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BIEU HIEN CUA NHOM GENE MA HOA JASMONIC ACID CARBOXYL
METHYLTRANSFERASE O CAY SAN (Manihot esculenta)
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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.

© S oo =) o

018 S S O S S

c S S = S e

© (e o] © NN D ~—

- » S S =

06 by O S ~

i o ®© 00 0] 0]

S - AN 1) )

o 4 S OO S -~

= g %8 g g

w2 S < o < S

£ S &S 5] S

€0 SIsS=S S S

@VUVUsSoo | — S-oofococooco foocooo N
s |ISS3S o SOHSSPI OSSO I OSSOSO ®
8o D I STAY OISO O D =N
—2it0x i - OO D ISSvro OO ¥ W
o |=om % AN DS RKRRNROO O oD T
s ™ ™— ™~ ~ —~—O - O OO0 O O ™
>—4(D(D(D () [QICROR G OO0 DOOOGOO
2 I=E== = HIODO© OSHL OHOLLWLNKN DO
S6lvvs o PR R R ER
o |0 © DD D DO DD DD DD D
o555 § 5555 555§ 555555
S SSS S SS== =SS ==S===-=
=] : Tang cuong biéu hién ] Khong khac biét | Kim ham biéu hien

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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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.
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