoat
tinh xdc tac 1a GH3N va GH3C cling v&i cac ving phu tro khac gidp enzyme bam 1én co chat (Nguyen et al., 2021).
Trong nghién ctru ndy, tat ca cac trinh tw déu dwoc CAZy wdc doan la beta-glucosidase GH3 va phan 16n ¢
thém vang FN3 & phia sau ving GH3C. Day 1a cu tric kha dién hinh cla enzyme beta-glucosidase trong da cd
dé. CAc nghién ctru ciing cho thdy didm dang dién cla cac beta-glucosidase trong bd di¥ liéu nghiéng v& ving
axit nhe, trong khi d6 cac enzyme beta-glucosidase GH1 cta Trichoderma spp. c6 diém déng dién dao déng
trong khoang 5,10-5.53 (Mohamad Sobri et al., 2020).

Khao sat kha niang hoat déng & viing pH kiém ctia enzyme

Theo wéc doan bang phdn mém AcalPred, cac enzyme beta-glucosidase trong da cé dé cé kha naéng hoat déng
trong ving pH rat rong, tlr viing pH rét axit (v&i chi s alkaline thap nhat (0,05)) dén ving hoat déng rat kiém (chi
s6 alkaline cao nhat 1a 1). Néu phan loai chi s6 alkaline thanh 3 vung 1a viing axit (chi sé alkaline <0,4) viing trung
tinh (I&n hon 0,4 va nhé hon 0,6) va ving kiém (tlr 0,6 dén 1,0) thi 30 enzyme hoat dong & vung axit, 12 enzyme
hoat déng & viing trung tinh va 89 enzyme (chiém 67,9%) hoat dong & viing pH kiém (Hinh 2). Quan sat trén biéu
dd (Hinh 2B) c6 thé thay, sw phan bb enzyme hoat dong & céc ving pH khac nhau 1 ngdu nhién, khéng c6 méi
lién quan t&i diém déng dién cha enzyme. Tuy nhién, c6 4 enzyme c6 gia tri pl cao lai hoat dong tét & ving pH
axit, trong khi d6 cé 4 enzyme c6 pl cao hoat déng & ving pH cao, khéng c6 enzyme pl thp hoat déng & ving
pH cao va ciing khéng nhin thdy enzyme cé pl thap hoat dong & viing pH thap (Bang 1). Két qua khao sat mdi
lién quan gitra do dai trinh tw va gia tri alkaline ciia enzym ciing cho thay hai dai lwgng nay khdng cé méi lién hé
véi nhau (két qua khong dwoc trinh bay).
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Hinh 2. Biéu d6 phan b6 sé lwong cac trinh tw beta-glucosidase theo chi sé alkaline (A) va sw twong quan giira chi sé
alkaline véi pl ctia 131 trinh tw
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Bang 1. Mot sé dac diém chia 4 trinh tw c6 pl cao hoat déng trong viing pH thap va 3 trinh tw pl cao hoat ddng trong
viing pH cao trong bo dir liéu DNA metagenome cua vi khuén trong da cé dé

Ma trinh tw (E’jlém?na(i Itljgh’?lig pl \i(l]uncg le]énug t:;?’ ng MaCazyl Biséém Diém_ s6 Tm
acid)  (kDa) tac  C g/g)g KEGG g  alkaline

[denovogenes]_3474 819 90,6 8,62 GH3 40,93 CBK66838 0,29 0,71 >65
[denovogenes] 17198 493 54,1 8,35 GH3 FN3 46,36 K05349 0,78 0,22 >65
[denovogenes]_5059 741 81,7 8,32 GH3 FN3 44,48 K05349 0,21 0,79 55-65
[denovogenes] 11003 580 641 825 GH3 FN3 86,14  K05349 0,65 0,35 55-65
[denovogenes]_2683 869 97,0 8,11 GH3 FN3 76,46 K01188 0,95 0,05 55-65
[denovogenes]_ 2632 874 96,9 8,1 GH3 FN3 76,62 K01188 0,77 0,23 >65
[denovogenes]_4363 775 84,4 7,48 GH3 FN3 60,57 K05349 0,06 0,94 55-65

Dwa trén phan mém SignalP 5.0 cGa Trwong Pai hoc Ky thuat Dan Mach (https://services.healthtech.dtu.dk
/services/SignalP-5.0/), trong sb 7 trinh tw & trén, cac trinh tw c6 kich thwéc Ién hon 700 amino acid déu cé chira
tin hiéu tiét, con hai trinh tw kich thwéc nhé khéng chiva tin hiéu tiét. TAt ca cac trinh tw déu cé hai viing xic tac
ctia GH3N va GH3C trong d6 5 trinh tw c6 ving FN3 dwoc cu tao béi phién beta. Cac trinh tw d&u cé cAu tric
dic thu cla beta-glucosidase gdm céau tric TIM (B/a)8 barrel, (a/B)6 barrel (Hinh 3). Céac chu tric beta
glucosidase déu twong ddng 31-51% so v&i cAu tric cla beta-glucosidase trong div liéu PDB. Trinh tw FN3 da
dwoc nghién ctru cé kha nang lam tang gia tri pl cho enzyme (Nguyen et al., 2021). Enzyme ma hda tlr gen
[denovogenes]_3474 c6 cAu truc twong ddng 33% véi glycosyl hydrolase family 3 (Kim et al., 2011). Enzyme ma
hoa tir gen [denovogenes] 5059 c6 clu tric twong dong 37% véi beta-glucosidase chiu nhiét cta Clostridium
thermocellum (Almeida, Muniz, 2022). Quan sat ciu tric cia cac enzyme, ching ti khéng nhan thy cac diém
khéac biét gitra cac enzyme c6 pl cao nhwng c6 kha nang hoat déng & vung pH axit va enzyme c6 pl cao nhuwng
dy doan hoat déng trong vung pH bazo.

TIM (B/a)8 barrel (a/B)6 barrel

[denovogenes] 3474 [denovogenes] 5059

Hinh 3. C4u tric dw doan cua hai beta-glucosidase dién hinh ma héa tte hai trinh tw gen
Khao sat kha nang bén nhiét cia cac enzyme beta-glucosidase

Dua trén phan mém TBI (www.tbi.org.tw/tools), kha ndng bén nhiét ctia enzyme théng qua chi sé Tm da duoc
wéc doan. Két qua, 100% céc trinh tw dwoc wdc doan cé kha nang bén nhiét cao tir 55°C tré 1én va khéng cé
trinh tw n&o bé&n nhiét thap dwéi 55°C. Trong d6 53% sb6 lwong enzyme (69 enzyme) dugc wéc doan bén & nhiét
do trén 65°C, ddng nghta la 53% enzyme sé& bi méat hoat tinh khi nhiét d6 tang lén trén 65°C va 47% sb enzyme
con lai bi mat hoat tinh & nhiét d6 55-65°C. Két qua khao sat mdi lién hé gitra d6 dai trinh tw v&i kha nang bén
nhiét clia enzyme cho thay, hai dai lwong nay khéng c6 méi quan hé v&i nhau. Trong dé dang chi y 1a hai
enzyme c6 trinh tw ngan nhét lai dwgc dw doan hoat dong & trong viing pH kiém. Trinh tw [denovogenes] 68027
tao thanh t» 257 amino acid 1& trinh tw ngén nhéat trong bd di liéu, tiép theo dé 1a trinh tw [denovogenes] 39321
c6 352 amino acid. Ké&t qua khao sat cAu trdc ctia enzyme bang Phyre2 cho thay ca hai trinh tw c6 cAu tric twong
ddng cao v&i beta-glucosidase trong dé enzyme [denovogenes] 68027 dwoc wdc doan cé clu tric twong ddng
52% so v&i cAu tric cla beta-glucosidase bglpccl cla Prevotella copri (Zhou et al., 2023). Enzyme ma héa ti
gen con lai cé clu tric twong ddng 45% va&i ciu tric cla beta-glucosidase cla Kluyveromyces marxianus
(Yoshida, Hidaka, 2010). Ca 2 enzyme d&u cé c4u tric FN3 & ving dau C va mot phan cia cau trac (a/B)6 barrel
& dau N. Do vay rat c6 thé enzyme bi thiéu di ving GH3N. Tuy nhién, d& chéc chan day cé phai la enzyme hoan
thién, cé thé& hién chirc nang sinh hoc hay khéng thi can phai duwgc nghién ciru tiép bang sinh hoc phan ti tai td
hop gen.
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Hinh 4. Biéu dd phan bé cac enzyme beta- qu005|dase dwa theo do dai, gia tri alkaline va kha nang bén nhiét
clia cac enzyme (A), cau tric wéc doan clia hai enzyme méa héa tiv hai gen dién hinh (B, C)

KET LUAN

Trong sb 131 trinh tw hoan thién ma héa cho beta-glucosidase dwoc khai thac tlr di¥ liéu giai trinh tw da hé gen
cta vi khuén trong da cé dé, 100% trinh tw c6 ving xGc tac GH3, 93,1% trinh tw c6 kich thwéc lon trén 700
amino acid, 67,9% enzyme c6 kha nang hoat déng & viing pH kiém (chi sb alkaline >0,6), 52,7% enzyme wéc
doan bé&n & nhiét d6 trén 65°C. Két qua nay cé y nghia cho lwa chon trinh tw ma héa enzyme cé d&c tinh mong
muén cho biéu hién protein dang tai t& hop.

La&i cam on: Cong trinh duwoc hé tror kinh phi tir @é tai nghién cizu ma s NCVCC08.05/24-25 do PGS. TS Pé Thi Huyén 1am
chi nhiém.
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In silico PREDICTION OF SOME PROPERTIES OF BETA-GLUCOSIDASE
MINED FROM METAGENOMIC DNA DATA 8.4 GB OF BACTERIA IN
GOATS RUMEN

Do Thi Huyen™®*, Nguyen Minh Chien®?, Truong Nam Hai*
!Institute of Biotechnology—-Vietnam Academy of Science and Technology
’Graduate University of Science and Technology - Vietnam Academy of Science and Technology

*Hanvet Pharmaceutical Company Limited

SUMMARY

In a previous study, metagenomic DNA of bacteria in goats' rumen was sequenced to yield of 8.4 Gbh, from
which 164 644 genes were predicted. Using CAZy, KEGG, COG databases, 384 genes coding for beta-
glucosidase were mined, of which 131 sequences were estimated to be complete sequences. The majority
proportion (93.1%) of the enzymes coded by the complete genes had long size of over 700 amino acids. The
significant portion of the enzymes possessed pl value in the range of 5.0-6.5, contained a catalytic domain
belonging to GH3 family and an auxiliary region FN3. The enzymes were estimated to have a high alkaline
score, of which 67.9% of enzymes were predicted to be capable of exhibiting activity in the alkaline pH region
(alkaline index >0.6). Among them, four enzymes have high pl scores but were estimated to work well in the
acidic pH region and three enzymes had high pl scores but were estimated to work well in the alkaline pH
region. Of these seven enzymes, five enzymes were identified as secretory enzymes because of containing a
signal peptide sequence at the N-terminus. More than half of the enzymes (69 enzymes) were estimated to be
stable at temperatures up to 65°C. The two enzymes with the lowest sizes were predicted to be able to function at
alkaline pH. The amino acid length, pl value, alkaline value, Tm and enzyme structure were independent
variables, no relationship between each others were observed. This study has provided general information about
some basic characteristics of beta-glucosidase estimated based on bioinformatics analysis, which is valuable for
gene mining and expression.

Keywords: DGGE, PCR tough-up program, bacterial diversity, persistent diarrhea, V3 gene region.
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NHAN DONG VA PHAN TiCH TRINH TU GEN glpF MA HOA PROTEIN
XUYEN MANG HO TRQ' VAN CHUYEN GLYCEROL O Escherichia coli

Pham Thi Kiéu Duyen Nguyen Thi An Hoa Nguyén Ha M| Quyen My Linh?,
Nguyén Quang Huy , Kiéu Cam Nhung Chw Lwong Luan®

'Khoa Sinh hoc, Trurong Pai hoc Khoa hoc Tw Nhién, Pai hoc Quéc gia Ha Ndi

2Phc‘)ng Thi nghiém Trong diém Coéng nghé Enzym va Protein, Triromg Bai hoc Khoa hoc T nhién,
Dai hoc Qudc gia Ha Néi

®Bg Khoa hoc va Cong nghé

TOM TAT

Biodiesel 14 ngudn ning luong tai tao, hira hen c6 thé thay thé cho nhién liéu hoa thach truyén théng bai vu diém
than thién véi moi trudng. Su phét trién cua cong nghiép biodiesel trén pham vi toan cau di dan dén du thira mot
trir lugng I6n glycerol thd - san pham phu tir qué trinh san xuat. Didu ndy gy mat can bang gia thanh glycerol
thwong mai va duoc xem la thach thirc déi vai tinh bén viing cua cdng nghiép biodiesel. Tir d6, muc tiéu chuyén
dbi glycerol thd thanh san pham c6 gié tri cao da tré thanh van dé cap thiét ¢ nhidu qudc gia. Escherichia coli (E.
coli) da dugc ching minh c6 thé sir dung glycerol nhu mot nguon carbon thay thé thong qua su két hop gitra
glycerol kinase (GIpK) va glycerol 3- phosphate dehydrogenase (GIpD). Tuy nhién, su biéu hién cua gen
aquaglyceroporin (glpF) la mau chét quan trong, lam téng toc do sinh truong va sy hinh thanh sinh khéi. GIpF
c6 cau tric bao ton, tinh chon loc cao va duogc biét dén Ia protein van chuyén duy nhat xuc tc cho qua trinh
khuéch tan glycerol qua mang trong cua E. coli. Trong nghién citu nay, gen glpF tir E. coli chung DH5 alpha da
dugc nhan dong vao vector pJET 1.2/ blunt va giai trinh ty theo phuong phap Sanger. Trinh tu gen dich dugc
giai ma gom 846 nucleotide va tuong ddng 100% véi trinh tu gen tham chiéu. Két qua so sénh trinh tw amino

acid suy di&n va phan tich cau trac protein bac 3 cho két qua twong ddng 100% vai do tin cay 13 tuyét dbi. Két
qua nghién ctru ndy cung cip co s& khoa hoc, tao nguyén liéu di truyén dé phét trién ching vi sinh vat ti t6 hop
gilp tang cuong biéu hién gen glpF ma hda cho protein xuyén mang hd tro van chuyén glycerol.

Tur khéa: Escherichia coli, glycerol, glpF, trinh tu gen, nhan dong.

MO DAU

Biodiesel & nhién liéu cé thé tai ché, dwoc san xuét tir diu thwe vat hodc mé dong vat véi muc tiéu gidm thiéu 6
nhi&m mai trwéng va thay thé cho nhién liéu héa thach. Tuy nhién, qué trinh ché tao diu biodiesel din dén dw
thtra mét lwgng Ién glycerol - san phdm phu cta qué trinh s&n xuét. Theo tinh toan, mdi 9 kg dau biodiesel dwoc
san xuét tr qua trinh este héa sé tao ra 1 kg glycerol thd (Zhou et al., 2018). Mac du, tirng dwoc coi la loai “san
phdm phu” c6 gia tri, egceroI thd dang nhanh chéng tré thanh mcf)t “san pham thai” do chi phi xt ly cao va anh
hwéng t&i gia thanh cua glycerol tinh khiét. Theo nghién ctu, san lwong glycerol tho trén thi trwong tang nhanh
va c6 lién quan tryc tiép toi sy phat trién cda biodiesel. Mat khac, glycerol tho chwa qua tinh ché khong thé thai
ra moi trwdng vi dét tryc tiép sé tao ra khi doc (Gupta & Kumar, 2012). Viéc phat trién mot quy trinh bén virng voi
muc dich chuyen ddi glycerol thanh san pham c6 gia tri dang 1a van dé& cap thiét cGia cac linh vuc kinh t&, nang
lwgng va cong nghé (Chiang et al., 2020). Hién nay, phwong phap chuyen déi glycerol thudng dwoc tlep can bao
gdm chuyén héa hoéa hoc va dic blet la 1&n men st dung vi sinh vat cai bién di truy&n. Mot sé vi khudn cé thé
chuyén hda glycerol thudc chi E. coli, Klebsiella, Enterobacter, Glucanobacter, Clostridium, Candida, Aspergillus.
Glycerol thd thweng dwoc chuyén déi thanh cac san ph&m cé gia tri nhw: ethanol, propionic acid, biogas, citric
acid, ethanol, acid docosahexaenoic va mét so acid béo omega-3 khac (Chilakamarry et al., 2021). Vi lgi ich ve
chi phi va bdo vé méi trwdng, cong nghé DNA tai t6 hop dwoc xem 1 Iinh vyc trién vong trong nghién ctu
chuyén héa glycerol thé.

E. coli mang plasmld thuong dwoc st dung trong [inh vwe nghlen ctu tai td hop voi wu diém vé thao tac di
truy&n va chi phi mé rong san xuat. Vi khuan nay c6 kha naéng st dung mét sé hop chét lam ngudn carbon va
glucose duwoc wu tién str dung do ai lyc cao voi hé théng phosphotransferase (PTS). Mat khac, glucose cung cap
nhiéu nang lvong cho té bao thdng qua viéc khéi dong qua trinh dwdng phan dudi dang glucose 6-phosphate va
dwoc tiéu thu qua chu trinh Krebs (Martinez-Gomez et al., 2012). Tuy nhién, E. coli c6 thé sinh trwedng trong moi
trwdng giau glycerol va st dung ching nhw mét nguén carbon thay thé. M&t khac, ngudi ta con chirng minh réng
glycerol c6 anh huéng tich cuc téi thoi gian sdng clia t& bao va ndng suét protein tai td hop.

Glycerol c6 thé di qua mang té bao thong qua co' ché khuéch tan thu dong khong dac hiéu, tich ldy & té bao chét
va c6 thé di chuyén theo gradient néng do ra khéi t& bao. Ngoai ra, glycerol cling dwoc xem la vi du dién hinh cho
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qué trinh khuéch tan qua kénh van chuyén trung gian & E. coli. Twong tw nhw cac aquaporin, GIpF 1a mét kénh
Xuy&n mang c6 vai trd thic day qua trinh thdm thau glycerol. Sau khi qua mang té bao, glycerol trong té bao chat
tréi qua qué trinh phosphoryl héa can ATP va dwoc xGc tAc béi glycerol kinase (GIpK). San phdm cla qué trinh
duoc gitr lai trong té bao dwdi dang glycerol-3phosphate (G3P). Qua trinh trinh khir hydro dién ra va
dihydroxyacetone phosphate (DHAP) dwoc tao thanh. G3P déng vai trod 1a chit cam (g clia operon glpFK va
gitp E. coli cé thé str dung glycerol hiéu qua. Mé&t khac, G3P khéng phai chat nén cho GIpF nén duwoc gil lai bén
trong t& bao ma khéng phu thudc gradient ndng do (Sweet et al., 1990). GlpF thudc ho aquaporin (AQP), chira
chubi -Asn-Pro-Ala- bao ton, da dwoc xac dinh rd vé cap dd di truyén va cac d&c tinh chire nang (Stroud et al., 2003).
GIpF gébm 1 xodn dai xuy&én mang véi mét vi tri ubn cong & gitba va 2 chudi xodn alpha xuyén mang mot nira,
xién chéo qua mang hinh thanh mét phan cta 16 chon loc glycerol. GIpF c6 tinh chon loc cao, khéng cho phép
cac hop chét tich dién di qua giup duy tri gradient dién héa trén mang. Trong mét sé nghién ctu, glpF dwoc Xac
dinh m& héa cho protein xuyén mang GIpF va nam chung operon véi glpK mé hoéa cho glycerol kinase (GIpK)
(Sweet et al., 1990). Hai protein GIpF va GlpK c6 quan hé tuwong tac, sw xuat hién cta GIpF sé kich hoat glycerol
kinase (Voegele et al., 1993). Thém vao do, tbc dd van chuyén glycerol qua GIpF nhanh hon tir 100-1000 lan so
véi cac phwong thirc van chuyén khac (Heller et al., 1980). Tai Viét Nam, d& c6 nghién ctru tap trung vao téi wu
gia thanh san xuét biodiesel thay vi tan dung ngudn san pham c6 gia tri, s dung di twong: vi tao bién, mé& dong
vat. Tuy nhién, nhitng déi twong nghién ctu nay con giéi han vé tbc do sinh trwdng, mia vy va khd nang mé
réng san xuét. Chwa c6 nghién ciru ndo st dung cong nghiép DNA tai t6 hop trong nghién ctu chuyén hoéa triy
Ilwgng glycerol thé dw thira tir cong nghiép biodiesel.

Tém lai, biéu hién glpF dwoc coi la mau chét quan trong, lam téng tdc do sinh trwdng va sw hinh thanh sinh khéi.
Trong nghién ctru nay, ching t6i tién hanh nhan dong va phan tich trinh tw glpF, buwéc diu tao nguyén liéu di
truyén cho phét trién chiing tai té6 hop mang biéu hién gen quan tam. Pay la moét trong nhirng nghién ctru dau tién
tai Viét Nam tiép can t&i dinh hwéng tan thu glycerol thd tir cdng nghiép biodiesel str dung céng nghé tai té hop.

VAT LIEU VA PHUPONG PHAP
Chuaing vi khuan va plasmid

E. coli chiing DH5 alpha (Invitrogen, Hoa Ky) dwoc st dung cho muc dich tach chiét DNA téng sé va thiét ké cac
buwéc cta thi nghiém nhan dong. Vector tao dong dung st dung trong nghién ctru la pJET 1.2/blunt (Invitrogen,
Hoa Ky).

Tach chiét genomic DNA

E. coli DH5 alpha dwoc nuéi lac tang sinh trong 5 mL LB Idng (160 vong/phit, 37°C qua dém). DNA téng sb cla
E. coli DH5 alpha dwoc tach chiét bdng bo sinh pham thucmg mai Genomic DNA Prep Klt (BioFact, Han Quéc).
San pham tinh sach dwoc dién di trén gel agarose 1% co bd sung thuéc nhuém RedSafe™ Nucleic Acid Staining
Solution 20000x (iINtRON Biotechnology, Han Quéc). Két qua dién di dwgc quan sat dudi tia tlr ngoai.

Thiét ké cap mdi dic hiéu khuéch dai gen glpF

Cap mbi dic hiéu khuéch dai gen glpF dwoc chang téi nghién ctru thiét ké dwa trén trinh ty da dwoc cong bb trén
ngan hang gen (GenBank: U00096.3). B& mdi dwoc tdng hop béng phuong phap héa hoc bdi Céng ty TNHH
MTV Sinh Hoa Phu Sa (PHUSA Biochem) va co6 trinh ty: glpF-fw (5° — ATGAGTCAAACATCAACCTTG - 3’);
glpF-Afl II- rv (5 —CTTAAGTTACAGCGAAGCTTTTTG — 3'). Phan &ng PCR khuéch dai gen glpF st dung bd
sinh pham Platinum™ SuperFi Il PCR Master Mix (2X) (Invitrogen, Hoa Ky) chiva Pfu DNA polymerase biéu hién
hoat tinh exonuclease 3’-5’ c6 kha ndng doc stra va khuéch dai chinh xac gen dich. Qua trinh khuéch dai (PCR)
duwoc thwe hién bang thiét bi luan nhiét SimpliAmp™ Thermal Cycler (Applied Biosystem, Hoa Ky) theo chu trinh:
bién tinh 95°C trong 5 pht; 35 chu ky v&i méi chu ky & 95°C trong 30 gidy, 55°C trong 45 gidy va 72°C trong 1
phut; cudi cung gitr 72°C trong 10 phat. San phdm PCR c6 dang dau bang, kich thwédc theo tinh toan & 846 bp.
Két qua khuéch dai dwoc kiém tra bang dién di trén gel agarose TAE 1% & dién ap 100V trong 25 phut. Tinh
sach sa&n phdm PCR sir dung Monarch DNA Gel Extraction Kit (NEB, Hoa Ky). Dinh lwong s&n pham sau tinh
sach bang may do quang phd NanoDrop One (Thermo Fisher Scientific, Hoa KY). Kiém tra kich thwéc san pham
tinh sach bang k¥ thuat dién di trén gel agarose. Trong nghién ctru nay, céng cu ImageJ (Hoa Ky) dwoc stiv dung
v&i muc dich phan tich hinh anh dién di.

Phan trng gan glpF vao vector nhan dong

Sau khi tinh ché, doan gen glpF dwoc chén tryc tiép vao vector pJET 1.2/blunt (Inwtrogen Hoa Ky) theo ti Ié: 1
uL vector pJET 1.2/blunt, 5 pL 2X reaction buffer 1 yL T4 ADN ligase, 1,5 ML san pham tinh sach gen glpF, bd
sung thém nuclease free water d& dat thé tich cudi ciing 1& 10 pL. Phan &ng néi dwoc 0 & nhiét dd phong (25°C)
trong thoi gian 2 gi® trwéc khi dwoc s& dung cho muc dich bién nap.

Bién nap va PCR khuan lac sang loc thé bién nap

Toan bd san phdm gan duoc tron voi 100 UL t bao kha bién E. coli DH5 alpha. H6n hop duoc gilr trén da lanh
15 phut, sau dé sbc nhiét & 42°C trong 1 phat va dat 1én da lanh trong 2 phat. B& sung 300 pL LB 1dng vao hdn
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hop bién nap, nuéi lac téng sinh & 37°C, 160 rpm trong it nhat 1 gi¢. CAy trai 200 puL hdn hop bién nap trén moi
truong LB dac c6 bd sung 50 ug/mL ampicillin va nudi qua dém trong ti 4&m 37°C. Chon 10 khuén lac riéng ré
trén dia thach LB, hoa tan vao 40 uL nwéc cat khi tring va dung lam khuén cho phan ng PCR st dung caép mdi
cla bd kit nhan dong (pJET fwi/rv).

Téach chiét, tinh sach va dinh lwong plasmid tai té hop

Khuén lac chira DNA doan chén dung kich thwéc dwoe nudi riéng ré & 37°C, qua dém trong 5 mL méi trwdng LB
Idng chivra khang sinh ampicillin. Sau d6, 5 mL dich nudi cay dwoc ly tam 12000 vong/ phlt trong thdi gian 2 phat
dé thu c&n té bao. DNA plasmid dwoc tinh sach st dung kit Exprep Plasmid SV (Gene All, Han Quéc). San phdm
tinh sach dwoc dinh lweng béng do dd hap thu anh sang tlr ngoai budc séng Aseo.

Kiém tra plasmid tai td hop bang enzyme cét gi&i han

Vector tai t& hop pJET-gIpF dwoc G v&i 2 enzyme gidi han la Bglll va Aflll (NEB, Hoa Ky). Phan (rng cat dwoc
thwe hién theo 7 1&: 1uL buffer 10X twong ng, 1 uL DNA plasmid d& dwoc tinh sach, 1 UL enzyme gii han va bd
sung thém nuclease free water dé dat thé tich cudi ciing la 10 uL. U mau & 37°C trong thdi gian 45 phat trwdc khi
dién di kiém tra san pham cét.

Giai trinh tw plasmid tai t& hop va phan tich bing cac cdng cu tin sinh

Plasmid tai t6 hop sau khi tinh sach dwoc diung cho muc dich gidi trinh tw Sanger s dung cap méi di kém bo kit
nhan dong pJET fw/rv. Giai trinh tw dwoc thue hién tai cong ty 1% BASE (Malaysia). Phan tich két qua giai trinh tw
b&ng phan mém BioEdit. Cong cu SnapGene dugc st dung dé& dua ra trinh tw amino acid suy di&n. S dung
CLUSTAL OMEGA cho muc dich so sanh trinh tw gen va trinh tw amino acid v&i trinh tw tham chiéu. Phan tich
céu tric khong gian ba chiéu cta protein dwoc thuc hién qua phan mém Protein Homology/analogy Recognition
Engine V 2.0. Prankweb cling dwoc dung dé xac dinh trung tam hoat dong dwa vao cau trac 3D cla proteln GlpF
quan tam. Xac dinh c4u trdc xoén xuyén mang dy doan st dung céng cu TMHMM 2.0. Bé&n canh do, diém dang
dién (pl) va khéi lwong phan t (Mw) duoc tinh toan bang ExPASy pl Calculator.

KET QUA VA THAO LUAN
Két qua PCR khuéch dai gen glpF va dinh lwong san pham tinh sach

Chung t6i nghién ctu tién hanh nhan ban doan gen ma héa GIpF st dung cap mdi dwoc thiét k& dic hiéu véi
khuén 1a DNA tbng sé cta E. coli DH5 alpha (Hinh 1A, giéng 1). Két qua dién di cho thay, band dich sang rd, kich
thwéc 846 bp phi hop véi tinh toan ban dau (Hinh 1B, giéng 1), khéng c6 band phu, déi chirng &m khong xuét
hién band. Biéu nay chirng té cap mdi do nhém nghién ctru thiét ké co6 do déc hiéu cao. Sau khi tinh ché, két qua
do nanodrop chirng t& san phdm tinh sach gen glpF c6 d6 sach tbt va ndéng do tinh sach dat yéu cdu (Bang 1,
STT 1). Mat khéc, trén gel agarose TAE 1% xuét hién band dich sang rd, kich thwéc theo tinh toan khoang 846
bp (Image J, Hoa Ky) phil hop véi gia thiét, khdng cé band phu (Hinh 1B, giéng 2). Tir d6 két luan, thiét ké thanh
cobng cap mdi khuéch dai gen glpF t» genome E. coli DH5 alpha va doan gen dich sau khi tinh ché hoan toan phu
hop l1am nguyén liéu cho céc thi nghiém tiép theo.

B Cc

(=) M 1 2 M 1 2 3 4 5 6

kb
3.0-

~3820bp

846 bp +-2974bp

846 bp

Hinh 1. Két qua dién di

Giéng M: Thang chudn DNA (A) San pham tach DNA téng sé, giéng 1: DNA téng sé ciia E. coli ching DH5 alpha
(B) San phdm khuéch dai va tinh sach gen glpF, giéng (-): déi chimg am, giéng 1: san phdm PCR glpF tir hé gen cda E. coli
chdng DH5-a swdung cdp méi ngF fw/Afl 1I- rv, gleng 2:san pham tinh sach gen ngF (C) San phdm cét pJET-glpF
bang enzyme cét gidi han, giéng 1,4: Khong cét, giéng 2,5: cét véi enzyme Bglll, giéng 3,6: cat véi enzyme Aflll.

Két qua nhan dong gen ma héa GIpF bang vector pJET 1.2/ blunt

San phdm PCR c6 dang dau bdng nén gen glpF nén sau tinh ché cé thé dwoc ndi truc tiép vao vector nhan dong
pJET 1.2/ blunt theo ti 1& d& dwgc mé ta trong phan phwong phap. Sau dd, vector tai t hop dwoc bién nap vao té
bao kha bién E. coli chiing DH5 alpha. Tai vi tri da didm trén vector nhan dong cé cha gen gay ddc Eco47IR bi
gian doan bdi doan chén, trinh khéi déng Plac dwoc stra ddi cho phép bidu hién gen Eco47IR & mirc dd vira
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phai, di dé chon loc plasmid. Vi vay, chi nhiing vi khuén mang DNA tai t6 hop méi c6 thé moc thanh khudn lac.
Do d6, hoan toan co thé bd qua budc sang loc xanh/ tréng ton kém. Két qua bién nap cho thay, khuén lac trén
dia LB - ampicillin xuét hién tron, r8, rdi rac va khéng c6 khuan lac vé tinh, pht hop dé thwe hién sang loc bang
PCR khuén lac (Hinh 2A). Tuy nhién, glpF c6 s&n trong hé gen cla vi khuan E. coli DH5 alpha nén khéng thé sty
dung cdp mdi do ching t6i thiét k& dé& kiém tra khuén lac. M&t khac, cap mdi pJET fw/rv bam vao hai dau vector
nhan dong va bj gian doan béi vang MCS nén thich hgp cho muc dich kiém tra doan chén. Két qua sang loc
khuén lac bang phuong phap PCR cho thdy ca 10/10 khuén lac dwoc chon déu xuét hién band dich (972bp)
(Hinh 2B, giéng 1-10). Sy chénh léch kich thwéc dén tir viéc chung t6i da nghién clru st dung cap moi cla
vector nhan dong, phu hop véi gia thiét ban dau.

Két qua kiém tra plasmid tai t6 hop bing enzyme cét gi&i han

Trwée hét, 2/10 khudn lac da dwoc chon loc tr phan ng PCR dwoc tinh sach plasmid theo quy trinh da moé ta
trong phan phwong phap. Két qua kiém tra hap thu anh sang t& ngoai buwdc séng Azeo lan lwot 1& 210 ng/ pL va
160 ng/ L, hoan toan phu hcyp cho céac thi nghiém tiép theo. Hai enzyme gi6¢i han dwoc st dung dé kiém tra
plasmld tai tb hcyp la Bglll va Aflll véi muc dich kiém tra kich thwéc plasmid, vi tri va kich thuwéc doan chén. Két
qua dién di dd san pham cét v&i enzyme gidi han da duoc the hién (Hinh 1C), kich thwéc band dich tiép tuc
dwoc tinh toan s dung cong cu Image J. Trong d6, enzyme cat mé vong Aflll chiva 1 diém cét trén vector pJET
1.2/ blunt tai vi tri 750/751 bp nén khi cat sé tao ra 1 band dich kich thwéc khodng 3820 bp (Hinh 1C, giéng 3,6).
Mét khac, vector nhan dong mang 2 vi tri nhan biét enzyme Bglll tai vi tri (337/338 bp va 383/384 bp) ké bén
MCS nén dwoc st dung dé kiém tra kich thuwéc doan chén. Do d6, khi cat voi Bglll sé cho 2 band dich co kich
thwoce lan Iu>c_rt khoang 29?4 bp (vector) va 6}46 bp (doan chén) (Hinh 1C, gién 2,5). Bén canh do, két qué dién di
vector tai td hop khong cat v&i enzyme xuat hién band kich thuéc Ion, c6 thé do gidi thich do plasmid ton tai &
trang thai siéu xoan, mét dang ly twéng cho muc dich giai trinh tw (Hlnh 1C, gleng 1,4). Bwéc dau két luan gen
glpF d& dwoc chén chinh xac vao vi tri MCS va dwoc bién nap thanh cong vao té bao kha bién.

M 1 2 3 4 5 6 7 8 9 10

972 bp
el

Hinh 2. Két qua PCR khudn lac sang loc thé bién nap Hinh 3. Trung tam hoat dong ctia GIpF
M: Thang chudn DNA, 1-10: khudn lac 1-10. (Ving mau dé thé hién trung tam hoat dong).

K&t qua giai trinh tw gen glpF va phan tich st dung céc céng cu tin sinh

Chuing toi tiép tuc nghién ctru gidi trinh tw nucleotide dé khang dinh vector tai t6 hop pJET-gIpF da mang chinh
xac doan gen quan tam. Két qua so sanh trinh tw bang cong cu tin sinh CLUSTAL OMEGA cho thay gen glpF c6
kich thudc 846bp va twong dong 100% voi trinh tw gen glpF d& cong bo trén ngéan hang gen (GenBank:
AAA23886.1). Cac nghién clru trwdc d6 thwdng sir dung ching goc E. coli K12 MG1655, Corynebacterium
glutamicum, Pseudomonas aeruginosa hodc cac ching vi khuan khac phuc vu cho muc dich tach ngudn gen.
Méc du E. coli DH5 alpha la mét dang d&n xuét cia ching gbc E. coli K12 MG1655 va gen glpF c¢é tinh bao ton
cao. Theo dy doan, gen glpF c6 dd twong déng khoang 99% vé trinh tw nucleotide gitra 2 chiing vi khuan nay, sy
sai khac c6 thé do cac bién thé nhd hodc cac dot bién diém trén gen. Két quéa nghién ctru nay cta chung toi cho
thay gen glpF tir E. coli DH5 alpha dwgrc kiém‘tra trinh tw trong nghién cru twong dong tuyét doi véi gen nay &
chiing E. coli K12 MG1655, chirng té tinh bao ton tieén héa cao cla gen.

sp|G1pF|E.coli.K12 MSQTSTLKGQCTAEFLGTGLLIFFGVGCVAALKVAGASFGQWETSVIWGLGVAMAIYLTA 60 A
sp|G1pF|E.coli MSQTSTLKGQCTAEFLGTGLLIFFGVGCVAALKVAGASFGQWEISVIWGLGVAMAIYLTA 60
PO SIEAR AT D et A AP ARSI ARAH A
sp|G1pF|E.coli.K12 GVSGAHLNPAVTIALWLFACFDKRKVIPFIVSQVAGAFCAAALVYGLYYNLFFDFEQTHH 120
sp|G1pF|E.coli. GVSGAHLNPAVTIALWLFACFDKRKVIPFIVSQVAGAFCAAALVYGLYYNLFFDFEQTHH 120
POTARAAAMIRAA ARG A ARMARARS DB eR Sah
sp|GlpF|E.coli.K12 IVRGSVESVDLAGTFSTYPNPHINFVQAFAVEMVITAILMGL ILALTDDGNGVPRGPLAP 180
sp|GlpF|E.coli. IVRGSVESVDLAGTFSTVPNPHINFVQAFAVEMVITAILMGLILALTDDGNGVPRGPLAP 180
..........................................................
sp|GlpF|E.coli.K12 LLIGLLIAVIGASMGPLTGFAMNPARDFGPKVFAWLAGWGNVAFTGGRDIPYFLVPLFGP 240
sp|GlpF|E.coli. LLIGLLIAVIGASMGPLTGFAMNPARDFGPKVFAWLAGWGNVAF TGGRDIPYFLVPLFGP 240
A Do A e M Bt baibet
sp|G1pF|E.coli.K12 IVGATIVGAFAYRKLIGRHLPCDICVVEEKETTTPSEQKASL 281
sp|GlpF|E.coli. IVGAIVGAFAYRKLIGRHLPCDICVVEEKETTTPSEQKASL 281

L A

Hinh 4. Két qua so séanh trinh tw amino acid va xay dwng céu trac khong gian3 chiéu dw doan GIpF tir E. coli DH5 alpha
(A) Két qua so sanh trinh tw amino acid (D4u sao thé hién trinh t tuong déng) (B) M0 trinh cdu tric khong gian 3 chiéu GlpF
trén E. coli chidng DH5 alpha (C4u tric xodn a duoc thé hién bang hinh lat méng dang cuén).
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T trinh tw nucleotide, ching tdi st dung phan mém SnapGene dé dwa ra trinh tw amino acid suy dién va tiép tuc
ding CLUSTAL OMEGA cho muc dich so sanh trinh tw. K&t qua cho thay, chidu dai protein dy doan la 281
amino acid, twong ddng 100% va&i trinh tw tham chiéu trén RCSB PDB (Ma: 1FX8) (Hinh 4A). Biém déng dién (pl)
theo tinh toan bang céng cu ExPASy pl Calculator 14 6,18 va khéi lwong phan tir 1a 29,78 kDa, phi hop voi
nghién ctru da dwoc cong bd (Weissenborn et al., 1992). Bén canh d6, GIpF hoat dong tét & méi truwdng tir trung
tinh dén kiém thap, pH dwoc xac dinh trong khoang 6,5 dén 7,5 va hoat dong & nhiét do phat trién dién hinh cla
vi khuan (37°C).

GIpF la protein mang c6 cAu tric quyét dinh chirc ndng, vi vay mé phdng cAu tric 3D va dy doan chudi xuyén
mang la can thiét. Chung t6i s dung phén mém Protein Homology/analogy Recognition Engine V 2.0 dé dy doan
cau trdc khong gian 3 chiéu d&c trwng cla protein GIpF (Hinh 4B). Két qua cho thay, protein quan tam c6 cau trac
twong dong véi protein hd tro van chuyén glycerol & E. coli (GIpF) v&i do tin cay 100%. Cu thé, c4u truc khong
gian 3 chiéu dy doan cla protein GIpF d&c trwng véi cAu tric 6 chudi xon alpha (1an lwot ty TM1 dén TM6), dau
N va dau C nam trong té bao chat. Cac chudi xoan nay tao thanh ké&nh hep chon loc & trung tam protein. Kénh
nay dwoc 16t bang cac gbc axit amin phan cyc va tich dién, tao diéu kién twong tac véi glycerol. Két qua phan
tich bang TMHMM 2.0 cho thay: 6 chudi xoan alpha (TM1 dén TM6) xuyén mang dw doan (Hinh 5), phi hop v&i
mo t& vé cAu tric déc trung cla protein quan tam. Thém vao d6, GIpF la mét protein thudéc ho aquaporin nén
thwerng khéng c6 peptide tin hiéu. GIpF duwoc tdng hop véi cac mién xuyén mang da cé sén, vi vay khéng can
peptide tin hiéu dé tich hop vao mang. Thuc t&, chua cé nghién clru ndo trwdc day bao cao vé peptide tin hiéu
cta GIpF vi chirc nang dinh hwéng vao mang dwoc coi la mét qué trinh sinh tdng hop théng thweng. Thay vao
do, cAu trac mién xuyén mang cla protein nay la dac diém quyét dinh chirc ndng va thuwdng dwoc quan tam
nghién ctu.

TMHMM posterior probabilities for GLPF
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Hinh 5. Két qua dw doan cau tric xuyén mang ctia GIpF
(mau tim thé hién trang thai xuyén mang dw doan).

Khi st dung Prankweb, 40 amino acid dwoc xac dinh lién quan ti trung tam hoat déng clia protein GIpF dwa vao
clu trac khong gian ba chiéu. Khong gidng nhuw cac enzyme cé vj tri “active site” cu thé, , trung tam hoat dong cla
GIpF ndm & kénh trung tam, gitp van chuyén va twong tac véi glycerol (Hinh 3). Cac gbc amino acid chinh dwoc
xac dinh cé vai trdo quan trong trong viéc quyet dinh tinh dac hiéu va tao didu kién thuan loi cho gué trinh van
chuyén glycerol bao gdm: Arginine (ARG 206) - twong tac véi cac nhém hydroxyl cta glycerol; Asparagine (ASN
68, ASN 203) - hinh thanh lién két v&i glycerol loai tree phan t& I&n hon; Serine (SER 63, SER 136) - duy tri ciu
hinh cta kénh. C6 thé néi, chirc ndng cla GIpF ndm & viéc tdng qua trinh van chuyén glycerol qua mang té bao
thay vi xtc tdc phan (rng sinh héa véi mét vi tri trung tam hoat déng nhuw véi cac loai enzyme truyén théng.

KET LUAN

Nghién ctru da khuéch dai va nhan dong thanh cdng gen glpF trén dbi twong E. coli DH5 alpha. Gen glpF c6
chidu dai 846 bp ma hoa cho protein xuy&n mang (GIpF) gdm 281 amino acid. Két qud phan tich trinh tw
nucleotide va trinh tw amino acid c¢é do twong ddng 1a 100% so véi trinh tw tham chiéu da duwoc cong bd truéc d6
trén ngan hang gen. CAu tric khéng gian ba chiéu cla protein dy doan va cac chudi xoan xuyén mang da dwoc
m6 phéng hoan toan phi hop véi cau tric déc trwng cia GlpF. Cac gbc amino acid chiu trach nhiém chinh ciing
da dwoc dé cap. Day 1a nhirng két qua bwdc dau trong viéc tao vat liéu di truyén cho cac nghién ctu biéu hién va
danh gia vai trd cla protein GIpF trong chuyén héa glycerol & E. coli cai bién di truyén.
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MOLECULAR CLONING AND SEQUENCE ANALYSIS OF glpF GENE
ENCODING THE GLYCEROL FACILITATOR IN Escherichia coli

Pham Thi Kieu Duyen Nguyen Thi An Hoa Nguyen Ha M| Quyen My Linh',
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'Faculty of Biology, VNU University of Science, Vietnam National University, Hanoi

*National Key Laboratory of Enzyme and Protein Technology, VNU University of Science,
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SUMMARY

Biodiesel, a renewable energy source, promises to replace conventional fossil fuels for its environmental
benefits. The global expansion of the biodiesel industry has led to an excessive redundancy of crude glycerol -
major byproduct of the production process. This issue has imbalanced commercial glycerol’s price and posed a
significant challenge to the sustainability of the biodiesel industry. Therefore, the conversion of crude glycerol
into high-value products has become an urgent issue in many countries. Escherichia coli (E. coli) has been
demonstrated to utilize glycerol as a carbon source by the combined action of glycerol kinase (GlpK) and
glycerol 3-phosphate dehydrogenase (GIlpD). However, the expression of aquaglyceroporin gene (glpF) plays a
crucial role in enhancing growth and biomass formation of bacteria. GIpF exhibits a conservative structure, high
selectivity, and is known as the sole protein transport catalyzing glycerol diffusion across the E. coli inner
membrane. In this study, the glpF gene from E. coli DH5a was successfully cloned in the pJET 1.2/blunt vector
and sequenced by the Sanger method. The decoded sequence of target gene consisted of 846 nucleotides and was
100% homologous to the reference gene sequence. Furthermore, the comparison of the deduced amino acid
sequence and the analysis of the protein's three-dimensional structure also revealed 100% similarity with
absolute confidence. These findings of the study would provide scientific foundation, generate genetic resources
for developing recombinant microorganisms which enhance the expression of the glpF gene encoding a
transmembrane protein that facilitates glycerol transport.

Keywords: Escherichia coli, glycerol, glpF, molecular cloning, sequence analysis.
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E)ANH GIA HIEU QUA SU DUNG CUA BO KIT TAO DONG DUA TREN
TRINH T TWUONG BDONG eClone

Nguyén Thi My Trinh’, Nguyé&n Van Hau

Phong Thi nghiém Céng nghé sinh hoc phan tr, Trirong Dai hoc Khoa hoc Tw nhién,
Dai hoc Quoéc gia Thanh pho H6 Chi Minh

TOM TAT

Hién nay, tao dong DNA tr¢ thanh mdt phuong phap co ban trong cac nghién ctru thude linh vyc sinh hoc va
cong nghé sinh hoc, va do d6, nhiéu phuong phap tao dong di duoc phat trién nham ting hiéu suat tao dong.
Ciing trong xu thé nay, phong thi nghiém CNSH Phan tir, Trudng Pai hoc Khoa hoc Ty nhién, Pai hoc Qudc gia
Thanh phd H6 Chi Minh da phat trién thanh cong bo kit tao dong eClone dya trén su tai to hop tuong dong gitra
céc doan trinh tu tuong ddng trén vector va DNA. Trong nghién nay, chung t6i tién hanh danh gia hiéu qua cta
bd kit trong viéc ndi ba doan gene c6 do dai 300 bp, 1000 bp, 1500 bp vio vector pET-28a(+) nhd su ¢6 mit cua
c4c trinh ty tuong ddng dai 10-20 nu & hai ddu cia gene va vector. Pdng thoi, khi so sanh hiéu qua vai bo kit
thuong mai GeneBuilder (GenScript, Hoa Ky), chiing t6i nhan théy mic du sb lugng khuén lac thu nhan duoc tix
b kit tao dong eClone ¢6 thép hon so v&i bo kit thwong mai nhung ty 1¢ khuan lac duong tinh khong khac biét
dang ké. Bén canh do6, cho dén nay da co trén 200 gene da duoc tao dong thanh cong bang phuong phap eClone
tai nhidu don vi kinh doanh va nghién ctru khac nhau. Cac két qua nay cho thdy tiém ning tmg dung cta bo kit
eClone trong cic nghién ciru lién quan dén tao dong phan ti.

Tir khéa: eClone, trinh tu trong dong, tao dong DNA, pET-28a(+), hidu sut tao dong.

MO PAU

Tao dong phan tr hodc tao dong DNA la qua trinh chén mot doan DNA vao mét vector, sau do bién nap vao té
bao chi dé khuéch dai doan DNA muc tiéu ho&c biéu hién protein tai té hop. T khi thanh céng vao nam 1972,
tao dong DNA ngay cang dwoc str dung rong rai, nhanh chéng tré thanh mét ki thuat co ban, quan trong trong
linh vie sinh hoc va cong nghé sinh hoc (Cohen, 2013). Do d6, nhidu phwong phap tao dong da dwoc cac phong
thi nghiém phat trién d& nang cao hiéu qua va giam chi phi.

Phwong phap tao dong truyen théng st dung enzyme cét gidi han (Restriction enzyme - RE) va DNA ligase, bao
gdm cac budc chinh: 1, st dung cac RE dé cit doan DNA muc tiéu va vector; 2, khuéch dai DNA muc tiéu va
chén vao vector da cat mé vong bang cach str dung enzyme DNA ligase; 3, Bién nap hén hop ndi vao té bao
cha; va 4, sang loc dong muc tiéu (Lorsch, 2013). M&c du phwong phap nay don gian, linh hoat, chi phi thap,
nhung co nhidu han ché nhw mét s6 trwdng hop khong thé tim dwoc RE phu hop do doan gene muyc tiéu chira
nhiéu vi tri nhan biét cla RE; diéu kién phan tng cla cac RE khac nhau nén lam gidm hiéu suét tao dong néu
chon chién lwvoc cét vector bdng 2 enzyme va thu nhan nhiéu khuan lac khong chira gene do vector tw néi.

Dé cai thién hiéu qua tao dong DNA, cac nha khoa hoc st dung cac bo kit tao dong da dwoc phat trién va hién c6
trén thj trwdng nhw Cloning Independent Cloning (New England Biolabs, Hoa Ky), In-fusion kit (Takara, Nhat
Ban), Cold-fusion kit (System Biosciences, Hoa Ky), hodc Genbuilder™ DNA Assembly (Genscript Biotech, Hoa
Ky) thay vi st dung ligase. Cac kit tao dong nay nay hoat déng dwa trén sw hién dién cla ving twong ddng & méi
dau ctia doan DNA muc tiéu va vector da cat mé vong duwéi tac dong ctia cac enzyme dac hiéu (Valla et al., 2014).
Uu diém cta phwong phap nay so véi cac phwong phap truyén théng la dat hiéu qua tao dong cao, khéng can
cét trinh tw muc tiéu véi RE va tiét kiém thoi gian. Tuy nhién, do str dung cac enzyme tinh sach, cac bd kit nay
hién dwoc ban véi gia cao nén van chwa duoc st dung réng rai trong cac phong thi nghiém tai Viét Nam.

V&i muc dich thic ddy nghién ctru Sinh hoc va Céng nghé sinh hoc trong nwéc, Phong Thi nghiém Céng nghé
sinh hoc phan tt, Trwong Pai hoc Khoa hoc Ty nhién, Dai hoc Quéc gia Thanh phd H& Chi Minh da nghién ctru
va phat trién bo kit tao dong eClone dwa trén qua trinh tai td hop twong ddng, gilp viéc tao dong gene tré nén
don gian, hiéu qua va tiét kiem chi phi. Trén co sé& do, nghién ctru nay duwoc thwe hién véi muc dich danh gia
hiéu qua tao dong ctia bd kit eClone.

NGUYEN LIEU VA PHUONG PHAP
Nguyén liéu

Bo kit tao dong eClone dwoc san xuét va cung c;ép b&i Phong thi nghiém Cong nghé Sinh hoc phéan tt, Trwdong
Trwdng Dai hoc Khoa hoc Ty nhién, DPai hoc Qudc gia Thanh phdé HO Chi Minh. Bd kit gom 2 thanh phan: enzyme
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eClone va buffer 10X. Plasmid pET-28a(+) (Merck Biosciences, Hoa KYy) dwoc thu nhan tir té bao E. coli
DH5a/pET-28a(+). Té bao E. coli DH5a (Thermofisher Scientific, Hoa Ky) dwoc str dung cho muc dich tao dong.
Thang DNA 1 kb dwgc cung cap béi hang Bioline (Canada).

Chién lworc tao dong

B6 kit eClone cho phép néi mét doan gene bét ky vao plasmid theo co ché tai té hop twong dong theo quy trinh
dwoc trinh bay & Hinh 1A. Trong do, plasmld s& duoc cat mé vong bang 1 hodc 2 enzyme cét gidi han. Trong
nghién ctru nay, plasmid pET-28a(+) dwoc st dung va duoc cat mcr vong bang enzyme BamHI. Song song do,
gene muc tiéu dwoc khuéch dai bang phwong phap PCR véi cap méi dic hiéu, trong d6 méi mdi sé chira 3 trinh
tw dac trung theo thir tw tr d4u 5’° dén dau 3’ nhw sau: 1) 10-20 nucleotide (nu) gibng véi trinh tw & dau twong
&ng trén plasmid d& c&t mé vong; 2) trinh tw cla RE dwoc dung dé& c&t mé vong plasmid; va 3) 18-20 nu dac hiéu
v&i gene dé khuéch dai gene muc tiéu (Hinh 1B). Trong nghién ctru nay, 3 gene c6 dd dai khac nhau A (~300 bp),
B (~1000 bp) va C (~1500 bp) dwoc str dung dé danh gia hiéu qua tao dong cla bd kit eClone.

Sau d6, gene muc tiéu duoc ndi vao plasmid théng qua qua trinh tai t& hop gilra céc trinh tw twong déng & 2 dau
clia gene va plasmid dudi sy xtc tac cla enzyme eClone. San pham ndi duoc bién nap vao té bao vi khuan E.
coli khd nap. Cubi cung, hén hop bién nap dwoc tréi trén dia chira méi trwdng LB cé bd sung nhan t6 chon loc
(Kanamycin). Cac khuén lac phat trién trén méi trwéng dwoc kiém tra bang phwong phap PCR khuén lac va xac
nhan lai badng phwong phap PCR plasmid.

(A)

Khuéch dal gene myc tiéu Tao vector dang thing

MBi ddc higu cho

= gen chira 63u 3’
l tuong dong vai
vector
a

1
s Tinh sach
¢
Thiét lap
phan img tao ddng eClone

£, z

l ‘ % o

0 & 37:C, 15 phit —
RE 1820 nu 1520 nu
1 Mbi R

Bi&n nap va chon loc

(€)

pET-28a(+)

Mbi F
S-ACGGAGCTCGAATTCooatccAAATATTATGGTAATGGTG-3

BamHI BamHI

TCGACGGAGCTCGAATTCY gatccGCGACCCATTTGCTGTCC,

Gene A
AGCTGCCTCGAGCTTAAGEcctag HCECTGGGTAAACGACAGG
AAATATTATGGTAATGGTGT GTAGCGTTCATGTTAGCAAA
TTTATAATACCATTACCACA CATCGCAAGTACAATCGTTT

3 CGCAAGTACAATCGTTTcetaggCGCTGATAAACGACAS
Mii R

Hinh 1. Quy trinh tao dong (A), nguyén tac thiét ké méi (B) cia phwong phap tao dong eClone
va cach thiét ké moéi dung dé khuéch dai gene A vé&i dé dai trinh tw twong déng la 15 nucleotide (C)
Chuan bj gene muc tiéu va plasmid
Ba gene A, B, C dwogc khuéch dai tr mach khudn duoc dat tong hop bang phwong phap PCR véi cac cap moi
twong ng dwoc thiét ké theo nguyén tac da trinh bay & trén dwéi sy xuc tac ciia Taq DNA polymerase (Bioline,
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Canada). D& l1am rd hon vé cach thiét k& mdi, trinh tw cdp mdi dung d& khuéch dai gene A mang 15 nu twong
ddng voi plasmid dwoc &y lam vi du va thé hién & Hinh 1C, gébm méi F: 5-ACGGAGCTCGAATTCgg
atccAAATATTATGGTAATGGTG-3' va mbi R: 5-ACAGCAAATGGTCGC ggatccTTTGCTAACATGAACGC-3' (ky
tw chiv hoa: trinh tw gibng vé&i plasmid, ky tw chi thwdng: vi tri nhan dién cta BamHI, va ky tw chir hoa dam: trinh
tw d&c hiéu voi gene). San phdm PCR sau d6 duwoc tinh sach bang phwong phap phenol/choloroform. Néng do
DNA sau dé dwoc xac dinh dya trén dé hép thu & bwédc séng 260 nm bang may Nanodrop (Thermo Fisher, Hoa Ky).

Dé cét mo vong plasmid, phan (rng gdbm Buffer Tango 1X, 0,3 U/uL BamHI, va 4000 ng/uL plasmid pET-28a(+)
dwoc chudn bi va G & 37°C trong 16 gi®. Sau khi hoan thanh, phan trng dwoc G & 65°C trong 10 phit dé bat hoat
enzyme BamHI. Cubi cung, sdn phdm cét dwoc tinh sach bang bo kit EZ-10 Spin Column DNA PCR purification
(Bio Basic, Canada).

Thuwe hién phan (ng ndi gene vao plasmid bang b kit eClone

Thiét Iap 10 uL phan &ng ndi gbm 37,5 ng/ulL plasmid pET-28a(+) da cat mé& vong, gene muc tiéu, 1X eClone
buffer, 1 uL enzyme eClone. Trong do, lvgng gene muc tiéu dwoc bd sung dé dat ty 1& gene:plasmid 1& 3:1. Phan
&ng ndi dwoc tién hanh & 37°C trong 15 pht.

Chuan bj té bao kha nap

Té bao E. coli DH5a. kha nap dwoc chuan bi theo quy trinh da dwgc mé ta trwdc d6 (Tu, 2008). Tinh kha nap cla
t& bao dwoc danh gia bang cach bién nap 1 pg plasmid pET-28a(+) vao 100 uL dich té bao kha nap. Sau do, trai
t& bao trén dia Luria Bertani c6 b sung 30 pg/mL Kanamycin (LB-Kan) va dém tdng sb khuén lac xuét hién trén
dia. Hiéu qua bién nap cla té bao dwoc ghi nhan bang sb khuén lac xuét hién trén 1 ug plasmid (cfu/ug).

Bién nap va danh gia hiéu qua tao dong cua bo kit eClone

B& sung toan b6 10 L phén (ng ndi vao 1 eppendorf chira 100 uL té bao kha nap theo quy trinh dwoc md ta bdi
Tu (2008). Hon hop bién nap duwoc trai trén dia méi trvong LB-Kan, sau do dia duwoc U & 37°C trong 16-20 gio.
So6 lwgng khuan lac xuat hién trén dia dwgc dém va ghi nhan lai.

Sau d6, 10 khuan lac dwoc chon ngdu nhién dé kiém tra sw hién hién cla plasmid tai t& hop pET-28a(+)-A/B/C
béng phwong phap PCR khuén lac véi cac cap mdi dic hiéu da duwoc st dung dé thu nhan gene. Céac khuén lac
cho két qua dwong tinh s& dwoc nudi cay trong méi trwdng 16ng LB-Kan va plasmid dwoc thu nhan bang phwong
phap SDS-Kiém. Sy hién dién ctia gene muc tiéu trong plasmid dwoc kiém tra lai bang phwong phap PCR
plasmid v&i cap mdi gdm mdi F trén gene (mdi dung dé thu gene) va mdi R trén T7 terminator ctia plasmid.

Ty 1é khuén lac dwong tinh dwoc tinh theo cong thic: Ty 1é khuén lac dwong tinh (%)= (b/a) x (d/c) trong dé: a la
sb lwong khuén lac duoc chon dé tién hanh PCR khuan lac, b la sb Iwgng khuén lac cho két qua dwong tinh vo&i
PCR khuén lac, ¢ 1a s lwgng plasmid dwoc kiém tra bang phwong phap PCR plasmid, d 1a sé lwgng plasmid cho
két qua dwong tinh v&i PCR plasmid

So sanh hiéu qua tao dong cta bo kit eClone va GenBuilder

Gene A duwoc khuéch dai bang phan rng PCR véi cdp mdi dac hiéu chira 15 nucleotide twong déng véi plasmid.
Qua trinh tao dong dwoc thuc hién nhuw quy trinh dwoc dé cap & trén, trong d6 phan (rng ndi gene vao plasmid
béng eClone dwoc thyc hién & 37°C trong 15 phut trong khi phan (rng ndi bang GenBuilder dwoc thwe hién &
50°C trong 15 phut. Sy khac nhau gitra sd khuén lac thu nhan dwoc va ty 1& dwong tinh cla bo kit eClone va
GenBuilder dwoc phan tich théng k& bing phan mém Graphpad prism 7.0 s& dung phép kiém dinh unpaired
T-test.

KET QUA VA THAO LUAN
Thu nhan gene va plasmid

Ba gene A (300bp), B (1000bp) va C (1500bp) dwoc khuéch dai véi mdi dac hiéu chira vung trinh tw twcyng dong
l&n lwot 1a 10 nu, 15 nu va 20 nu. Két qua dién di trén gel agarose 1,2% (Hinh 2A) cho thdy mot vach & méi giéng
c6 kich thuwéc phu hop véi kich thuwéc ly thuyét cia gene va khong xuét hién vach phu, cho thdy ching toi da
khuéch dai thanh cdng cac gene muc tiéu véi cac mdi dwoc thiét ké va phan (rng PCR déc hiéu cho cac gene.

Song song d6, ching tdi cling tién hanh thu nhan va c&t mé vong plasmid pET-28a(+) béng enzyme cét gidi han
BamHI. Két qua dién di trén gel agarose cho thay plasmid sau khi cit mé& vong cho mét vach duy nhat va séc nét
nam trong khodng gitra hai vach 5000 bp va 6000 bp clia thang DNA, twong trng véi kich thwéce ly thuyét 1& 5369
bp (Hinh 2B). Nhw vay, buéc dau chung t6i khdng dinh dwoc da thanh cdng trong viéc cit mé vong plasmid. Tuy
nhién, do han ché vé& gi¢i han phat hién DNA cla phwong phap dién di trén gel agarose va nhuém DNA béng
ethidium bromide, ching t6i tién hanh bwdc kiém tra sau hon dé danh gia hiéu qué ctia phan (rng cét bang cach
bién nap san phadm cét vao té& bao E. coli DH5a. Két qua bién nap cho thay sb khuan lac xuét trén dia LB-Kan rat
it, chi 0-1 khuén lac & mdi 1an 18p lai. Nhw vay, chung t6i khdng dinh dwgc phan (ng cit mé vong plasmid thanh
cbng vé&i hidu suét cao.
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(A) Gene A Gene B Gene C (B)
(300 bp) (1000 bp) (1500 bp)
10 15 20 10 15 20 10 15 20 (nu)
bp bp
5400
1500
1000

300

Hinh 2. Két qua thu nhan gene A, B, C (A) va cit mé& vong plasmid pET-28a(+) bang enzyme BamHI (B)
Kiém tra hiéu qua bién nap cta té bao kha nap

Do hiéu qua tao dong phu thudc nhiéu vao tinh chat cia té bao kha nap nén chung t6i tién hanh danh gia stc
sbng ciing nhw tinh kha nap cua té bao. Strc séng cla té bao dwoc danh gia bang cach nudi ciy trén dia méi
trwong LB khong chiva khang sinh va LB-Kan. Tinh kha nap cla té bao dwoc danh gia thong qua sb lwong thé
bién nap xuét hién trén moi trwo’ng LB - Kan sau khl dwoc bién nap plasmld pET- 28a(+) Két qua cho thay té bao
kha nap E. coli DH5a c6 hiéu qua bién nap 1,6 x 10° cfu/ug. Hiéu qua bién nap cla té bao E. CO/I DH5a trong san
phdm thwong mai clia mét sé cong ty nhu Thermo Fisher, Abmgood tir khoang 10° d@én 10° cfu/ug. Nhu vay,
ching t6i d& chuan bi té bao kha nap cé hiéu qua bién nap cao va thich hop dé tao dong gene muc tiéu.

Banh gia hiéu qua tao dong cua bd kit eClone déi v&i cac gene cé kich thwéc khac nhau va chiéu dai
vung trinh tw twong dong khac nhau

Nghién ctru Shen va Huang (1986) cho thdy hiéu sut ctia qua trinh tai t hop twong déng phu thudc vao dé dai
cla trinh tw twong ddng. Cac nghién cvu sau nay, didn hinh la nghién ctru ndm 1995 cla Fujitani va déng tac gia
(1995) chi ra mdi quan hé tuyén tinh gitra chidu dai ving twong ddng va hiéu suét qua trinh tai té hop. Do do,
chung t6i tién hanh danh gia hiéu qua tao dong clia bod kit eClone dbi véi cac gene cé chiéu dai khac nhau
(300bp, 1000bp va 1500bp) va dd dai doan twong ddng khac nhau (10 nu, 15 nu va 20 nu). Hiéu qua tao dong
dwoc danh gia dwa trén 2 tiéu chi: s6 khuan lac xuét hién trén dia bién nap va ti I& khuan lac dwong tinh dwoc tinh.

Két qua tao dong (Hinh 3) cho thay dbi v&i gene A cé kich thuéc 300bp, viéc st dung mdi co kich thwéc ving
twong ddng 15 nucleotide cho sé lwgng khuén lac xuét hién trén dia LB-Kan ciing nhw ty 1& khuan lac dwong tinh
cao nhat. Nhin chung, dbi véi ca 3 do twong déng, ty & khuan lac dwong tinh mang gene A déu trén 85%. Dbi
véi gene B ¢6 kich thwéc 1000 bp, s6 lwong khuén lac xuat hién trén dia LB-Kan ciing nhw ty 1& khuén lac dwong
tinh cao nhét (ng voi méi c6 kich thwdc ving twong dong 10 nu va ty 16 khuan lac dwong tinh déu trén 60% dbi
vOi viéc st dung méi ¢ chiéu dai vung tuwong dong ngan (10 va 15 nu). Déi voi gene C co kich thwac 1500 bp,
viéc sir dung mdi c6 kich thwéc ving twong ddng 10 nucleotide cho s lwgng khuén lac twong dbi cao va ty &
khuan lac dwong tinh cao nhat, nhwng chi thu dwoc 25 khuan lac véi ti 1& dwong tinh 63,33 + 6,22%.

Nhw vay, trong pham vi khao sat & nghién ctru nay, ching t6i két luan dwoc: dbi voi gene co kich thwéc 300 bp,
dd dai doan twong ddng téi wu 1a 15 nu, trong khi déi v&i gene cé kich thuéc cao hon (1000 nu va 1500 nu), kich
thwédc viing twong ddng téi wu 12 10 nu. V& kich thwéc gene, gene co kich thwéc nhé cho hiéu suét (sé khuén lac
va ty 1é dwong tinh) cao hon gene c6 kich thwéc Ién. Nhwng nhin chung, véi viéc sir dung bd kit eClone, ching
t6i da thanh cong trong viéc tao dong gene co kich thwédc 1én dén 1500 bp véi d6 dai ving trinh tw twong déng la
10-20 nu. Bén canh d4, 3 plasmid mang gene A, B, C dwoc Iwa chon ngau nhién dé kiém tra do chinh xac cua
trinh tw dwoc chén bang phwong phap giai trinh tw Sanger, két qua cho thay ca 3 doan gene A, B, C dwoc chén
vao cac plasmid nay cé d6 chinh xac 100% so v&i trinh ty ly thuyét.

Nghién ctru clia Jacobus va ddng tac gia (2015) cho thay ti 1& khuén lac dwong tinh tang khi téng chiéu dai viing
twong ddng va thich hop nhat véi doan 20 bp. Nghién ctru ctia Jacobus s dung gene cé kich thwéc 500bp va
vector pUC19 (2314 bp), néng dd plasmid tlr 100 ng - 250 ng va&i ti 1& 2:1. Béi chiéu véi nhitng khao sat trong dé
tai nay, cho thay sw khac nhau trén hai két qua thu dugc Ia khé tranh khdi khi st dung nhitng didu kién nghién
ctu khac nhau. Mt mét, nghién ctru cla tac gia trén st dung té bao kha nap c6 hiéu suét kha nap va sb lwong
khuén lac sang loc cao hon. Mét khac, kich thwéc plasmid khi bién nap vao té bao chi E. coli bAng phwong phap
sbc nhiét cé thé anh huwéng dén hiéu suat bién nap (Hanahan, 1983). D& tai ctia ching téi khao sat trén cac kich
thuwéc gene khac nhau cho géc nhin réng hon khi so sanh céc kich thwéc cia vung twong déng. Vi vay, véi két
qua tao dong trong dé tai, chung t6i xac nhan dwoc bd kit tao dong eClone dé tao dong véi kich thwéc ving
twong déng la 10 nu (hodc 15 nu trong trwdng hop doan gene cd kich thwéc ngén). Két qua cuta ching toi ciing
c6 khac biét so va&i két qua nghién cru cla Fujitani (1995), tac gia két luan réng hiéu suét tai t& hop tuyén tinh
v&i chidu dai doan twong ddng. Mac du nguyén nhan khac biét van chwa rd, ching toi giad thiét rdng khi DNA
mach don dwgc tao thanh & bwéc dau cla qua trinh tai td hop, viéc kéo dai doan twong ddng trong nghién ctru
clia chiing toi da lam xuét hién cac cAu tric the cdp & doan DNA mach don nay dan t&i hién twong gidm hiéu
suét tao dong.
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Hinh 3. Anh hwéng ctia chiéu dai gene va chiéu dai ving twong dong dén hiéu qua tao dong
So sanh hiéu qua tao dong gitra bo kit dang phét trién va bd kit GenBuilder

Két qua so sanh hiéu qué tao dong béng b kit eClone va bo kit tai t& hcyp twong ddng thwong mai GenBuilder
(Genscript) cho thdy s khuan lac xuét hién trén méi tru’cwng chon loc khi s dung b6 kit thwong mai GenBuilder
nhiéu hon so vé&i bo kit eClone, tuy nhién ty 1& dwong tinh clia ca 2 phwong phap déu khéng co6 sw khac biét co y
nghfa théng ké (Bang 1).

Bang 1. So sanh hiéu qua tao dong vé&i bé kit thwong mai

S6 khuan lac Ty Ié dwong tinh (%)
Bo kit thwong mai GenBuilder 241 £ 15,9 83+5,8
Bo kit hién tai 83 + 9,8**** 87 +11,5™

Ky hiéu: ns: p>0,5, khong khéc biét cé y nghia thdng ké; ****; p<0.001.
Théng ké s6 lwong gene da tao dong thanh céng béng bo kit eClone

Bo kit tao dong eClone dwoc ching t6i stv dung thwéng xuyén trong viéc tao dong DNA, ddng thoi givi di mot sé
don vi nghién ctru khac dé& danh gia hiéu qua tao dong cla b kit nay. Cho dén nay, theo két qua théng ké ching
téi thu nhan dwoc, da co 222 dong dwgc tao thanh cdng nho bd kit eClone, voi kich thwédc gene tir 162 bp cho
dén 5000 bp va kich thwéc plasmid tir 2686 bp dén khoang 7500 bp (Bang 2). Trong d9, tat ca cac dong da dwoc
tao ra tai Trwdng DH Khoa hoc Ty nhién, PHQG-HCM da dwoc gidi trinh tw, két qua cho thay tat ca cac doan
DNA dwogc chén vao plasmid c6 trinh tw chinh xac 100% so v&i trinh tw Iy thuyét. Ty 1& dwong tinh cé nhiéu bién
déng lén, tir 8-100%, chi yéu do nguyén liéu dung dé tao dong nhw plasmid cit mé vong, gene muc tiéu va té
bao E. coli kha nap chwa dwoc chuan hoa nhu trong cac thi nghiém trwéc. Bén canh doé, két qua thir nghiém tai
cong ty sinh hoa Phu Sa Biochem cho thay da thanh cdng trong viéc chia mot doan gene kich thuéc 3022 bp
thanh 3 manh nhé khac nhau va tién hanh néi ddng thoi vao plasmid pUC19 dé tao ra plasmid tai td hop chira
toan bd gene nay (Bang 3, STT 18). Két qua nay chirng minh dwoc réng bd kit eClone c6 kha ndng ndi nhiéu
doan gene vao mét plasmid dwa trén trinh tw tai té hop twong ddng gitra ching, mét hiéu qua kho cé thé co khi
st dung phwong phap tao dong dwa trén DNA ligase truyén thong.

Bang 2. Bang théng ké két qua tao dong vé&i nhidu gene va plasmid khac nhau

STT | Kich Plasmid Kich Sé Ty lé STT | Kich |Plasmid| Kich S6 Tylé
thwéc thwée | khuan | dwong thwéc thwéc | khudn | dwong
gene plasmid lac tinh gene plasmid lac tinh

(bp) (bp) (bp) (bp)
Trwong Pai hoc Khoa hoc Tw nhién, PHQG TP. Hé Chi Cong ty Phu Sa Biochem
Minh
1 162 | pET-22b(+) | 5493 19 67% Két qua QC
2 1008 | pET-22b(+) 5493 62 40% 16 600 puC19 2686 74-144 | 90-100%
3 1008 pYSag 6378 18 60% 17 435 pJET1.2 2974 54-85 100%
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4 1032 pET-22b 5493 1 100% Khao sét néi nhiéu doan (néi 3 doan gene vao 1 vector)
5 528 pPQEGO 3431 >300 40% 18 ‘ 3022 ‘ puUC19 ‘ 2686 ‘ 300 ‘ 8%
6 420 pPICZaA 3593 117 60% Tao dong cho muc dich thwong mai
7 109 pET-28a(+) 5369 4 50% 19- | Tao dong thanh cong 202 gene co kich thwdc ttr 200-
8 2274 | pET-22b(+) | 5493 6 17% 220 15000 bp
9 2274 pYSag 6378 3 100% Trwong Bai hoc Quéc té, PHQG TP. H6 Chi Minh
10 441 pPICZaA 6378 6 83% 221 | 300 | ‘ 3000 | 20-250 ‘ 60-100%
11 900 pYSag 6378 24 100% Trung tam Céng nghé sinh hec Tp.H& Chi Minh
12 1371 pYSag 6378 40 100% 222 714 5335 100%
13 723 pPICZaA 6378 109 17%
14 267 p427-TEF 7464 17 100%
15 75 p427-TEF 7464 44 86%
KET LUAN

Céc két qua danh gia vé& hiéu qua tao dong bang bo kit eClone cta ching t6i cho thy ching téi da tao dong
thanh céng 3 gene co6 kich thwéc khac nhau 300 bp, 1000 bp va 1500 bp vao plasmid pET-28a(+) véi hiéu qua
khac nhau tuy theo kich thwéc gene va kich thwéc ving twong ddng. Khi so sanh hiéu qua tao dong gitva b kit
eClone vé&i bd kit thwong mai GenBuilder (Genscript), chiing téi nhan thay tuy bd kit eClone cho sb khuén lac
xuét hién trén dia sang loc thdp hon nhung ty 1& dwong tinh clia 2 phwong phap nay la twong tw nhau. Cac két
qua danh gia doc lap tai cac don vi nghién ctru khac cung cho thay ho da tao dong thanh cong rat nhiéu doan
gene khac nhau khi str dung b6 kit nay. Nhitng két qua nay ciing cp nhitng béng chirng cho thay tiém nang
thwong mai Ién cla b kit eClone.

Loi cam on: Nghién ciru diroc tdi tro béi Pai hoc Quéc gia Thanh phé H6 Chi Minh trong khudn khé dé tai ma s6 DS2020-18-01.
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EVALUATING THE EFFICIENCY OF HOMOLOGY-BASED
CLONING KIT eClone

Nguyen Thi My Trinh’, Nguyen Van Hau

Laboratory of Molecular Biotechnology, University of Science, Vietnam National University — Ho Chi Minh city

SUMMARY

Nowadays, DNA cloning has been widely used as the basic and critical technique in biology and biotechnology.
Due to its importance, a great number of methods has been being developed by multiple laboratories to improve
the efficiency and reduce the cost of cloning. For the same purpose, the Laboratory of Molecular Biotechnology,
VNUHCM-University of Science has developed an easy, effective and economical cloning kit, named eClone.
This kit provides a simple cloning method that allows you to insert one or more DNA fragment(s) into a
linearized vector due to the presence of homologous sequences on them. In this study, we investigated the
cloning efficiency of this kit. Using eClone kit, we succeeded in cloning 3 genes of 300 bp, 1000 bp, and 1500
bp long containing 10-20 nu homologous sequences into vector pET-28a(+). Besides, when comparing the
cloning efficiency of eClone kit and the commercial kit GenBuilder (Genscript, USA), we found that although
the eClone kit yielded a lower number of colonies in the selective medium than Genbuilder kit, the possitive
rates of these two kits were similar. Importantly, more than 200 genes were successfully cloned into different
vectors using the eClone kit, as reported by some other research groups. Taken together, these results suggested
the commercial potential of this cloning kit.

Keywords: eClone kit, homologous sequence, DNA cloning, pET-28a(+), cloning efficiency.

" Author for correspondence: Tel: 0937750861; Email: ntmtrinh@hcmus.edu.vn
50



HOI NGH| KHOA HOC TOAN QUOC VE CONG NGHE SINH HOC 2024

TAO DONG BO SUNG (COMPLEMENTATION LINES) TU CAY BQOT BIEN
MAT CHU’C NANG GEN DO CHEN DOAN T-DNA O Arabidopsis thaliana

Lé Nguyén Tiéu Ngoc

Vién Céng nghé sinh hoc va Méi trwrong, Trirong Dai hoc Tay Nguyén

TOM TAT

Phuong phap tao dong bo sung (complementation lines) trén nén cay dot bién véi muc dich khoi phuc lai gen da
bi knock-out do doan T-DNA chén vao gen muc ti€u dugc xem 1a cong cu hitu ich trong nghién ctru vai tro chirc
ning gen dbi vi qua trinh sinh trudng, phat trién ciing nhu dap mg stress & thyc vat. Trong nghién ciru nay,
Arabidopsis thaliana mang dot bién CMAL duoc dung lam dbi twong nghién ctru. Gen CMAL (Chloroplast
mraW-Like) dong vai tro thiét yéu trong qua trinh sinh téng hop luc lap, quang hop va sinh trudng, phét trién
ctia cdy. Su chén doan T-DNA vao ving intron cta gen CMAL tao ra ciy dot bién cmal biéu hién kiéu hinh coi
coc, stc sinh truong kém, ra hoa chim, ) luong hat tao thanh it. Gen CMAL ngoai lai dugc nhan dong trong
vector dich pBII21, sau d6 plasmid CMAL/pBII21 duoc bién nap vao vi khuan E. coli va Agrobacterium
tumefaciens. Dong vi khudn A. tumefaciens mang plasmid tai t6 hop CMAL/pBI121 duoc dung dé chuyén vao
ciy dot bién cmal bang phuwong phap xam nhap chan khong. Cac dong bd sung (CMAL-comlines) tao ra dugc
sang loc bang cach gieo hat trén moéi truong dinh dudng Murashige va Skoog (MS, 1962) bd sung cic chat
khang sinh, ddng thoi kiém tra sy hién dién ciia gen CMAL trong cay bang ky thuat RT-PCR.

Tir khoa: Arabidopsis thaliana, CMAL, complementation lines, dot bién, nhan dong, T-DNA.

MO PAU

O thye vat, viéc tao ra cac thé dot bién bang phwong phap chén doan T-DNA c6 y nghfa quan trong trong nghién
clu vai trd chirc nang cla gen ddi véi qua trinh sinh trwdng, phat trién cling nhw dap ng cac stress phi sinh hoc
(han, lanh, néng, tng, UV) hodc/va sinh hoc (sau bénh, ndm, virus) tir méi trudng bén ngoai (O’'Malley, Ecker, 2010).
Trong phan rng chén doan T-DNA vao hé gen thyc vat, khi nghién ctru cac dot bién clia cac gen muc tiéu, cac
doan T-DNA dwoc chén ngdu nhién vao céc vi tri khac nhau, chdng han nhw viing diéu hoa (promoter) & viing
thwong ngudn (5’'UTR upstream), viing mang ma di truyén (exon), viing khéng mang ma di truyén (intron), trwéc
va sau diém két thuc (stop codon), viing chtra dudi poly A & ving ha ngudn (3’'UTR downstream) (Azpiroz-
Leehan, Feldmann, 1997; Radhamony et al., 2005). Sy twong tac gitra cac ving trong gen muc tiéu cé thé gay
nén nhirng thay dbi v& kiéu hinh & cac thé dot bién nhuw thay dbi v& hinh thai, strc sbng, strc sinh trwéng, phat
trién, kha nang dap (rng stress, didu nay thé hién rd vai trd chirc néng clia gen trong sudt chu ky séng cta thuc
vat (Koncz et al., 1992).

Khi phan tich kiéu hinh ctia cac thé dét bién gay ra bang phwong phap chén doan T-DNA, trong truwdng hop chi
c6 mot vi tri chén doan biéu hién kiéu hinh, d& chirng minh kiéu hinh d6 thuc sw gay ra bdi sw knock-out gen
muc tiéu, mot vai phwong phap dwoc ding nhu phwong phap phan tich di bdi nhiém sic thé hay phwong phap
tao dong bd sung (complementation lines (com-lines)) tlr cay dot bién d& phuc hdi chirc ndng gen bj knock-out
(Radhamony et al., 2005). Trong d6, phwong phap tao cac dong bd sung thwéng dwoc st dung phd bién do tinh
chinh xac, dé tin cay va dat hiéu qua cao. Bén canh do, viéc st* dung cac dong bd sung dé so sanh, phan tich
hinh thai, tinh trang & mic dd co thé, té bao hoac/va dwdi té bao dwoc xem la cbng cu hiru ich trong nghién ctru
di truyen.

Trong nghién ctu nay, cay Arabidopsis thaliana dot bién do chén doan T-DNA lam mét chirc ndng gen CMAL
dwoc chon lam dbi twong nghién ciru. CMAL 13 mét gen trong nhan méa héa cho protein CMAL, protein nay dinh
vi trong luc lap va hoat ddng nhur mot rRNA methyltransferase, giup hinh thanh géc methyl tai vi tri Ci3s52 dang
N4-methylcytidine (m4C) trén phan t&r 16S rRNA trong luc lap (Zou et al., 2020). Phan tich kiéu hinh cac thé dot
bién nay cho thay, chi cé vi tri doan T-DNA chén vao viing intron thi 2 gay ra sw thay ddi kidu hinh so v&i cay dbi
ching. Thé dot bién ddng hop tir cmal biéu hién kiéu hinh kém phat tridn, cay lun, cdi coc, 14 nhé va c6 mau
vang nhat, ré ngan va sb lwong hat tao thanh it (Ngoc et al., 2020). D& chirng minh kidu hinh nay thwc sw do sy
knock-out gen CMAL gay ra, viéc tao ra cac dong bd sung CMAL-comlines 1& diéu can thiét. Nghién ctru nay
cung cép cai nhin tdng quan vé quy trinh tao dong bd sung tir cac thé dot bién mét chirc ndng gen muc tiéu gay
ra b&i sw chén doan T-DNA & cay Arabidopsis.
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VAT LIEU VA PHUONG PHAP
Vat liéu
Cay Arabidopsis thaliana: Hat giébng cac cay hoang dai dbi chirng Columbia-0 (Col-0) va cay dét bién chén

doan T-DNA (SAIL_564_EO05 (cmal)) dwoc cung cap béi Trung tam Tai nguyén Sinh vat Arabidopsis (Columbus,
OH, USA).

Gen CMAL: Théng tin vé gen nhw trinh tw nucleotide, trinh tw acid amin dwoc thu thap tir Ngan hang di liéu cay
Arabidopsis thaliana (TAIR - Home Page (arabidopsis.org)). Cay Arabidopsis dwoc tréng, thu mau va tach chiét
RNA béng bd KIT tach chiét thuc vat Plant RNeasy (GeneAll, Seoul, Han Quéc), sau d6 RNA tdng sé dwoc st
dung dé téng hop cDNA diing cho tit ca cac thi nghiém vé& sau.

Vector pGEM-T: Buoc st dung lam vector nhan dong & vi khué’n E. coli. CAu trdc cla vector pGEM-T (Promega,
USA) thuén tién cho viéc gan va nhén dong voi cac séan pham PCR, vector pGEM-T mang cac gen khang
ampicillin va gen LacZ giup dé dang sang loc dwa vao mau sac khuan lac moc trén méi trwdng chon loc.

Vector pET-22b(+): BPwec sir dung lam vector nhan dong va biéu hién gen & vi khuénNE. coli. Vector pET-22b(+)
mang cac gen khang ampicillin va gan dudi 6 Histone vao doan gen la, diéu nay giup dé dang tinh sach protein tai
t6 hop.

Vector pBl121: Bwoc str dung lam vector nhan dong va biéu hién gen & thuc vat. Vector pBI121 (Clontech,
www.clontech.com) mang gen khang kanamycin gitp sang loc trén mdi trwdng nudi cay thwc vat.

Phwong phap nghién ctru
Tao dong vi khuén A. tumefaciens mang plasmid tdi t6 hop CMAL/pB1121
* Nhan dong vi khuén E. coli mang plasmid tai td hop CMAL/pGEM-T va CMAL/pET-22b(+)

Doan cDNA mé hoa gen CMAL (1305 bp) dwoc nhan dong trong hé théng vector PGEM-T, va plasmid tai t6 hop
duwoc bién nap vao té bao E. coli DH5a bang phwong phap sbc nhiét, sau d6 vi khudn duoc sang loc trén moi
trwdng chra khang sinh, tam khuén lac dwoc lwa chon va thwc hién phan trng PCR colony dé kiém tra sy hién
dién ctia gen chuyén. Sau khi xac dinh dwoc dong vi khudn mong muén, khuan lac dwoc nudi cdy, plasmid dwoc
tach va giai trinh tw dé xac dinh dung dong vi khuan mang CMAL/pGEM-T (Macrogen, Han Quéc).

Sau d6, vi khuan chira vector CMAL/pGEM-T dwoc nhan dong, gen CMAL dwoc khuéch dai va dwa vao vector
PET-22b(+). Qua trinh bién nap va nuéi cay vi khuan duoc thye hién nhw phwong phap chuyén gen vao vector
pGEM-T. Sau khi nudi cdy qua dém, cac khuén lac dwoc chon ngau nhién va dwoc xac nhan bang phan (ng
PCR colony, cac khuan lac c6 béng DNA tring khép véi doan DNA muc tiéu dwoc chon loc, khuén lac dwoc nudi
cy 16ng va l&c qua dém, plasmid dwoc tach va gidi trinh tw d& xac dinh ding dong vi khudn mang CMAL/pET-
22b(+) (Macrogen, Han Quéc).

* Tao dong vi khuén E. coli mang plasmid tai t6 hop CMAL/pBI121

Gen CMAL dugc khuéch dai bang phan tng PCR tlr plasmid tai t& hop CMAL/pET-22b(+) va nhan dong trong hé
thdng vector pBI121 bang cach s dung cac vi tri cia enzyme han ché Xbal/Smal, sau d6 phan (ng tao déng
CMAL/pBI121 dwoc bién nap vao té bao E. coli DH5a béng séc nhiét, nudi cdy qua dém trén méi trwdng LB chira
kanamycin (50 pg/mL). Tam khudn lac dwoc chon ngau nhién va dwoc xac nhan béng phan tng PCR colony,
khuén lac cé bang DNA triing khép véi doan DNA muc tiéu dwoc chon loc, nudi ciy 16ng va lac qua dém, sau dé
plasmid dwoc tach chiét va dwoc gl gidi trinh tw dé xac dinh dung dong vi khudn mang plasmid tai t&6 hop
(Macrogen, Han Quéc).

* Bién nap plasmid tai t&6 hop CMAL/pBI121 vao vi khuan Agrobacterium tumefaciens

Sau khi xac dinh duwgc gen CMAL dwoc chuyén thanh céng vao vector pBI121, plasmid CMAL/pBI121 dwoc
chuyén vao vi khuén A. tumefaciens GV3101 bang phwong phap dong/ra déng (Jyothishwaran et al., 2006), vavi
khuan dwoc nudi cdy qua dém trén mai trwong YEP sang loc c6 bd sung kanamycm (50 pg/mL) va rlfamplcm (50

pg/mL). Cac khuén lac dwgc chon va thuc hién PCR dé kiém tra sy hién dién cta gen chuyen Tiép do, khudn lac
dwoc chon loc va nudi trong madi trwérng YEP (+ kanamycin + rifampicin) dé ting sinh nham thu sinh khéi, chuén
bi cho thi nghiém tiép theo.

* Chudn bj vi khuan cho chuyén gen

Vi khuédn A. tumefaciens GV3101 mang vector CMAL/pBI121 dwoc ting sinh (t¥ mot khudn lac) qua dém trong
10,0 mL méi trwong YEP cd bd sung kanamycin (50 pg/mL) va rifampicin (50 ug/mL) & 28°C, tbéc do lac 250
vong/phut trong didu kién téi. Sau d6, 1 mL huyén phu dwoc chuyén sang 500 mL YEP c6 bd sung khang sinh va
nudi cly trong didu kién twong tw cho dén khi gia tri do ODeoo dat tlr 0,8-1,2. Tiép do, sinh khdi vi khuan dwoc ly
tam & toc d6 3.000 vong/phiit tai 4°C trong 15 phdt. Sinh khéi vi khuan dwoc huyén phu véi 500 mL méi trwdng
MS léng (pH 5,7, diéu chinh v&i KOH), bd sung vé&i 15 g sucrose, 0,25 g MES, 100 uL Silwet va 100 pM
Acetosyringone. Huyén phu dwoc trén déu bang may khudy tir.
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Chuyén vector CMAL/pBI121 vao thuc vét qua trung gian vi khuan A. tumefaciens
* Chudn bj chau cay dé& chuyén gen

Hat cay dét bién cmal dwoc gieo trén chéu dat (hdn hop vermiculite, réu than bun va da tran chau theo ty 1é
3:1:1), cac chau duoc d&t trong phong téi trong théi gian 3 ngay & 4°C, sau d6 cac chau duoc chuyén sang
phong nudi cay & diéu kién anh sang dai ngay (chu ky 16h sang/8h t6i) & nhiét d6 20 — 22°C. Sau 4-6 tuan, cac
cum hoa da xuét hién va cay da sin sang cho viéc chuyén gen.

* Chuyén vector CMAL/pBI121 véao thuc vat qua trung gian vi khuén A. tumefaciens

Vi khuén A. tumefaciens mang plasmid tai t6 hop CMAL/pBI121 dwoc dung dé& chuyén vao cay dét bién cmal
bang phwong phap xam nhap chan khdng (Bechtold va Pelletier, 1998). Cac chau cay sau khi chuyén duwoc dat
trong diéu kién phong nudi cay, va tiép tuc cham séc cho dén khi cay kho va thu hat. Hat dwoc thu hoach theo
tirng cay riéng 1é. Hat thu dwoc tlr cay dwoc chuyén gen duwoc xem nhuw 14 hat thé hé F1.

Sang loc céc dong bé sung (com- lines)

Hat F1 duoc khir tring bé mét va gleo trén dia petri chtra 20 mL méi tredng MS co bd sung kanamycin (50 Hg/mL) va
carbenicillin (50 pg/mL). Cac hat nay mam va moc 1&n cay con c¢é |4 mau xanh la nhirng cay chuyen gen. Sau 3
tuan nuéi cdy, chuyén cac cay con sang chau d4t va nudi trong diéu kién phong nubi cay cho dén khi thu hat thé
hé F2. Cac cay com-line tiép tuc dwoc sang loc cho dén khi thu dwoc hat thé hé F3, F4 1a cac cay ddng hop tor.
Méi cay twong (ng véi mot dong. Sw hién dién ctia gen CMAL trong cay doét bién cmal va trong cac dong com-
lines dwoc xac nhan béng phan (rng RT-PCR v&i cac doan mdi dac hiéu dwoc liét ké trong Bang 2.

Thwc hién phan irng PCR

* Thwe hién phan (rng PCR colony

Phan (rng PCR colony dwoc thwe hién dé kiém tra sw c6 mét clia gen CMAL trong cac vector st dung & ca vi
khuén E. coli va vi khudn A. tumefaciens. Trong nghién cru nay, cac doan mdi dwoc dung dwoc liét ké trong
Bang 1. Phan &ng duoc thwe hién nhw sau: dung dau tip (10 pL) tach 14y khuén lac va nhing vao hén hop phan
ng PCR bao gém 10 L Taq master mix (2X), 1 uL cGia 10 yM méi primer va 8 uL H,O. Chu trinh nhiét bao gdm
1 chu ky bién tinh (95°C/5 phat); 35 chu ky tdng hop DNA (95°C/30 gidy; 56°C/30 gidy; 72°C/1 phut) va budc
tbng hop cudi cling 72°C/10 phdt.

Bang 1. Trinh tw cac doan mdi trong phan trng PCR

Tén méi Trinh tw méi (5’ — 3) Plasmid tai Kich thwéc san pham (bp)
to hop
F CMAL_T 9agctcCATGGCGGGAGTGATTAG
CMAL/pGEM-T 1314
R_CMAL_T aagCttCAACTTCTGAATCACTCTTAAC

F_CMAL pET  gagctcCATGGCGGGAGTGATTAG

CMAL/pET-22b(+) 1314
R_CMAL_pET  aagcttCAACTTCTGAATCACTCTTAAC

F_CMAL_pBI tctagaATGGCGGGAGTGATTAGG

CMAL/pBI121 ~1344
R_CMAL_pBI  cccgggTCAGTGGTGGTGGTGGTGGTG

*Ch( thich: Chir viét thuong, in dam Ia trinh tw nhan biét cua cac enzyme han ché.
* Thye hién phan irng RT-PCR
Dé kiém tra s biéu hién cia gen CMAL, 100 mg mau twoi hodc dong lanh duoc dung dé tach chiét RNA tong s6
bang bd KIT tach chiet thie vat Plant RNeasy. 500 ng RNA tong so dwoc st dung dé tong hop cDNA bang b
KIT Transcription (Applied Biosystems, My). Chu trinh nhiét cho phan (r‘ng RT-PCR bao gom 1 chu ky bién tinh
(95°C/5 pht); 30 chu ky tdng hop DNA (94°C/30‘giéy; 55°C/30 giay; 72°C/30 giay) va bwéc tbng hop cudi cung
72°C/10 phut. Trong nghién clru nay, cac doan moi dac hiéu dwoc str dung dworc liét ké trong Bang 2.

Bang 2. Trinh tw cac doan méi trong phan trng RT-PCR

Tén moéi Trinh tw moi (5’ - 3) Kich thwéc san pham (bp)
RT_F_CMAL ATCATTCAAAGCCACTCTG
RT_R_CMAL GGCCACGAATTCACTATATCTTC 338
RT_F_TUBULIN CTCAAGAGGTTCTCAGCAGTA
RT_R_TUBULIN TCACCTTCTTCATCCGCAGTT 483
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KET QUA VA THAO LUAN
Thu nhan gen CMAL tir cDNA cay Arabidopsis d6i chirng

Cay di chirng Col-0 duoc trong, thu mau va tach chiét RNA téng s6, sau do phan &ng phién ma nguoc dwoc
thwe hién dé tong hop cDNA. Gen CMAL vd&i chidu dai day da 1305 bp dwoc khuéch dai bang phan ¢ng PCR voi
cac doan moi dwoc ding dé& nhan dong trong vector pGEM-T. Két qua san phdm PCR trén Hinh 1 cho thdy,
giéng 3,4 xuét hién cac bang DNA c6 chidu dai twong tng 1317 bp — ding véi kich thuwéc gen CMAL va hai viing
trinh tw nhan biét. Phan gel chira DNA mong muén dwoc cat, sau d6 DNA dwoc tinh sach va thu nhan bang bd
KIT tach chiét (GeneAll, Han Quéc).

kb M 1 2 3 4

1,0 -
05 —

Hinh 1. Két qua dién di san pham PCR
M: thang chuén 1kb Plus (NEB); 1,2: M4u khéng chira gen CMAL; 3-4: M&u cé chira gen CMAL
Tao dong vi khuan A. tumefaciens mang plasmid tai t6 hgp CMAL/pBI121
* Tao dong vi khuén E. coli mang plasmid tai t6 hop CMAL/pBI121

Gen CMAL dwgc nhan dong trong vector pGEM-T mang gen khang ampicillin va gen LacZ. Sau qua trinh bién
nap va nudi cay qua dém trén méi trwong LB c6 bb sung X-gal. Tam khuan lac mau trdng dwoc chon loc va thue
hién phan rng PCR colony (Hinh 2). Ké&t qua san pham dién di cho thay, tlr giéng 1 dén giéng 6 c6 sy xuat hién
mot bang DNA dwoc khuéch dai véi kich thwée khoang 1317 bp, twong dwong véi kich thudc mong muébn (gen
CMAL va hai vung trinh tw nhan biét), diéu nay khéng dinh gen CMAL da dwoc chuyén thanh céng vao vector
pGEM-T. Plasmid tai t& hop CMAL/pGEM-T dwoc gii gidi trinh tw, sau dd, két qua trinh tw dwoc so sanh sy
twong ddng vo&i trinh tw gbc clia gen CMAL dwoc thu thap tir Ngan hang div liéu cay Arabidopsis
(arabidopsis.org) bdng phdn mém CLUSTALW (https://www.genome.jp) d& xac dinh chinh xac gen duoc chuyén
vao la gen CMAL.

kb M 1 2 3 4 5 6 7 8

1317 bp

Hinh 2. Két qua dién di san pham PCR tir khuan lac chira plasmid tai t6 hop CMAL/pGEM-T
M: Thang chuén 1kb Plus (NEB), 1-6: Khuan lac chira gen CMAL; 7-8: Khuén lac khéng chira gen CMAL.

Sau khi xac dinh dwgc dong vi khudn mang vector CMAL/pGEM-T, thong thwéng cé thé tién hanh buée ké tiép 1a
khuéch dai va nhan dong gen CMAL trong vector dich pBI121 biéu hién & thwc vat. Tuy nhién, trong nghién ctru
nay, dé thuan tién cho viéc tinh sach protein tai td hop nham thwe hién cac phan &rng phan tich hoat tinh cta
protein CMAL, tac gid da nhan dong gen CMAL trong vector bidu hién pET-22b(+) giip dé dang tinh sach protein
tai t6 hop dwa vao dudi His-tag. Gen CMAL dwoc dwa vao vector pET-22b(+) tai vi tri cac enzyme gi¢i han
Sacl/Hindlll, plasmid tai t& hop CMAL/pET-22b(+) dwoc bién nap vao t& bao E. coli BL21, vi khudn dwoc nudi
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cly, plasmid dwoc tach chiét va giai trinh ty d& xac dinh dung dong vi khudn mang plasmid tai t& hop
CMAL/pET-22b(+).

P& gen CMAL ngoai lai biéu hién dwoc trong té bao thuc vat, vector pBI121 dwgc st dung dé tao dong, plasmid
tai td hop CMAL/pBI121 dwoc bién nap vao té bao E. coli, va sy c6 mét clia gen CMAL duogc kiém dinh bang
phan trng PCR colony (Hinh 3A). Két qua san pham dién di cho thay, t&t ca 8 giéng déu xuét hién mot bang DNA
c6 kich thudc khoang 1344 bp, kich thwéc nay phu hop véi kich thudc tinh toan mong muén, do doan gen dwoc
chuy&n (CMAL-6His) la doan gen tai t6 hop bao gdm gen CMAL va phan dudi His-tag gan vao tr vector pET-22b(+).
Plasmid CMAL/pBI121 dwoc gidi trinh tw va so sanh sy twong ddng véi trinh tw gbc clia gen CMAL bang phan
mém CLUSTALW dé xac dinh chinh xac gen CMAL duwoc chuyén thanh cong vao vector pBI121.

A B
kb kb

3,0 —

2,0 — 3,0 —

15 - 1,0 —

1,0 - 0,5 -

0,5 —

Hinh 3. Két qua dién di san phadm PCR tir khuan lac chira plasmid tai té hop CMAL/pBI121

(A) Vi khuén E. coli, M: Thang chuén 1 kb (NEB), 1-8: Khuén lac chira gen CMAL;
(B) Vi khuén A. tumefaciens, M: Thang chuén 1 kb Plus (NEB), 1-4: Khuén lac chira gen CMAL.

* Bién nap plasmid tai t6 hop CMAL/pBI121 vao vi khuan A. tumefaciens

Sau khi chon dwoc dong vi khudn muc tiéu, plasmid CMAL/pBI121 dwoc chuyén vao vi khudn A. tumefaciens
theo phwong phap déng/rd déng, va nudi cdy chon loc trén méi trwéng chira khang sinh thich hgp. Chon ngau
nhién bdn khuén lac va thye hién phan (rng PCR colony dé kiém tra tinh chinh xac ctia gen chuyén (Hinh 3B).
Két qua san pham dién di cho thay, ca 4 giéng gel déu xuét hién mot bang DNA véi kich thwéc khodng 1344 bp,
didu nay chirng minh plasmid CMAL/pBI121 da dwoc chuyén thanh céng vao vi khuan A. tumefaciens. Tiép do,
mot trong bén khuén lac dwoc chon loc va nudi cdy ting sinh trong méi trudng YEP c¢6 bb sung cac khang sinh
thich hgp d& chuan bi cho thi nghiém chuyén vi khuan A. tumefaciens mang vector CMAL/pBI121 vao cay dot
bién cmal.

Tao dong bd sung CMAL-comlines bing phwong phap chuyén gen qua vi khuan A. tumefaciens

Chau cay dét bién cmal dwoc stv dung dé chuyén plasmid CMAL/pBI121 théng qua vi khuan A. tumefaciens. Sau
khi chuyén, cac chau cay dwoc dat trong phong nudi cay va tiép tuc cham sdc dén khi thu hat. Hat F1 dwoc gieo
trén moéi trwdng chon loc, va cac cay con cd la that mau xanh dwoc chuyén sang dat trdng dé thu hat F2. Dén thé
hé F2, tiép tuc gieo hat va sang loc cac dia chra cay con sinh trwdng trén méi trwéng chon loc theo ty 1& 3:1
(3 come-line: 1 ddt bién). Chon nhirng cay com-line tir dia cé ty 1& 3:1 chuy&n sang chau dat va tiép tuc tréng cho
dén khi thu hat thé hé F3, F4.

Dé chirng minh sy thay ddi kiéu hinh & cay cmal do sw b4t hoat ctia gen CMAL, phai tao ra dwoc it nhat 02 dong
ddng hop tir CMAL-comline & thé hé F3 hodc F4 c6 kiéu hinh giébng nhau va giéng véi kiéu hinh clia cay déi
chirng. Trong thi nghiém nay, nhivng phan tich khai quat vé hinh thai va qua trinh sinh trwéng, phat trién cta cay
cho thay cac cay comline c6 kidu hinh twong tw nhw cay ddi chirng. Két qua nay khang dinh kiéu hinh & cay dat
bién cmal la do sw bAt hoat ciia gen CMAL gay ra. Bén canh d6, sw cé mat ciia gen CMAL & cac dong bd sung
cling da dwoc kiém dinh bing phan trng RT-PCR (Hinh 4), day la co s& khoa hoc chirng minh rdng gen CMAL
ngoai lai da dwgc chuyén thanh coéng vao cay dat bién cmal. Nhw vay, hoat ddng clia gen CMAL ngoai lai & cac
dong bd sung da bu lai gen CMAL bj mét di trong cay dat bién, cho nén cac dong bd sung CMAL-comline ¢é kiéu
hinh twong tw nhw cay ddi chirng.
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Col-0 c¢mal coml com2 com3 comd

(A) CMAL

Tubulin

(B)

Hinh 4. (A), Sw biéu hién ctia gen CMAL trong cdy duoc dénh gid bang RT-PCR; (B), Céc cdy duoc chuyén tréng trong dét
sau 20 ngay. Col-0: Cay doi chirng, cmal: Cay dot bién, com1-4: Cac cay CMAL-comline thé hé F4; Tubulin: Gen tham chiéu.

KET LUAN

Gen CMAL ngoai lai dwgc nhan dong trong vector pBI121 va dwoc chuyén thanh cong vao A. thaliana dét bién
cmal théng qua vi khuan A. tumefaciens. Cac dong bd sung (CMAL-comline) thu dwoc cé kiéu hinh gibng cay
hoang dai dbi chirng (Col-0) va sy hién dién clia gen CMAL trong cay A. thaliana chuy&n gen dwoc xac nhan
béng RT-PCR. Bi&u nay chirng minh rdng gen CMAL ngoai lai d& b sung cho hoat tinh cia CMAL trong cay dot
bién cmal, va gen nay déng vai trd quan trong trong qua trinh sinh trwdng va phat trién ctia A. thaliana.

Loi cam on: Xin chan thanh cam on GS.TS. Hunseung Kang da tai tro vé tai chinh va dwa ra nhitng 107 khuyén quy bdu dé
hoan thanh nghién ciu nay.
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GENERATION OF COMPLEMENTATION LINES IN THE LOSS-OF-
FUCTION MUTANT DUE TO T-DNA INSERTION IN Arabidopsis thaliana

Le Nguyen Tieu Ngoc’

Institute of Biotechnology and Environment, Tay Nguyen University

SUMMARY

The generation of the complementation lines in the loss-of-function mutants to complement a knock-out gene
due to a T-DNA fragment inserted into the target gene is considered a useful tool in researching of the functional
role of gene during plant growth and development as well as stress response. The cmal mutant was used in this
study. In Arabidopsis thaliana, CMAL gene (Chloroplast mraW-Like) plays a crucial role in chloroplast
biogenesis, photosynthesis, and plant growth and development. The insertion of T-DNA into the second intron of
CMAL gene to generate the cmal mutant displayed growth-defect phenotypes with stunted stems, retarded
growth, delayed flowering time, the formed seed number was small. Foreign CMAL was cloned into the target
pBI121 vector in E. coli, plasmid CMAL/pBI1121 was subsequently transformed into E. coli and Agrobacterium
tumefaciens. After that, A. tumefaciens carrying CMAL/pBI121 recombinant plasmids were used to transform the
cmal mutant using vacuum infiltration method. The resulting complementation lines (CMAL-comlines) were
screened by sowing the seeds on Murashige and Skoog (MS, 1962) medium supplemented with antibiotics, and
the presence of CMAL gene was confirmed via RT-PCR.

Keywords: Arabidopsis thaliana, CMAL, complementation lines, mutant, cloning, T-DNA.

" Author for correspondence: Tel: 0865769027; Email: Intngoc@ttn.edu.vn
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NGHIEN CU'U BIEU KIEN BIEU HIEN ULVAN LYASE TAI TO HOP
TU VI KHUAN BIEN Formosa agariphila VO'I HOAT TiNH PHAN CAT ULVAN

Tran Nguyen Ha V)l/ Cao Thi Thuy Hang Huynh Hoang Nhw Khanh®,
Nguyén Thj Thuan*, Pham Puc Thlnh Tran Hoang Hai’

Yvién Nghién ciu va Uhg dung Cong nghé Nha Trang, Vién Han Iam Khoa hoc va Céng nghé Viét Nam

2Hoc vién Khoa hoc va Céng nghé, Vién Han lam Khoa hoc va Cong nghé Viét Nam

TOM TAT

Ulvan lyase la enzyme xuc tac thay phan ulvan thdng qua cat cac lién két glycoside trong mach chinh caa phan
tir ulvan, polysaccharide sulfate hoa dugc chiét xuat tir rong luc. Hién nay, ulvan cé khéi lwong phan ti thap thu
hdt sy quan tam chii y dac biét cua cac nha khoa hoc do chung thé hién nhiéu hoat tinh sinh hoc quy nhu chéng
oxy hoa, virus, ung thu, chéng téng lipid mau; khang viém, tdng hoat tinh diéu hoa mién dich... Vi thé, huéng
tim kiém cac cong cu hién dai dé bé ngan mach ulvan 12 mét trong nhirng huéng nghién cuu ¢6 gia tri khoa hoc
va mang tinh thuc ti&n cao. Trong nghién ciru ndy, gene ma hda ulvan lyase FA28 c6 ngudn gdc tir vi khuan bién
Formosa agariphila dugc tuyén chon trén dir liéu online, duogc thiét ké tai to hop vao E. coli BL21 (DE3), duoc
nghién ctru diéu kién biéu hién gdm méi trudng biéu hién, ndng d6 IPTG va nhiét d6. Két qua cho thay E. coli
BL21(DE3)-FA28-pET-28a(+) biéu hién tét trong moi truong LB, 15 h, 20 °C, ndng d6 IPTG cam tng 2 mM.
Ulvan lyase tai to hop thu dwgc 6 kich thuéc 48 kDa va c6 hoat tinh trén co chét ulvan chiét tir rong luc (Ulva
lactuca). Di chimg 4m dugc sir dung trong nghién ctru nay la chung vi khuan E. coli BL21(DE3) mang plasmid
FA28-pET-28a(+) khong dugc cam ung biéu hién, da khong biéu hién protein myc tiéu va khong c6 hoat tinh
thuy phan co chat ulvan trong tat ca cac thi nghiém. Két qua nay cung cap thém mot cong cu tiém niang dé diéu
ché ulvan khéi lwong phan tir thip dinh huéng tng dung trong linh vuc y dugc.

Tur khéa: ulvan lyase, Escherichia coli BL21 (DE3)-FA28-pET-28a(+); biéu hién gene; tai to hop.

MO DAU

Ulvan la sulfate polysaccharide c6 trong rong luc chi Ulva va Enteromorpha. Cling giébng nhw cac sulfate
polysaccharide tlr rong bién khac, ulvan cé c4u tric rat phirc tap, né dwoc cau tao béi cac thanh phan cha yéu la
cac dwdng rhamnose, xylose, céc acid glucuronic, acid iduronic va nhém sulfate. Trong nhitng ndm gan day mot
sb cong b khoa hoc da cho thay cu tric va thanh phan clia ulvan dong vai tro quan trong trong chirc nang sinh
hoc clia chang. Cac nghién cteu nay chi ra ulvan c6 trong lwgng phén tir thap thé hién hoat tinh sinh hgc cao
hon, vi du nhw ¢c6 hoat tinh chong oxy hoa manh hon (Qi et al., 2005), hoat dong dieu hoa mién dich tét hon
(Peasure et al., 2016; Tabarse et al., 2018), va tac dung chong tang lipid mau cao hon (Pengzhan et al., 2003).

Dé didu ché oligosaccharide dang ulvan, cac phwong phap x@ ly truyén théng nhuw héa hoc va vat ly da dwoc st
dyng (Zhu et al., 2021). So v6&i cac phwong phéap bé ngan mach polysaccharide truyén théng thi phucmg phap
cat mach bang enzyme c6 cac diéu kién phan (rng nhe hon (axit thAp dén trung tinh) va glup gidm thiéu tac hai
khéng tot cho mbi truJo’ng Cung v6i do, enzyme co tinh dac hiéu phan (rng cao nén cac oligosaccharide tao
thanh van gi» dwoc cAu tric toan ven ban dau (Zhu et al., 2021; Wijesinghe et al., 2012). Do d6 hudng nghién
cu st dung enzyme nhw l& mot cong cu tiém nang dé& chuyén héa céc polysaccharide thanh céac
oligosaccharide v&i cac hoat tinh sinh hoc wu viét hon la mét trong nhirng hwéng nghién ctru cé gia tri khoa hoc
va mang tinh thyc tién cao.

Ulvan Iyase mot loai enzyme c6 kha nang phan hdy ulvan. Ulvan lyase thuéc ho polysaccharide lyase, co kha
nang cat cac lién két glycosid trong polysaccharide theo co ché loai bd lién két B. Ulvan lyase pha v& lién két
gitra rhamnose 3-sulfat va acid uronic trong ulvan, tao ra oligosaccharide véi axit uronic khong bdo hoa & dau
khéng khtr.

Theo hiéu biét ctia ching t6i, tAt cd cac ulvan lyase da xac dinh d&c tinh xtc tac déu dwoc phan lap va tinh ché
tlr vi khuan bién va 1a enzyme tai t& hop (Qin et al., 2018; Gao et al., 2019; Rodrigues et al., 2024). P6 14 do,
ulvan lyase la mot loai enzyme kho thu nhan va tinh sach tir cac nguf)n tw nhién do dé& bj mat hoat tinh trong qua
trinh tinh sach. Trong phuong phap san xuat enzyme tai to hop, hé biéu hién E. coli 14 phd bién nhat dé& tong hop
protein tai t& hop do nhleu lgi ich, bao gom d& nudi cdy, tbc do sinh treéng nhanh, dac diém di truyen duworc
nghién ctru k§ lwdng, sy ton tai ctia nhidu vector tach dong va chidng dét bién thwong mai cho hé thong nay,
cung nhw viéc thu nhan proteln muc tiéu dé dang Pé thuan tién cho qua trinh tinh sach, ulvan lyase can dwoc
tdng hop mot cach hiéu qua va én dinh, cung voi cai tién qua trinh sinh khéi t& bao. Biéu hién protein ngoai lai
trong chang chd bj anh hwéng béi nhiéu yéu td, trong do, diéu kién 1&én men cé tac dong Ién, dan dén hiéu suat
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téng hop protein khong hiéu qua, sai léch cAu tric protein va mét chirc nang sinh hoc. Viéc nay c6 thé duoc khac
phuc bang cach kiem soat chat ché cac thdng so trong qua trinh 1én men.

Vi vay, trong nghién ctu nay, chdng t6i tap trung khao sat cac yéu tb (mdi trwdng 1€n men, néng dd chét cam
&ng, nhiét do biéu hién, pH méi tredng va thoi gian 1én men) anh hwéng dén kha nang biéu hlen cua gene ulvan
lyase FA28, dwoc tim kiém trén ngan hang di liéu online tr Formosa agariphila KMM 39017, mét vi khuén bién
thuéc nhém Favobacterium, dwoc phan lap tir mét loai rong luc & bién Nhat Ban (Glasson et aI 2017).

NGUYEN LIEU VA PHUONG PHAP
Nguyén liéu

Chung E. Coli DH Salpha duwgc st dung lam chdng nhan ban vector tai t& hop. Ching E. Coli BL21 duoc st
dung lam chadng biéu hién ulvan lyase tai t& hop. Khudn gene dwoc tdng hop nhan tao tiy trinh tw tdi wu hoa cho
viéc biéu hién trong hé ching E. coli BL21 (DE3). Plasmid pET-28a(+)dwoc st dung dé& dong hoa mang gene
FA28 ma héa ulvan lyase c6 trinh tw protein dwoc 14y tlr ngan hang di liéu ma sé (WP_038530530), va sw biéu
hién gene dwoc kiém soat bdi promotor T7 théng qua chat cdm (ng IPGT. Gene nay da dwoc thiét ké ma héa
protein khéng c6 tin hiéu peptide & dau N-teminal nhuwng b sung thém 10x histidine d& thuan loi cho qua trinh
tinh sach enzyme tai t6 hop. T4t ca cac ching vi sinh vat va plasmid dwoc cung cip bdi Khoa Céng nghé ky
thuat Sinh hoc va Y sinh hoc, Trwdng Bai hoc Khoa hoc Ky thuat Ban Mach, Ban Mach.

Phwong phap
Tao dong chdng E. coli BL21 (DE3) mang vector tai t6 hop FA28-pET-28a(+)

Trinh tw gen thiét ké duwoc tdng hop béi hdng Genscript (Piscataway, NJ, USA) va khuéch dai bang phan (rng
PCR v&i cap mdi ddc hiéu mang trinh tw nhan biét ctia hai enzyme cét gi¢i han Xhoi va Ndel. S&n phdm PCR
duwoc kiém tra trén gel agarose 1%, nhuém mau béng ethidium bromide va phan tich hinh anh dién di bang hé
théng Dual Intensity UV Transillumninator. Sau dé, san phdm PCR dwoc tach va gti di giai trinh tw dé kiém tra lai
dd chinh xac clia gene muc tiéu (Macrogen Europe B.V., Ha Lan). San ph&dm plasmid tai té hop dwoc bién nap
vao té bao E. coli DH5alpha bdng phwong phap séc nhiét. Sau dé dwoc trai trén méi trwdng Luria Bertani Broth
(LB) c6 chira 100 ug/mL khang sinh kanamycin, nuéi G 37 °C trong 24 gi¢. Cac khuén lac chén thanh céng
plasmid c6 chtva gen ma hda dwoc nudi tang sinh, thu sinh khéi t& bao va tach chiét plasmid t& hop bang bo kits
Mix & Go Kit (Zymo Research).

Vector téi té hop pET283(+) cung dwoc cét boi cap enzyme gi¢i han Xhoi va Ndel dé tao dau dinh twong hop voi
gen ulvan lyase. Sau do, san pham PCR duwoc xtr ly béi cap enzyme cét gidi han Xhoi va Ndel dé tao dau dinh
va thwe hién phan ng néi nhe vao enzyme T4 DNA ligase, néi v&i pET-28a(+) da duwgc cdt mé vong bdi hai
enzyme twong ng.

Plasmid FA28-pET-28a(+) dwoc bién nap vao ching E. coli BL21 (DE3) bang Mix & Go Kit (Zymo Research). Sau
khi bién nap, ching E. coli BL21 (DE3) mang vector tai td hop FA28-pET-28a(+), dwoc goi la chung E. coli BL21
(DE3) / FA28-pET-28a(+) dwgc nudi cay trén méi trvong thach LB c6 khang sinh kanamycm néng do cudi 100
pg/mL d@é tach dong va chon loc dong vi khudn mang gene muc tiéu. Cac ching vi khuan moc dwoc trén méi truong
LB c6 chtra 100 pg/mL khang sinh kanamycin duoc Iwa chon dé kiém tra két qua tao dong théng qua k¥ thuat PCR,
san phdm PCR dwoc givi di gidi trinh tw dé kiém tra lai d6 chinh xé&c ctia gene FA28 ulvan lyase (Macrogen Europe
B.V., Ha Lan) (Tran et al., 2022).

Biéu hién FA28 ulvan lyase tai té hop

Sau khi kiém tra diing gene muc tiéu da dwgc tao dong thanh céng, qua trinh bidu hién dwoc thuc hién nhw sau:
Khuén lac E. coli BL21 (DE3)/ FA28-pET-28a(+) dwoc chon loc va nudi tdng sinh trong 5 mL méi trwdng LB 16ng
¢6 bd sung 50 pg/mL kanamycin, 34 pg/mL chloramphenicol va 0,05% (w/v) arabinose ¢ nhiét d6 37 °C, l&c 180
rpm qua dém. Sau do, dich nu6i cay vi khudn duwgc cly chuyén sang méi trwdng LB Iong 500 mL v¢i ti 1é 1:20
(viv) va tiép tuc nudi cly lac & 37°C, 180 rpm cho dén khi ODsoo dat gid tri 0,8-1,0 thi bd sung chat cdm tng IPTG
(Isopropyl B-D-1-thiogalactopyranoside) & cac néng d6 khac nhau & 20°C, tbe do 1ac 180 rpm. Sau 15 h cam
&ng, sinh khéi vi khudn dwoc thu nhan bang ly tam véi tbc do 7.000 vong/pht trong 15 phut & 4°C. Panh gia kha
n&ng biéu hién cda ulvan lyase béng dién di hdn hop sinh khéi t& bao (whole cells) theo SDS-PAGE va nhan dién
protein tai t6 hop bang phan rng Western blot.

DPébi chirng &m dwoc s dung trong nghién ctru nay la chang vi khuan E. coli BL21 (DE3) mang plasmid FA28-
pET-28a(+) khong dwgc cam (rng biéu hién.

Anh hwéng diéu kién biéu hién gene FA28 ulvan lyase tai té hop

Hai méi trwérng khac nhau gébm LB (yeast extract 0,5%, peptone 1,0%, NaCl 1,0%, pH 7,5) va méi trwéng tw cam
ng AT (0,6% w/w Na;HPOg4; 0,3% w/w KH2PO4; 2,0% w/w tryptone; 0,5% w/w yeast extract; 0,5% w/w NacCl;

0,06% v/v glycerol; 0,05% w/v glucose va 0,04% wi/v a-lactose, pH 7 5) dwoc khéo sat cho sw biéu hién gene
FA28 méa hda ulvan lyase. Ddi véi méi trwerng LB dwoc thue hién theo céc théng sb ctia didu kién chudn néu trén;
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dbi v&i modi trwong AT, qud trinh cay chuyén tir 6ng 5 mL sang moéi trwéng biéu hién AT dwoc thuc hién & 20 °C,
180 rpm trong 20 h. Song song v&i qua trinh khao sat didu kién mai trwéng bidu hién, tién hanh kiém tra sy biéu
hién ulvan lyase theo th&i gian v&i cac méc théi gian 1a 5 h, 10 h,15 h va 20 h. Méi trung va théi gian bidu hién
phu hop dwgc Iwa chon cho cac thi nghiém tiép theo. Sw biéu hién cla ulvan lyase bang dién di hdn hop sinh khéi
té bao (whole cells) theo SDS-PAGE va Western blot.

DBéi v&i moi trwdng biéu hién LB, ndng do chat cam tng dwoc khao sét 14 IPTG 0-2 mM, nhiét d8 biéu hién dwoc
danh gia tai cac diém 14°C; 16°C; 18°C; 20°C; 25°C; va 30°C. Sw hidu hién cla ulvan lyase dwoc danh gia bang
dién di enzyme th6 thu nhan dwoc theo SDS-PAGE va Western blot va hoat tinh enzyme theo phwong phap C-
PAGE trén co chét fucoidan chiét xu4t tiv rong S. mcclurei.

Chiét xuat enzyme tho

Két thic qué trinh biéu hién, tién hanh ly tam dich 1&n men (7.000 rpm, 15 phat, 4°C) dé thu nhan sinh khéi té
bao. Huyén phu sinh khéi t& bao trong dich dém 20 mM Tris-HCI, 250 mM NacCl, 20 mM imidazole, pH 7,4, sau d6
bd sung thém lyzozyme 0,2 mg/mL dé hd tro' qué trinh pha vé& t& bao. Cac t& bao dwgc pha vé bang séng siéu
am (UP400S Hielscher, Teltow, Germany) chu ky 0,5 va cwdng d6 100% trong 2 phut, sau d6 d& & nhiét do
phong 15 phat. Dich enzyme thd dwoc thu nhan bang cach ly tam thu dich ndi (19.000 rpm, 4°C, 20 phut), dich
ndi dwoc loc qua mang loc 0,22 pm dé loai xac té bao. Enzyme thé thu nhan dwoc tién hanh do ham lwong
protein theo Bradford v&i chat chuan la albumin huyét thanh bo (Bradford, 1976), sau d6 thyc hién SDS-PAGE va
Western blot.

Thar nghiém hoat tinh enzyme bdng C-PAGE (Carbohydrate-Polyacrylamide Gel Electrophoresis)

H&n hop phan rng chira dung dich enzyme cé ndng dd 0,5 g/L trong méi trudng dém Tris-HCI 20 mM, pH 7,4,
250 mM NaCl va 10 mM CacCl, (dém A), va 1% wiv fucoidan trong dém A. Cac mau dwoc U & 35°C trong vong 24
h. H8n hop phan tng (5 uL) dwoc pha trén véi 5 UL dém tai (20% glycerol va 0,02% phenol dd). Sau d6, siv dung
5 pL mau dé thyc hién dién di trén gel polyacrylamide 20% (w/v) day 1 mm véi dém chay la Tris-borate 100 mM,
pH 8,3 trong 1 h. Qua trinh nhuém gel dwgc thuwe hién qua hai bwdc: dau tién 1a véi dung dich chira 0,05% alcian
blue 8GX (Panreac, Barcelona, Tay Ban Nha) trong 2% axit acetic trong 45 phut, sau d6 la v&i dung dich 0,01%
O-toluidine blue (Sigma-Aldrich, Steinheim, Blrc) trong 50% ethanol va 1% axit acetic. Mau chuén (di chirng
dwong) 14 s&n phdm phan tng cla FFA2 trén fucoidan tlr rong nau Fucus evanescens do Khoa Céng nghé ky
thuat Sinh hoc va Y sinh hoc, Treong Pai hoc Khoa hoc Ky thuat Ban Mach, BPan Mach cung cép.

KET QUA VA THAO LUAN
Tao dong va biéu hién FA28 ulvan lyase tai té hop

Plasmid FA28-pET-28a(+) dwoc bién nap vao chang E. coli BL21 (DE3), khuén lac moc trén méi trwdng thach LB
chon loc ¢6 chiva 100 pg/mL kanamycin dwoc lwa chon dé tién hanh PCR khuéch dai doan gene FA28 nhdm kiém
tra lai sw thanh céng clia qua trinh tao dong. Két qua dién di DNA cho thdy san phdm PCR clia gene FA28 ulvan
lyase c6 kich thwéc khoang 1324 bp, twong ddng véi kich thwéc ciia DNA dwoc thiét k& (Hinh 1). Péng thdi san
phdm PCR ciing dwoc gi di gidi trinh tw va sau dé so sanh trinh tw véi trinh tw gene ban dau dé kiém tra do
chinh xac cla gene da dwoc bidu hién, sy twong ddng cao gitra gene trwdc va sau khi bidu hién. Nhw vay, ré
rang FA28 ulvan lyase d& dwoc tao dong thanh cong, khuén lac ddu da mang vector tai t& hop.

Két qua biéu hién protein FA28 ulvan lyase & diéu kién tieu chuin dwoc thé hién & Hinh 2. Twr két qua dién di
trén SDS-PAGE (Hinh 2A) cho théy, protein FA28 ulvan lyase biéu hién c6 khdi lwong phan t& khoang 48 kDa.
Day ciing chinh 13 khéi lwong phan t&r twong dwong VGi khéi lweng phéan tlr protein muc tiéu FA28. DPé xac dinh
chinh xac sy c6 mat cla protein tai td hop mong muén, ching t6i tién hanh phan &ng lai mién dich Western blot
(Hinh 2B), két qua cho thay, xuéat hién vach mau dé twong (ng véi protein kich thuwéc 48 kDa ngay tai vi tri biéu
hién cla protein muc tiéu. V&t mau dé trong phan (rng lai Western blot 1a két qua cho thdy sy biéu hién thanh
cong protein tai t6 hop muc tiéu FA28 ulvan lyase, do chdng vi khun E. coli BL21 (DE3)-FA28-pET-28a(+) san
xudt. Phan ng mau sé xuat hién khi cé sy lién két gitra protein tai t& hop mang duéi His-tag va khang thé
monoclonal anti-polyHistidine peroxidase-conjugated antibody. Ngoai ra, khi tién hanh thi nghiém twong tw véi
chaing vi khuén E. coli BL21 (DE3) mang plasmid FA28-pET-28a(+) khéng dwoc cdm (ng biéu hién, ching toi
nhan thdy khéng c6 xuét hién vach protein muc tiéu (vi tri 48 kDa) & trén gel dién di SDS-PAGE va phan t&ng lai
mién dich Western blot ciing khdng xuét hién bat c&» vét cé mau dd nao (sé liéu khéng néu 1&én & bai bao nay).
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Hinh 1. bién di san pham PCR gene FA28 ulvan lyase
Thang chuén kich thuéc DNA (GeneRulerTM 1 kb DNA
Ladder, Thermo Sientific, My).

Hinh 2. Két qua kiém tra kha nang biéu hién ctia ulvan lyase
tai td hop FA28
(A) - bién di SDS-PAGE; (B) - Western blot. Trong dé: 1. Thang

chudn; 2. M&u sinh khéi sau biéu hién.
Anh hwéng cua diéu kién biéu hién gene FA28 ulvan lyase tai t6 hop

Két qua khao sat 02 cong thirc méi trwdng AT va LB thé hién nhw Hinh 3 cho thay, & cac méi trweng khac nhau
thi sw biéu hién FA28 ulvan lyase tai t6 hop & khac nhau. Méi triwdng AT, 1a mdi trwdng tw cdm (ng, bao gébm
ngudn nito' cao, ngudn carbon glucose/glycerol nhuwng lwong ulvan lyase thu dwgc trong 300 pL méi trwdng lén
men thap hon so v&i méi trweng LB (Hinh 3). Do d6, méi trwéng LB dwoc lwa chon cho sy biéu hién FA28 ulvan
lyase tai t& hop do lwgng protein dwgc tdng hop la nhiéu nhat va én dinh nhat. LB 1a mét méi trwéng co ban cho
sw biéu hién cha protein tai t& hop, d& chuan bi, thanh phan méi trwdng cung cp ddy da cac peptide, axit amin
thiét yéu va mudi khoang natri cho sw sinh trwéng ctia vi khuan E. coli. Két qua khao séat thdi gian bidu hién FA28
ulvan lyase cho th4y, sau 5 h 1én men, enzyme da biéu hién va luvgng protein tang dan theo thdi gian, sau 10-15
h cdm &ng protein FA28 ulvan lyase tai td hop dwoc tdng hop nhiéu va biéu hién manh va khéng thay ddi nhiéu
khi téng thoi gian biéu hién 1&n 20 h. Do d6 trong khodng thoi gian 15 h sau khi cdm rng duoc lwa chon la thoi
gian tdi wu cho sw biéu hién FA28 ulvan lyase tai td hop.

DPéi chirng am dwoc st dung trong nghién ctu nay la chiang vi khudn E. coli BL21 (DE3) mang plasmid FA28-
PET-28a(+) khéng dwoe cdm (rng biéu hién. Két qua thé hién trén Hinh 3, & vi tri dbi chirng am — dwoc ki hiéu la
C cho thay, hoan toan khéng cé xuét hién vach protein muc tiéu (vi tri 48 kDa) & trén gel dién di SDS-PAGE,
trong khi cac protein khac cta chang vi khun E. coli déu dwoc thé hién. Didu nay chiéng té, vach protein kich
thwde 48 kDa chinh la protein muc tiéu.

Protein tai t& hop dwoc didu khién tdng hop bdi promoter T7 trén vector pET-28a(+). Promoter nay dwgc cdm
&ng b&i sw c6 mat ctia IPTG trong mai trwdng nubi cy. Néng dod chét nay anh huéng dén mkc @6 biéu hién
protein tai t6 hop muc tiéu. & ndng dd qua cao né gay doc cho té bao, trong khi & nong dd qua thap protein
thuwong dwoc tdng hop kém. Do do, chiing toi da tién hanh bd sung IPTG véi cac ndng d6 khéac nhau 1a 0,5 mM;
1 mM; 1,5 mM: 2 mM; 2,5 mM va 3 mM, két qua thé hién & Hinh 4A. Két qua cho thay véi ndng d6 2 mM, IPTG
FA28 ulvan lyase dugc tdng hop manh nhét. Khi tang IPTG Ién dén 3 mM qua trinh biéu hién hau nhw khéng dbi.
Do d8, chiing t6i chon ndng d6 cam trng IPTG 2 mM cho nhitng nghién civu tiép theo.

c LB kDa AT A IPTG (mM) B Nhigtds (6o C)
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Hinh 3. Anh hwéng cltia méi trwdng I1én men dén sw biéu hién
FA28 ulvan lyase tai t6 hop
St - Thang protein chudn, AT - méi truong tw cdm (ng, LB - moi
trirong Ién men E. coli dwgc cam tng béi IPTG; 5 h,10 h,15 h, 20 h
- thoi gian 1én men, C — Khéng cam tng biéu hién (ITPG 0mM).

Hinh 4. Anh hwéng cua diéu kién 1én men dén sw
biéu hign va hoat tinh ctia FA28 ulvan lyase tai t6 hop
(A) Néng d6 IPTG, (B) Nhiét db.

Nhiét d6 1a yéu té quan trong anh hwdng dén hiéu suat va chat lwgng protein tai tb hop. M6t trong nhirng nguyén
nhan 1a do nhiét d6 l1am anh hwéng dén tinh 6n dinh cla plasmid trong t& bao. Nhiét d6 cang cao thi kha nang
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dao thai plasmid cta ching chl cang I&n. Ddng thdi nhiét do con lam cho mRNA dé bj pha hay. Dé thu protein
FA28 ulvan lyase tai t6 hop c6 lwgng Ién ma khong 1&n qua nhiéu protein cha E. coli, nham lam tang hiéu qua
ho&c gidam lwoc cho qué trinh tinh sach nay, ching tdi tién hanh khao sat kha nang tdng hop protein FA28 ulvan
lyase & cac diéu kién nhiét d6 khac nhau tai 14°C, 16°C, 18°C, 20°C, 25°C va 30°C. Két qua cua thi nghiém nay
dwoc thé hién nhw trén Hinh 4B. T két qua trén cho thay rdng, nhiét d6 nudi cdy cang tang thi m&c d6 biéu hién
cla protein tai td hop va céc protein khéac cla E. coli cang tang. Tuy nhién, hoat tinh cta ulvan lyase bj anh
hwéng rat lon bdi nhiét do, khi st dung enzyme trong khdo nghiém nay dé thd» hoat tinh, ching t6i nhan thay
enzyme thé hién hoat tinh t6t nhat khi biéu hién & 20°C (sé liéu khong néu lén & bai bao nay). Do do, véi muc
dich thu nhan protein FA28 ulvan lyase tai té hop thé hién hoat tinh tt chiing tdi chon nhiét do cho qua trinh biéu
hién la 20°C.

Két qua hoat tinh thay phan ulvan cta FA28 ulvan lyase tai té hop

St UIacR C

OD 235 nm
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P |
3.5000 /'/_

3.4500
3.4000
3.3500

3.3000
0.00 50.00 100.00 150.00 200.00 250.00 300.00 giay
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Hinh 5. Hoat tinh cta cua FA28 ulvan lyase
Ulac — ulvan duoc didu ché tir rong luc Ulva lactuca; St - déi chitng duong cta dién di C-PAGE;
R - San phdm cda phan ng thay phan ulvan béi FA28 ulvan lyase;
C — ddi chimg am: phan tng gida dich chiét thd cta vi khudn E. coli BL21 (DE3) khéng duoc bidu hién va co chét ulvan.

Ulvan lyase FA28 chiét xuét thd dwoc sir dung dé thir nghiém kha nang bé mach ulvan chiét xuét tr loai rong U.
lactuca thu nhan tai viing bién Nha Trang-Khanh Hoa, két qua th& hién & Hinh 5. K&t qua cho thdy sw khac biét
clia mau ulvan chwa thdy phan (Ulac) va mau thdy phan (R). Bén canh d6, mau déi chirng am (C) hoan toan
khéng xay ra phan &ng, do d6 chirng t6 rdng chi cé ulvan lyase tai t& hop thé hién hoat tinh ch khéng phai
thanh phan protein nao khéc trong E. Coli tai t6 hop. Hinh anh C-PAGE & Hinh 5 cho thdy, ulvan lyase FA28 da
bé& mach ulvan thanh nhirng oligomer sulfate hoa c6 kich thwéc khac nhau trén C-PAGE. Piéu nay cho thay tiém
néng ng dung cla ulvan lyase FA28 d& diéu ché ulvan chiét xuét tlr rong luc Viét Nam. Qué trinh phan cét dé
tao oligosaccharide dang ulvan nay con dwoc danh gia théng qua phwong phap quang phd. Hoat tinh ulvan lyase
duwoc xac dinh béng sw gia tdng cac san phadm khong bao hoa (lién két ddi trong hén hop phan tng), khi do d6
hap thu & buéc séng 235 nm (Manns et al., 2013). K&t qua & Hinh 5 cho thay, ulvan lyase FA28 chiét tho tir dich
ndi bao da thé hién rd hoat tinh thuy phan ulvan ti rong luc U. lactuca trong thi nghiém I3p lai 3 14n.

KET LUAN

Trong nghién ctu ndy, ching ti d& thanh cong trong nghién ctru tao dong va biéu hién ulvan lyase FA28 bing
moi treong LB va thoi gian dé enzyme biéu hién tét a 15 h sau khi cam (ng bang IPTG & néng do 2 mM & nhiét
d6 20 °C. Enzyme c6 kich thwoc 1a 48 kDa, dong thoi enzyme nay da bé mach ulvan thanh cac oligomer sulfate
hda cé kich thwéc khac nhau. Bieéu nay chirng té tiem nang (rng dung cda ulvan lyase FA28 trong viéc diéu ché
ulvan t& rong luc Viét Nam. Can tién hanh thém cac nghién ctru xac dinh dac didm xuc tAc cla enzyme va tdi wu
héa qua trinh tao oligosaccharide dé c6 thé thu nhan duwgc san pham hiéu qua cao nhat. Nghién ctvu nay cung
cap nhirng thong tin quan trong vé biéu hién va hoat tinh cta ulvan lyase FA28, ddng thdi hwéng t6i cho cac
nghién ctru tiép theo vé &ng dung clia enzyme nay trong linh vuc cong nghé sinh hoc va 'y hoc.

Loi cam on: Két qua bai bédo dwoc hé tro: thuc hién béng ngudn kinh phi tir Pé tai thudc cdac huwomg KHCN wu tién cdp Vién
Han lam Khoa hoc va Céng nghé Viét Nam, ma so VAST06.01/23-24.
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STUDY ON EXPRESSION CONDITIONS OF RECOMBINANT ULVAN
LYASE FROM MARINE BACTERIA Formosa agariphila WITH ULVAN
DEGRADING ACTIVITY
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SUMMARY

Ulvan lyase is an enzyme that catalyzes the hydrolysis of ulvan by cleaving glycosidic linkages within the main chain of the
ulvan molecule, a sulfated polysaccharide extracted from green seaweed. Nowadays, low molecular weight ulvan attracts
special attention from modern scientists because it has many valuable biological activities such as: anti oxidation, anti virus,
anti cancer, anti inflammatory, anti increased blood lipids, anti inflammation, increased immune regulatory activity...
Therefore, the study on modern tools to degrade ulvan into ulvan oligosaccharides is one of the research directions with high
scientific value and practicality. In this study, the gene encoding the ulvan lyase FA28, sourced from the marine bacterium
Formosa agariphila, was selected based on online data and recombined into E. coli BL21 (DE3). The expression conditions,
including the expression medium, IPTG concentration, and temperature were investigated. The results showed that E. coli
BL21 (DE3)/ FA28 pET 28a(+) expressed well in LB medium, for 15 hours at 20 °C, 2 mM IPTG. The reassembled ulvan
lyase obtained had a size of 48 kDa and exhibited activity on ulvan substrates extracted from green seaweed Ulva lactuca.
The negative control used in this study was the E. coli strain BL21 (DE3) carrying the uninduced expression plasmid FA28
PET-28a(+), which did not express the target protein in all experiments. Besides, the negative control sample had absolutely
no enzyme-substrate reaction, thus proving that only recombinant ulvan lyase showed activity and not any other protein
components in E. coli recombinant. These findings provide an additional potential tool for the production of low molecular
weight ulvan, with potential applications in the field of medicine.

Keywords: Ulvan lyase, E. coli BL21 (DE3)-FA28-pET-28a(+), gene expression, recombinant.
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XAC DINH VA PHAN TiCH CAC GENE HSP70 & CAY CU CAI DPUONG
(Beta vulgaris L.) BANG PHUONG PHAP TIN SINH HOC

Lé Thi Man, Tran Thj Mai Lan, Chu Thi Bich Ngoc, X
Nguyen Thi Thanh Hwong, Nguyen Phwong Quy, Cao Phi Bang*

Trwong Dai hoc Hung Vwong

TOM TAT

O thyc vat, ho gene Hsp70 dong vai trd quan trong trong qua trinh sinh trudéng, phat trién va phan tng véi cac
diéu kién bét lgi phi sinh hoc. Nghlen clru nay nham xac dinh va phan tich dic diém ho Hsp70 & cdy cu cai
duong Két qua nghién ctru cho thay c6 32 thanh vién ho gene Hsp70 da duogc xac dinh trong h¢ gene cua cay cu
cai dudng. Ngoai trr 3 gene (BvHsp70-11, BvHsp70-20 va BvHsp70-24), tat ca cac BvHsp70 con lai déu 1a cac
gene phan manh véi s6 luong exon nim trong khoang tir 2 dén 14. Cac BvHsp70 mang céc déac diém héa li dac
trung da duoc phat hién ¢ cic Hsp70 & nhiéu loai thyc vat khac nhu phan 16n cac BvHsp70 c6 tinh acid, wa
nu6e. Cac BvHsp70 dwoc phat hién co thé phan bd trong ti thé (BvHsp70-28 va BvHsp70-32), luc lap
(BvHsp70-19 va BvHsp70-27), ludi ndi chat (BvHsp70-23 va BvHsp70-25) va trong dich bao (cac BvHsp70 con
lai). Dya trén két qua phan tich cdy phat sinh chung loai, cac BvHsp70 duoc xép vao 5 nhom, tir nhom I dén
nhém V, trong d6 nhém V (phan b trong dich té bao) c6 sb luong thanh vién nhidu nhat. Nhung phat hién nay
s& 1a co s¢ cho cac nghién clru sdu hon vé tach dong gene, phén tich biéu hién, chirc ning ctia cac gene Hsp70 &
cay cu cai duodng.

Tir khéa: Cay Cu cai duong, cdu tric gene, cdy phat sinh chung loai, ddc diém hoa-li, Hsp70.

MO PAU

Cu cai dwong (Beta vulgaris L.) [& mét ngudn thuc phdm giau chét dinh dwéng bao gdm vitamin, khoang chét,
chét xo, protein va nhidu chét cé hoat tinh sinh hoc, chii yéu bao gdm betalain va cac thanh phan khac cé hoat
tinh chdng oxy héa nhw coumarin, carotenoid, sesqwterpenmds triterpenes va flavonoid (Singh et al., 2014;
Mirmiran et al., 2020). Ci céi dwong va cac san pham ctia né mang lai nhiéu lgi ich cho strc khée va cé the gilp
ngan ngura nh|eu loai bénh nhw phong ngtra tiéu dwong, bao vé gan, ha huyét ap va lam lanh vét thuwong
(Dominguez et al., 2017, 2018; Bangar et al., 2022; Mirmiran et al., 2020) ). Vi vay, cac nghién ctru d& nang cao
nang suét, chét Iuong va kha nang chéng chlu v&i cac diéu kien moi trwong bat loi clia cay Cl cai dwong rat
dwoc chu trong.

Cac protein sbc nhiét 70 kD (HSP70) dai dién cho mét nhém phan tir dwoc phan bd rong réi trong tht ca cac gidi
cla sw séng, déng vai trd sinh hoc quan trong trong sw sinh trwéng, phat trién va kha nang chéng stress ctia thuc
vat (Usman et la., 2017, Chen et al., 2019, Berka et al., 2022, Xu et al., 2024). Cac Hsp70 c6 chtrc nang duy tri
cAu tric gap nép, ngan can sw két tGa protein khi té bao thwe vat bj stress, do do, cac Hsp70 c¢6 vai trd rat quan
trong déi v&i tinh chéng chiu cia thuc vat (Usman et al., 2017). Dén nay ho gene Hsp70 da dwoc xac dinh va
phan tich & nhiéu loai thuc vat khac nhau, chdng han nhu Arabidopsis thaliana (18 gene) (Lin et al., 2001), khoai
tdy (Solanum tuberosum) (20 gene) (Liu et al., 2018), diém mach (Chenopodium quinoi) (16 gene) (Liu et al.,
2018), bap cai (Brassica oleracea var. capitata) (52 gene) (Su et al., 2019), dau xanh (Vigna radiata) (32 gene)
(Jasrotia et al., 2019), bi dé (Cucurbita moschata) (21 gene) (Davoudi et al., 2022). Tuy nhién ho gene nay chuwa
dwoc nghién clru & Cu cai duwong.

Nghién ctru nay hwo’ng t&i muc tiéu xac dinh va phan tich d&c diém cac gene Hsp70 bang phuwong phap tin
sinh hoc & cay Cu cai dwdng. Két qua nghién ctru nay sé la co s& cho cac nghién ctu chuyen sau ve tach
dong gene, phan tich chirc ndng clia cac gene trong ho HSP70 va chon gibng cay Cu cai dwdng trong dap
&rng cac diéu kién bat lgi clia méi trudng.

PHUONG PHAP NGHIEN cUrU

Co s& dir liéu: Hé gene cua cay Cua cai dwong (Beta vulgaris L.) da dwoc gidi trinh tw (Dohm et al., 2014,
McGrath et al.,, 2020) dwoc dat trén trang phytozome (https://phytozome-next.jgi.doe.gov/info/Bvulgarisssp_
vulgaris_EL10 2 _2).

Phwong phap nghién ctru:

Phwang phap xac dinh gene Hsp70 trong hé gene cay cu cai duong: Chuong trinh TBLASTN (Gertz et al., 2006)
dwoc str dung dé tim kiém cac gene twong dong trén toan hé gene ctia cay Cl cai dwéng, cac protein Hsp70 clia
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cay Arabidopsis thaliana (ma s Genbank: CAB85987, CAB85986, AAF14038, BAB02269, AAF18501,
CAB45063, BAA97012, AAD15393, CAB37531, CAB89371, AAF88019, BAB08435, AAB70400, AAG51503,
AAG52240, AAG52244, AAD30257) (Lin et al., 2001; Sung et al., 2001) dwoc st dung lam khuén do.

Phan tich in silico cac dac diém i, hoa Ii thuyét cia cac protein: Cac dac diém vat li, hoa hoc clia cac protein
nghién ctru dwgc phan tich nho phan mém clia ExPASYy (Expert Protein Analysis System; Gasteiger et al., 2003).

Dy doan vi tri phan bb dudi t& bao: Vi tri phan bd dudi té bao clia cac Hsp70 clia cay cl cai dwong dugc xac
dinh in silico bang cach s dung céng cu Yloc (Briesemeister et al., 2010).

Phan tich in silico c4u tric cda cac gene ma hoa Hsp70: CAu truc intron-exon cla cac gene dwoc xay dyng béqg
cong cu Gene structure display server v2 (GSDS) (Hu et al., 2015). gDNA va CDS duoc dwa vao may chu hién
thi cau trdc gene (GSDS) dé xay dwng cau trdc exon/intron.

Tao céy pha hé: Cac trinh tw protein Hsp70 cla cac loai Arabidopsis, diém mach va ct cai dwdng dwoc sap hang
béng cach dung phan mém MAFFT (Katoh et al., 2013). Cay phat sinh ching loai dwoc xay dwng bdng phan
mém MEGA 11 nh& s dung phwong phap Maximum Likelihood va tuan theo cac tham bién: mau Jones-Taylor-
Thomnton (JTT), di¥ liéu dwoc x( Ii 14 tAt ca cac vi tri va phwong phap Bootstrap véi 1000 1an I3p lai (Tamura et al. 2021).

KET QUA NGHIEN C(rU VA THAO LUAN
Két qua xac dinh cta ho gene Hsp70 va dic diém héa li clia cac BvHsp70

Tbng sb 32 gene clia ho Hsp70 da dwoc xac dinh tir hé gene clia cay Ca cai dwong (Bang 1). Nhw vay, sb lwong
thanh vién clia ho HSP70 & cay cl cai dwéng béng véi ho gene nay & cay dau xanh (Vigna radiata) (32 gene)
(Jasrotia et al., 2019), nhwng Ién hon & cay A. thaliana (18 gene) (Lin et al., 2001), bi dé (Cucurbita moschata)
(21 gene) (Davoudi et al., 2022), ciing nhw cay sén (Manihot esculanta) (22 gene) (Bdng Thi Xiém et al., 2022).
S6 lwong gene Hsp70 & cay cu cai dwong ciing I16n hon & cay diém mach (16 gene theo nghién ciru trwéc day
(Liu et al., 2018), 24 gene theo nghién clru bd sung cla ching t6i). Tuy nhién, sd lwong gene Hsp70 cla cay cu
cai dwong it hon & cay cai bap (Brassica oleracea var. capitata) (52 gene) (Su et al., 2019).

Bang 1. Dic diém cu tric, héa li clia cac gene trong ho Hsp70 trong hé gene cay ci cai dwdng

Gene Locus GS (bp) PL (aa) mW (kDa) p! GRAVY SLC
BvHsp70-01 Bevul.1G090100 2921 599 66,14 6,19 -0,274 C
BvHsp70-02 Bevul.1G090200 3410 642 71,20 5,62 -0,308 C
BvHsp70-03 Bevul.1G090400 3165 624 69,30 6,10 -0,305 C
BvHsp70-04 Bevul.1G090500 2888 650 71,98 5,28 -0,278 C
BvHsp70-05 Bevul.1G090600 3197 631 69,83 5,11 -0,344 C
BvHsp70-06 Bevul.1G090700 2260 627 70,24 5,57 -0,415 C
BvHsp70-07 Bevul.1G090800 5770 442 50,58 6,60 -0,527 C
BvHsp70-08 Bevul.1G090900 2972 631 69,70 5,24 -0,334 C
BvHsp70-09 Bevul.1G091000 2717 627 69,96 6,51 -0,281 C
BvHsp70-10 Bevul.1G091100 2255 624 69,65 5,63 -0,375 C
BvHsp70-11 Bevul.1G091200 1713 570 64,52 7,92 -0,418 Cc
BvHsp70-12 Bevul.1G091300 5028 638 70,96 5,46 -0,332 C
BvHsp70-13 Bevul.1G091400 2639 602 66,78 7,51 -0,250 C
BvHsp70-14 Bevul.1G091500 3557 623 69,93 6,25 -0,290 C
BvHsp70-15 Bevul.1G091700 5270 641 71,18 5,60 -0,332 Cc
BvHsp70-16 Bevul.1G091800 2222 637 71,30 6,41 -0,345 C
BvHsp70-17 Bevul.1G092000 2405 579 64,72 5,45 -0,266 C
BvHsp70-18 Bevul.1G092400 4191 582 65,55 5,81 -0,398 C
BvHsp70-19 Bevul.1G202400 3832 700 75,41 5,14 -0,320 Cp
BvHsp70-20 Bevul.1G209700 1968 655 71,78 5,37 -0,423 Cc
BvHsp70-21 Bevul.2G099600 2859 651 71,30 5,13 -0,395 C
BvHsp70-22 Bevul.2G099800 2758 647 71,02 5,10 -0,427 Cc
BvHsp70-23 Bevul.3G034500 3517 665 73,34 4,98 -0,449 ER
BvHsp70-24 Bevul.3G138300 1716 571 62,07 5,28 0,056 Cc
BvHsp70-25 Bevul.4G205100 4079 664 73,77 5,15 -0,470 ER
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BvHsp70-26 Bevul.5G261000 8357 894 99,20 5,17 -0,421 C
BvHsp70-27 Bevul.6G153600 3908 713 75,75 5,16 -0,302 Cp
BvHsp70-28 Bevul.6G225800 3672 679 72,79 5,43 -0,282 M
BvHsp70-29 Bevul.7G208800 3027 648 71,28 5,17 -0,474 C
BvHsp70-30 Bevul.8G056100 14003 737 82,24 531 -0,392 C
BvHsp70-31 Bevul.9G203400 4941 850 93,50 5,20 -0,413 C
BvHsp70-32 Bevul.9G216900 3359 678 72,59 5,53 -0,309 M

Chu thich: GS = Kich thuéc gene, PL = Chiéu dai phan ti protein, MW = Khéi lugng phén ti protein, pl = Diém ddng dién,
GRAVY= D¢ wa nudce trung binh, SCL = Vj tri phén bo duwoi té bao, bp: Base pair, aa = Amino acid, C = Djch bao, ER = Luoi
néi chat, M = Ti thé, Cp = Luc lap.

Kich thwdc cac gene trong ho nay dao dong tv 1713 bp (BvHsp70-11) dén 14003 bp (BvHsp70- 30). C4c protein
suy dlen c6 chiéu dai trong khoang ttr 442 cho dén 894 aa, kh0| lwong phan t& dao dong tir 50,58 dén 99,20 kDa.
Chi s6 pl ctia cac protein suy dién tir cac gene trong ho nay nam trong khoang twr 4, 98161 7,92, trong do phan lon
protein co tinh acid ngoai trir BvHsp70-11 (pl=7,92) va BvHsp70-13 (pl=7,51). Chi sb Gravy cta 31 trén tbng sb
32 protein thuéc ho nay nhé hon 0 (ngoai triv BvHsp70-24), didu do cho thay rang cac phan t&r nay la protein wa
nwoc (Bang 1). Cac dac diém nay kha twong ddng v&i cac dac diém ctia Hsp70 clia cay A. thaliana (Lin et al., 2001),
san (Bdng Thi Xiém et al., 2022), ca cao (La, 2022).

Dw doan vi tri phan b6 dwéi té bao cta cac protein

Két qua dw doan vi tri phan bb duai t& bao da chi ra rang BvHsp?O 19 va BvHsp70-27 phan bé trong luc lap,
BvHsp70-28 va BvHsp70-32 phan b trong ti thé, BvHsp70-23 va BvHsp70-25 phan bb trén mang lwdi ndi chét.
Céc phan t& Hsp70 con lai dwoc du doan phan bd trong dich bao (Bang 1). K&t qua nghién clru cliia ching toi
twong dong véi cac két qua nghién clru trwde dé & cay ca cao (La, 2022), diém mach (Liu et al., 2018).

Pac diém cau tric gene cua ho BvHsp70 gene

Ngoai trlr 3 gene BvHsp70-11, BvHsp70-20 va BvHsp70-24 ma hoa lién tuc, cac BvHsp70 con lai déu la cac
gene phan manh, s6 exon cla cac gene BvHsp70 phan manh nay ndm trong khoang tir 2 dén 14 (Hinh 1). C6
14 trén tbng sb 32 gene BvHsp70 cé 2 exon, 6 gene c6 3 exon (BvHsp70-01, BvHsp7O -04, BvHsp70-13,
BvHsp70-14, BvHsp70-15, BvHsp70-17), 1 gene c6 5 exon (BvHsp70-28), 2 gen c6 6 exon (BvHsp70-25,
BvHsp70-32), 4 gene c6 8 exon (BvHsp70-19, BvHsp70-23, BvHsp70-27, BvHsp70-30), 1 gene thuéc ho nay cé
9 exon (BvHsp70-31), 14 exon (BvHsp70-26) (Hinh 1).
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Hinh 1. C4u tric gene cia ho BvHsp70 trong hé gene cay cl cai dwong

Hién twong cAu tric exon da dang clia cac gene BvHsp70 nay ciing dwgc ghi nhan trong céac béo céo trwéc day
cla ho gene Hsp70 & cac loai thuc vat khac nhw cay dau twong (Glycine max L.) (Zhang, 2015), khoai tay

66



HOI NGH| KHOA HOC TOAN QUOC VE CONG NGHE SINH HOC 2024

(Solanum tuberosum) (Liu et al., 2018), bap cai (Brassica oleracea) (Su et al, 2019), ca cao (Theobroma cacao)
(La, 2022), cl cdi (Raphanus sativus L.) (Pan et al., 2024).

Phan tich phéat sinh chiing loai ho Hsp70 & cay Cu cai dwong

D& tim hiéu méi quan hé tién héa clia cac gene Hsp70, phan tich phat sinh chiing loai da dwoc tién hanh trén co
s@ cac trinh ty protein Hsp70 clia cay Cu cai dwong va cay A. thaliana (Hinh 2).
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Hinh 2. So’ d6 cay phat sinh chiing loai dwoc xay dwng tir cac Hsp70 cta cay cu cai dwong (Bv),
diém mach (Cq) va A. thaliana (At)

Cay phat sinh ching loai cho phép phan loai cac Hsp70 thanh 5 nhém. Nhém | bao gdm hai thanh vién
(BvHsp70-19 va BvHsp70-27), twong ddng véi cac Hsp70 phan bd & lap thé clia cay A.thaliana. Nhém Il gém hai
thanh vién (BvHsp70-28 va BvHsp70-32), twong ddng véi cac Hsp70 phan bd & ti thé cda cay A.thaliana. Nhém
1l cting gdm hai thanh vién (BvHsp70-23 va BvHsp70-25), twong ddng véi cac Hsp70 gan véi mang lwéi ndi chat
cla cay A.thaliana. Nhém IV gdm bén thanh vién (BvHsp7024, BvHsp70-26, BvHsp70-30, va BvHsp70-31),
twong ddng véi cac Hsp110 cla cay A.thaliana. Nhém cudi ciing, nhém V, gdm 22 thanh vién, twong déng voi
cac Hsp70 phan bé trong dich té bao cla cay A. thaliana (Hinh 2). Sy s&p xép cac Hsp70 cla cay cl cai dwdng
vao 5 nhém twong ddng véi & cay san va A. thaliana véi 5 nhém (Bdng Thi Xiém et al., 2022). Tuy nhién, sy sép
xép thanh 5 nhém nay khac véi & cay cd cai (R. sativus) (Pan et al., 2024), & loai nay, cac Hsp70 dwoc sap xép
thanh 6 nhém. & cay diém mach, cac Hsp70 ciing duoc sap xép thanh 6 nhém (I — VI) (Liu et al., 2018), tuy
nhién trong nghién ctvu & cay diém mach, chi cé 16 Hsp70 dwoc phat hién nén sé lwong Hsp70 & nhém phan bd
trong dich bao cin dwoc hiéu dinh. R4t dang chud v réng, & cac nhém I, 11, 11l va IV, sb lwong Hsp70 cta cay ch
cadi dwdng it hon hai 1an so v&i & cay diém mach, nhwng & nhém V, sb lwgng Hsp70 clia cay cd cai dwdng nhiéu
hon 5,5 1an so v&i & cay diém mach. Két qua nghién clru nay goi y ring cé mét qua trinh nhan gene Hsp70 nhém V
dién ra manh mé & cay cu cai dwong.

KET LUAN

Trong hé gene cla cay Cu cai dudng cé 32 thanh vién clia ho Hsp70 da dugc xac dinh. Chiéu dai cac gene
trong ho nay dao dong tir 1713 dén 14003 ph. Cac protein suy di&n co6 chidu dai trong khoang tr 442 dén 894 aa,
khéi lwong phan ttr dao déng tlr 50,58 dén 99,20 kDa. Phan Ién cac protein trong ho nay cé tinh acid ngoai trir
02 dai dién. C6 31 trén tdng sb 32 protein thudc ho nay 1a protein wa nwéc. Cac gene nay duwoc xép vao 5 nhém
trong d6 nhém V c¢6 sé lwong thanh vién nhiéu nhat. Ngoai trir 3 gene (BvHsp70-11, BvHsp70-20 va BvHsp70-24) thi
tat ca cac BvHsp70 con lai d&u 13 cac gene phan manh, véi sb exon clia cac gene nay ndm trong khodng tir 2
dén 14. Phan tich in silico ho gene Hsp70 & cay ct cai dwdng cd y nghia 1on, 14 tién dé cho viéc tach dong gene
va phan tich chirc nang clia cac gene trong ho Hsp70 & loai cay nay trong dap trng véi cac didu kién stress.
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Loi cam on: Cong trinh ndy dugc hoan thanh voi sw hé tro kinh phi tiv chwong trinh nghién citu khoa hoc co ban ciia
Truong Dai hoc Hung Vieong (Pé tai md so: 16/2022/HDKH.HV16.2022).
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IDENTIFYING AND ANALYZING HSP70 GENES IN SUGAR BEET
(Beta vulgaris L.) BY USING BIOINFORMATICS METHODS

Le Thi Man, Tran Thi Mai Lan, Chu Thi Bich Ngoc,
Nguyen Thi Thanh Huong, Nguyen Phuong Quy, Cao Phi Bang*

Hung Vuong University

SUMMARY

The Hsp70 family plays an important role in plant growth, development, and response to adverse abiotic conditions.
This study aims to identify and analyze the characteristics of the Hsp70 family in sugar beet. The results show that
there are 32 genes of the Hsp70 gene family identified in the genome of sugar beet. Most BvHsp70 genes are
fragmented, with the number of exons ranging from 2 to 14, except for three genes, BvHsp70-11, BvHsp70-20 and
BvHsp70-24, respectively. The BvHsp70s possess characteristic physio-chemical properties that have been
observed in Hsp70s in many other plant species, such as acidity and hydrophilicity. BvHsp70s were found to be
distributed in mitochondria (BvHsp70-28 and BvHsp70-32), chloroplasts (BvHsp70-19 and BvHsp70-27),
endoplasmic reticulum (BvHsp70-23 and BvHsp70-25), and in the cytosol (the remaining BvHsp70s). Based on
phylogenetic analysis, the BvHsp70s are classified into five groups, from Group | to Group V, with Group V
(cytoplasm localized) having the highest number of members. These findings provide a basis for further studies
on gene cloning, expression analysis, and the functions of Hsp70 genes in sugar beet.

Keywords: Sugar beet, gene structure, phylogenetic tree, physio-chemical properties, Hsp70.
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PHAN LAP VA PHAN TiCH GEN MA HOA B-1,3-GLUCANASE TU Bacillus sp. 41
Nguyén Thi Thanh Huyén'?, L& Thi Nhat Anh*, Trdn Quéc Dung®, Nguyén Bic Huy"

1Vién Céng nghé sinh hoc, Pai hoc Hué
*Truong THPT chuyén Lé Quy Bén, Péng Ha, Quang Tri

3Truvc‘rng Dai hoc Sw pham, Dai hoc Hué

TOM TAT

B-1,3-glucanase la mot enzyme tiém ning trong hé thong phong thu chdng lai sy tin cong cua cac loai nim gay
hai ¢ thuc vat. Trong nghién ctru ndy, gen ma hoa cho mot B-1,3-glucanase (Bgl) tir chung Bacillus sp. 41 ddi
khéng Aspergilus niger da dugc khuéch dai, tao dong, giai trinh tu nucleotide va phan tich ciu tric thanh cong.
Két qua thu dugc cho thiy gen c6 kich thudc 655 bp, mé hoa cho mot chudi polypeptide c6 kich thudc 214 aa.
Trinh ty Bgl chira doan ma hda cho chudi tin hiéu peptide dai 29 aa, chung to Bgl ma hoa cho protein ngoai bao.
Céu tric khong gian du doan cua protein nay duoc mo ta twong dong cao vai B-1,3-1,4-glucanase ¢ Bacillus
subtilis véi 55% trinh ty amino acid 1a phién p. Dua trén cac dic diém Bgl ciing nhu cau trc protein ma hoa cho
thay Bgl dong vai tro quan trong trong h¢ gen cua Bacillus. Do d6, phan 1ap thanh cong gen Bgl la mét dir liéu di
truyen quan trong hd trg cho cac nghién curu tiép theo trong viéc hiéu rd co ché doi khang cua vi khuan Bacillus
sp. ddi véi cac loai nAm gay hai. Bén canh d6, két qua tao dong thanh cong Bgl cung cap nguyén liéu di truyén
dé tao ra enzyme tai to hop thong qua biéu hién trong vat chu thich hop.

Tur khoa: B-1,3-glucanase, Bacillus, Bgl, tao dong.

DAT VAN BE

Trong qua trinh sinh trwéng va phat trién, cac loai thwc vat da xay dwng moét loat cac co ché phong thd nham
chéng lai sw tAn coéng clia cac tac nhan sinh hoc c6 nguy co' gay hai cho ban than. D& can bang kha nang phong
vé v6&i cac hoat dong sinh ly dién ra bén trong co thé, thwc vat da s dung cac bién phap sinh ho& bao gém: san
xuét phytoalexin tdng cuéng sw phat trién cta thanh t& bao (lignin hoa va suberin hod), kich thich sy biéu hién
cla cAc protein chéng tac nhan gay hai (protein PR) (Bhuiyan et al., 2009; Tiku, 2020). Protein PR dwoc béo cao
l&n d4u tién vao nam 1970 trong nghién ctru vé |& thubc 14 bi nhiém Tobacco mosaic virus (Van Loon et al.,
1970). Hién nay, 17 ho protein PR d& dwoc cong nhan dwa trén sw twong déng vé trinh tw amino acid, d&c tinh
sinh hoc va co ché hoat déng ctia enzyme (Sinha et al., 2014). Cac PR thé hién da dang chirc néng dbi véi thwe
vat nhw: hoat tinh khang nam, diét con trung, khang virus, khang khuan, van chuyé&n chét 16ng, kich thich nay
mam & hat, phat trién ong phén va sy thu tinh. B-1,3- glucanase la mot protein PR2 dién hinh dwoc biét dén véi
chtrc nang téng strc dé khang cha thye vat trwéc sy tan cong cla ndm bénh. Tuy nhién, khong phai loai thyc vat
nao ciing c6 kha nang san sinh ra enzyme nay dé chéng lai nAm bénh, do d6, viéc tim kiém sinh vat c6 kha néng
san sinh enzyme nay hd tro viéc phong chdng ndm bénh & thwc vat 1a can thiét (Worrall et al., 1992).

O céc gidi sinh vat khac nhw ndm, B-1,3-glucanase tham gia vao qua trinh mé réng cla t& bao va giai phéng bao
& (El-Katatny et al., 2001); & vi khudn enzyme nay pha hay thanh t& bao ndm dé st dung lam nguén cung cap
dinh dwdng (Watanabe et al., 1992). Nhiéu nghién ciru danh gia vé kha nang kiém soat sinh hoc ndm béi B-1,3-
glucanase ti vi sinh vat mang lai hiéu qua cao da dwoc céng bd, trong d6 dé cap nhidu phai ké dén 1a cac loai
thudc chi Bacillus nhw B. circulans, B. amyloliquefaciens, B. subtilis,... (Magnin-Robert et al., 2007; Otsuka et al.,
2022; Duy, 2023; Masilamani et al., 2013; Phén at al.,2016).

Trong nghién clru nay, ching t6i bao céo vé qua trinh nhan ban va giai trinh tw cda gen mé hoa B-1,3-glucanase
phan lap tr chang Bacillus sp. 41. Dya trén ket qua giai trinh tw, cau truc bac 2 cla protein chirc nang da duoc
dy doan va doi chieu voi di liéu cla ngan hang PDB. Két qua cua bao cao la tien de cho cac nghién clru chuyén
sau trong cong tac tuyén chon, san xuat cac protein tai t6 hop dang PR2 phuc vy phong trir nam bénh trong san
xuat ndng nghiép va cong nghiép.

VAT LIEU VA PHUPONG PHAP

Vat liéu

Chang vi khuan Bacillus sp. 41 dwoc phan lap tir d4t néng nghiép Tinh Quang Tri dwgc bao quan va lwu trib tai
Vién Cong nghé sinh hoc, Pai hoc Hué (Huyeén et al., 2024). Chang vi khuan dwoc nudi cay va lwu trik trong moi
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treong LB chira 1% pepton, 0,5% dich chiét ndm men, 1% NaCl. Chiing vi khuén Escherichia coli TOP10 duoc
nudi cay trén moi tredng LB ran chra 2% agar.

Phwong phéap nghién ctu
Phwong phép tach chiét DNA téng sé

DNA tdng sé ctia chiing vi khuan Bacillus sp. 41 dwoc tach chiét dwa trén phwong phap CTAB theo mé ta cla
Sambrook va Russell (2003) v&i mét s6 diéu chinh: Vi khuén sau 18 gio’ nudi cay trong méi trvong LB voi toc do
l&c 180 vong/phat dwoc ly tam 10. 000 vong/phut trong 5 phdt. Sinh khéi dwoc riva lai bang nuwoc cét vé trung dé
loai bé hoan toan méi trwéng nudi cay va tai huyén phu trong 500 pL dém CTAB (100 mM Tris-HCI, pH 8; 1,4 M
NaCl; 20 mM EDTA; 2% CTAB; 0,2% B-mercaptoethanol). Té bao dwoc 0 & 65°C trong 15 phit. Dich chiét té bao
chira DNA téng sé dwoc thu hoi béng ly tam trong 5 phut véi tbc do 10.000 vong/phit. DNA téng sb duwgc tach
chiét va tinh sach trong 700 pL hén hgp gdm: phenol, chloroform, isopropanol (ty 1& 25:24:1), trén déu bang
vortex va phan tach bang ly tm 5 phat véi tdc do 10.000 vong/phit. Khoang 500 uL pha trén duoc chuyén sang
4ng 1,5 mL méi va DNA tdng sb dworc két tha véi 2 1an thé tich ethanol tinh khiét, rira két tGa bang ethanol 70%
va hoa tan trong 50 pL dém TE. DNA tdng sé sau d6 duoc kidm tra chat lwong bang dién di trén gel agarose 1%
véi thubc nhuém 6x GelRed Loading Buffer (ABT-VN).

Phéan |dp gen B-1,3-glucanase ttr Bacillus sp. 41

Dé phan Iap gen méa hoa B-1,3-glucanase tir DNA tdng sé clia chiing Bacillus sp. 41 da dwoc tach chiét, trinh tw
méi d&c hiéu duwoc thiét két dwa trén cac phan tich trwéc dé vé gen B-1,3-glucanase va dir liéu hé gen chang vi
khuan Bacillus halotolerans Y6 (GenBank: MH643779). Trinh tw mdi xudi la BgIF 5-ATGTCTACTGCATCAGCT
CA-3’ va trinh tw mdi ngwoc BgIR 5-TTATTTTTTTGTATAGCGC-3. Phan (ng khuéch dai chudi polymerase
(PCR) dworc tién hanh véi thanh phan phan tng gdm 50 ng DNA tdng s6, 10 pmol méi xudi, 10 pmol mdi ngworc,
1x MyTag™ Mix (Bioline, Drc) trong thé tich phan (¢ng 20 pL. Chu trinh nhiét PCR dwoc thwe hién & 95°C trong
10 phuat; 30 chu ky véi 95°C trong 60 gidy, 55°C trong 30 giay va 72°C trong 90 giay; kéo dai & 72°C trong 10
phat. San pham PCR dwoc dién di trén gel agarose 1% trong dém TAE (Tris acetic acid EDTA) véi hiéu dién thé
70V trong 30 pht, st dung thuéc nhudm 6x GelRed Loading Buffer (ABT-VN).

Tao dong gen B-1,3-glucanase

San phdm PCR cé kich thuwéc phii hgp dwoc phan tach va tinh sach tir gel agarose béng Kit tach chiét —
TopPURE® PCR/GEL DNA Purification Kit (HI-412) (ABT, Viét Nam). San phdm PCR sau tinh sach dwoc dién di
kiém tra trén gel agarose 1% trwéc khi tao dong va giai trinh tw. Khoang 40 ng san phdm PCR sau tinh sach
dwoc 0 voi 50 ng pGEM®T-Easy vector (Promega, M) trong phan ng c6 1x dém gén, 3 don vi T4 DNA ligase
& 4°C qua dém. Hon hop gan dwoc bién nap vao E. coli TOP10 b&ng phuong phap sbc nhiét. Té bao E. coli
TOP10 dwgc nudi cly trén moi trwong LB rén c6 bd sung 50 pg/mL ampicillin (Amp), 50 pg/mL 5-Bromo-4-
Chloro-3- IndonI -D- Galactopyran05|de (X-gal) va 100 mM Isopropyl [3 D-1-thiogalactopyranoside (IPTG) trong 16
gi®& & 37°C. Thé tai td hop dwoc chon loc dya vao sy xuét hién khuan lac cé vién mau xanh hodc mau trang trén
dia, trong d6 khuan lac mau trdng cé chlra vector tai té hop.

Khuén lac E. coli TOP10 mau trdng xuét hién dwoc kiém tra bang phan ng PCR khuan lac véi cp mdi déc hiéu
gen B-1,3-glucanase nhu md t& & trén. Cac khuén lac cho két qua san phdm PCR déc trung dwoc nudi cdy trong 5
mL méi trudng LB c6 bd sung ampicillin qua dém & 37°C. Té bao E. coli TOP10 dwoc thu nhan bang ly tam lanh &
4°C véi tbc d6 10.000 vong/phit trong 5 phit. DNA plasmid dwoc tach chiét st dung Kit tach chiét — TopPURE®
Plasmid DNA Extraction Kit (HI-142) (ABT, Viét Nam) theo hwéng dan cia nha san xuét. Sy hién dién gen §-1,3-
glucanase trong thé tai t6 hop v&i vector pGEM®T-Easy dwoc kiém tra bdng enzyme cét gi¢i han Kpnl
(Thermoscientific, M§) va phan (rng PCR s dung cdp mdi M13 (M13F: 5-GTAAAACGACGGCCAGT-3"; M13R: 5™
CGGATAACAATTTCACACAGG-3') duoc thiét ké trén vector pGEM®T-Easy. San phdm PCR bang cdp méi M13
dwoc gwi di gidi trinh ty theo phwong phap Sanger tai Cong ty TNHH DNA Sequencing, Viét Nam.

Phén tich trinh twe gen B-1,3-glucanase

Trinh tw nucleotide gen B-1,3-glucanase dwoc so sanh va déi véi chiéu véi trinh tw gen twong (rng t&r ching B.
halotolerans Y6 s dung phan mém Clustal Omega (https://www.ebi.ac.ukl/jdispatcher/msa/clustalo). Trinh tw
amino acid suy dién ctda gen B-1,3-glucanase dwoc thu nhan bang céng cu protein translate tool
(https://web.expasy.org/translate/). Sy hién dién cda trinh ty nucleotide ma héa tin hiéu peptide cta gen B-1,3-
glucanase dwgc xac dinh str dung cong cu SignalP-5.0 (https://services.healthtech.dtu.dk/services/SignalP-5.0/).
Cubdi cung, clu trac khéng gian 3D cla protein B-1,3-glucanase dwoc dy doan bing phadn mém Protein
Homology/analogy Recognition Engine V 2.0 (Kelley et al., 2015), diém dang dién s& dung phdn mém IPC2
(https://ipc2.mimuw.edu.pl/).

KET QUA VA THAO LUAN
Két qua tach chiét DNA téng sé

Bacillus sp. 41 sau 18 gi&’ nudi cay trong méi treong LB long, toc d6 lac 180 vong/ phit dwoc thu sinh khéi va
tach chiét DNA tong s6 bang phwong phap CTAB theo mo6 ta clia Sambrook va Russell (2003). DNA tong sb sau
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khi tach chiét dwoc dién di trén agarose gel 1%. Két qua dién di & hinh 1 cho thay DNA t6ng sé thu duoc la mot
bang duy nhat, co kich thuéc Ion hon 10 kb vai nong d6 500 ng/pL, sach, it dit gay, ro nét. Chat lwong DNA
tong s6 ddm bao dé lam nguyén liéu cho nhirng thi nghiém tiép theo.

10037 bp

Hinh 1. Két qua dién di DNA téng sé
M: Hypper Ladder 1kb (Bioline); 1: DNA téng sé Bacillus sp. 41
Khuéch dai gen 8-1,3-glucanase

Gen ma hoa B-1,3-glucanase (Bgl) dwoc khuéch dai tir DNA tong sb cua ching Bacillus sp. 41 v&i cap méi déc
hiéu Bgl. Két qua phan rng PCR cho thay san pham khuéch dai véi kich thudc khoang 600 bp. Do do, san pham
PCR dwogc tinh sach tlr gel agarose 1% tao nguon nguyén liéu cho bwéc tao dong va giai trinh tw gen.

M 1

10037 bp

800 bp

600 bp

Hinh 2. Két qua PCR vé&i cdp mdi dac hiéu
M: Hypper Ladder 1kb (Bioline); 1: Sdn phdm PCR véi cdp méi déc hiéu tr DNA téng sé Bacillus sp. 41
Tao dong gen Bgl

San phdm PCR mang gen Bgl sau tinh sach dwgc gén vao vector pGEM®-T Easy theo phwong phap TA-cloning
du6i sy xic tAc clia enzyme T4 Ligase va bién nap vao E. coli TOP10. Céc khuan lac don mau trdng sau 16 gid
cdy trai trén dia LB c6 bd sung Amp, IPTG va X-gal dwoc sang loc bang phwong phap PCR khuén lac don véi
cap moi dac hiéu nhdm kiém tra sy c6 mat ctia gen méa hoa c6 trong vector pGEM®-T Easy tai td hop. Trinh tw
mdi M13 duoc thiét k& ndm & hai dau vung tao dong cla vector pPGEM®-T Easy cho phép Iwa chon chinh xac
céac khuan lac c6 mang gen Bgl. Két qua dién di gel agarose 1% dwoc trinh bay & Hinh 3.
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10037 bp
10037 bp
4000 bp 4000 bp
2500 bp
2000 bp 2000 bp
1700 bp
1000 bp
800 bp 700 bp
600 bp
Hinh 3. Két qua PCR vé&i cép méi M13 Hinh 4. Két qua kiém tra vector tai té hop bang enzyme Kpnl

M: Hypper Ladder 1kb (Bioline); 1: Sén phédm PCR M: Hypper Ladder 1kb (Bioline); 1: vector pGEM®-T Easy tai t6 hop;
v6i cap méi M13 véi khuén lac don mang gen Bgl 2: vector pGEM®-T Easy tai té hop duoc céat bang enzyme
cét han ché Kpnl

Phan tich trén gel cho th4y c6 mot band DNA c6 kich thuwéc khodng 800 bp (bao gbm mét doan khodng 217 bp
ndm trén vector pGEM®-T Easy va gen ma hoa 655 bp). Cac khuén lac duong tinh dwoc chuyén sang moi
trwdng LB 18dng c6 bd sung ampicillin (50 pg/mL) trong 16 gi¢> & 37°C, sau d6 tién hanh tach plasmid va gwi di giai
trinh tw.

Két qua trinh bay & Hinh 4 cho thay, c6 hai band & vi tri 1700 bp va 2000 bp, s sai khac nay c6 thé do vector tai
td hop & trang thai siéu xoén (do cAu tric dong vong cla plasmid tai td hop). Khi dwoc cét bing enzyme cét han
ché Kpnl (sw hién dién ctia enzyme ndm trén trinh tw nucleotide cia gen Bgl), thu dwoc 1 band duy nhét & vij tri
4000 bp (vector pGEM®-T Easy: 3015 bp, Bgl: 655 bp). Chirng t8, gen Bgl d& dwoc tai té hop thanh cong vao hé
thdng vector tao dong pGEM®-T Easy.

Giai trinh tw gen

Két qua gidi trinh tw cho thiy gen Bgl phan lap dwoc co dd twong ddng 99% so v&i gen mé hoa B-1,3-glucanase
cta B. velezensis BY6 da dwoc cong bd trén GenBank (CP051011). Trinh tw gen Bgl ma hoa protein cho chudi
polypeptide cé chidu dai 214 amino acid, khi so sanh véi trinh tw 8-1,3-glucanase tlr ching B. halotolerans Y6
(MH643779) nhan théy c6 23 amino acid khac nhau & céac vi tri 17, 19, 24, 41, 63, 67, 72, 100, 104, 115, 121,
127, 129, 133, 134, 139, 161, 170, 172, 175, 178, 179, 183 (Hinh 5). Sy sai khac nay khéng lam &nh hwéng dén
chlrc nang clia enzyme. Protein Bgl c6 trong lwgng phan tl la 26,87 kDa va pl 1a 5,28. Phan tich trinh tw tin hiéu
peptide bing coéng cu SignalP-5.0, cho két qua Bgl chira trinh tw ma hdéa cho chudi tin hiéu peptide gébm 29
amino acid.

MH643779.1 QTGGSFFEPFNSYNSGLWEKANGKSNGDMFNCTWRANNYSLTSSGEMRLALTSPSYNKFD 60

Bacillus OTGGSFFEPFNSYNSGFMQ{ANGYSNGDMFNCTMPANNVSVTSSGEMFLALTSPSYN{FD 60
Hokeoke ok ek ok Rk Rk ok ok TR T ok Rk

MH643779 .1 CGDNRSGQTYGEGLYEVRMKPAKNTGIVSSFFTYTGPTDRTPWHEIDIEFLGKDSTKVQF 120

Bacillus CGENPSAQTYCYGLYEVFM{PAKNTGIVSSFFTYTGPTDGTP‘DEIDIEFLGKDTTKVQF 120
Kok ko | dokkok Hkk

MH643779 .1 KYYTNGRGKHEKLGDLGFEAANAYHTYAFDWQPNSTIKWYVEGQLKHTATTOMPTSPGNMM 180

Bacillus NYYTNGAGNHE<VADLGFDAANAYHTYAFDJQPNSIKMYVDGQLKHTATSOIPTTPG{IM 180

Thkhkk ok Ihkk D kkkAk : ThikkIkkIIk
MH643779 .1 MNFWNGIGVDDWLGSYNGVNPLYAHYDWVRYTKK 214
Bacillus MNLWNGIGVDDWLGSYNGVNPLYAHYDWVRYTKK 214

4k 1
Hinh 5. So sanh trinh tw amino acid suy dién ctia gen Bgl tte ching Bacillus sp. 41

() Ddu cham duoc st dung dé thé hién st thay thé bao thd; (*) DAu hoa thj biéu thj cac vj tri duroc béo toan hoan toan
trén tat ca cac chudi; (:) Dau hai cham dai dién cho st thay thé ban bao tén; () Khodng trang dai dién cho khong bao ton

Qua phan tich cAu tric protein twong déng va nhan dién cac ving chirc nang cho thdy Bgl c6 cau tric twong tw
B -1,3-1,4 glucanase B. subtilis 168 v&i ma so PDB: 305S vai df tin cay 100% (Hinh 6). Két qua cho thay cau
trdc bac 2 dy doan cua Bgl chiém 55% vij tri gap cudn phién B (Furtado et al., 2021).
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Hinh 6. Cau tric dw doan cia Bgl

KET LUAN

Trong nghién ctru nay, gen Bgl da dwoc phan Iap thanh cong tir DNA téng s6 cta chling vi khuan Bacillus sp. 41
bang cdp moi Bgl. Gen mé hoa cd chiéu dai 655 bp, trinh tw amino acid suy dién c6 chieu dai 214 aa. Protein Bgl
dwoc dy doan cd cau tric va chire nang twong tw enzyme (8 -1,3-1,4 glucanase B. subtilis 168.

Loi cam on: Nghién ciu duoc tai tro boi Chuong trinh hoc béng ddo tao thac si, tién st trong nuot cua Quy déi méi sang
tao Vingroup (VINIF), ma s VINIF.2022.TS056 va Pé tai cdp B4 Gido duc va Pdo 1a0, ma sé CT2022.09.DHH.0L.
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ISOLATION AND ANALYSIS OF AN $-1,3-GLUCANASE FROM Bacillus sp. 41
Nguyen Thi Thanh Huyen'?, Le Thi Nhat Anh®, Tran Quoc Dung®, Nguyen Duc Huy""

YInstitute of Biotechnology, Hue University

’Le Quy Don High School, Dong Ha, Quang Tri

3University of Education, Hue University

SUMMARY

B-1,3-glucanase is a potential enzyme involved in the defense system against harmful fungi in plants. In the
present study, a gene encoding for $-1,3-glucanase (Bgl) isolated from Bacillus sp. 41 strain which inhibited
harmful Aspergilus niger was succesfully amplified, cloned, performed nucleotide sequecing and analyzed the
structure. The results indicated that the gene consisted of 655 bp, encoding for a polypeptide chain of 214 aa.
The funtional prediction of Bgl indicated the gene encodes for a signal peptide of 22 aa length demonstrated that
Bgl encodes for an extracellular protein. The predicted structure of translated protein was highly similar to the -
1,3-1,4 glucanase in Bacillus subtilis, containing 55% amino acid chain of p-sheet. The properties of Bgl and
secondary structure of tranlasted protein propose Bgl is importance factor in Bacillus genome. Thus, the
successful isolation of the Bgl gene provides important genetic data that supports for further study to elucidate
the antagonistic mechanism between Bacillus sp. to harmful fungi. In addition, these results provide genetic
sources for the expression of recombinant enzyme in appropriate hosts.

Keywords: B-1,3-glucanase, Bacillus, Bgl, cloning.
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NGHIEN CU'U XAC BINH, PHAN TiCH BAC TiNH VA DANH GIA
BIEU HIEN CUA NHOM GENE MA HOA JASMONIC ACID CARBOXYL
METHYLTRANSFERASE O CAY SAN (Manihot esculenta)

Phung Trwong Trlnhl Lé blrc Chlen Pao Thi Chuc Nguyén Quoc Trung Tong Vin Hai?,
Lé Thi Ngoc Quynh Péng Huy Gi®i% La Viét Hong Chu Pirc Ha", Lé Huy Ham

'Khoa Céng nghé Néng nghiép, Truong Bai hoc Céng nghé, Pai hoc Quéc gia Ha Noi
’Khoa Céng nghé Sinh hoc, Hoc vién Néng nghiép Viét Nam

®B6 mon Céng nghé Sinh hoc, Trueng Pai hoc Thay loi

4Vién Nghién ctiu Khoa hoc va Ung dung, Truong Pai hoc Su pham Ha Néi 2

TOM TAT

Jasmonic acid carboxyl methyltransferase (JMT) 1a mét trong nhitng nhém enzyme quan trong tham gia vao céc
qué trinh sinh hoc xay ra & cdy trong, dic biét lién quan dén dép tng stress sinh hoc. Nghién ciru nay duoc thyuc
hién nhim 1am 3 théng tin ciia nhom JMT trén déi tuong cdy sin (Manihot esculenta), mot trong nhirng ciy
tréng quan trong ¢ Viét Nam hién nay. Theo do, tong s6 23 thanh vién ctia nhoém JMT da duogc xac dinh trén dir
li€u cua cay san. Bang viée str dung cac cong cu tin sinh hoc, hdu hét cac thanh vién ctia nhom JMT da duoc
dinh danh thong tin vé ma dinh danh. Két qua phan tich trén céng cu Expasy cho thiy, nhom JMT & cay sin ¢
tinh chat 1y hoa da dang, trong tu nhu nhom JMT & céc loai thuc vat khac. Pang cha y, nghién ctru nay da khai
thac dit liéu biéu hién cua cac gene ma hoa nhém JMT trong diéu kién lay nhiém nhan tao bénh soc nau virus
trén mau 14 sin. Két qua cho thay cac gene ma hoa nhom JMT c6 mirc do biéu hién thay doi da dang & miu 1a
lay nhiém bénh soc nau virus. Trong do, tong s6 8 gene mi hoa cac thanh vién cia nhom JMT, bao gom 4 gene
tang cuong biéu hién (fold-change > 2,00) va 4 gene kim ham biéu hién (fold-change < -2 ,00) da dugc xac dinh.
Tom lai, két qua ciia nghién ciru nay di cung cap nhiing dan luan quan trong trong viéc dé xuat cac ung vién
phuc vu phén tich chirc ndng gene & nhém JMT trén cay san.

Tir khéa: Séan, jasmonic acid carboxyl methyltransferase, soc ndu virus, tin sinh hoc.

MO PAU

Cay san (Manihot esculenta), con goi |a khoai mi, 1a mét loai cay tréng c6 ngudn gbc tir Nam My, dac biét 1a khu
vuc Brazil (Guira et al., 2017). Tir lau, cay s&n da dwoc du nhap va tréng rong rdi & nhidu viing nhiét déi va can
nhiét doi trén thé gidi, trong d6 c6 Viét Nam (Malik et al., 2020). Cay sén dwoc biét dén véi kha ndng chiu han tét
va dé trong tren nhleu loai d4t khac nhau, k& ca dét ngheo dinh dwdng (Okogbenin et al., 2013). V& mét dinh
dwdng, ct sén la ngudn cung cap tinh bot chinh, chira nhidu carbohydrate, cung cap nang Iucmg guan trong cho
con nguoi (Li et al., 2017). Cay san dong vai tro quan trong trong doi song kinh t& va x& hoi cta nhiéu quéc gia.
Ngoai viéc lam thyc pham cho con ngudi, sén con duoc s dung lam thtee &n chan nudi va nguyén liéu cho
nganh céng nghiép san xuét bot ngot, cdn sinh hoc va cac san phadm héa hoc khac. Nhd vao nhirng ddc diém
nay, cay san da tré thanh moét cay trdng da dung va quan trong trong san xuat ndéng nghiép bén virng.

Trong qua trinh sinh trwédng va phat trién cda thwc vat, jasmonic acid carboxyl methyltransferase (JMT) dwoc ghi
nhan la mdt enzyme quan trong trong qué trinh sinh tdng hop cac chat diéu hoa sinh trudng & thuc vat, dac biét
la jasmonic acid va cac dan xuét cla jasmonic acid (Seo et al., 2001). Theo d6, JMT chiu trach nhiém methyl héa
jasmonic acid, tao thanh methyl jasmonate, mét hgp chét cé vai tro thiét yéu trong nhiéu qua trinh sinh ly va dap
&ng sinh hoc cua thyc vat (Seo et al., 2001; Qi et al., 2016). C4u tric cia JMT bao gdm mot chubi polypeptide co
trung tdm hoat déng (Methyltransf_7, ma dinh danh Pfam: PF03492) gén két voi S-adenosyl-L-methionine
(Ogawa et al., 2001), ngudn cung cap nhém methyl cho phan trng methyl héa (Seo et al., 2001; Cheong, Choi,
2003). Enzyme nay thyc hién viéc chuyén nhém methyl tlr S-adenosyl-L-methionine dé&n jasmonic acid, tao thanh
methyl jasmonate (Seo et al., 2001; Cheong, Choi, 2003). Do vay, thdng qua sy cdé mat cia JMT, jasmonic acid
va cac dan xuét cla jasmonic acid tham gia vao co ché phan (ng phong vé dbi véi cac tAc nhan gay bénh nhuw
c6n tring, ndm va vi khudn, gidp tang cwdng kha nang khang bénh cua thwc vat (Qi et al., 2016). Gan day, nhém
JMT d3 dwoc bao céo trén mot sb déi twong cay trong, nhw Ia gao (Oryza sativa) (Qi et al., 2016), ca chua
(Solanum lycopersicum) (Wei et al., 2021), Hedychium coronarium (Yue et al., 2024) va che (Camellia sinensis)
(Guo, Qiao, 2020). Tuy nhién, chua cé thong tin dwoc ghi nhan v& nhém JMT trén cay sén, mac du di liéu cia
dbi twong cay trdng nay da dwoc bao cao gan day (Bredeson et al., 2016).
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Nghlen ctru nay duwoc thye hién nh&m x&c dinh, phan tich dac tinh va danh gia biéu hién ctia nhém JMT trén di
liéu cta cay san. Theo do, cac gene mé hoa cho nhom JMT duwoc sang loc va chu gidi trong genome tham chiéu ctia
cay san. Cudi ciing, mtre do bidu hién ctia cAc gene ma héa thanh vién ctia nhém JMT dwoc phan tich dwa trén di ligu
microarray.

D LIEU VA PHUONG PHAP

Dir liéu nghién ciru

Genome va proteome ctia gibng san AM560-2 (Ma sb NCBI RefSeq: GCF_001659605.2) (Prochnik et al., 2012;
Bredeson et al., 2016) dwgc khai thac trén NCBI va Phytozome (Goodstein et al., 2012).

D@ liéu microarray phan tich trén mau 14 san lay nhidm bénh soc nau virus (Ma s6 GEO NCBI: GSE56467)
(Maruthi et al., 2014) dwoc thu thap trén GEO NCBI.

Phwong phap nghién ctru

Sang loc va dinh danh: CAu tric béo ton Methyltransf_7 (mé& dinh danh Pfam: PF03492), dac trweng cho JMT (o
thuwe vat (Ogawa et al., 2001) trén di liéu Pfam (Mistry et al., 2021) dworc khai thac d& truy van trén proteome clia
cay san (Bredeson et aI 2016) nhdm xac dinh cac protein cé cau tric twong ddng theo mé ta trong nghién clru
trwdc day (Chu et al., 2024) Theo do, tAt ca cac trinh tw protein (2 100 amino acid) dwoc thu thap va sang loc voi
gia tri E-value < 1e- 10 Céc trng vién sau d6 dwoc déi chiéu (BlastP) trén genome clia cay san (Bredeson et

al., 2016) nham chu gidi va dinh danh théng tin cia nhém JMT. Trinh tw protein, gene ma héa dwoc thu thap cho
cac phan tich in silico tiép theo.

Phan tich tinh chét ly héa cda protein: Trinh tw protein day di ctia cac JMT dwoc truy van trén Expasy Protparam
(Gasteiger et al., 2003) dwa theo moé ta trong nghién ctru trwéc day (Chu et al., 2024). Cac déc tinh co ban cla
protein, nhw kich thwéc (gbc amino acid), trong luong phan i (kDa), diém déng dién, do b4t n dinh, chi sé béo
va do wa nwdc dugc khai thac. Trong do, gia tri diém dang dién > 7 (tinh base), < 7 (tinh acid), trong khi d6 bat
4n dinh > 40 (khéng 6n dinh), < 40 (8n dinh) va d6 wa nwéc > 0 (ki nwéc), < 0 (va nwéc) (Gasteiger et al., 2003).

Khai thac di liéu biéu hién gen: M&c dd biéu hién cla cac gene ma héa nhém GATA duwoc phan tich théng qua
co s& di¥ lieu GEO NCBI (Barrett et al., 2013) dwa theo mo ta trong nghién cru trwdc day (Chu et al., 2024).
Theo d9, dir liéu RNA-Seq tlr mAu 14 san bi nhiém bénh soc nau virus (Ma sb GEO NCBI: GSE56467) (Maruthi et
al., 2014) dwoc st dung. Mrc dd biéu hién cia cac gene ma héa JMT dwoc tinh toan bang gia tri fold-change,
dua trén ty |é gitra gia tri RPKM (Reads Per Kilobase per Million mapped reads) cla gene twong (rng & mau la
nhi&m virus va mau la dbi chirng. Gene PP2A dwoc st dung lam gene tham chiéu trong phan tich dir liéu RNA-
Seq nhw mé ta trong nghién ctru tredc day (Moreno et al., 2011).

Phan tich sé liéu: Mrc do biéu hién ctia gene duoc quy wéc dwa theo gia tri fold-change nhu mé ta trong nghién
clu trwdc day (Chu et al., 2024). Theo do, gene duoc quy wéc la cd dap rng voi stress véi [fold-change| = 2
(p-value < 0.05), v&i gene tang cwéng biéu hién (fold-change = 2,00) va gene kim ham biéu hién (fold-change < -2,00).

KET QUA VA THAO LUAN
Xac dinh va chu giai thong tin ciia nhém JMT & cay san

Dé xac dinh nhém JMT, cAu tric bao tdn Methyltransf_7 (Ogawa et al., 2001) trén Pfam (Mistry et al., 2021) dwoc
truy van trén dir liéu clia cay sén (Bredeson et al., 2016). Két qua sang loc (E-value < 1e-10) cho thay, téng s6 23
thanh vién ctia nhém JMT da dwoc ghi nhan trén cay san. Theo d6, thong tin dinh danh ctia nhém JMT, bao gém
ma gene, ma protein va ma locus dwoc xac dinh trén di liéu di truyén cla cay san (Bang 1). Trong d6, 3 gene,
bao gdm Manes.01G141701, Manes.10G070800 va Manes.15G135800 chua duoc chu gidi v& ma protein va mé locus.

Gé&n day, nhém JMT da dugc bao cao trén mot sbé déi twong cay trdng chinh. Cu thé, tdng sb 24 thanh vién cla
nhém JMT da dwoc xac dinh trén loai thwe vat mé hinh 2 14 mam Arabidopsis. Trong khi d6, nhém JMT & cay lua
gao da dwoc bao cao gbm 41 thanh vién (Qi et al., 2016). O loai Populus tremula, nhém JMT chtra 28 thanh vién,
trong khi nhém JMT & Salvia miltiorrhiza gom 30 thanh vién. O loai H. coronarium, tdng s6 12 thanh vién clia
nhém JMT da dwoc ghi nhan (Yue et al., 2024). Nhw vay, sb lwong thanh vién cla nhém JMT & cay sén (23), it
hon & Arabidopsis (24), P. tremula (28), S. miltiorrhiza (30) va lGa gao (41), va nhiéu hon so véi H. coronarium (12).
Céc nghién ctvu nay cho thay sb lwong thanh vién ctia nhém JMT & cac loai thue vat twong dbi da dang.

Bang 1. Binh danh nhém JMT & cay san

STT Tén gene Mé& gene Ma& protein Mé& locus
1 Manes.01G114200 XP_021605389 XM_021749697 LOC110609869
2 Manes.01G138400 XP_021622782 XM_021767090 LOC110622544
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Manes.01G138500

XP_021621696

XM_021766004

LOC110621713

Manes.01G138600

XP_021624312

XM_021768620

LOC110623617

Manes.01G141701

OAY60821

Manes.02G096900

XP_021601892

XM_021746200

LOC110607126

Manes.02G107100

XP_021604376

XM_021748684

LOC110609241

Manes.03G136100

XP_021606188

XM_021750496

LOC110610534

Manes.04G074231

XP_043812210

XM_043956275

LOC110614162

Manes.05G156400

XP_021612254

XM_021756562

LOC110614876

Manes.06G008900

XP_021617130

XM_021761438

LOC110618288

Manes.06G009000

XP_021616954

XM_021761262

LOC110618177

Manes.10G070800

OAY39144

Manes.10G070900

XP_021624991

XM_021769299

LOC110624182

Manes.13G061650

XP_043805338

XM_043949403

LOC110629170

Manes.15G066100

XP_021594262

XM_021738570

0C110601438

Manes.15G111600

XP_021595968

XM_021740276

LOC110602697

Manes.15G135700

XP_021594332

XM_021738640

LOC110601490

Manes.15G135800

KAG8637562

Manes.15G135900

XP_021594238

XM_021738546

LOC110601425

Manes.17G084900

XP_021598742

XM_021743050

LOC110604759

Manes.17G085100

XP_043808378

XM_043952443

LOC110604925

23

Manes.18G145282

XP_043808821

XM_043952886

LOC110610538

Phan tich dic tinh Iy héa ctia nhém JMT & cay san

P& khai thac tinh chat cia nhém JMT & cay san, trinh tw protein duwoc phan tich trén Expasy Protparam
(Gasteiger et al., 2003) dé tinh toan kich thudc, trong lveng phan tir, diém dang dién, d6 bat on dinh, chi s6 béo
va do wa nwdc. Két qua dwoc mo td & Bang 2.

Két qua phan tich cho thay kich thwéc clia nhém JMT & cay sén dao dong tir 332 (Manes.10G070800) - 393
(Manes.15G111600) gbc amino acid, twong (rng véi trong lwong phan tir dat tir 37,56 - 44,95 kDa. Phan tich gia
tri diém dang dién cho thdy nhém JMT & cay san déu cé tinh acid (< 7), dao déng tir 5,06 (Manes.15G135800) -
6,43 (Manes.17G085100). Trong khi d6, 2 (trén tbng sb 23) thanh vién cGa nhém JMT & cay san, bao gém
Manes.01G114200 va Manes.15G135900, thé hién tinh &n dinh (46 bat 6n dinh < 40), trong khi 21 (trén tbng s6
23) thanh vién con lai cia nhém JMT & cay sén khdng cé tinh 6n dinh (d6 b4t n dinh > 40). Chi sb béo cla cac
thanh vién trong nhém JMT & cay sén dao dong tlr 75,47 (Manes.17G085100) - 99,21 (Manes.01G114200). Bén
canh d6, phan tich dd wa nwéc ctia cac thanh vién trong nhém JMT & cay sdn cho thdy cac phan tir nay déu co
tinh wa nwéc, voi gia tri dd wa nwéce < 0, dat tir -0,35 (Manes.06G009000) - -0,06 (Manes.01G141701).

Bang 2. Bic tinh Iy héa ctia nhém JMT & cay san

STT Tén protein t;fi:gc E;:g DPiém ding dién ‘;éd?é:‘ Cgésé ?1‘3,:::
1 Manes.01G114200 392 44,24 5,86 36,44 99,21 -0,11
2 Manes.01G138400 359 40,44 5,55 53,17 86,63 -0,16
3 Manes.01G138500 367 41,59 5,48 48,16 85,69 -0,15
4 Manes.01G138600 374 42,35 5,50 45,58 81,55 -0,17
5 Manes.01G141701 355 39,96 5,80 52,27 91,75 -0,06
6 Manes.02G096900 366 41,33 5,57 44,35 82,81 -0,19
7 Manes.02G107100 372 41,34 5,27 42,16 77,07 -0,24
8 Manes.03G136100 382 42,30 6,07 51,48 82,75 -0,23
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9 Manes.04G074231 361 41,04 5,77 50,84 86,76 -0,22
10  Manes.05G156400 365 40,76 5,21 54,21 80,08 -0,22
11 Manes.06G008900 356 39,69 5,21 45,38 79,27 -0,17
12 Manes.06G009000 359 40,41 5,80 43,66 80,36 -0,35
13 Manes.10G070800 332 37,56 5,14 41,23 79,28 -0,29
14 Manes.10G070900 372 41,83 5,65 42,52 86,24 -0,20
15  Manes.13G061650 364 41,19 5,57 44,93 92,12 -0,19
16  Manes.15G066100 385 42,31 5,69 48,40 87,14 -0,13
17  Manes.15G111600 393 44,02 6,10 45,03 79,75 -0,33
18  Manes.15G135700 364 40,48 5,97 50,16 82,06 -0,20
19  Manes.15G135800 392 44,95 5,06 48,93 91,53 -0,08
20  Manes.15G135900 359 40,74 5,63 38,51 82,81 -0,19
21  Manes.17G084900 353 39,76 5,13 41,15 86,97 -0,07
22  Manes.17G085100 380 42,74 6,43 50,20 75,47 -0,23
23 Manes.18G145282 366 41,21 5,17 50,35 82,92 -0,21

Ghi chu: Kich thuéc (géc amino acid); Trong luong (kDa).

Trong cac nghién ctru trwdc day, déc tinh ctia nhém JMT & mét sb ddi twong thwe vat cling da dwoc ghi nhan. Vi
du, nhém JMT & loai H. coronarium c6 kich thwéc tir 366 - 387 gbc amino acid, twong (rng véi trong lwong phan
tlr dat tr 38197,02 - 43220,25 Da (Yue et al., 2024). Cac thanh vién cia nhém JMT & H. coronarium ciing thé
hién tinh acid, gvi gia tri diédm dang dién dat tlr 4,96 - 6,11 (Yue et al., 2024). Twong tw, kich thuwéc va trong
lwong phan t& ctia nhém JMT & loai Neolamarckia cadamba dwoc ghi nhan tir 134 - 726 gbc amino acid va
15,20 - 82,60 kDa. Gia tri diém dang dién ctia nhdm JMT & N. cadamba dat tir 4,71 (acid) - 8,58 (base). O ca
chua, nhém JMT c6 kich thwéc tir 127 - 410 gbc amino acid, trong khi trong lwong phén t&r dwgc bao cao co gia
tri ttv 14,37 - 45,38 kDa (Wei et al., 2021). Cac protein nay co diém déng dién tr 4,80 (tinh acid) - 7,69 (tinh base)
(Wei et al., 2021). Cac két qua nay cho thay, nhém JMT & céc loai thuc vat cé tinh chat Iy héa, v& kich thuéc,
trong qung phan tt, diém dang dién, chi s6 béo, d6 bat 6n dinh va d6 wa nuéc, twong dbi da dang.

Panh gia bidu hién ctia nhém JMT & mau l4 lay nhiém bénh soc nau virus & cay sdn

Soc néu virus la mot trong nhUJng bénh nguy hiém trén cay sén (Tomlinson et al., 2018). Cac nghién ctru trwdc
day da ghi nhan vé vai trd cia nhém JMT trong dap (ng stress sinh hoc & mot sb dbi twong cay trong (QI et al.,
2016). Theo d6, nghién cru nay da tién hanh tai phan tich di liéu RNA-Seq mo t& mrc do biéu hién clia cac
gene trong didu kién lay nhidm nhan tao bénh soc nau virus trén 1a cia cay san (Maruthi et al., 2014). Két qua
phan tich gia tri fold-change clia cac gene ma héa nhom JMT dwgc mo ta & Hinh 1.
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Hinh 1. Biéu hién cta cac gene ma héa nhém JMT & cac mau la lay nhiém nhan tao bénh soc nau virus trén cay san
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Nhin chung, cac gene ma héa nhém JMT cé sw thay déi mirc d6 phién ma da dang khi tién hanh lay nhiém bénh
SOC nau virus trén mau la cla cay sén. Cu thé, 15 (trén tdng sb 23) gene, bao gdm Manes.01G114200,
Manes.01G138400, Manes.01G138500, Manes.01G141701, Manes.02G096900, Manes.03G136100,
Manes.04G074231, Manes.05G156400, Manes.10G070800, Manes.10G070900, Manes.13G061650,
Manes.15G066100, Manes.15G135800, Manes.15G135900 va Manes.18G145282, khong thé hién sw dap (ng
co khac biét (Jfold-change| < 2) & mau la khi lay nhiém bénh soc nau virus. Pang cha y, nghién ciru da chi ra 4
(tréen tbng s6 23) gene, bao gdbm Manes.01G138600, Manes.02G107100, Manes.06G009000 va
Manes.15G111600 kim ham biéu hién (fold-change < -2,00) & m&u la lay nhiém bénh, véi gia tri fold-change dat
I&n lwot 1a -5,59; -5,94; -2,24 va -6,71-fold. Trong khi d6, 4 (trén tdng sb 23) gene, bao gbm Manes.06G008900,
Manes.15G135700, Manes.17G084900 va Manes.17G085100, thé hién mic do phién ma duwgc ting cuwdng &
mau la lay nhiém bénh soc nau virus, véi gia tri fold-change dat 1&n lwot la 2,38; 5,36; 3,13 va 7,60-fold.

KET LUAN

Nghién ctru nay da xac dinh va chu giai théng tin cda nhém jasmonic acid carboxyl methyltransferase (JMT) trong
cay san, phat hién 23 thanh vién cia nhém nay, bao gém thdng tin vé ma gene, ma protein va mé locus, véi ba
gene chwa dwoc chi giai hoan toan. Phan tich dic tinh ly héa ctia nhém JMT cho thay cac protein co kich thuwéc
tr 332 dén 393 gbc amino acid, trong lwgng phan ti tir 37,56 dén 44,95 kDa, diém dang dién tr 5,06 dén 6,43,
va tinh wa nuéc. Phan tich dir liéu RNA-Seq cho thdy mirc d6 bidu hién ctia cac gene ma héa nhém JMT thay
ddi da dang khi cay san bi nhiém bénh soc nau virus, v&i 4 gene bi kim ham va 4 gene khéac téng cwéong phién
ma. Diéu nay d& xuét co ché didu hoa am tinh va didu hoa dwong tinh clia nhém JMT trong dap (ng sinh hoc
cla cay san dbi véi bénh soc nau virus, cung cap hiéu biét sau hon vé co ché phan (rng cla cay trudc stress
sinh hoc.
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IDENTIFICATION, CHARACTERIZATION AND EXPRESSION PROFILES OF
GENES ENCODING JASMONIC ACID CARBOXYL METHYLTRANSFERASE
IN CASSAVA (Manihot esculenta)

Phung Truong Trinh?, Le Duc Chien®, Dao Thi Chuc®, Nguyen Quoc Trung?, Tong Van Hai?,
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Faculty of Agricultural Technology, University of Engineering and Technology, Vietnam National University, Hanoi
“Faculty of Biotechnology, Vietham National University of Agriculture
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SUMMARY

Jasmonic acid carboxyl methyltransferase (JMT) is one of the important enzyme groups involved in biological
processes in plants, particularly related to the response to biotic stress. This study was conducted to clarify the
information of the JMT group in cassava (Manihot esculenta), one of the important crops in Vietnam today.
Accordingly, a total of 23 members of the IMT group were identified in cassava data. Using bioinformatics
tools, most members of the JMT group have been annotated with annotated identifiers. Our results from the
Expasy tool showed that the JMT family in cassava has diverse physicochemical properties, similar to the JIMT
group in other plant species. Notably, this study exploited the expression data of genes encoding the JMT family
under artificial infection conditions of cassava brown streak virus on cassava leaf samples. The results showed
that the genes encoding the JMT group exhibited diverse expression levels in the cassava leaf samples infected
with the brown streak virus. Among them, a total of 8 genes encoding the JMT group members, including 4
genes with induced expression (fold-change > 2.00) and 4 genes with reduced expression (fold-change < -2.00),
were surveyed. Taken together, the results of this study have provided important insights for proposing
candidates for functional gene analysis in the JMT group in cassava.

Keywords: Cassava, jasmonic acid carboxyl methyltransferase, cassava brown strike virus, bioinformatics.
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PHAT HIEN VA BINH LUQNG Tomato necrotic ringspot virus GAY HAI
TREN CA CHUA (Solanum lycopersicum) DUA TREN TRINH TU GEN
NUCLEOCAPSID PROTEIN

Huynh Nguyén Minh Nghia, Nguyén Thi Kim Thoa, Nguyé&n Xuan Diing*
Trung tdm C6ng nghé sinh hoc Thanh phd Hé Chi Minh

TOM TAT

Tomato necrotic ringspot virus (TNRV) 1a virus gay ra bénh dém vong trén ca chua méi duge phat hién gan day.
Céc nghién ctu lién quan dén viéc phat hién virus nay hién van con han ché vé s6 luong va chu yéu tap trung ¢
muc do dinh tinh. Bai bao nay trinh bay két qua phat hién va dinh lugng TNRV bang k§ thuat real-time RT-PCR.
Trong d6, trinh tw gen nucleocapsid protein cua virus dwoc st dung cho thiét ké mdi va thiét lap phan tng real-
time RT-PCR. Két qua cho thay phan tng real-time RT-PCR c6 kha ning khuéch dai va dinh lugng virus thong
qua phan doan gen c6 kich thudc 101 bp va turong ddng 98% Vi trinh tu gen da duoc cong bé cua TNRV. Phan
ng ¢6 gidi han dinh lrong dat mirc 1000 ban sao/puL dya trén duong chudn (y = -3,22x + 38,87) c6 hé sé tuong
quan R? = 0,99. Két qua ap dung phan tng da thiét 1ap cho viéc phét hién va dinh luong virus TNRV trong 10
mau ca chua thu thap tr dong rudéng da xac dinh dugc 02 mau cd su hién dién cua cua virus voi gia tri dinh
luong cao nhét dat muc 2,48 x 108 sé ban sao/pL. Két qua nay cho thdy phan ng real-time RT-PCR duoc thiét
lap trong nghién ciru ndy c6 thé duoc ap dung vao thuc té dé hd tro cho cong tac quan 1y virus gay bénh trén ca chua.

Twr khéa: Bénh virus, ca chua, nucleocapsid protein, Tomato necrotic ringspot virus, real-time PCR.

MO DAU

Ca chua (Solanum lycopersicum L.) la mét loai cay trdng c6 gia tri kinh té dang dwoc tréng phd bién tai Viét Nam.
Dién tich trdng ca chua hang ndm dat 15.000-17.000 ha véi néng suét wéce tinh khodng 15 - 17 tAn/ha va hon
30 tAn/ha dbi v&i mot sb ving chuyén canh (Tuan, Mao, 2015). Tuy nhién, ca chua lai kha nhay cdm véi cac loai
bénh do ndm, vi khuan va virus gay ra (Jolly, 2016). Tomato necrotic ringspot virus (TNRV), |& virus thuéc nhém
Tospovirus, gay ra bénh dém vong trén cay ca chua, dwoc phat hién 1an dau tién tai Thai Lan (Seepiban et al.,
2011; Chiemsombat et al., 2010). TNRV dwogc phat hién tai Viét Nam vao nam 2021 (Hoang Viét Hau et al.,
2021) va hién dang tiép tuc gay hai trén nhiéu khu vuc tréng ca chua. Phwong phéap phat hién TNRV dang duoc
st dung hién nay chd yéu Ia dinh tinh théng qua ELISA, RT-PCR ho&c ELISA-RT-PCR (Channarong Seepiban et
al., 2011; Hoang Viét Hau et al., 2021; Saengsoon Charoenvilaisiri et al., 2014), do d6 khéng thé xac dinh duwoc
lwgng virus cé trong mau. Tréi lai, real-time RT-PCR 1a phwong phap co thé dbng thdi phat hién va dinh lwong
virus véi dd nhay cao (Jeong et al., 2014) va da dwgc s dung trong nghién ctru kidm soét virus gay bénh trén
cay tréng (Nageswara-Rao et al., 2013). Viéc ap dung real-time RT-PCR dé phéat hién va dinh lwgng TNRV sé
gilp nang cao hiéu qua kiém soat virus nay. Nghién ctru nay dwoc thwe hién véi muc dich thiét 1ap quy trinh phat
hién va dinh lwong TNRV dwa trén trinh tw gen nucleocapsid protein bdng phwong phép real-time RT-PCR.

NGUYEN LIEU VA PHUONG PHAP
Thu thap nguén mau nhiém virus

MAu l4 dwoc thu thap dwa trén cac triéu chirng dac trwng cla bénh ddm vong ca chua (14 xoan, nhan nheo, cé
ddm xanh dam den xen v&i xanh vang, mat dudi 1a c6 cac débm den hoai tl) (Seepiban et al., 2011;
Chiemsombat et al., 2010) tai cac vwon trdng ca chua & Lam Dbéng. Sau khi thu thap, mau dwoc rira sach véi
nwéc, bdo quan & nhiét dd -80°C trong ti &m sau (Sanyo, Nhat Ban).

Chung vi khudn NEB 10-beta Competent E. coli dwgc st dung cho thi nghiém nhan dong gen (kém theo bd Kit
NEB PCR Cloning).
Thiét ké méi phat hién virus

Mbi phét hién virus dwoc thiét k& dwa trén trinh tw gen cla virus dwoc cong bd trén ngan hang gen GenBank
(FJ946835, HM113532, FN995637, FN806775, FJ947153, KY563368) sau khi tién hanh so sanh dé& chon loc
viing bao tén. Sau d6, khd ning bat cap cla mdi v&i cac trinh tw gen cla cac virus khac dwoc kiém tra bing
phan mém Blast NCBI.
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Ly trich RNA virus va khuéch dai gen

RNA dwoc ly trich tv mau 14 ca chua (0,1 g) nhiém virus bang b Kit GeneJET Plant RNA purification mini
(Thermo Fisher Scientific, Hoa Ky) theo hwéng dan cha nha san xuét. RNA thu dwoc sau ly trich s& dwoc pha
lodng dén ndng d6 100 ng/uL dé st dung cho khuéch dai trinh ty gen nucleocapsis protein. Phan &ng RT-PCR
khuéch dai gen (25 p) gdm c6 1X Dreamtaq Green PCR Master Mix, 2 U/uL RevertAid Reverse Transcriptase,
0,4 U/uL RiboLock RNase Inhibitor, 0,4 pM méi loai mdi xudi va mdi nguoc, va 4 ng/uL RNA mau. Chwong trinh
RT-PCR bao gébm 1 chu ky & 50°C/15 phat; 1 chu ky & 95°C/2 pht; 40 chu ky & 95°C/30 giay, T./30 giay,
72°C/60 gidy va 1 chu ky & 72°C/5 phut, véi T, 1a nhiét d6 bt cap mdi dwoc thiét lap thdp hon nhiét do néng
chay 3°C. San phdm PCR dwoc dién di trén gel agarose (1,5%) trong 30 phit/100V, sau dé nhudém véi Ethidium
Bromide (0,4 pg/mL) trong 30 phit va quan sat trén may chup gel (Geldoc, Biorad, Hoa Ky).

Dong héa va kiém tra trinh tw gen

Phan doan gen muc tiéu dwoc gén vao vector pMiniT™™ 2.0 (st dung Kit NEB® PCR Cloning), sau d6 bién nap
vao vi khudn NEB 10-beta Competent E. coli bang phuong phap sbc nhiét. Vi khun sau bién nap dwoc sang loc
trén méi trwéng LB rén bd sung 100 mg/L ampicillin, & 37°C trong 24 gid truwdc khi kiém tra bing phan (ng PCR
khuadn lac (st dung mdi Cloning Analysis Primer, F: 5-ACCTGCCAACCAAAGCGAGAAC-3, R: 5'-
TCAGGGTTATTGTCTCATGAGCG-3'). Cac dong vi khudn thu nhan sau bién nap dwoc tach plasmid (s& dung
Kit DNA-Spin™ Plasmid DNA Purification, iNtRON, Han Quéc) va gri mau giai trinh tu.

Chuan bi mau DNA plasmid

Plasmid mang doan gen muc tiéu dwoc st dung lam mau chuén xac dinh ham lwgng DNA va tinh sé lwgng ban
sao gen theo céng thirc (Staroscik, 2018):

Khoi lwong DNA X 6,022 x 1023
Chiéu dai doan gen x 1 x 10° X 650

S6 ban sao gen =

Trong dé: Bon vi khéi lurong DNA: ng, chiéu dai doan gen: bp.

DNA plasmid sau khi xac dinh sé ban sao sé duoc pha lodng thanh cac mau c6 néng do tir 10° dén 10° ban
sao/pL theo hé so bac 10.

Thiét lap phan rng va dwng dwong chuén cho real-time PCR

Phan &ng real-time RT-PCR khuéch dai trinh tw gen muc tiéu trong mau RNA duoc thiét [ap véi thé tich 25 pL,
bao gdm 1X Maxiam SYBR Green/Rox gPCR Master Mix, 2 U/uL RevertAid Reverse Transcriptase, 4 U/uL
RiboLock RNase Inhibitor, 0,4 uM méi loai mdi xubi va mdi ngwoc va 0,4 ng/uL RNA mau. Phan (ng dwoc thuc
hién véi 40 chu ky khuéch dai (tbng hop cDNA: [50°C/15 phut]; khuéch dai cDNA: [95°C/2 phut]; 40 x [95°C/30
giay, 54°C/30 giay, 72°C/60 giay]; [95°C/10 giay, 65°C 1 phat, 97°C 1 giay]; [37°C 30 giay]) va phan tich két qua
trén may real-time PCR (LightCycler® 96, Roche).

Budng chuén dwoc xay dwng dya trén gia tri bién thién chu ky nguéng (ACt) va log (ban sao/uL) twong tng cla
mau thu duoc tlr phan (ng real-time PCR (c6 thanh phan va chwong trinh nhiét twong tw E)hé,\n khuéch dai cDNA
clia phan tng real-time RT-PCR) khuéch dai mau cac mau DNA plasmid c6 ndng do tir 10* dén 10° ban sao/jL.
Tao mau chuan RNA

MA&u RNA ly trich twr 14 ca chua nhiém bénh (dugc xac dinh trwoce do b&ng RT-PCR) dwoc dinh lwong béng phan
u’ng real-time RT-PCR dé xac dinh nong d6 virus c6 trong mau, sau do pha lodng thanh cac mau c6 nong d6 tw
10° dén 10° ban sao/pL theo hé sé bac 10.

Xac dinh ngwéng phat hién (LOD), gi¢i han dinh lwgng (LOQ) va xac dinh kha nang dinh lweng thuc té
cua phan tng real-time RT-PCR

LOD dwoc xac dinh bang cach Iap lai 3 1an phan tng real-time RT-PCR trén cac mAu RNA c6 ndng dé tir 10° dén
10° ban sao/uL. Xac dinh ndng do thap nhat ma phan tng co thé phat hién dwoc va Iap lai 10 lan phan (ng real-
time RT-PCR cho trvong hop nay. LOD sé dwoc xac lap neu tat ca 10 lan 13p lai deu cho két qua dwong tinh.
Néu so6 lan cho két qua dwong tinh nhé hon 10, thye hién lai viéc xac dinh LOD véi mau cd nong d6 cao hon lien ke.

LOQ dugc xac dinh trén mau c6 nbng dd biét trude (bao gom mét mau & mirc LOD va hai méu cao hon LOD) bang
cach Iap lai 10 lan phér) trng real-time RT-PCR dinh Iwong. Dwa vao két qua dinh lwgng, tinh d6 léch chuan (SD) va
dé léch chuén twong déi (RSD) theo cong thirc (European Network of GMO laboratories, 2011):

ZXiZ — (ZXi)Z

_ . _SD

SD = |[————— vaRSD =—=x100
n—1 X

V&i SXP: t6ng binh phwong céc gia tri do duoc tai mét gia tri s6 ban sao cho trudc; S Xi: téng céc gia trj do duwoc
tai mét ndng dé; n: sé 14n 1dp lai tai mét ndng do; X: gia trj trung binh cac 14n do duwoc tai mét ndng dé: X = %
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Néng d6 mau thap nhat ma tai d6 phan &ng cho két qua dwong tinh va co gia tri RSD < 25% dwoc xac dinh la LOQ.

Khé nang dinh lwong thuc té cta phan tng real-time RT-PCR dwoc danh gia thong qua viéc dinh lwong virus

TRNV trén mau thu thap.
KET QUA VA THAO LUAN

Thiét ké méi

Két qua so sanh céc trinh tw gen nucleocapsis protein da duwoc cdng bé cta virus TNRV cho thay ving trinh tu tr
vi tri nucleotide 258 dén 341 (theo trinh tw FN995637) cé sw twong dpng gitra cac trinh ty I&n hon so voi cac
vung con lai (Hinh 1). Do d6, vung trinh tw nay da dwoc chon dé thiét ké moi.
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CACTTTCACTATCTGATATAAATGATCCTGTAATGTAATCTTTACAGTCCTATACTTCCT
CTACAGTCCTATACTTCCT

CTCCTAGTTGGCTTGCTAGTACTCACACTATTGCTCCCAAAATCATCAATGACTGGCTTS
CTCCTAGTT TTGCTAGTACTCACACTATTGCTCCCAAAATCATCAATGACTGGCTTG
AACGAGAAAATCAAGGAATTGCTA-

AACGAGAAAATCAAGGAATTGCTA
- -AACGAGAAAA T CAAGGAA | TGC TA-
- AACGAGAAAATCAAGGAATTGCTA-

GATCCAAATGCTTTCTCAAGATGAGCAATCTGTTCTGAGTATTTCTTCAAGGATATTGAG
GATCCAAATGCTTTCTCAAGATGAGCAATCTGTTCTGAGTACTTCTTCAAGGATATTGAG

GC TEOAGGAGAAGCAGA - - - - = —— -~ - CATTGAAATAGAGC TTGAT
CTGGAGGAGAAGCAGA CATTGAAATAGAGCTTGAT
< AG ~CATTGAAATAGAGL | TGAT
-CATTGAAATAGAGE TCGAT

CTAGCTGTTCCAGGTGAGCTAGTCTTCAAAATAGCTGTTGCAGAT TCGAACAATTTCTTC
CTAGCTGTTCCAGGTGAGCTAGTCTTCAAAATAGC TGTTGCAGAT TCGAACAATTTCTTC
GAAGCTACACCAGGGT TCAGCTTTTCTAAATTCTATGATGAAAACAAACA - -
GAAGCTACACCAGGAT TCAGCTTTTCTAAATTCTATGATGAAAACGAAC,
GAAGCTACACCAGGAT TCAGCTTTTCTAAATTCTATGATGAAAACAAAC
GAAGCTACACCAGGAT TCAGCTTTTCTAAATTCTATGATGAAAACAAAC,

AAATCACCGGTAAAT TCAACTTGAGCAGCATCACACACT - == === == === === m e =
AAATCACCGGTAAAT TCAACT TGAGCAGCATCACACACT = - = = == === === m oo o
ACATCTTCGGAAAAT TTACATTCAACAATGGAATAACTATACTAAAGAGTAGAAAGCAGA
ACATCTTCGGAAAAT TTACAT TCAACAATGGAATAAC TATAC TAAAGAGTAGAAAGCAGA
ACATCTTCGGAAAATTTACGTTCAACAATGGAATAACTATACTGAAGAGTAGAAAGCAGA
ACATCTTCGGAAAATTTACGT TCAACAATGGAATAACTATAC TAAAGAGTAGAAAGCAGA

--CGAGCAACCTTACA--- -~~~ TAGCTGTTCATATGTAGAAAAGTTTTTTATTCCGAGA
- -CGAGCAACCTTACA- -~ -~~~ TAGCTGTTCATATGTAGAAAAGTTTTTTATTCCGAGA
TATTTGCAGCCTGCAAGAACAATCAAT TCGTCTTTTGTGGAAAGCAA - - ATAGCACAAAA
TATTTGCAGCC TGCAAGAACAATCAATTCGTCTTTTGTGGAAAGCAA - - ATAGCACAAAA
TATTTGCAGCCTGCAAGAGCAATCAATTCGTCTTTTGTGGAAAGCAG - - ATAGCACAAAA
TATTTGCAGCC TGCAAGAGCAATCAAT TTGTCTTCTGTGGAAAGCAG - -ATAGCACAAAA
TTCTGTTTTTTGACAT - TCTGGAAATATGCAAGAGAGAAAGCTATAGGTGCCATTGCAGG
TTCTGTTTTTTGACAT - TCTGGAAATATGCAAGAGAGAAAGC TATAGGTGCCATTGCAGG
TTCTGACACTGCTGATGAAAAGACATGGACAT TCAAGAGAACTGAAGCTGTCCTTAGAGT
TTCTGACACTGCTGATGAAAAGACATGGACAT TCAAGAGAACTGAAGCTGTCCTTAGAGT
TTCTGACACTGCTGATGAAAAGACATGGACATTCAAGAGAACTGAAGCCGTCCTTAGAGT
TTCTGACACTGCTGATGAAAAGACATGGACAT TCAAGAGAACTGAAGCTGTCCTTAGAGT
wrean . P s oxx 4k s ox ar ws e s

GAGACTGGACAATAAAGGCAAAGGACCGCCGACACACAGCATCAGCCTGGTTGCACAGGA
GAGACTGGACAATAAAGGCAAAGGACCGCCGACACACAGCATCAGCCTGGTTGCACAGGA
TCTCATGGCAAAGATGGTTGAAGAATGCACAACCCAGAAACT
TCTCATGGCAAAGATGGTTGAAGAATGCACAACCCAGAAACT
TCTCATGGCAAAGATGGTTGAAGAATGCACAACCCAGAAACT
TCTCATGGCAAAGATGGTTGAAGAATGCACAACCCAGAAACT

.. e+ . o

ATCAAAATTGGGAGGTACATTCAACCCGTAAGCAATAACCATAGGAAGTGACATAAGTTT

ATCAAAATTGGGAGGTACAT TCAACCCGTAAGCAATAACCATAGGAAGTGACATAAGTTT

CCAGCAAGATATGTATTCAAAGCTTATGTCACTTCCTATGGTCATTGCTTACGGGT

CAGCAAGATATGTATTCAAAGCTTATGTCACTTCCTATGGTCATTGCTTACGGGT

--CCAGCAAGATATGTATTCAAAACTTATGTCACTTCCTATGGTTATTGCTTATGGGT

=== -CCAGCAAGATATGTATTCAAAACTTATGTCACTTCCTATGGTTATTGCTTACGGGT
.

e % REEEEE T AR A E AE AT % % ww w

Hinh 1. Két qua so sanh céc trinh tw gen nucleocapsis protein ciia TNRV da dwoc cong bé trén ngan hang gen NCBI

Mbi duoc thiét ké vai chiéu dai 21 dén 23 nucleotide, ty 16 %GC tr 42,86 dén 43,48%, nhiét do nong chay ti
58,05 den 58,94°C (Bang 1) va dvoc dy doan co6 kha nang phat hién dwgc cac ching virus khac nhau do duoc
thiét ké trén vung twong dong gitra cac trinh ty da cong bo.

Bang 1. Trinh tw va c4c théng sb co ban cia moi dworc thiét ké

Tén Trinh tw (5’ - 3’)

Pb dai %GC

Tm (°C) San pham (bp)

TCTGACACTGCTGATGAAAAGAC 23 43,48

TNRV

AGTTTCTGGGTTGTGCATTCT

21 42,86

58,94
58,05

101

Két qua phan tich kha nang bat cap voi cac trinh ty gen virus cong b trén NCBI (Hinh 2) cho thay méi chi c6 kha
nang bat cap v&i cac trinh tw gen TNRV ma khdéng hé bat cap vai trinh tw gen cla cac virus khac (Hinh 2); dieu

nay cho thay méi cé tinh d&c hiéu cao.

Khuéch dai phan doan gen muc tiéu cua virus

Phan ng RT-PCR da khuéch dai dwoc phan doan DNA xuét hién & & vi tri khoang 100-200 bp, phu hop véi san
pham du kién (101 bp) cGa cap méi TNRV (Hinh 3). Két qua nay buéc dau cho thay da khuéch dai duwoc phan doan
gen phu hop véi phan doan gen muc tiéu. Tuy nhién, khéng thé chac chan trinh tw da dwoc khuéch dai cé dung 1a
trinh tw gen cdia virus hay khéng vi mdi van cé kha naéng bat cap va khuéch dai mét trinh tw RNA khac cé trong mau
RNA. Vi vay, phan doan DNA (kich thwéc khodng trén 100 bp) ndy da dwoc dong héa va gidi trinh tw dé kiém tra.
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Description Scientific Max Total Query E Per. Acc. Accession
- Name Score Score Cover value Ident Len

Tomate necroti
[NGSROL virls

362 3Bz 100% a7 100.00% arze KY007015.1

a6.2 as.2 100% a7 100.00% 4736 KY007014

"‘“"’J‘:L“““‘“““ 36.2 38.2 100% 47 100.00% 4724

as.2 as.2 100% a7 100.00% 4716 E947182

34.2 342 B4% 19 100.00% 4725 ME469049.1

101 bp

Hinh 3. Két qua dién di san phdm RT-PCR khuéch dai gen virus TNRV

Ghi cht: 1. ching am, 2. chiing duong (khuéch dai RNA cda CyMV, 257 bp), 3. kiém chimg PCR (297 bp);
L. thang DNA, 4-8. RNA ly trich ter 14 ca chua

Tao dong va kiém tra trinh tw cia doan gen khuéch dai

Do vector pMiniT 2.0 c6 mang gen khang ampicilin nén sau khi dwoc chén phan doan gen muc tiéu va bién nap
vao vi khuan, cac dong vi khuan bién nap sé phat trién va tao khuén lac trén mai trwdng chiva ampicilin. Két qua
bién nap vé&i sw xuat hién clia cac khuan lac trén méi trwérng LB bd sung 100 mg/L ampicilin cho thdy qua trinh
bién nap da thanh céng. Tuy nhién, d& dam bao vector da dwoc chén ding phan doan gen muc tiéu, cac khuan
lac tiép tuc dwoc kiém tra véi cap mdi Cloning Analysis. K&t qua kiém tra da thu dwoc phan doan DNA cé kich
thuwdc phi hop véi dy kién (410 bp), bao gbm kich thuwéc doan chén (101 bp) va kich thuwéc doan gen plasmid
(309 bp). Biéu nay cho thay cac dong vi khuan dwoc kiém tra c6 mang vector da dwoc chén gen muc tiéu (Hinh 4).

/ \.A
z

Hinh 4. Két qua dién di san pham PCR kiém tra khuan lac v&i cap méi pMiniT™ 2.0
Ghi ch: L. Thang DNA, 1. Ching am, 2-4. M&u khuén lac

Két qua giai trinh tw va so sanh trén ngan hang gen NCBI cho thay doan gen thu dwoc twong ddng 98% véi doan
gen twong tng cla TNRV da duwgc cong bd (Hinh 5); chirng t6 doan gen da khuéch dai dwgc dung la gen
nucleocapsis protein cia TNRV.

Description Scientific Max Total Query E Per. Acc. Accession
- Name Score Score Cover value Ident Len

Tomato necrotic

Tomato necrotic o
Tingspot virus 176 176 100% 6e-40 98.02% 846 KY563368.1

complete cds

Tomalonecrolie ing  ymatg necrotic " .
virus segment S Jomaton 176 176 100% 6e-40 98.02% 3017 MF469050.1
complete sequence 9

Tomato necrotic

(ngSPOLVIS ISORALe. ot pecrotic

T1 NSs protein and . 176 176 100% 6e-40 98.02% 3016 KM887842.1
ringspot virus

nucleocapsid protein

genes, complete cds

Tomato necrotic
ringspot vius isolate oo oL
94 NSs protein and [ ——— 176 176 100% 6e-40 98.02% 3017 KM887841.1

ringspot virus

nucleocapsid protein
genes, complete cds

Tomato necrotic

tngspot vius isclate  Tomafonecrofic 47 176 100% 6e-40 98.02% 3013 MW256415.1
chill-CR segment S,  ringspot virus

complete sequence

Hinh 5. Két qua so sanh trinh tw doan gen khuéch dai vé&i cac trinh tw gen TNRV c6ng bb
trén ngan hang Gen NCBI
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Thiét lap phan tng real-time PCR

Phan tng real-time PCR phat hién TNRV cho san pham khuech dai dwgc thé hién béng duong biéu dién tin hiéu
huynh quang. Trong do, dwong bidu dién tin hiéu cta cac mau déu vwot trén tin hiéu nén (Hinh 6), véi chu ky
nguwdng lan lwot 1a 14,87; 18,69; 23,30. San pham khuéch dai cé nhiét dd néng chdy (Tm) & khodng 77,5°C
(Hinh 7). Diéu nay cho théy viéc thtr nghiém phan tng real-time PCR khuéch dai phan doan gen muc tiéu da

thyc hién thanh céng.

.—-4——'—-’
(-7} ‘_‘__._.'—*""_‘__L—"
£ 2200 3____;,3_.-——:_,;}'
—_—
5 1.100 1 R T i i e
= -
= 0.000 0 IV L <
0.000
4.00 8.00 12.00 16.00 20.00 24.00 28.00 32.00 36.00 40.00 44.00
Cycle

B SYBR GreenI

Hinh 6. Biéu dd khuéch dai phan doan gen muc tiéu dwa trén tinh hiéu huynh quang

Ghi cht: Truc tung (Y) - Cuong dé tin hiéu huynh quang, truc hoanh (X) - sé6 chu ky (Ct). 1. Ching am, 2, 3, 4. M4u RNA

0.001 2, 3,4

dFjdT
=

0.000 ===

66.00 69.00 72.00 75.00 78.00 81.00 84.00 87.00 90.00 93.00
Temperature
B sYBR Green I
Hinh 7. Biéu dd phan tich nhiét doé néng chay phan doan gen muc tiéu
Ghi chi: 1. Ching am; 2, 3, 4. Mau RNA

Thiét lap dweng chuan cho phan tng real-time PCR

Puwong chuén da duwoc thiét lap dwa trén gia tri chu ki nguwdng (Ct) thu ducyc khi thiee hién phan (rng real-time
PCR v&i cac mau chudn co sé lwong ban sao DNA thay déi tLP 10° - 10" ban sao/uL (Bang 2). Phuwong trinh

duwdng chuén cé dang y = —3,22x + 38,87 vé&i hé sé twong quan R?=0,99 (Hinh 8).
Bang 2. Gia tri Ct ctia phan trng khuéch dai gen

M&u (ban sao/pL) Log sé ban sao Ct
10° 6 19,29
10° 5 23,44
10 4 25,65
10° 3 28,96
10? 2 32,30
10 1 35,88
TNRV T e
40
35 &

o =
25 \
& 20 \.\

15
10

0 T T T T T T 1
0 1 2 3 4 5 6 7

Log s& ban sao

Hinh 8. Bidu dd dwdng chuén cutia phan trng khuéch dai phan doan gen muc tiéu
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Xac dinh gi@i han phat hién cta phan wng real-time RT-PCR

V6i 6 mau RNA (c6 ndng do tir 10°-10° ban sao RNA/UL) duoc st dung, phan (rng real-time RT-PCR chi cho tin
hiéu khuéch dai & cac mau c6 néng d6 tir 10° dén 10° ban sao/uL, véi chu ky ngudng c6 gia tri thay dbi tir 26,23
dén 20,91 (Bang 3). Diéu nay cho thay mau cé ndng do thap nhat c6 thé phat hién 12 10° ban sao/jL.

Két qua thuc hién phan (ng 13p lai 10 lan véi m&u c6 ndng do 10° ban sao/pL dé&u thu dwoc tin hiéu khuéch dai &
tat ca cac lan 1ap lai v&i gia tri chu ky nguwdng trung binh & mdc 26,23 (Hinh 9).

Nhw vay, ngwdng phat hién clia phan (ng duoc xac dinh & mirc 10° ban sao/uL. V&i ngwdng phat hién nay, mac
du c6 thé phat hién dwoc sw hién dién cla virus trong cay & giai doan sém nhwng van con thap so véi cac két
gua phat hién cac virus khac trén ca chua nhv Tomato black ring virus, Tomato yellow leaf curl virus (Harper et
al., 2011; Huynh Nguy&n Minh Nghia et al., 2020). M6t thi nghiém t&i wu héa d& nang cao dd nhay cda phan trng
la can thiét trong giai doan tiép theo ctia nghién ciru nay.

Bang 3. Két qua phan rng Real-time RT-PCR khuéch dai gen

S6 ban sao/uL Cty,
10° 20,91 + 0,01
10* 22,97 +0,21
10° 26,23+ 0,58
10? -
10 -
10° -
1.500
@
=S 1
& 1.000
-y
L=
f 0.500 N
0.000 2000 — — -
0.00 4.00 8.00 12.00 16.00 20.00 24.00 28.00 32.00 36.00 40.00
Cycle

SYBR Green I
Hinh 9. Biéu db tin hiéu huynh quang khuéch dai gen vé&i mau cé ndng dé 10° ban sao/p
Ghi cht: N. Ching am; 1. M&u 10%ban sao/pL
Xac dinh gi¢i han dinh lwgng cua phan tng real-time RT-PCR

Gigi han dinh lvong cla phép trng real-time RT-PCR dwgc phan tich VO mau & cac ndng do 193, 10%, 10° ban
sao RNA/UL. Két qua cho thdy, gia tri RSD cta phan (ng dat murc thap hon 25% & mau co ndng do 10° ban
sao/pL (Bang 4). Nhw vay, giéi han dinh lwong ctia phan ¢ng c6 thé dwoc xac dinh & mirc 10° ban sao/pL.

Bang 4. Két qua xac dinh giéi han dinh lweng phan tng real-time RT-PCR khuéch dai gen

Se ?;Sysgtlo Y| 58 ban sao thwe nghiém | RSD (%)
10° 5,63 x 10° 18,87
10* 1,29 x 10* 10,05
10° 4,73 x 10° 12,25

Pinh lwong virus trong mau ca chua

Virus c6 trong mau la ca chua dwoc dinh lwong Olua trén trén dwong chuan da th~iét lap va chu ki ngudng trung
binh cta mau th&r nghiém (Bang 5). Trong 10 mau dwoc phan tich, chi c6 02 mau Lb-01 va LB-07 c6 s hién
dién cula virus TNRV v¢i gia tri lan lvot la 8,52 x 10° va 2,48 x 10° s6 ban sao/pL.
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Bang 5. Gia tri Ct trung binh va dinh lwgng twong trng ctia mau la ca chua thu thap

Gia tri dinh lwong

Ki hiéu mau Ct trung binh L
(S0 ban sao/pL)

LD-01 17,36 8,52 x 10°

LDb-02 - -

LD-03 - -

LD-04 - -

LD-05 - -

LD-06 - -

LD-07 9,61 2,48 x 10°
LD-08 - -

LD-09 - -
LD-10 - -

KET LUAN

Da thiét lap dwoc quy trinh phat hién virus TNRV gay bénh trén ca chua bang real-tim,e RT-PCR v@&i nguwdng phat
hién va dinh lvong deu & mirc 10° ban sao/pL. ng trinh phat hién duwoc stv dung dé dinh Iwgng virus trong cac
mau ca chua véi lwong virus dao dong tir 8,52 x 10° dén 2,48 x 10° sé ban sao/jL.
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DETECTION AND QUANTIFICATION OF Tomato necrotic ringspot virus
AFFECTING TOMATO (Solanum lycopersicum) BASED ON NUCLEOCAPSID
PROTEIN GENE

Huynh Nguyen Minh Nghia, Nguyen Thi Kim Thoa, Nguyen Xuan Dung*
Biotechnology Center of Ho Chi Minh City

SUMMARY

Tomato necrotic ringspot virus (TNRV) is a recently discovered virus that causes ring spot disease in tomatoes.
Research for detecting this virus is still limited in quantity and mainly focuses on the qualitative level. This
article shows the results of detection and quantification of TNRV using real-time RT-PCR technology. The viral
nucleocapsid protein gene sequence served as the basis for designing primers and conducting real-time RT-PCR.
The results showed that the real-time RT-PCR is capable of amplifying and quantifying the virus based on a
gene segment (101 bp) with 98% sequence homology to the published gene of TNRV. The reaction has a limit of
quantification of 1000 copies/pL based on the calibration curve (y = -3.22x + 38.87) with a correlation
coefficient of R? = 0.99. The results of applying the established reaction for the detection and quantification
TNV in ten collected samples of tomato from the field identified two samples with presence of the virus with
highest quantification value reaching 2.48 x 10 copies/uL. These findings suggest that the real-time RT-PCR
reaction established in this study can be utilized in practice to aid in managing tomato viruses.

Keywords: Viral disease, nucleocapsid protein gene, Tomato necrotic ringspot virus, real-time PCR.
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DANH GIA TiNH SINH MIEN D!CH’Cl’JA PROTEIN TAI T(? HOP MA HOA
VUNG RBD CUA VIRUS VIEM PHE QUAN TRUYEN NHIEM & GA

Nguyén Thj Tra', Lé Thj Tra My", Chu Thanh Tam®, Trinh Théi Vy",
Ngé Héng Duong', Nguyén Thj Thu Hién', Lé Thi Kim Xuyén', )
Poan Thi Thanh Hwong', Hoang Thi Thu Hiang"*’, Pham Bich Ngoc™

1Vién Céng nghé sinh hoc, Vién Han Iam Khoa hoc va Céng nghé Viét Nam

2Hoc vién Khoa hoc va Céng nghé Viét Nam, Vién Han Idam Khoa hoc va Cbéng nghé Viét Nam

TOM TAT

Bénh viém phé quan truyén nhiém (Infectiuos Bronchitis, IB) 14 mot bénh cdp tinh nguy hiém trén ga, do
infectious bronchitis virus (IBV) giy ra. Hién nay, bénh viém phé quan truyén nhiém ¢ ga dang la méi lo & cac
nudc chan nudi ga tap trung phat trién manh & chau A trong d6 ¢6 Viét Nam. Tiém phong vaccine duogc xem 1a
bién phap hiéu qua nhét dé kiém soat su bung phat cua dich bénh nély Tuy nhién, cac vaccine phong IBV hién
nay & nude ta da phan 14 vaccine nhap ngoai tir Trung Qubc, Han Quoc An D6... hodc mot sb cong ty thude thi
y trong nudc (MTV AVAC...) nhap ching IBV tir nuéc ngoal vé dé san xuét vaccine nhuge doc dong kho don
gi4 hodc nhj gia (két hop vacxin phong bénh New Castle), din t6i hiéu qua bao ho thap hodc khong con kha ning
bao ho trude nhitng bién ching IBV méi. Trong nghién ciru trude, protein RBD-VAC dung hop motif GCN4plIl
da dugc biéu hién va san xuét thanh cong tir 14 thude 14 Nicotiana benthamiana. Trong nghién ctru nay, kha ning
kich thich dap ing mién dich ctia protein RBD-VAC-pII dugc dénh gia trén mo hinh chudt, ga thi nghiém va
cong cudng doc bang chung IBHYM. Huyét thanh cua chudt va ga dugc thu nhan dé danh gia dap tng sinh
khang thé IgG va IgY dic hieu RBD-VAC-pll thong qua phan ing ELISA va Western blot. Két qua cho thay
protein RBD- VAC—pH tai tb hop da kich thich sinh khang thé dic hiéu trén dong vat thi nghlem ddng thoi da
ngan chin va giam thiéu céc triéu chung cho ga trudc thu thach cong cudng doc & mirc do gn nhu ngang biang
véi vaccine thuong mai. Nhimg két qua nay ching t6 tiém ning cta viée sir dung khang nguyén RBD-VAC-pll
trong phat trién vaccine tiéu don vi phong IBV.

Tir khod: Hiéu gia khang thé, IBV, tinh sinh mién dich, vaccine thuc vat, ving gan két thu thé.

PAT VAN BE

Bénh viém phé& quan truyén nhiém (infectious bronchitis, IB) 1& mot bénh cép tinh nguy hiém trén ga, xay ra
quanh ndm va trén moi Ia tudi & ga, véi ty Ié mac bénh 50-100%, gay chét 0-25%. Bénh dac biét nguy hiém dbi
v&i ga con duéi 1 thang tudi, va gay thiét hai nghiém trong trén ga nudi l&y trirng giéng va trirng thwong pham.
Cac d4u hiéu dau tién dé& thay nhat bao gdm: thé khé kém tiéng ran, chay dich mii, ga con c6 G rii, giam &n, bd
&n, dirng tim vao nhau. Ga Ién co biéu hién gidm &n nhe, thé hdn hén, ho, xuat huyét khi quan va chay nuwéc
mi. Nhidu trwéng hop phat hién bénh tich trén khi quan, phdi, than va éng dan tri'ng & ga dé, san lwong trirng
gidm c6 thé t6i 50-70%. Tac nhan gay bénh viém phé quan truy&n nhiém (IBV) thudc ho Coronaviridae, gidng
Gammacoronavirus, cau tao bén ngoai gidng hinh “vwong mién”. Virus cé dwdng kinh xap vi 120 nm véi |&p vd
boc ngoai, b& mét cé gai hinh dang chuly dai khoang 20 nm, bén trong chira b6 gene 1a chudi RNA don dwong
(Cavanagh, 2007; Cook et al., 2012; Bande et al., 2017).

Cho téi nay, tat ca cac loai vaccine thwong mai dwgc st dung phd bién Ia vaccine séng nhwoc déc hoac vaccine
b4t hoat. Vaccine IBV nhwoc doc c6 mot sb han ché can dwoc khdc phuc nhw khd nang lai doc va tén thwong
mé (Jackwood et al., 2017). Kha nang san sinh khang thé cla vaccine bat hoat twong dbi thap so véi vaccine
nhwoc doc va khong tao dwoc dap (ng qua trung gian té bao T. Do d6, théng thuwdng, vaccine bat hoat phong
IBV duwogc tiém 1an thir hai sau khi d& kich thich mién dich béng vaccine nhwoc ddc, dan téi gia tdng gia thanh
clia vaccine. Mac du hra hen nhiéu tiém nang va khic phuc dwoc mét sé han ché cla vaccine nhugc déc,
nhirng vaccine s dung hé vector virus, vaccine tiéu don vi, hay vaccine DNA van cé mét sb han ché nhw cac
dap ng mién dich khéng mong mudn dbi véi hé vector, sy gidm kha néng thu nhan khang nguyén cuta cac té
bao trinh dién khang nguyén, sy bién dbi khang nguyén sau dich ma, gap cudn va glycosyl héa khéng hoan chinh
trong t& bao chid anh hwdng dén tinh sinh mién dich cla khang nguyén dich (Bande et al., 2015). Vaccine tiéu
don vi dwoc san xuét tlr thwe vat st dung phwong phap bidu hién tam thoi cé nhidu wu diém, trong dé wu diém
I&n nhét 14 c6 thé tao ra mot lweng I&n cac protein tai td hop trong thoi gian ngan (vai ngay dén vai tudn) sau khi
bién nap, chinh vi vay dap trng kip th&i véi dich bénh xay ra.
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Viing gene dau 3’ cla virus mé hoéa cho 4 protein cAu trac: S (gai), M (mang) N (nucleoprotein) va protein vo (E)
trong d6 S1 1a yéu tb quyet dinh kha& nang gay bénh va tinh déc hiéu cla virus dbi véi t& bao vat chd. Mién dich
bao hd, phan (rng (rc ché ngung két hdng cau (HI) va khang thé trung hoa virus déu dwoc tao ra béi protein S1
(Li et al., 2008). Tiéu phan S1 chira viing gan két thu thé (Receptor Binding Domain-RBD, Ia phan bién dbi nhiéu
nhat clia protein S va la co s& dé xac dinh duoc kiéu huyet thanh (serotype) phan biét gitra cac ching IBV khac
nhau (Abro et al., 2012; Promkuntod et al., 2014). Didu nay cho thy tim nang clia viéc phat trién vaccine tiéu
don vi phong chéng IBV dwa vao tiéu phén S, d&c biét 1a vung RBD. Trong nghién ctu trwéce, ching t6i da biéu
hién va tinh sach thanh cong protein RBD-VAC_pl! t&r 1a thudc la N. benthamiana (Nguyen et al., 2023). Trong
nghién ctru nay, kha nang kich thich sinh mién dich cta khang nguyen RBD-VAC-pll co ngudn gbc tir thuc vat
duoc danh gia trén chudt nhat trang va ga Leghorn. Cac két qua nghlen ctru cho thay khang nguyén téi t6 hop
nay da kich thich sinh khang thé d&c hiéu. Dac biét, né con glup ga gidm thiéu va chéng lai cac triéu chtrng do
virus gay ra. Nhitng két qua nay cho thay tidm nang cla viéc s&r dung khang nguyén RBD-VAC-pll cé ngudn gbc
tir thuc vat trong viéc phat trién vaccine tidu don vi phong IBV.

VAT LIEU VA PHUONG PHAP
Vat ligu
Ngudn nguyén liéu thwe vat: L& thube |4 da biéu hién thanh cong protein tai t6 hop RBD-VAC-pll do phong Céng

nghé ADN &ng dung, Vién Cong nghé sinh hoc, Vién Han I1d&m Khoa hoc va Céng nghé Viét Nam cung cap
(Nguyen et al., 2023).

Ngudn nguyén liéu ddng vat: Chudt cai BALB/C 6 tudn tudi dwoc cung cap bdi Phong Thir nghiém sinh hoc, Vién
Coéng nghé sinh hoc, Vién Han lam khoa hoc va Cong nghé Viét Nam.

Tring ga Leghorn tréng sach bénh dwoc nhap khau tr Cong ty VALO Biomedia (Burc), 4p né va nudi tai phong
Mién dich hoc, Vién Céng nghé sinh hoc, Vién Han 1am Khoa hoc va Céng nghé Viét Nam.

Chang IBHYM gay bénh tai Hwng Yén, Viét Nam phan 1ap ndm 2021 cung cip b&i phong Mién dich hoc, Vién
Coéng nghé sinh hoc, Vién Han lam Khoa hoc va Céng nghé Viét Nam (Roan et al., 2023).

Phwong phap nghién ctru
Phwong phdp tinh sach protein tdi té hop bang sac ki di Ivc (Immobilized affinity chromatography, IMAC)

Cac protein dich tai td hop sau khi dwgc kidm tra d& biéu hién thanh cong trén cay thudc 1a thi tién hanh tinh sach
béng s&c ki &i lwc theo cong bd clia Nguyen va ddng tac gid (2023). L& dwoc nghién thanh bat min véi nito 1dng,
sau dé bd sung dém binding buffer (50 mM Na;HPO4, 300 mM NaCl, 100 mM Na,SOs, 1% Triton X100, pH 8.0)
Vv6i ti 1é 1:3 dé tach chiét. Dich chiét dwoc lam sach béng cac ly tam 2 14n trong 60 phut, & 4 °C véi tbc 6 13.000 rpm.
Dich chiét sau d6 dwoc trén véi Ni-NTA agarose (Qiagen, Singapore) qua dém & 4°C. Pwa hdn hop I1én cot
(Disposable Gravity Flow Columns, Marvelgent Biosciences, USA) va rtra cdt v6i dém rtra (50 mM Na;HPO,, 300 mM
NaCl, 100 mM Na;SOs, 10 mM Imidazole, pH 8.0). Protein sau d6 dwoc hoa tan khdi cft véi dém hoa tan (50 mM
NazHPO., 300 mM NaCl, 500 mM Imidazole, pH 8.0) va dwoc dbi sang dém PBS khong chira NaCl qua dém &
4°C. Sau do, protein tai td hop dwoc cd béng c6t cd protein cutoff 10K (Thermo Fisher Scientific, USA), dwoc xac
dinh b&ng Western Blot va bao quén véi glycerol 30% (Merk, Blrc) & nhiét d6 -30°C. Cac protein sau khi tinh
sach bang IMAC tiép tuc dwoc tinh sach bdng phwong phap séc ky loc gel (Size exclusion chromatography,
SEC) béng c6t SuperoseTM 6 increase 10/300GL column (GE Healthcare, USA) theo céng bd ctia Phan va ddng
tac gia (2017).

Phwong phap Western Blot

Noéng dd cla protein tai t& hop tinh sach bing IMAC va SEC duwgc xac dinh bang phuong phap lai mi&n dich
Western Blot. Protein tai t& hop ciing déi chirng dwong thwong mai SARS-CoV2 S1 (Sino Biological, China)
dwoc dién di SDS-PAGE trén gel polyacrylamide-SDS 12%, protein dwgc chuyén qua mang bing may chuyén
mang clia Bio rad & ché d6 25 V qua dém. Mang chira khang nguyén dwoc phl bing 5% sira tach béo pha trong
dung dich PBS trong 2 gi¢. Dung khang thé anti-His tag (Inwtrogen USA) v6i d6 pha loang 1.000 lan trong dung
dich sira tach béo 5% phd mang trong 2 gi¢. Tiép tuc s dung khang thé th(r cip anti-mouse IgG c6 gan
Horseradish Peroxidase (HRP) (Invitrogen, USA) vé&i dd pha lodng 400 1an trong sira tach béo 5% pha mang
trong 2 gi¢. Rra mang bang dung dich PBS 3 I&n, méi 1an 10 phut. Hién mau trong dung dich hién mau cé chia
co chéat Diaminobenzidine (DAB) (BioWorld, USA). Néng dd protein tai t6 hop sau khi dwoc tinh sach IMAC va
SEC xac dinh dwgc ndng dd bdng may chup AmershamTM Imager 680 va phidn mém ImageQuant TL 8.0
(Cytiva, USA).

Phwong phap gdy dap trng mién djch trén chuét

Cac protein sau khi tinh sach IMAC, PBS va vaccine thwong mai (Jovac IB H120- Jordan Bio-industries center)
dwoc st dung dé& danh gia tinh sinh mien dich trén chuét. Khang nguyén, PBS dwoc tron deu voi ta dugc
Emulsigen-D (MVP adjuvants, USA) bang éng tron theo ti 1& 4:1. Chuét cai tring BALB/C 6 tuan tudi dwoc tiém
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dwdi da hang ba 1an, méi lan tiém cach nhau 14 ngay, méi con duoc tiém 5 ug protein, méi nhom 6 con. Huyét
thanh tr mau chuét dwoc thu vao ngay th&r 7 sau lan tiém thir 2 va th&r 3 (Ho et al., 2022)

Phwong phdp dénh gia ddp trng khéng thé IgG & chudt thi nghiém bang phan trng ELISA

Pap tng khang thé 1gG dwoc san sinh tlr cac con chudt sau khi gay dap (rng mién dich dwoc danh gia bang
phan tng ELISA theo quy trinh nhw sau: Bia microtiter (Immunoplate Maxibinding, SPL, Han Quéc) dwoc phd véi
protein tai td hop tinh sach SEC trong d&m PBS vé&i ndng do 30 ng/well va G qua dém & 4°C. Sau d6 rra dia lai
10 1an vé&i dung dich riva PBST. Bia dwoc phi trong dung dich PBS chira 5% sira khéng béo trong 2 gid, l1ac déu
trén may lac. Dia tiép tuc duoc rira 5 1an voi PBST. Tiép dén, dia dwoc G véi huyét thanh clia chudt trong 2 gio.
Rira dia 10 14n v&i PBST sau khi hét thdi gian G véi huyét thanh. Ba dwgc G véi khang thé anti-mouse 1gG c6
gén Horseradish Peroxidase (HRP) (Invitrogen, USA) véi d6 pha loang 2000 Ian trong 2 gi. Mang dwoc rira lai
béng dung dich PBST 10 lan. Tin hiéu dwoc phat hién béng dung dich cé ch®*a co chat 3,3',5,5'-
Tetramethylbenzidine (TMB) (Thermo, USA) trong 20 phut. San phdm phan ng cho mau xanh, sau dé cb dinh
mau bang HCl 1M, mau vang cla phan ng duwgc do & budc séng 450nm bang may Multiskan™ SkyHigh
(Thermo Scientific, USA).

Phuwong phap gay dap teng mién dich va céng cwéong déc trén ga

Nhém ga Leghorn tréng sach bénh dwoc st dung dé gay dap tng mién dich bang cach tiém dwéi da cd. Nhém
ga tiém protein tai t6 hop RBD-VAC-pll (7 con) mdi con ga duogc tiém vai 200 pl chira 5 Hg protein tinh sach
IMAC va ta dwoc Emulsigen-D & 1&n 1 vao ngay thir 7 va lan 2 vao ngay thir 21 sau khi ga né. Ga déi chirng am
(6 con) dwoc tiém véi 200 ul chivra PBS va ta dwoc Emulsigen-D. Nhém dbi chirng dwong (7 con) duoc tiém 200 pl
vaccine thwong mai H120 Jovac theo liéu hwéng dan ctia nha san xuét. Huyét thanh clia ga dwoc thu nhan sau 3
tuan tiém mdi 2 d& danh gia sw c6 mat clia khang thé IgY dic hiéu véi protein tai t6 hop IBV. Sau khi tiém mdi 2
duoc 24 ngay, tién hanh cong cwédng doc trén ga. Ching IBHYM dwoc ding dé& céng cudng doc véi lidu 0.2 ml
1000 EIDsp theo dwdng nhd mat mii. Huyét thanh dwoc thu sau 7 va 14 ngdy cong cwéong doc dé st dung tién
hanh cac thi nghiém ELISA danh gia dap ¢ng mién dich IgY. Cac buwdc thwe hién gibng nhw phwong phap danh
gia dap (rng khang thé 1gG & chudt nhw da néu & trén nhung thay thé huyét thanh chudt bang huyét thanh ga,
khang thé thi cAp la anti-chicken IgY cé gan HRP (Invitrogen, USA) véi d6 pha lodang 1:5000.

Phwong phdp xir ly théng ké

Phan tich thdng ké cho ELISA duoc tién hanh st dung phan mém Excel va SPSS. Sv sai khac giira gi tri trung
binh dwoc biéu dién l1a X+SD. Gia tri p<0,05 dwoc xac dinh la sai khac c6 y nghia thong keé.

KET QUA VA THAO LUAN

Tinh sach protein VAC-RBD tai t6 ho'p bang phwong phap sac ki ai lwc (IMAC)

Dé phuc vu cho muc dich danh gia kha nang gay dap (rng mién dich cla protein RBD- VAC-pll tai t6 hop trén md
hinh dong vat thi nghiém, la thudc 1a sau bién nap dwoc tinh sach bang phwong phap sac ki ai lwc (IMAC), sau
dé duwoc tinh sach bang phwong phap séc ki loc gel (SEC) dé stiv dung cho cac phan ting ELISA hay Western blot.
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Hinh 1. Két qua Western blot kiém tra protein tai t6 hop sau khi tinh sach biang IMAC

Thang chuén protein dwgc dat cia hang Thermo Fisher Scientific (Cat.No. 26619). 40 L dich protein tai to hop sau khi tinh
sach va co béng cot co protein kich thwéc 10 kDa cut-off (Thermo Fisher Scientific, USA) dwoc tra vao cac gieng chi ra trén
hinh. Protein SARS-CoV2 S1 dwoc st dung lam dbi chirng dwong véi cac ndng do khac nhau dugc chu thich trén méi giéng
(300, 600, 900, 1200 va 1500 ng/pL, Sino Biological, China).
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Tinh sach protein tai t6 hop bing phwong phap IMAC theo cong bd ctia Nguyen va ddng tac gia (2023) trwéc do
véi su thay dbi vé khéi lvong I thudce la ban dau & 220 g thay vi 110-140 g. Sau khi tién hanh thu dwoc protein
RBD-VAC-pll thi dinh lwgng ndng d6 bing phdn mém ImageQuant TL 1D v8.2.0 voi dbi chirng dwong 1a protein
thuong mai SARS-CoV2 S1 (Sino Biological, China). Két qua & Hinh 1 cho thay rang, protein RBD-VAC-pll da
dwoc tinh sach thanh cong tw thwe vat st dung phwong phap sac ky ai lwe (IMAC) dung vai kich thwdce tinh toan
ly thuyét ctia protein nay (khoang 40 kDa ¢ dang monomer) va c6 mét sb bang vach co kich thwéc Ién hon do
trang thai trimer, glycosyl héa véi ndng dé 1a 932 ng/ul.

DBanh gia tinh sinh khang thé dac hiéu cta khang nguyén RBD-VAC-pll trén mé hinh chudt thi nghiém
bang phan rng ELISA

Dé phuc vu cho viéc danh gia tinh sinh mién dich cla protein tai t5 hop RBD-VAC-pll trén chudt, khang nguyén
RBD-VAC-pll tinh sach bang IMAC, PBS va vaccine thwong mai dwoc trén véi chat bd tro, sau do dwoc st dung
theo so' dd gay dap trng mién dich trén chudt duwoc thé hién & Hinh 2A. Bap (ng san sinh khang thé IgG dac hiéu
trong huyét thanh clia cac nhém chudt sau tiém dwoc danh gia bang phan (ng ELISA. Két qua ELISA & Hinh 2B
cho thay khong phat hién dwoc khang thé dic hiéu trong huyét thanh cGia nhém tiém PBS. Trong khi dé, nhém
chugt tiém protein tai t6 hop cb hiéu gia khang thé I6n hon dang ké so voi nhom tiém vaccine dbi chirng vé mét
théng ké&. Sau ca 2 va 3 miii tiém, hiéu gia khang thé 19G clia nhém RBD-VAC-pll dé&u x&p xi 17 loga, trong khi do6
vaccine thwong mai c6 hiéu gia sau 2 va 3 I1an tiém 1an lwot [ 10.44 va 12.04 (logs), chirng té dwoc rang khang
nguyén tai t6 hop RBD-VAC-pll d kich thich sinh khang thé IgG dic hiéu trén mé hinh chuét thi nghiém.
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Hinh 2. Danh gia dap trng sinh khang thé IgG dac hiéu trong huyét thanh chudt thi nghiém bing phan trng ELISA

(A). So db gay dap tng mién dich trén chuét. (B). Hiéu gia khang thé dic hiéu IgG trong huyét thanh chudt sau khi tiém.
Huyét thanh thu tcr chudt cda 3 nhém dugc danh gia ham luong khang thé dac hiéu bang phan (mg ELISA gién tiép.
Hiéu gié IgG ctia mbi mau huyét thanh I3 hé sé pha loang cao nhét cho gia trj ODasonm cao hon gia trj cut-off.

S6 liéu dwoc trinh bay du6i dang trung binh £SD cho méi nhém chudt, ***: P<0.001.

BPanh gia tinh sinh mién dich va kha nang bao hd ctia khang nguyén RBD-VAC-pll tai t6 ho'p trén mé hinh
ga thi nghiém

Theo két qua danh gia trén md hinh chuét thi nghiém da cho thay khang nguyén RBD-VAC-pll tai té hop c6 kha
nang kich thich sinh ham lwgng khang thé cao & chudt. Day 14 loai protein tai t& hop c6 ngudn gbc tir ching
vaccine thwong mai, 1a tiéu phan RBD dau tién cta IBV dwoc biéu hién thanh cong trong cay thube 14, ching
minh tinh kha thi cila mé hinh thiét k& (Nguyen et al., 2023). Do d6, ching t6i quyét dinh tiép tuc st dung khang
nguyén nay dé tién hanh cac thi nghiém tiép theo trén ga. D& danh gia dwoc kha néng gay dap (ng mién dich
cling nhw kha nang bao hd ga clia protein tai td hop, cac nhém ga thi nghiém dwoc bd tri nhw Hinh 3. Sau khi
tiém protein tai td hop hodc vaccine thwong mai, ga phat trién khde manh, khong co6 sw khac biét gilra cac nhéom
thi nghiém. Huyét thanh duoc thu & thoi didm 21 ngay sau khi tiém vaccine, 7 ngay va 14 ngay sau cong cudng doc.
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Hinh 3. So d6 gay dap trng mién dich trén mé hinh ga thi nghiém
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Quan sét thé trang va cac triéu chirng ctia ga trong khi tién hanh thi nghiém ching t6i c6 mot s két qua triéu
chirng Iam sang cla ga & ngay th& 7 sau cong cwong doc nhw Bang 1 dwoi day:

Bang 1. Triéu chirng lam sang cua ga thi nghiém & ngay thir y sau céng cwong déc

Triéu chirng

STT  Nhom 2 o P Diém thé trang
Chay nuwéc mii PR A 1x g
hét hoi, the' kho khe Mét méi, U rd, run lanh ~ Cham Ién

1 Nhém tiém PBS ++++ +++ + 1

2 Nhém tiém RBD_VAC_pll + - - 2

3 Nhém tiém vaccine thwong mai + - - 2

-1 Khéng ¢é dau hiéu; +: C6 dau hiéu (sé luong déu céng thé hién mirc dé tang dén cia triéu ching).

Ga thudc nhém tiém PBS biéu hién cac triéu chirng dién hinh ctia bénh viém phé quan truyen nhiém (chay nwéc
mi, hay hét hoi, thé kho khe, ga  rili, dirng co cum, cham I&n). Nhirng triéu chiing nay rat rd rang trong vong 1-
10 ngay dau, sau dé c6 xu huwéng giam nhwng van kéo dai téi ngay 14 cta thi nghiém. Nguoc lai, ga thudc nhém
tiém protein tai t& hop RBD-VAC-pll va nhém tiém vaccine thwong mai chi cé nhirng biéu hién nhe; nhitng biéu
hién nay bién méat dan trong khoang thdi gian 7-10 ngay sau cdng cwdng ddc. Nhw vay, cé thé khang dinh dwoc
rang, twong tw nhw tiém vaccine thwong mai, viéc tiém protein tai t& hop nay co thé gilip ga giam cac triéu
chivng, hodc tranh dwoc cac tac dong khdng mong mudn khi bi nhiém IBV. Song song v&i viéc quan sat thé trang
va biéu hién bénh ctia cac nhém ga thi nghiém, ching tdi danh gia kha naéng san sinh khang thé dac hiéu IgY déc
hiéu bang phan (rng ELISA va Western blot. Két qua & Hinh 4 cho thay hiéu gia khang thé IgY trong huyét thanh
ga nhém PBS rét th&p, gan nhw khéng dwoc phat hién va thdp hon nhiéu so véi hai nhém con lai. Trong khi do,
nhém ga tiém protein tai t& hop ¢ hiéu gia khang thé I&n hon dang ké& so véi nhém tiém vaccine dbi chirng vé
mat théng ké. Hiéu gia ctia nhdm tiém khang nguyén tai té hop &n dinh & ca ba thoi diém tredc cong, sau cong
7, 14 ngay véi gia tri xap xi 15. Trong khi d6, nhém tiém vaccine c6 hiéu gia la 11.8 trwdc khi cong, tdng nhe 1én
12.3 sau khi cong cwéng doc dwoc 7 ngay va gidm xudng con 11.3 log, sau khi cong cwdng doc 14 ngay.

* kK *okk
16 T 1 r 1
12
6
4
0
Trudc cong Sau cong 7 ngay Sau cOng 14 ngay
mPBS mVaccine wmRBD_VAC_pll

B

=

Hi¢u gi4 khang thé IgY (log2)
©

~

Hinh 4. Hiéu gia khang thé dic hiéu IgY & ga trwéc va sau khi cong cwéng doc

Huyet thanh thu tiv ga cGa 3 nhém dwoc danh gia ham lwong khanh thé dac hiéu bang phan &ng ELISA gian tiép. Hiéu gia IgY
ctia méi mau huyét thanh la he s6 pha loang cao nhét cho gia tri ODusonm cao hon gia tri cut-off. S6 liéu dwoc trinh bay duwéi
dang trung binh £SD cho méi nhém ga, ***: P<0.001.

Saucdng Sau cdng Sau cdng
Truére cong 7 ngay 14 ngay

Nhém tiém PBS

Hinh 5. Panh gia dap trng sinh khang thé IgY dac hiéu trong huyét thanh ga thi nghiém bang Western blot
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Song song véi phan trng ELISA, ching t6i ciing tién hanh thi nghiém Western blot d& danh gia kha néng sinh
thang thé dic hiéu IgY & cac nhém ga thi nghiém. Bung nhw duw doan va phu hop véi két qua clia phan Gng
ELISA nhu da trinh bay & trén, Hinh 5 thé hién nhém dwoc tiém protein tai t& hop san sinh khang thé rat manh
mé tai c& ba thoi diém thu m&u huyét thanh (nhét Ia sau cong cuong doc 7 ngay). O nhom dugc tiém PBS trude
khi céng hau nhw khong quan sat thay sw xuét hién cua tin hiéu, sau cong 7 va 14 ngay thi co xuét hién tin hiéu
nhwng khéng dang k& so v&i nhém tiém protein tai t6 hop. Két qua nay cho thay rang, proteln tai td hop RBD-
VAC-pll c6 kha ning kich thich sinh khang thé d&c hiéu rat manh. Diéu nay co thé dwoc Ii giai b&i vang bidu hién
cé chira epitope quan trong c6 tinh khang nguyen manh cla IBV la RBD (receptor binding domain). N6 ciling da
dwoc chirng minh & nghién cteu trwde déy cta Promkuntod va ddng tac gia (2014). Ngoai ra, viéc bidu hién trén
hé théng thuc vat cé mét sd wu diém nhw kha néng cai bién protein sau dich ma, d6 an toan cao va cé thé dé
dang nhan réng, nhanh mé hinh d& dap ¢ng dwoc dich bénh (Gidding et al., 2001). Do dd, day la mét khang
nguyén tiém nang cho san xuét vaccine tai t& hop c6 ngudn gbc tir thwe vat dé phc‘>ng chéng IBV.

KET LUAN

D4 tinh sach thanh cong protein tai t& hop RBD-VAC-pll béng phwong phap IMAC va SEC véi ham lwong la 932
ng/ul tr 220 g |4 sau bién nap. Dac biét, da danh gia dwoc khad nang san sinh khang thé ctia protein tai tb hop
tinh sach bang IMAC trén md hinh chudt va ga thi nghiém, v&i hiéu gia khang thé IgG, IgY Ian lwot xap xi 17 va
15 (logy). Cuing v&i d6 chirng minh dwoc khéd nang chéng chiu tét ctia ga tiém RBD-VAC-pll truéc thiy thach cong
cwong doc clia chiing virus IBHYM 14 twong duwong véi vaccine thwong mai (Jovac IB H120). Nhitng két qua mé
réng kha nang san xuét protein dich dwa trén hé théng biéu hién tam thdi & thuc vat, ddng thei chiing té khang
nguyén RBD-VAC-pll ¢é ngudn gbc tiv 14 thudv 14 c6 thé 1a mét (rng vién tiém nang dé phat trién vaccine tidu don
vi phong IBV tai Viét Nam.

Léi cam on: Nghién cieu duoe hé tro kinh phi tir @é tai “Nghién ciru danh gid dic tinh sinh hoc ciia protein Spike tdi t6 hop
tir thuee vdt cia virus gdy bénh viém phé quan truyén nhiém & ga (Avian Infectious virus-IBV)”, cap Vién Han lam Khoa hoc
va Cong nghé Viét Nam, mé so dé tai: VAST02.03/21-22. Nghién ciru c6 sir dung thiét bi Phong Thi nghiém Trong diém Cong
nghé gen, Phong Cong nghé Té bao Thuc vt va sw hé tro ciia phong Mién dich hoc, Vién Cong nghé sinh hoc, Vién Han lam
Khoa hoc va Céng nghé Viét Nam.
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INVESTIGATING THE IMMUNOGENICITY OF THE RECOMBINANT AVIAN
IBV RECEPTOR-BINDING DOMAIN
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Doan Thi Thanh Huong®, Hoang Thi Thu Hang™* Pham Bich Ngoc*
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ABSTRACT

Infectious Bronchitis (IB) is an acute disease affecting chickens caused by the avian infectious bronchitis virus
(IBV). Currently, infectious bronchitis is a concern in highly developed chicken-raising countries in Asia,
including Vietnam. Vaccination is considered the most effective measure to control IB outbreaks. However, the
current IBV vaccines available in Vietnam are mostly imported vaccines from China, Korea, and India, in the
form of monovalent or New Castle-combined bivalent vaccines. These imported IBV vaccine strains led to low
or no protection against new IBV strains. In our previous research, RBD-VAC fused with GCN4pll motif was
successfully expressed in Nicotiana benthamiana. In this study, the immunogenicity of RBD-VAC-pll was
evaluated in mice and experimental chickens challenged with the IBHYM strain. Sera from mice and chickens
were collected for the evaluation of RBD-VAC-pll-specific 1gG and IgY antibody responses by ELISA and
Western blot. The results showed that the recombinant RBD-VAC-pll protein stimulated the production of
specific antibodies in experimental animals, prevented and minimized symptoms in chickens against virus
challenge. These results demonstrate the potential of using the RBD-VAC-plI plant-derived recombinant protein
in the development of subunit vaccines against IBV.

Keywords: Antibody titer, IBV, immunogenicity, plant-derived vaccines, receptor-binding doman.
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TAO DONG VA BIEU HIEN PROTEIN TAI TO HOP hMMP-1
(HUMAN MATRIX METALLOPROTEINASE 1) TRONG E. COLI BL21
Nguyén Trong Binh®’, Tran Pha Hién? Chwong Thi Ngoc Hiéu', Nguyén Thién Phwong'

“Trung tam Cong nghé sinh hoc Thanh phd H6 Chi Minh

2Trwong Pai hoc Khoa hoc T nhién, Pai hoc Quéc gia Thanh phé Hé Chi Minh

TOM TAT
MMP-1 la protein ho Matrix metalloproteinase, thuéc nhém collagenase. Protein c6 kha niang phan hay collagen
loai I, 11 va Ill, cac phan tdr ECM (fibronectin, gelatin, aggrecan, laminin, perlecan va vitronectin) va mét so

protein hoa tan khdc. MMP-1 dong vai trd quan trong trong qué trinh phat trién, hinh thanh mo, sira chira cac vét
thwong va cai thién xo gan... Hoat dong bat thuong cia MMP-1 ¢6 mdi lién quan chat ché dén su xuat hién va
phét trién khéi u, bénh viém khép, bénh Alzheimer... MMP-1 ¢6 nhiéu vai trd quan trong nhung hién nay MMP-
1 c6 gia thanh trén thi truong kha cao. Trong nghién cau nay véi muc tiéu san XUt ra luong l6n protein MMP-1
phuc vu cho nghién cuu va ng dung. Dau tién, gen ma héa MMP-1 dugc khuéch dai bang phan ung PCR roi
ndi véi vector pET28a. Sau khi kiém tra sy hién dién cia gen bang phwong phap PCR khuan lac, cat kiém tra véi
hai enzyme cit gisi han EcoRI va Hindlll ,vector pET28a~MMP-1 dugc hda bién nap dé biéu hién trong E. coli
BL21 (DE3). Protein dwoc thu nhan sau khi cam tng bang 0.4 mM IPTG & céc diéu kién 37°C trong 6 gio; 28°C
trong 16 gio; 16°C trong 18 gio. Protein sau thu nhan, tinh sach bang phuong phap sic ky &i luc voi hat Ni
Sepharose va kiém tra bang SDS-PAGE, Western blot. Két qua nghién ciru da tao dong, biéu hién thanh cong
protein MMP-1 tai t6 hop ton tai dang thé vUi trong té bao chét & ca ba diéu kién khao sat, tinh sach va thu duoc
3,297 mg protein MMP-1 véi kich thude khoang 47 kDa trong 1 lit dich 1én men, d6 tinh sach 92,32% va hiéu
sut tinh sach 38,72%.

Twr khéa: Collagen, E. coli BL21 (DE3), Matrix metalloproteinase, MMP-1, pET28a.

DAT VAN BE

Human Matrix Metalloproteinase 1 (MMP-1) con duwgc goi la collagenase 1, 1a mdt enzyme dong vai trd quan
trong trong nhiéu qua trinh sinh hoc thiét yéu. MMP-1 gilip pha vé& cac thanh phan cta ma tran ngoai bao (ECM),
chéng han nhw collagen va elastin, cho phép céc t& bao di chuyén, tai ciu trac md va stva chiva tbn thuwong.
MMP-1 c6 lién quan dén qua trinh phét trién phéi thai, hinh thanh co quan va phan héa t& bao. Bén canh do,
MMP-1 ciing déng vai trd quan trong trong phan (ng viém va qua trinh mién dich, gitp cac t& bao mién dich di
chuyén d@én vi tri bi nhidm trung va tiéu diét vi sinh vat. Trong nhiéu loai ung thw, sw biéu hién qua mic ciia MMP-1
thic day sw phat tridn, di can va xam l4n cla khéi u. Dbi véi sy phat trién mot sé bénh nhu bénh viém khép,
MMP-1 c6 lién quan dén su thoai hda sun khép trong viém khép. V&i bénh tim mach, MMP-1 ¢4 lién quan dén sy
hinh thanh mang bam trong déng mach, c6 thé dan dén dau tim va dét quy.

MMP-1 |& mét glycoprotein bao gdm mét chudi polypeptide don cé trong lwong phan ti khodng 52 kDa. Gen ma
hoa protein MMP-1 dwoc xac dinh ndm trén nhiém séc thé 11 tai vi tri 22,2 véi d6 dai 1a 1971 bp véi 10 exon va
9 intron. C4u tric clia MMP-1 bao gdm mét ving x(c tac chiva cac ion kim loai kém can thiét cho hoat déng
enzyme, mét viing lién két collagen gip MMP-1 g&n vao collagen, va mét viing dudi tham gia vao sw twong tac
v6i cac protein khac. Ngoai ra, MMP-1 cé thé dwoc kich hoat bdi cac protein khéc, vi du nhw plasmin va
proteinase-3. Do déng vai trd quan trong, MMP-1 la ch dé& cda nhiéu nghién ctru gan day nham hiéu rd hon vé
chtrc nang cuia né va phat trién cac phwong phap diéu tri méi cho cac bénh lién quan dén MMP-1. Béi v&i bénh
ung thw, cac nha nghién clru dang nghién ctvu cac phwong phap nhdm muc tiéu MMP-1 dé& didu tri ung thw,
chang han nhw s dung cac chét trc ché MMP-1 hodc céc liéu phap mién dich nhdm muc tiéu MMP1. MMP-1 cé
lién quan dén sy hinh thanh mang bam trong déng mach, vi vay kiém soat MMP-1 hé tr diéu tri cac bénh tim
mach. Mat sé nghién ctru gan day ciing cho thdy (rng dung clia MMP-1 d& l1am cham hodc ngan chan s tién
trién cda bénh viém khép, thuc day phuc hdi vét thwong do kich hoat tidu cdu cé kha néng phan huy collagen
dang soi (Austin et al., 2013) va ngén nglra hodc lam cham sv tién trién cta bénh Alzheimer (Zhang et al., 2023).

Nhin chung, MMP-1 la mét enzyme quan trong tham gia vao nhiéu qué trinh sinh hoc thiét yéu. Nh& kha néng
phan huy collagen ma MMP-1 dugc ddng s dung vé&i ghép té bao gbc trung md tir tdy xwong mé ra co hoi didu
tri cho cac bénh nhan xo gan (Du et al., 2018); hd tro diéu trj seo 16i, seo phi dai; diéu tri cac vét loét & bénh nhan
tleu dwong do hé tro qua trinh tan smh mach mau, di chuyé&n cla té bao trong giai doan tang sinh, lam co va tai
clu tric md & giai doan sra chira (Ayuk et al., 2016). Viéc s& dung MMP-1 trong thwc té Iam sang van dang
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dwoc nghién ctru va phat trién. Mot huwéng nghién cteu cling ng dung MMP-1 1& ding dé phat trién cac md hinh
m&i d& nghién ctu bénh ly, chdng han nhw ung thw va bénh tim mach. Trong nghién ctu nay, ching t6i tién
hanh tao dong, biéu hién va tinh sach protein MMP-1 tai t& hop nhdm muc tiéu san xuét lwong I&n protein phuc
vu cho viéc ng dung nghién ctru.

VAT LIEU VA PHUONG PHAP
Chuang cha va plasmid

Chung Escherichia coli DH5a duoc st dung dé& nhan ban vector. Chiing Escherichia coli BL21 (DE3) dwoc st
dung d& biéu hién vector tai t hop. Plasmid pET28a+ dwoc siv dung lam vector biéu hién protein tai t& hop nhe
vao T7 promoter,trinh tw ma hoa lacl va cac operator lac. Vi thé viéc biéu hién protein muc tiéu cé thé dwoc thac
day béng isopropyl B-D-1-thiogalactopyranoside (IPTG), mét chat twong tw lactose. Cac chiing vi sinh va plasmid
dwoc cung cp tir cong ty Novagen, Birc. Thanh phan nuéi cay vi khuan Escherichia coli tuan theo hwéng dan tir
nha san xuét Biobasic, Canada.

Phwong phap
Tao dong E. coli DH5a mang gen ma héa protein MMP-1

Thiét ké trinh tw gen 1101 bp cGia MMP-1 tir vi tri 306 dén 1407 dwa trén co sé& di¥ liéu Genbank: NM_002421.4.
Dé hé tro' cho qua trinh cét, trinh tw gen 6 chiva vi tri cét cla hai enzyme cét giéi han EcoRI va Hindlll (12 bp).
Poan gen muc tiéu dwgc khuéch dai bang phwong phap phusion PCR tong thé tich phan (rng la 50 yL. Sau qua
trinh bién tinh ban dau & 95°C trong 2 phut; 10 chu ki khuéch dai dau tién nhuw sau: bién tinh & 95°C trong 30
giay, bat cap & 52°C trong 30 giay va kéo dai & 72°C trong 60 gidy; 20 chu ky khuéch dai tiép theo duoc thuc
hién nhw sau: bién tinh & 95°C trong 30 gidy, bat cap & 60°C trong 30 giay va kéo dai & 72°C trong 60 giay; buéc
kéo dai sau cung & 72°C trong 10 phut va két thac phan tng gitr & 10°C.

San phdm PCR khuéch dai gen muc tiéu sau khi dwoc tinh sach bang GeneJET Gel Extraction Kit (Thermo
Fisher Scientific™). San phdm PCR va plasmid pET28a lan lwot dwoc xi ly véi hai enzyme cét gi¢i han EcoRI va
Hindlll. San phadm cét dwoc dién di trén gel agarose 0,8% va dwoc tinh sach bang GeneJET Gel Extraction Kit
(Thermo Fisher ScientificTM). Tién hanh ndi gen MMP-1 vé&i plasmid pET28a dudi tac déng clia enzyme T4 DNA
ligase. San pham néi dwoc bién nap vao té bao E. coli DH5a bang phwong phéap héa bién nap va sang loc trén
moéi trwéng LB agar c6 khang sinh Kanamycin ndng d6 50 pg/mL. Cac khuén lac dy tuyén sé& dwoc kiém tra lai
b&ng phan trng PCR khuan lac v&i mdi xudi d&c hiéu cho pET28a (T7 promoter) va mdi ngwoc déc hiéu cho gen
MMP-1. D& chic chan biéu hién ding protein MMP-1 da nhan dong ching toi tién hanh tach, tinh sach plasmid
PET28a-MMP-1 va lap phan (rng cét kiém tra cling nhw giéi trinh tw gen bang phwong phap Sanger.

Biéu hién, tinh sach va phat hién protein tai té hop MMP-1

Vector biéu hién pET28a gilip tao ra protein tai td hop c6 gan dudi 6xHis & dau N, hd tro' qua trinh tinh sach béng
Ni Sepharose. Sau khi bién nap thanh céng pET28a-MMP-1 vao chiing E.coli BL21 (DE3), tién hanh nuéi cly so
cép E. coli BL21 (DE3)/pET28a-MMP-1 trong méi triwdng LB/Kanamycin & 37°C, 250 vong/phut, nudi cy thi cap
dén khi OD 600 nm dat tir 0,6-0,8 thi bd sung IPTG 0,4 mM. Qua trinh biéu hién protein khao sat & cac diéu kién
37°C trong 6 gi®, 28°C trong 16 gi¢, 16°C trong 18 gi¢r v&i tc dd lac 250 vong/phit. Sau do, tién hanh ly tam
dich nuéi cdy dé thu sinh khéi vi khuén. Sinh khéi dwoc huyén phu véi dém (20 mM Tris-HCI, 300 mM NacCl, 10
mM imidazole, 8M Urea, pH 8.0) pha mau béng séng siéu am va thu riéng cac téng té bao, phan doan dich té bao,
cén sau ly tam. Sau dd, tién hanh kiém tra bang phwong phap dién di SDS-PAGE 12,5% va nhudém voi
Coomassie Brilliant Blue G-250. Cac mau déi ching: E. Coli BL21 (DE3)/ pET28a va E. coli BL21 (DE3)/
PET28a-EGFP tién hanh ddng thei véi mau thi nghiém.

Sau khi x4c nhan da biéu hién thanh coéng protein MMP-1, dich protein sé& dwoc loai bd sinh khéi bang phwong
phap ly tam tbc do cao va loc véi kich thwéce 18 loc 0,45 pm. Dich protein sau loc dwoc tinh sach theo bd kit
ProBond™ Purification system. Rtra cot véi dém rira c6 néng dd imidazole 20 mM. Sau do, cac protein trén cot
dwoc tai gap cudn bing cac dung dich dém cé ndng dd ure gidm dan. Cudi cuing, protein trén cot sé dwoc thdi
gidi bang dung dich théi giai c6 néng do Imidazole cao (500 mM). Protein sau khi tinh sach dwgc kiém tra bang
phuwong phap dién di SDS-PAGE 12.5% va nhuém v&i Coomassie Brilliant Blue G-250.

Ngoai ra, su hién dién cta protein tai t& hop con dwoc xac nhan béng phwong phap Western Blot véi khang thé
dac hiéu. Khang thé so cap str dung (Anti-6X His tag® antibody [HIS.H8]) d&c hiéu vé&i protein MMP-1 téi td hop
va khang thé th& cap (Goat Anti-Mouse IgG H&L (HRP)) dwoc danh diu bang horseradish peroxidase. Mau
dwoc phat hién nhd phan tng xtc tac cla peroxidase trén co’ chét luminol va H,0, & buéc séng 425 nm. Kich
thwéc protein MMP-1 ti td hop dwoc dw doan khoang 47 kDa.
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KET QUA VA THAO LUAN

Tao dong E. coli DH5a mang gen mé héa protein MMP-1

T Hinh 1A cho thay gen muc tiéu MMP-1 sau khi dwoc khuéch dai va dién di trén gel agarose 0,8% thu nhan
duoc duy nhat mét doan gen co kich thudc khodng 1113 bp tuong (ng véi kich thuwdc khi thiét ké cia gen MMP-1.
Diéu nay chirng t6 rang da khuéch dai duwoc doan gen muc tiéu ma héa cho protein MMP-1 tai té hop.

Gen MMP-1 va plasmid pET28a+ dwoc ndi véi nhau sau khi tao diu dinh bang cdp enzyme cét gidi han 1a EcoRlI
va HindIll. San pham ndi dwoc bién nap vao vi khun E. coli DH5a. Sang loc bwéc dau plasmid pET28a+-MMP-1
dwa trén méi trweng nudi cay LB cé chira khang sinh Kanamycin (50 ug/ ml), nhitng khudn lac dy tuyén duoc
kiém tra bang phwong phap PCR véi mdi T7 va MMP-1 cho két qua dién di kich thwéc khodng 1313 bp bang kich
thwéc clia gen MMP-1 (1113 bp) céng véi chidu dai cta plasmid khong cé gen chén khi dwoc khuéch dai béng
doan mdi T7 promoter (Hinh 1B). Cac khuén lac dwong tinh duoc tiép tuc nudi cy va tach plasmid dé cét kiém
tra. Plasmid pET28a-MMP-1 khi ct v&i enzyme cét gii han EcoRI va Hindlll cho ra kich thuwéc 1113 bp pha hop
véi gen muc tiéu (Hinh 1C). Ngoai ra, K&t qua giai trinh tw gen cho thay trinh tw gen giéng véi trinh tw khi thiét ké
gen MMP-1 (D liéu khdng trinh bay).

A B E.coliDH5a C

© © -] -
q q 9 q
~n ~n ~N N
et I g )
® » » O]
= = = pET28a-MMP-1
% _% % EcoRlva Hindlll +

M MMP-1 M = - - M

(bp) (bp) = N . (bp)

3000 mpp-

1000 ==

500 wip-

Hinh 1. Két qua nhan dong gen ma hoa protein MMP-1. San pham khuéch dai gen MMP-1 bang c&p méi déc hiéu cho gen
(A). Két qu’é PCR k’hué,n lac bang moi xyéi T7 promoter ddc hiéu cho vector pET28a va moi ngurge dac hiéu cho gen (B).
Két qua cat kiém tra plasmid bang enzyme cat gi¢i han EcoRI va Hindlll (C). M. Thang kich thuéc DNA.

Biéu hién, tinh sach va phat hién protein tai t6 hop MMP-1

Sau khi nhan dong thanh céng, plasmid pET28a-MMP-1 dugc bién nap vao ching vi khudn Escherichia coli
BL21 (DE3), va bidu hién trong diéu kién c6 chat cdm &ng IPTG va dbéi chirng khong cé chat cadm &ng. Biéu hién
& céc nhiét do 37°C, 28°C va 16°C. Té bao E. coli dwge pha v& mau bang séng siéu am va kiém tra protein sau
pha mau bang dién di SDS-PAGE 12,5% va nhudm véi Comassive Brilliant G-250.

Két qua phan tich & nhiét d5 37°C (Hinh 2A) cho thdy c6 mdt vach protein biéu hién vwot mirc & giéng cé bd
sung IPTG pET28a-MMP-1 (+) v&i kich thuwdc khoang 47 kDa dung véi kich thwéc MMP-1 da dy doan va khéng
thay sw biéu hién cta vach nay & dbi chirng am 1a plasmid pET28a (+) khéng chira gen muc tiéu, c6 cam (rng
IPTG. Piéu kién biéu hién dwoc kiém soat béi chirng dwong 1a plasmid pET28+-EGFP chiva gen EGFP, sy biéu
hién vwot mic cla gen EGFP (kich thuéc ~ 35kDa) quan sat dwoc & giéng cé bd sung chét cdm ¢ng IPTG. Bén
canh d6 két qua dién di cho thay cé sw khac biét khi khéng cé chat cdm (rng va c6 chat cdm &ng (Hinh 2A, Hinh
3A, Hinh 4A) & ca 3 nhiét do khado sat. Khi khéng cé cdm (rng IPTG thi protein tdng cla E.coli dwoc biéu hién
nhiéu hon nhwng khi cé cdm &ng IPTG thi protein muc tiéu lai dwoc biéu hién nhidu hon. Protein MMP-1 sau khi
biéu hién chd yéu ndm & dang thé vui trong pha cén sau ly tam véi kich thuwéc 47 kDa, didu nay thé hién ra trong
két qua dién SDS-PAGE (Hinh 2B).
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Hinh 2. Két qua dién di SDS-PAGE clia tdng protein biéu hién khi khéng cé cam tng IPTG (-) va khéng cé cam tng
IPTG (+) & 37°C (A) va biéu hién cta protein muc tiéu & cac pha téng té bao, can té bao va djch té bao sau ly tam (B).
M la thang phan tte lwong protein
Két qua twong tw ciing xay ra & nhiét dd bidu hién protein & 28°C, protein MMP-1 van dwoc t& bao bidu hién
vuwot mirc & 28°C véi kich thudc khoang 47 kDa va protein ndm & chi yéu & dang thé vii (Hinh 3B). Tuy nhién,
& nhiét dd nay da thdy cé xuét hién protein biéu hién & dang tan rd hon so v&i 37°C. Sw biéu hién vwot mirc cla

ddi chirng dwong pET28a+EGFP ciing dwoc ghi nhan & nhiét do 28°C.

A B
E.Co/iBL21 DE3-pET28a-MMP-1
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Hinh 3. Két qua dién di SDS-PAGE cua téng protein biéu hién khi cé cam trng IPTG va khéng c6 cam trng IPTG
& 28°C (A) va biéu hién caa protein muc tiéu & cac pha téng té bao, can té bao va dich té bao sau ly tam (B).
M la thang phan ttr lwong protein
Két qua phan tich SDS-PAGE (Hinh 4B) cho thdy & 16°C protein muc tiéu van dwoc biéu hién vuot mirc véi kich
thwéc khodng 47 kDa nhung lwong protein thdp hon & 37°C va 28°C . Tuy nhién, protein MMP-1 c6 biéu hién &
dang dich ndi & 16°C c6 ty 1& 16n nhat & ca 3 nhiét do. Bén canh d6, sw biéu hién vwot mirc ctia dbi chirng
dwong pET28a+EGFP ciing dwgc ghi nhan & nhiét do 16°C.
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Hinh 4. Két qua dién di SDS-PAGE clia tdng protein biéu hién khi cé cam trng IPTG va khéng c6 cam &ng IPTG
& 16°C (A) va bidu hién cta protein muc tiéu & cac pha téng té bao, cin té bao va dich té bao sau
ly tdm (B). M la thang phén t& lwong protein
Protein sau khi biéu hién va chon ra nhiét do thich hop thi protein MMP-1 s& dwgc mang di biéu hién & thé tich
Ién va dwoc tinh sach bang hat Ni Sepharose, vé&i chat canh tranh la imidazole. Sau khi qua trinh tinh sach,
protein s& dwoc kiém tra bdng phwong phap SDS-PAGE véi gel c6 ndng dd 12,5% acrylamide va danh gia déc
hiéu béng phwong phap Western blot v&i khang thé khang 6xHis tag.

UB W1 WI10 E R1 R2 R3

-

Hinh 5. Két qua dién di SDS-PAGE sau tinh sach (A) va Western Botting sau tinh sach (B).
M la thang phan ttr lwong protein

Két qua Western Blot ciing chi ra dwoc déi voi dbi chirng dwong pET28a-EGFP cé khang thé chdng 6xHis ciing
cho két qua mot vach ding kich thwéc khodng 35 kDa, chirng té qué trinh thyc hién Western blot thanh cong.
Két qua dién di va két qua Western Blot sau tinh sach chi ra rdng MMP-1 tai t& hop da dwoc bidu hién thanh cong
trén chang E. coli BL21(DE3)/pET28a-MMP-1 dwéi dang dung hop véi dudi 6xHis tag va phan I&n protein MMP-1
thu dwoc cd mdt vach dung kich thwéc 47 kDa (Hinh 5). Nong dd protein dwoc dinh lwong twong déi bang
phwong phap Bradford va mirc d6 tinh sach ctia dung dich protein thu dwgc dwoc phan tich hinh &nh bang phan
mém ImageJ. Két qua lwong protein thu dwoc khoang 3,297 mg, d6 tinh sach 92,32% trong 1 lit dich 1én men,
hiéu suét tinh sach la 38,72%.
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So véi nghién clru cia nhém tac gid Kumar L trwdce day, biéu hién dwoc proMMP-1 véi kich thwéc 54 kDa dang
tan va ving xGc tac 28 kDa dang thé vii véi lwgng protein sau tin sach 1a 3,5 mg, néng d6 0,5 mg/ mL t& 1 g vi
khuén (Kumar et al., 2018). Thi trong nghién ctru nay ching tdi biéu hién dwoc protein MMP-1 v&i kich thwéc 47
kDa t6n tai & dang thé& vii va dang tan, lwgng protein sau khi tinh sach tir thé wii 1a 3,297 mg, d6 tinh sach
92,32% trong 1 lit Ién men va hiéu suét tinh sach 38, 52%. Ngoai ra, ching t6i con xac dinh dwoc phan tram
protein muc tiéu so véi tdng protein biéu hién & tirng pha tong can va dich sau ly tam, day |a diém sang va chuwa
ghi nhan & cac cong bd nghién clru biéu hien MMP-1 tai t6 hop trwéc nay.

Viéc protein MMP-1 c6 thé dwoc biéu hién & ca 37°C, 28°C, 16°C cho thay ring khoang nhiét dd ma né cé thé
dwoc biéu hién trong E. coli BL21 (DE3) rat rong. Ngoai ra, vi da phan protein MMP-1 biéu hién & dang thé vui
sau khi dwoc bidu hién gitp bao vé protein khdi sy phan hiy cla cac protease trong t& bao chét clia E. coli, tranh
that thoat protein do bi phan huy. Tuy nhién, hoat tinh sinh hoc cuia protein c6 th& bi anh huéng sau khi tai gap
cudn do qué trinh gap cudn sai, anh hwéng dén ham lwong protein MMP-1 ¢6 hoat tinh thwc té thu dwoc. Do do,
hwéng nghién cru tiép theo ma nhém nghién ctvu nhdm dén sau bwéc dau biéu hién thanh cong MMP-1 tai td
hop 14 tién hanh thir nghiém hoat tinh cta protein MMP-1 thu dwoc va tién hanh t&i wu héa quy trinh tinh sach dé
thu dwoc ham lwong cao protein MMP-1 ¢6 hoat tinh téi wu.

KET LUAN

Chung t6i da nhan dong thanh cong doan gen mé hda cho protein MMP-1 vé&i trinh tw dung hoan toan vaéi trinh tw
gen da thiét ké; tao thanh coéng dong té bao E. Coli BL21(DE3) mang vector pET28a-MMP-1 c6 kha néng biéu
hién protein MMP-1 tai t& hop. Nghién ctru cho thdy protein MMP-1 biéu hién vwot mirc dwéi dang thé vii trong
E. coli BL21 (DE3) & ca 3 nhiét d6 nghién ctru va c6 biéu hién dang tan & 28°C va 16°C khi c6 cdm ng bang
IPTG, kich thwéc protein thu dwgc khodng 47 kDa. Thém vao d6 chung t6i cling da tinh sach dwgc protein muc
tiéu sau khi bidu hién. Nghién ctu da buéc dau tao dwgc ngudn cung cdp MMP-1 tai td hop cho cac nghién ctu
tiép theo huwéng dén viéc phat trién san phdm cho (ng dung nghién ctru tiép theo.

Loi cam on: Nghién citu ndy diroc tai tro' boi Trung thm Cong nghé sinh hoc Thanh phd Hé Chi Minh.
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CLONING, EXPRESSION AND PURIFICATION OF GENE ENCODING
PROTEIN hMMP-1 (HUMAN MATRIX METALLOPROTEINASE 1)

Nguyen Trong Binh'’, Tran Phu Hien?, Chuong Thi Ngoc Hieu®, Nguyen Thien Phuong*
1Biotechnology Center of Ho Chi Minh City
’Ho Chi Minh City University of Science

SUMARY
MMP-1 is a member of the matrix metalloproteinase family, specifically within the collagenase group. This
protein has the ability to break down collagen types 1, Il, and 111, as well as several other important proteins in

the extracellular matrix. MMP-1 is involved in tissue formation, wound healing, and liver cirrhosis. However,
abnormal MMP-1 activity is associated with conditions such as tumors, arthritis, and Alzheimer's disease.
Despite its important roles, MMP-1 is currently quite expensive. In this study, we aimed to produce large
quantities of MMP-1 protein for research and applications. To achieve this, we cloned the gene encoding the
MMP-1 protein into the pET28a vector and used the E. coli BL21 strain (DE3) for protein expression. The gene
encoding MMP-1 was amplified by PCR and then inserted into the pET28a vector. After confirming the
presence of the gene by colony PCR and restriction enzyme digestion (EcoRI and Hindlll), the pET28a-MMP-1
vector was expressed in E. coli BL21 (DE3) after transformation. We induced protein expression using IPTG at
different temperatures (37°C for 6 hours, 28°C for 16 hours, and 16°C for 18 hours). The expressed proteins were
harvested, purified by affinity chromatography, analyzed using SDS-PAGE and Western blot and quantified by
the Bradford measurement method. The results showed successful cloning and expression of recombinant MMP-
1 protein in E. coli. We obtained 3,297 mg of MMP-1 protein per liter of fermentation liquid, with a purity of
92.32% and purification efficiency of 38.72%.

Keywords: Collagen, E. coli BL21 (DE3), Matrix metalloproteinase, MMP-1, pET28a.

"Author for correspondence: Tel: 0904516 382, Email: ntbinh.snn@tphcm.gov.vn or nthinhbiomedicine@gmail.com
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GIAI MA VA PI:IAN TiCcH GEN S1 CUA’CHL’JNAG VIRUS PORCINE EPIDEMIC
DIARRHEA GAY BENH TIEU CHAY CAP TREN LON TAI TINH HUNG YEN
NAM 2023

Lwu Minh BPirc’?, D Thi Roan™?, Nguyén Thi Khué'?, Don Nguyen3, Poan Thi Thanh Hu’o’ngl'z*
1Vién Céng nghé sinh hoc, Vién Han Iam Khoa hoc va Céng nghé Viét Nam
2Hoc vién Khoa hoc va Céng nghé, Vién Han ldm Khoa hoc va Céng nghé Viét Nam

3Squalicum High School Bellingham, Washington, USA

TOM TAT

Virus PED gay bénh tiéu chiy cap chu yéu & lon con chwa cai sita. Ty 1& nhiém bénh trong dan kha cao, ty 18
chét ciing twong ddi cao gdy nén nhiéu thiét hai cho nganh chan nudi. Kich thuéce hé gen virus khoang 28 kb ma
hoa cho cac gen quan trong cho qua trinh nhan ban va hoan thién cdu tao virus. Gen khang nguyén spike chtra
tiéu phan S1 bao gdm phin protein din va hai ving thu thé lién két. Gen S1 cua chung PEDVHY1 va
PEDVHY?2 thu nhan tai Hung Yén nam 2023 déu c6 kich thudc 2205 nucleotide md héa cho 735 amino acid
thudc genotype G2b. Protein S1 chua nhiéu dot bién, dic biét 1a dot bién chén doan va x6a doan so voi chung
virus nhugc ddc vaccine. Vung gen S1 cua hai chung nghién ctru it c6 sai khac hon so véi cac chiung thudc
genotype khéc. Phan tich pha hé ngudn gdc cho thay hai ching PEDV nghién ctru c¢6 quan hé gan giii v6i nhau
trong cdy pha hé va cting nhom véi cac chung PEDV thu thap tai Viét Nam thu nhan trong giai doan 2013 dén
2018, thudc genotype G2b, khac nhém véi ching virus vaccine DR13 va CV 777 nhugc ddc.

Tir khoa: Gen S1, genotype, Hung Yén, PEDV.

MO PAU

Bénh tiéu chay trén lon (PED-Porcine Epidemic Diarrhea) do virus tiéu chay cép & lon (PEDV-Porcine Epidemic
Diarrhea Virus) gay ra. Bay l1a mot bénh truyén nhidm véi tbc do lay lan nhanh, lon méc bénh cé triéu chung noén
mtra, tiéu chay cap tinh, mat nwéc nghiém trong dan dén tlr vong. Ty |é t&r vong cla lon dwdi mot tudn tudi dac
biét cao, ty I& t&r vong cla lon trwdng thanh th&p hon (Pospischil et al., 2002).

Bénh PED Ian d4u tién xuét hién tai Anh vao nam 1971, sau d6 nhanh chéng lan ra cac khu vic chau Au bao
gbm Thuy ST, Bire, Phap, Ha Lan va Bulgaria (Pensaert, De Bouck, 1978). Tai chau A, PED Ian dau tién duoc ghi
nhan & Nhat Ban vao ndm 1982, sau dé 1a hang loat cac quéc gia Ién nhw Trung Quéc nam 1986, An D6 nam
2003 va Thai Lan nam 2007 (Temeeyasen et al., 2013). Nam 2013, mét dot bung phat dich 1&n da xay ra tai My,
khién 8 triéu con lon méi sinh t& vong (Stevenson et al., 2013). PEDV dwoc bdo cdo tai Viét Nam lan dau tién
vao nam 2009 va cac nghién ciru cho thdy chiing PEDV gay nén dot bung phat dich bénh cé6 mdi quan hé ho
hang v&i cac ching PEDV ¢6 ngudn gbc Trung Quéc (Nguyén Tt Toan et al., 2012; Duy et al., 2013). Cho dén
nay, hau hét cac khu virc chan nudi lon tai ca nwdc déu ghi nhan sy co mat clia PEDV. Mac du da dwoc st dung
vaccine nhwng nhiéu trang trai van xay ra bénh gay thiét hai rét nang né. Tlr d6 cho thay cac chung virus thuc dia
da bién ddi v& déc tinh di truyén, din dén khong con twong ddng vé tinh khang nguyén-mién dich véi cac chiing
virus vaccine dang st dung.

PEDV la mét loai virus RNA s¢i don dwong, thudéc phan chi Pedecovirus, chi Alphacoronavirus trong ho
Coronaviridae, thudc bd Nidovirales (Schoch et al., 2020). Virus ¢6 cAu tric hinh cdu hodc da hinh vé&i dwéng
kinh 95-190 nm, cé vé boc ngoai cling bao gdm cac phan nhé ra hinh gay, hinh tam giac c6 chiéu dai 18-23 nm.
Bod gen PEDV dai khodng 28 kb, bao gdm 7 khung doc mé& (ORF), dwoc sap xép theo thi ty 5’'UTR-ORFla-
ORF1b-S-ORF3-E-M-N-3'UTR va dubi poly (A) (Lee 2019). ORF1a, ORF1b chiém khoang 2/3 b6 gen, & vi tri gan
d4u 5' va ma hda 16 protein phi cAu tric (nsps). ORF3 ndm gitra gen S va E ¢6 vai trd ma héa cac protein phy,
ddng thoi 1a yéu té quyét dinh déc lwec & PEDV. Gen E gitp hinh thanh va giai phéng vé virus (Park et al., 2008).
Gen S mé hoéa glycoprotein, dwgc chia thanh mién S1 va S2, déng vai trd quan trong trong lién két véi cac thu
thé té bao. Dac biét viing gen S1 kich thich vat ch sén xuét khang thé trung hoa va 1a viing cé nhidu dét bién
nhét trong hé gen nén dwoc st dung chd yéu cho cac nghién ciru vé dich t& hoc phan t&r, pha hé ngudn gbc va
phat trién vaccine thé hé méi (Sun et al., 2007). Mac du PEDV dwoc bao cao chi c6 mt kiéu huyét thanh, nhung
vé mét di truyén dwoc chia thanh hai nhom nhom 1 (Genotypel: la nhém cd dlen) va nhom 2 (Genotype 2:la
nhém doc lwc cao) (Li et al., 2012). Viéc bd sung thém cac nghlen ctru v& dac diém phan t, di truy&n cta virus
la vo cung can thiét & phuc vu cho cong tac phong bénh. D& gép phan tim hidu rd hon vé& cac chiing PEDV dang
lwu hanh, ching téi tién hanh giai ma va phan tich gen khang nguyén S1 ctia mét sb chiing virus thyc dia thu
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thap tai Hwng Yén nam 2023. Bay 1a mét trong cac tinh phia B&c c6 nganh chan nudi lon phat trién ciing nhw bj
anh hudng ndng né bdi dich bénh. Két qua thu nhan dwoc phén tich va so sanh véi cac ching PEDV tham chiéu
trén thé gidi.

NGUYEN LIEU VA PHUONG PHAP

Mau bénh pham

Mau bénh phém la phan va niém mac ruét clia lon bénh khoang 2 dén 3 tudn tudi co triéu chirng non, di ngoai
phan Iéng~bi Om hoac da chét. Mau bénh pham du’c_yc~m6 kham tgi céac trang trai va gify\lanh trwdc khi crjuyén déen
phong Miéen dich hoc, Vién Céqg nghé Sinh hoc. Mau bénh pham dwoc plja lodng bang dém PBS gé c6 dang
huyen phu. Li tdm hon hop & toc d6 2000 vong/phat trong 30 phut. Dich ndi phia trén dwgc dung dé tach chiét
RNA t6ng s str dung bd kit QlAamp Viral RNA Mini Kit (Qiagen, Burc) theo hudng dan clia nha san xuat. Cac
mau dworc kiém tra dwong tinh PEDV bang cdp moi chan doan sé duogc Iwa chon dé gidi ma va phan tich gen S1.
Téng hop cDNA, PCR va dong héa

cDNA dwoc tdng hop tir RNA virus (khodng 1 pg) bang bo kit RevertAid First Strand cDNA Synthesis (Thermo,
My) theo hudng dan cla nha san xuét. Phan &ng PCR duwoc thwe hién nhdm chan doan PEDV, str dung cédp
moi: PEDVF (5-TTCTGAGTCACGAACAGCCA-3’), PEDVR (5'-CATATGCAGCCTGCTCTGAA-3) nam trén gen
S (Park et al., 2008) thu san pham PCR c6 kich thwéc 651 bp. Cap mdi thtr 2 nhdm khuéch dai phan doan DNA
chra toan bd gen S1 gom: PEDVS1F (5-GCTAGTGCGTAATAATGACGCCA-3') va PEDVS1R (5-
ACAGAGCCTGTGTTGGTGTA-3') thu sa&n phdm PCR c6 kich thwéc khodng 2,4 kb. Phan rng PCR duoc thuc
hién trén tdng thé tich 50 uL bao gdm: 25 uL DreamTaq PCR Master Mix (2X), 2 uL méi loai méi (10 pmol/uL) va
3 uL cDNA khuén va nwéc tinh khiét cho di 50 pL. Chu trinh nhiét cGia phan (rng PCR nhu sau: 95°C — 5 phut,
tiép theo la 35 chu ky [95°C — 30 giay, 55°C — 30 giay, 72°C — 3 phdt] va 72°C — 10 phat. San phdm PCR duwong
tinh cé chét lwong t6t dwoc tinh sach bang bd kit GeneJET PCR Purification Kit (Thermo My) sau d6 gan vao
vector tach dong bang bo kit TA Clonlng Kit (Thermo, My). S&n pham ligation dwoc chuyén nap vao té bao kha
bién DH5a.

Phan tich trinh tw gen va pha hé nguén géc

DNA plasmid tai t6 hop dwoc giéi,tr‘lnh tw béng kit BigDye™ Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, Thermo fisher, My). D& thu dwoc toan by chudi DNA tir DNA plasmid trén, chung t6i thiet ke thém
mot moi bén trong gen S1 (PEDVS-F1: 5-AATTGCATTGGTATGCTGC-3') dé gidi trinh tw. Chudi nucleotide
dwoc x&r ly bang chwong trinh Seqed1.3, so sanh bang chuwong trinh AssemblyLIGN1.9 va MacVecter8.2
(Accelrys Inc). Cac trinh tw twong trng voi vang gen S1 dang ky tai Ngan hang gen dwoc stiv dung dé so sanh dbi
chiéu v&i chuoi gen nghién ctru, stv dung chwong trinh GENEDOC2.7 (http://iwww.nrbsc.org/gfx/genedoc/). Phan
tich pha hé nguon goc bang chuong trinh MEGAX sir dung phwong phap ket ndi lien ke (Neighbor-joinning) voi
gia tri bootstrap 1000 lan lap lai (Kumar et al., 2018).

KET QUA VA THAO LUAN

Két qua sang loc mau bénh pham cé chira PEDV

Bang cép mdi chan doan, ching tdi phat hién 5 mau dwong tinh véi PEDV, 1a cac mau cho san phdm PCR kich
thwée khodng 0,6 kb ding nhw dw tinh (Hinh 1).

2027bp

564 bp

Hinh 1. Két qua dién di phat hién PEDV biang cdp méi chan doan PEDVF-PEDVR

Giéng M: Thang DNA chudn (DNA cda thuc khuén thé A dugc cét bang enzyme Hindlll. Giéng 1, 2, 3, 4, 5, 6, 7: Két qué PCR
béang cép méi chén doén ctia cac mau PEDV thu nhan tai cac trang trai dai dién
cho céc méu nghién ctru.
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Trong ndm mau dwong tinh, chung t6i Iwa chon hai mau cé chat lvong tét nhat va dai dién cho hai huyén khac
nhau ctia Hung Yén (la mau s6 2 va mau so 6) dé giai méa gen S1. Mau duoc ky hiéu la PEDVHY1 va PEDVHY2.
Hai mau nay s€ dwoc dung dé nhan gen S1 bang cap moi dac hiéu PEDVS1F - PEDVSI1R.

Két qua thu nhan va giai trinh tw gen S1
San pham PCR gen S1 ciia hai chiing PEDVHY1 va PEDVHY?2:

Két qua dién di san phdm PCR gen S1 va san phdm cit DNA plasmid tai t6 hop béng enzyme gi¢i han EcoRl
dwoc trinh bay trong Hinh 2. San phdm PCR thu dwoc tlr mau 2 va mau 6 (twong tng véi mau bénh phdm ky
hiéu PEDVHY1 va PEDVHY2) c6 chat lwgng tét, dong héa thanh cong vao vector pCR2.1. DNA plasmid tai t6
hop dwgc cat kiém tra bdng enzyme gidi han EcoRI cho hai bang, mét bang cé kich thuéc 3.9 kb la vector
pCR2.1, mét béng cé kich thwéc khoang 2.4 kb béng kich thudc san phdm PCR gen S1 dem déng hoéa. Céc
DNA plasmid nay sé& dwoc chon dé giai trinh ty.

4361 bp 3.9kb
4361 bp 2322 bp 2.4 kb
2322 bp 2.4 kb
564 bp

Hinh 2. Két qua dién di san phadm PCR thu toan bé gen S1 clia 2 chiing PEDV nghién ctru
Giéng M: thang DNA chudn (DNA cta thuc khuén thé A duoc cét bang enzyme Hindlll).

Hinh 2A: Giéng 1: két qué PCR khuéch dai gen S1 ctia mdu PEDVHY1; Giéng 2: két qué PCR khuéch dai gen S1
cba m&u PEDVHY2

Hinh 2B: Giéng 1: Két qua dién di DNA plasmid ctia chiing PEDVHY1 cét béng enzyme gi6i han EcoRl;
Giéng 2: Két qua dién di DNA plasmid cua ching PEDVHY?2 cat bang enzyme gidi han EcoRl.

DNA plasmid dwoc gidi trinh tw béng phwong phap Sanger. Két qua da thu nhan dwoc toan bd gen S1 cla hai
chiing PEDVHY1 va PEDVHY2, gdm 2205 nucleotide ma héa cho 735 amino acid.

Trinh tw amino acid (suy dién) cla hai ching nghién ciru dwoc so sanh véi cac chiing: XJ-YLGL-2022021, IBT-
VN, HBEZ3, X-J-WLMQ, KNU-1308, DR13 wild type (G1a), CV777 wild type (G1a), DR13 nhuwoc déc (G1b),
CV777 nhuwoc ddc (G1b) dang dwgc st dung lam vaccine hién nay (Bang 1).

Két qua cho thay hai chiing nghién ctru chi sai khac nhau & bbn vi tri amino acid (L120R, E484P, K638E va
P720S) trén protein S1 trong khi chira nhiéu sai khac Ién (x6a doan, chén doan) so v&i cac chlng virus nhwgc
doc vaccine.

Protein S1 chira téng s6 71 vi tri sai khac v& amino acid gira cac ching dai dién cho céac genotype. Trong nghién
cthu nay, ching t6i tim hidu cac sai khac amino acid gitra chiing CV777 thyc dia (AF353511) (G1a), CV777
nhwoc doc vaccine (KT323979) (G1b), DR13 thuc dia (JQ023162) (G1b) thu nhan tai Han Qudc ndm 2009,
DR13 nhuwoc doc vaccine ((JQ023162) (G1b), HBZ3 thuc dia (KY775054) thu nhan tai Trung Quéc nadm 2016
(G2c), XJ-WLMQ-202203 (OR026668) thu nhan tai Trung Qudc ndm 2022 (G2a), KNU-1308 (KJ451043) thu
nhan tai Han Quéc ndm 2013 (G2b), IBT-VN (MT198679) thu nhan tai Viét Nam ndm 2018 va hai chiing nghién
ctru la PEDVHY1, PEDVHY 2 thu nhan tai tinh Hwng Yén nam 2023.

Tiéu phan protein S1 ¢6 chira chudi peptide tin higu (SP), hai vi tri lién két thy thé: thy thé dau tan N (S1-NTD) va
thu thé dAu tan C (S1-CTD) bao trum ca viing COE (CO-26K equivalent).

Trong viing peptide tin hiéu, cac ching virus thuéc genotype G1 chira ba vj tri sai khac vé& amino acid so v&i cac
chaing virus thudc genotype G2 (aa 2: RIT—K/S, aa 5: &N/T, aa 15: P/L-S).

Trong vang lién két thu thé thir nhat (S1-NTD) phat hién 34 sai khac Ion vé amino acid giira cac genotype. Dong
thoi xuat hién dét bien chén amino acid cda ching virus thuc dia so v&i ching vaccine tai vj tri 56 (I/T), 139 (D/N)
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va 157 (Y/H). Tai vj tri amino acid 59 — 61, chung thyc dia dwgc chén thém 3 amino acid (HGV/QGV) so véi
chiing vaccine. Trong khi d6, chiing thuéc G1a va G1b lai c6 thém 2 amino acid (DI/NI) & vi tri 163 — 164 so v&i
chiing thuéc G2a, G2b, G2c. Tai cac vi tri khac la cac dot bién diém dac trwng gitra cac genotype (Bang 1). Cac
dot bién chén/xéa ndm cha yéu & viing siéu bién dbi clia chubi peptide S1.

Trong vung lién két thy thé thir 2 (S1-CTD) chira 7 sai khéac, trong dé chiing CV777 (G1a) thwc dia chira nhiédu
sai khac nhét so v&i cac chiing con lai. Tai vi tri 554, 599, 638, chling virus vaccine hoan toan khac véi hai chiing
virus nghién clru. Bac biét, & vi tri 638 chi riéng ching PEDVHY1 la K trong khi cac ching khac thudc cung
genotype 2 la E va cac chiing thudc genotype 1 la Q/E.

Epitope COE-CO26K la mét trong nhirtng epitope trung hoa cé trén protein S1 cia PEDV. Amino acid tai vung
epitope nay c6 suw duwong ddng cao gitra cac chiing PEDV thudc nhém G2 nhwng c6 nhiéu v tri sai khac so véi
nhém G1. Cac chiing PEDV thudéc nhém G2 1a nhivng chiing cé déc luwc cao, dang lwu hanh hién nay tai nhiéu
qudc gia trén thé gioi. Két qua nghién ctvu cho thdy hai chiing PEDV nghién ctru 1a nhitng chling c6 déc luc cao,
¢6 nguy co lay lan cao tai cac trang trai chan nudi lon.

Nhiing sai khac ké trén gilra cac chling vaccine va chiing thyc dia c6 thé la nguyén nhan dén dén viéc virus tang
hay gidm kha nang lién két véi té bao chl, anh hwéng dén kha nang bao hd cla vaccine.

So sanh ty & ddng nhéat nucleotide dwa trén trinh tw gen S1 cho thay, ty 1& ddng nhat nucleotide gitra chiing
PEDVHY1 va ching PEDVHY2 cao, 99.66%. Tuy nhién, khi so sanh v&i mét sb ching PEDV phan lap tai Viét
Nam giai doan 2013 dén 2018 thi ty 1& twong ddng dat thdp hon, dao déng tir 96.55% dén 97.32%. Diéu nay cho
thdy da c6 su bién dbi trong gen khang nguyén S1 clia PEDV thwc dia dang lwu hanh tai Viét Nam so vé&i cac
chling trwéc day.

Bang 1. Vi tri sai khac amino acid thudc protein S1 giira cac chiing PEDV dai dién cac genotype
va hai chiing nghién ctru

Vi tri 1-SP-19 S1-NTD
(CVr77(Gla) 2 5 10 15 2729 30 56 57 59-61 62 64 68-72 74 82 84 86 87 89 118 120 132 133 138| 139| 157
cV777(Gla) R 1 L P QST T M S S GTGE A L Y D S Q N | K T V Y
DR3(Gla) R | F L QST | M S S GTGE D L Y D S Q N | K T V Y
CcV7I77@)G) | T 1 F L QST | M S s GTGE D L Y D S Q S 1 K T V

DR3(at) (G1b) T | F L QST | M S s GTGE D L Y D S Q@ S 1 K T V

HBEZ3 (G2c) K N F S QST I M S s GTGE A L Y D A Q N 1 K T V Y
XIWLMQ(G2a) | K T F S SAN T | E HGV N T AGQHP A L H R G H N T N T A|D|H
KNU-1308 (2b) s T F S SAN T | E QW N T AGQPH A V H R G H N T K T A|N|H
IBT-VN s T F S SAN T | E QW N T AGQPH A L H R G H N T K T A|D|H
PEDVHY1 s T F S SAN T T E Qe&V N T AGQHP A L H R G H N T K A A|N|H
PEDVHY2 s T F S SAN T T E Qe&V N T AGQHP A L H R G H N T K A A|N|H
et S1-NTD S1-CTD (COE-CO26K)
(CV777(Gla) 158 159 160-162 163-164 187 201-203 211 228 230-231 237 248249 270 522 541 554 599 610 617 638 640
CV777(Gla) M R DGK DI L RRS T Y EP T DS L A F T 6 A L E |
DR3 (Gla) L Q DGK NI L NRS T Y EP S DS L A F T 6 E F E v
CcV777@)Glb) | L Q  DGK NI I NRS T Y EP S DS L A F T 6 E F Q VvV
DR3(at) (G1b) L Q DGK NI I NRS T Y EP S DS L A F T 6 E F Q VvV
HBEZ3 (G2¢) M Q DGK NI L NRS T Y EP S DS L s F s s E F E v
XJWLMQ (G2a) | M S EHS .. F se6 E s oL L EL L s L s s E F E v
KNU-1308(2b) | M S  EHS - F s E S QP I EP L s F s s E F E v
IBT-VN M S EHS - F s E S QP I EP L A F s s E F E v
PEDVHY1 M S EHS - F s E S QP I EP v A F s s E F K v
PEDVHY2 M S EHS - F s E S QP I EP v A F s s E F E v

Ch thich: vi tri amino acid trong bang 2.1 la vi tri cGa ching CV777 thuc dia (AF353511).

So sanh v&i cac ching thudc genotype G1 (cwong doc va vaccine), hai ching PEDV phan lap tai Hwng Yén nam 2023
c6 ty 1& twong ddng thap (ttr 90.79% dén 91.12%). Két qua cho thdy co sw khac biét dang k& vé thanh phan
nucleotide gitra cac ching PEDV thudc cac genotype khac nhau, tir d6 thay dwoc tdm quan trong cla cong tac
giam sat dich t& hoc phan tlr va sir dung vaccine phong bénh PED tai Viét Nam.
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KET QUA PHAN TiCH PHA HE NGUON GOC

Cay pha hé dugc xay dwng dwa trén trinh tw gen S1 cua 54 ching PEDV, trong d6 co6 hai ching nghién ctru

PEDVHY1 va PEDVHY2, 52 ching con lai dai dién cho cac genotype d& va dang Iwu hanh trén toan cau. Cac

chiding tham chiéu dwgc tai xudng tir Ngan hang gen NCBI theo ma s6 GenBank cla tirng chiing.

Cay pha hé gbm nam nhém chinh twong (ng v&i nam genotype: G1a, G1b, G2a, G2b, G2¢ (Hinh 3).

Nhom thir nhéat gom 29 chiing PEDV thudc genotype G2b, bao gém cac chiing virus phan Iap tai nhiéu quéc gia

bao gom: My, Han Quoc, Mexico, Trung Quoc, Viét Nam (v nam 2013 dén nam 2018), va hai ching PEDVHY1

va PEDVHY2 thu nhan méi nam 2023 tai tinh Hung Yén trong nghién clru nay. bieu nay chirng t6 sw hién dién

clia PEDV G2b khap toan cau trong thoi gian dai va ton tai cho t&i tan ngay nay.

Nhém th hai gém cac ching thudc genotype G2a. Nhom nay gdm céac chiing clia Trung Quéc phan lap trong

khoang 4 nam tr& lai day gay ra nhieu o dich I&n tai Trung Quoc va lan sang cac nwoc 1an can. Tuy nhién, tai Viét

Nam van chwa ghi nhan thay sy lwu hanh pho bién clia cac ching PEDV thudc genotype G2a nay.

Nhém thir ba gom cac chiing PEDV thugc genotype G1a. Nhém nay chira chiing PEDV c¢6 dién CV777 phan lap

tlr nam 1978 tai Bi. Ngoai ra con cé cac ching phan lap tai Han Quoc nam 1998 va phan lap tai Ban Mach phan

lap ndm 2017. Chling Avac-PEDV-98 phan lap nam 2021 cta Viét Nam thuéc nhom nay.

Nhom the tw gdm céac chiing PEDV thudc genotype G1b. Nhém nay chira cac ching virus vaccine nhuoc ddc

dwoc bién doi tr cac ching cudng doc thude genotype G1a. Trong do chiing CV777 dai (genotype G1a) sau qué

trinh nhwoc doc hda thanh ching CV777 nhwoc doc thuoec G1b, ching DR13 ¢ nguon goc G1a, sau khi cay

chuyén 100 d&i da thanh ching nhwoc doc DR13 thudc G1b. Day |a hai trong sé nhiéu chiing virus vaccine dang

dwoc str dung rong rai hién nay.

Nhom thte nam gdm céac chiing PEDV thudc genotype G2c. Nhém nay gdm cac ching thu nhan tai My, Phap,

Trung Quéc tr khodng nhirng nam 2010 trd lai day.

Hai ching PEDV nghién ciru (PEDVHY1 va PEDVHY2) phan Iap nam 2023 tai tinh Hwng Yén thudc genotype

G2b, khdng cung nhom vai hai chang virus vaccine CV777 va DR13. Dieu nay la nguyén nhan dan den viéc dan

Ign van mac bénh mac du da st dung vaccine dé phong bénh.

JN381492-(CH-FIND-3-2011)-2011-CN-G2b
100 — MZ787937-(HN-VN)-2018-VN
MT198679-(IBT-VN)-2018-VN
57 r&':KMxizgzzﬁﬂﬁiﬁfﬁ;ﬁms,\m

MG373532-(DT1)-2017-VN
KJ960180-(VNKCHY-310113)-2013-VN

1 K3960179-(VNVAP1113)-2013-VN
100
— PEDVHY1 €—
100 [ PEDVHY2€—
34 100 —— KX708904-(HUA-PED103)-2015-VN
KR941554-(VN6-05)-2014-VN

JX112709.1-(GD-A)-2012-CN-G2b
45 100 - KX708907-(HUA-PED96)-2015-VN G2b
50 L KX708906-(HUA-PED94)-2015-VN —
80

B9 |44

100 JX188454-(AJ1102)-2011-CN-G2b

JNB25707-(HB-2011-1)-2011-CN-G2b
63 L JX435299-(8J-2012-1)-2012-CN-G2b
75  KF468752-(MN)-2013-US-G2b
69 K3767195-(OhioVBS1)-2014-US-G2b
98 | «<3539154-(K143B01)-2014-KR-G2b
97 'l k3451043 (KNU-1308)-2013 KR-G2b
KMO75928-(MEX-Ver-2014-25794-7)-2014-MX-G2b
L KFa68755.(xS2013)-2013-CN-G2b
OR026660-(XJ-WLMQ-202109)-2021-CN-G2b
OR026664-(XJ-ALTAI-2021122)-2021-CN

OR026663-(XJ-WJQ-202109)-2021-CN
55 lei OR026665-(XJ-ALTAI-2021121)-2021-CN
57 93 — OR026669-(XJ-WLMQ-202204)-2022-CN-G2b
100 OR026662-(XJ-WJQ-202110)-2021-CN-G2b -

95 —— ORO026667-(XJ-YLGL-2022022)-2022-CN-G2a
49 L OR026666-(XJ-YLGL-2022021)-2022-CN-G2a
L8, OR026668-(XJ-WLMQ-202203)-2022-CN-G2a G2a
L \MK820038-(swun-3CH-CH-SCZG-2019)-2019-CN-G2a

\_’7 OR090887-(PEDV-CH-XU-2020)-2020-CN-G2a
OR090885-(PEDV-CH-XK-2020)-2020-CN-G2a
(OR090888-(PEDV-CH-XA-2020)-2020-CN-G2a
2460 L OR090886-(PEDV-CH-XY-2020)-2020-CN-G2a

97 | 0Q291158-(Avac-PEDV-98)-2021-VN
4771 GUYB7797-(SM98)-1998-KR-1998-G1la Gla

81

100

AF353511-(CV777wt)-1978BE-Gla
100 DQB62099-(DR13-parent)-Korea
‘ [ KC109141-(JS2008)-2008-CN-2008-G1b
Too Ly JQo23162 DR13)-2003-KR-G1b 1b
L KT323979-(attenuated-CV777)-1998-CN
MNO56942-(FR2019001)-2019-FR-G2¢
L KUB47996-(ZL 29)-2015-CN-G2¢
ol [ KRO11756-(FR-001-2014)-2014-FR-G2¢
79 KY775054-(HBEZ3)-2016-CN-G2¢
97 JX501318-(CH-HBQX-10)-2010-CN-G2¢ G2c
40

KM975924-(USA-NC-2014-06407)-2014-US-G2¢c

90 L{LL KM975926-(USA-NE-2014-07130)-2019-US-G2c

883 — KM975927-(USA-NC-2014-13170-2)-2014-US-G2¢

59 - KR265760-(USA-Minnesota211-2014)-2014-US-G2¢

—
0.005

Hinh 3. Pha hé ngudn géc PEDV dwa trén trinh tw gen S1

Chu thich: Cac nhém khéac nhau duoc déanh dau bang mau qén khac nhau. Chdng nghién ctru PEDVHY1 va PEDVHY2
duoc danh dau bang hinh mdi tén.
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KET LUAN

Nghlen clru da giadi ma va phén tich trinh tw gen S1 cda hai chiing PEDV thu nhan tai tinh Hwng Yén nam 2023.
Két qué phan tich pha hé ngudn gbc cho thay ca hai ching PEDV nghién ctru déu thudc genotype G2b, 1a chiing
virus dang Iwu hanh phd bién hién nay & Viét Nam va trén thé gi¢i. Hai ching PEDV thuc dia cé 45 vi tri sai khac
v& amino acid trong protein khang nguyén S1 so v&i cac chiing PEDV thudc cac genotype khac va véi hai chiing
virus vaccine dang st dung hién nay.

Loi cam on: Nghién ciru dugc tai tro tir Nhiém vu Quy gen cdp quoc gia “Khai thdc va phat trién nguon gen virus (CSFV va

PEDV) dé ché tao kit chin dodn va phuc vy san xuat vdc-xin phong bénh dich ta lon ¢é dién va bénh tiéu chay cdp & lon” ma
s0 NVQG-2023/PT.04 do TS. Poan Thi Thanh Hwong chii nhiém.
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SEQUENCING AND ANALYSIS S1 GENE OF PORCINE EPIDEMIC
DIARRHEA VIRUS ISOLATED IN HUNG YEN IN 2023

Luu Minh Duc*?, Do Thi Roan*?, Nguyen Thi Khue? Don Nguyen®, Doan Thi Thanh Huong™*
YInstitute of Biotechnology, Vietnam Academy of Science and Technology
’Graduate University of Science and Technology, Vietham Academy of Science and Technology

3Squalicum High School Bellingham, Washington, USA

SUMMARY

PED virus causes acute diarrhea mainly in unweaned piglets. The infection rate in herds and the mortality rate
are high, causing a lot of damage to the livestock industry. The genome of virus is about 28 kb in size, encodes
important genes for replication and complete virus creation. The antigen protein spike contains an S1 subunit
contains a signal protein and two receptor-binding domains. The S1 genes of both strains PEDVHY1 and
PEDVHY?2 collected in Hung Yen in 2023 are 2205 nucleotides in size, encoding 735 amino acids and belong to
genotype G2b. The S1 protein contains many mutations, especially insertion and deletion mutations compared to
vaccine strains. The S1 gene region of the two studied trains has little difference, while they have many
mutations compared to other genotypes. Phylogenetic analysis shows that the two studied PEDV strains are
closely related in the family tree and are in the same group with Vietnamese strains collected from 2013 to 2018
belonging to genotype G2b, different genotype from attenuated vaccine virus strains: DR13 and CV777.
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CONG NGHE GEN

DANH GIA BA DANG DI TRUYEN CUA MOT SO GIONG LAC LAY
(Trichosanthes cucumerina L.)

Trwong Thj Héng Hai®", H6 Thi Hoang Nhi', Sonexay Rasphone?, H5 Ngoc Han'
1Vién Coéng nghé sinh hoc, Pai hoc Hué, Viét Nam

2Trwo"ng Pai hoc Savannakhet, Lao

TOM TAT

Léc lay (Trichosanthes cucumerina L.) la mot loai rau c6 gla tri dinh dudng cao va ciing 1a mot loai thdo dugc tri
bénh quan trong. O Viét Nam, loai cay nay duoc tréng va su dung ngay Cang nhiéu. Dé ning cao ning suét va
chat lugng cua lic 1ay, chon loc cac giong dia phuong va giéng lai F1 mang cac wu thé lai phi hop véi diéu kién
Vigt Nam noi chung va Thura Thién Hué néi riéng can dugc chu trong phat trién dé phuc vu cong tac chon tao
giong trong thoi gian toi. Tuy nhién, cac kién thirc vé da dang di truyén cua lic lay van con rat han ché o Viét
Nam. O nghién ciru nay, bén glong lac lay, trong d6 c6 1 giong dia phuong dugc thu thap ¢ Savannakhet, Lao;
2 giéng F1 cua Thai Lan va 1 giéng F1 cua Viét Nam, da duoc tach chiét, tinh sach DNA, sau d6 cac mdi RAPD
dugc sang loc va thuc hién chi thi RAPD dé danh gia su khac biét di truyén giita bon giéng. Cac chi sb PIC,
EMR, ML, Rp, na, ne, h va I da cho thay 18 moi UBC-RAPD duoc chon loc la thich hgp cho nghién ctru sy da
dang di truyén. Ba c6 199 bang khuéch dai dugc tao ra, trong d6 91 bang la bang da hinh. Moi UBC#475 cho
thiy mirc d6 da hinh cao 