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TOM TAT

Bénh bac la la mot trong nhimg bénh hai chinh trong san xudt liia (Oryza
sativa) ¢ Viét Nam. Cong nghé chon tao giong hién dai givip phdt trién cdc dong
liia khdng bac 14, tuy nhién, co ché phan img ciia cdy hia véi bac la & cdp do
phan ti van chua dwoc kham pha toan dién. Nghién curu nay dwoc thuc hién
nham khai théac cac microarray bang phan tich tin sinh hoc dit liéu [om dé sang
loc va ddanh gid ddc tinh ciia gene c6 biéu hién khéc biét (DEG) véi ldy nhiém
bac ld. Cu thé, tong s6 1630 DEG (|fold-change| > 2), bao gom 895 gene duroc
tang cuong biéu hién va 735 gene bi kim hdam biéu hién duwoc sang loc tir div
liéu microarray GSE57670 va GSE108504 lién quan dén ldy nhiém bénh bac
la o cdy lua. Trong do, nghién cvru da lva chon 51 DEG c6 dap vrng manh (|fold-
change| > 10) dé phan tich biéu hién gene, chii gidi chire nang, ddc tinh Iy héa
va vi tri cur trii ndi bao. Két qua cho thdy, 51 DEG c6 biéu hién da dang tai 10
vi tri chinh trong diéu kién thuong. Céc DEG nay ma hoa chu yéu cho protein
diéu hoa, dién hinh nhw enzyme, nhén t6 phlen md va protein chirc nang. Phan
tich cho thdy cdc protein ¢6 tinh chat Iy héa rat da dang, trong khi cac protein
nay dugc dy dodn la cu tri tai cac bdo quan chinh trong té bao. Két qua cia
nghién ciru da cung cdp nhitng dan liéu quan trong cho phan tich chirc ning
gene lam co s6 dé cdi thién tinh khang bénh bac ld ¢ cdy lia.

ABSTRACT

Bacterial leaf blight has been regarded as one of the major diseases that
occurred in rice (Oryza sativa) cultivation in Vietnam. Recent achievements
in the development of bacterial blight-resistant rice lines have been recorded,
however, the mechanism of bacterial blight responsiveness at the molecular
level has been not clearly described. This current study was performed to
explore the previous microarray datasets by using various big-data
bioinformatics tools and characterize putative differentially expressed genes
(DEG). Particularly, a total of 1630 DEGs (|fold-change| > 2), including 895
up-regulated genes and 735 down-regulated genes has been obtained from
two microarray datasets related to the inoculation of bacterial blight in rice
plants, namely GSE57670 and GSE108504. Among them, we selected 51
putative strongly-responsive DEGs (|fold-change| > 10) for further
expression analysis, gene annotation, feature analysis and subcellular
localization. Our study revealed that 51 DEGs exhibited a variable
expression level in 10 major tissues in the normal condition. These DEGs
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mostly encoded regulatory proteins, especially enzymes and transcription
factors, and functional proteins. Next, the physic-chemical properties of these
proteins were greatly variable, while they were mostly localized in major
organelles. Taken together, our study could provide important evidence for
further functional characterizations toward the improvement of bacterial
blight resistance in rice plants.

1. PAT VAN DE

San xut lta gao (Oryza sativa) 1a mot trong
nhirng nhi¢m vu chinh tri quan trong cia nganh
trong trot, dong vai trd xwong sdng cho nén kinh
té va dam bao tinh hinh an ninh lvong thuc tai
Viét Nam [1]. La loai cdy trong chinh trong hé
théng san xuit nong nghiép, lua gao cung cip
ngudn thyc pham co ban cho déan sd va tao ra
ngudn thu nhap chinh cho hon 70% ho gia dinh
noéng dan. Viét Nam 13 mot trong nhiing qudc
gia san xuat va xuat khau gao hang dau thé gioi,
g6p phan quan trong vao téng san pham noi dia
va cai thién can cin thuong mai qudc gia [1].
Tuy nhién, phat trién lta gao tai cac dia phuong
hién nay dang gip nhiéu kho khin gay ra boi
tinh trang bién ddi khi hau [2]. Bén canh céc
diéu kién bat thuan [2], sdu bénh hai ciing 13 mot
trong nhitng bat loi sinh hoc chinh giy anh
huong rd rét dén sinh trudng, phat trién, ning
sudt va chit luong cua cy laa [1, 3]. Trong do,
bénh bac 1a lta, gdy ra boi vi khuan
Xanthomonas oryzae pv. oryzae [4-6], 1a mdt
trong nhitng tic nhin gy sut giam ning sut
ning né do bénh c6 kha ning phat tan nhanh va
gdy ton thuong nghiém trong dén 14 [6]. Do vay,
trong chién lugc phat trién laa gao hién nay,
ting cudng tinh khang bénh bac 14 s& gop phan
quan trong trong viéc dam bao an ninh luong
thyuc va tao ra sy da dang trong san xuét lua gao
cua Viét Nam [1].

Pén nay, nhiéu nghién ctru di duoc tién hanh
nham tich hop cac gene khang bac 14 phan lap
tir nhiéu ngudn gidng cho gene [5-8]. Khoang
46 gene khang bac 14 da duoc cong bd, trong khi
sO luogng vi khudn X. oryzae dugc ghi nhan 13
hon 100 chung [6], diéu nay dat ra nhi€ém vu tim
kiém cac gene co phd khang rong. Viéc tiép can
bang cong cuy tin sinh hoc dir liéu 16n da cho
phép sang loc va dua ra danh sach cac gene co
phan Ung khac biét (differentially expressed

gene, DEG) lién quan dén xur 1y bt loi ¢ cdy
trdng [9, 10]. Bang viéc két hop nhiéu dit liéu
microarray  trén  National Center for
Biotechnology Information (NCBI) Gene
Expression Omnibus (GEO) [11], tp hop gdm
10 DEG da duogc xac dinh c6 dap tng manh voi
diéu kién han han va nhiét d6 cao, dong thoi
cam mg véi con dudng tin hiéu auxin trén dbi
tuong cay ca chua (Solanum lycopersicum)
[10]. Trong khi d6, két hop cac dir liéu
microarray lién quan dén xtr 1y han va min &
mau ré cua cdy dau ga (Cicer arietinum) trén
NCBI GEO [11] di sang loc dugc tong sb 41
DEG [10]. Cac DEG tim duoc déu ma hoa cho
cdic nhém nhan t& phién mi (transcription
factor, TF), protein van chuyén va enzyme
chuyén hoa tham gia vao qua trinh sinh 1y quan
trong trong té bao [9, 10]. Nhitng két qua nay da
tao phuong phap luan quan trong cho vi¢c sang
loc va phan tich cac DEG lién quan dén co ché
phan tng véi bénh bac 14 ¢ cay lua gao. Vi du,
115 DEG da dugc xac dinh c6 mtc d phién ma
dap Gmg v6i 1ay nhiém bénh bac 14 trén giéng
lta Y73 [25].

Muc dich ctia nghién ctru nham phan tich toan
bo cac DEG voi didu kién 1ay nhidém nhan tao
bénh bac 14 ¢ cay lua. Theo do, cac dir li€u
microarray lién quan dén lay nhiém bénh bac 1a
trén d6i twong cay lta da dugc tai phan tich nhdm
tim ra toan bo cac DEG dap tmg véi diéu kién 1ay
nhiém bénh. Tir 46, mot danh sach DEG c6 dap
mg manh véi lay nhiém bénh bac 14 duoc chon
loc dé chu giai, phan tich dic tinh va xac dinh
biéu hién tai cac co quan chinh trén cay.

2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ctru

Dir liéu genome va proteome cua O. sativa
duoc khai thac trén co s¢ dir liéu Rice Genome
Annotation Project [12, 13], NCBI va
Phytozome [14].
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Dit liéu microarray trong diéu kién lay nhim
nhan tao bénh bac 14, bao gdbm GSE57670 va
GSE108504 [15] dugc thu thap trén co s& dir
liéu NCBI GEO [11].

2.2. Phuong phap nghién ciru

Phuong phap phan tich dir li¢u microarray:
Dir liéu GSE57670 va GSE108504 [15] dugc
truy cap dé tai phén tich cac DEG dua theo mo
ta trong nghién ctru trude day [9, 10]. Cu thé,
DEG dugc quy dinh 1a gene cé su thay d6i mirc
do phién ma khac biét, voi gia tri fold-change >
2 (ting cuong biéu hién) hodc < -2 (kim him
biéu hién) [9, 10]. Theo d6, cac dir liéu
microarray dwgc phan tich va biéu dién bang
ngdn nglr R theo mo ta trong nghién cuu trude
day véi chinh stra nhé. Cong cu VennPainter
[16] duoc sir dung dé két hop cac DEG tim thay
trong hai dir liéu microarray [15]. Bén canh do,
cac DEG tiép tuc dugc sir dung dé danh gia biéu
hién tai cac moé co quan chinh trong cay lua gao
trong diéu kién thuong thong qua NCBI
Sequence Read Archive (SRA) [17]. Cu thé, ma
dinh danh cua DEG dugc truy van trén Rice
Genome Annotation Project [12, 13] dé phan
tich biéu hién tai 10 mau mo thu thap trén cay
laa, bao gdm 14 20 ngay tudi, cum hoa trude khi
xuét hién, cum hoa sau khi xuét hién, bao phén,
nhuy hoa, than, hat 5 ngay sau thu phén, hat 10
ngay sau thu phén, phoi 25 ngdy sau thu phan
va ndi nhii 25 ngay sau thy phan. Gene duoc quy
wdc 1a “co biéu hién” khi gia tri Fragments per
kilobase million (FPKM) > 10, “ting cudng
biéu hién” khi FPKM > 30, “biéu hién manh”
khi FPKM > 50, “biéu hi¢n dac thu” khi FPKM
> 100 va “dudi ngudng phat hién” khi FPKM <
10 [17].

Phuong phéap chu gidi chiic nang gene: Cac
DEG duogc cht giai dwa vao hé quy chiéu cua
cay lia gao trén Rice Genome Annotation
Project [12, 13], NCBI va Phytozome [14].
Theo d6, ma dinh danh, bao gém ma dinh danh
gene, ma dinh danh protein va ma dinh danh
locus ctua cac DEG dugc thu thép kém theo trinh
tir protein day du, trinh tw exon ma héa va trinh
tu vung gene. Vung domain quy dinh chirc nang

cua protein dugc phan tich trén Pfam [18].

Phuong phap phan tich déc tinh cta protein:
Dic diém co ban ctia protein dugc phén tich trén
cong cu Expasy Protparam [19] dua vao mo ta
trude day [9, 10, 20-23]. Cu thé, trinh tu protein
day du duoc st dung dé phan tich céc tinh chat
co ban, bao gdm kich thudc protein, trong lwong
phan tir (molecular weight, mW) va diém dang
dién 1y thuyét (isoelectric point, pI) [19]. Theo
do, tinh acid va base cua protein dugc thé hién
qua gia tri pl, tuong utng véi pl <7 va>7[19].

Phuong phap xac dinh vi tri cu tra ndi bao
ctia protein: Trinh tu protein day du duoc truy
vén trén Yloc [24] dé tim kiém doan trinh tu
peptide tin hiéu dac trung cho cic bao quan
trong t& bao dwa trén mé ta trong nghién ciru
trude day [9, 10, 20-23]. Theo d6, tong sb 10
bao quan, bao gdbm nhén té bao, t& bao chat, ty
thé, mang sinh chit, khoang gian bao, mang luéi
ndi chit, thé Golgi, peroxisome, khong bao va
luc lap dugc str dung dé xay dung cho mo hinh
phan bd cua phan tir protein truy van trong ciu
triic té bao thuc vat [24].
3.KET QUA VA THAO LUAN
3.1. Sang lgc cac DEG c6 phan &rng khac biét
v6i diéu kién 1ay nhiém bénh bac 14 tir dir lidu
microarray

Trong nghién ctru ndy, hai dit liéu 1ay nhiém
bénh bac 14 trén cay lua, bao g6m GSE57670 va
GSE108504 [15] da duoc khai thac dé tai phan
tich va sang loc nham tim ra mot danh sach cac
DEG dap tmg v6i diéu kién xir Iy bénh. Két qua
tai phan tich da cho thay sb luong 16n DEG lién
quan dén co ché dap tng cua cay lta khi nhiém
bénh bac 14 (Hinh 1). Cu thé, trong dir liéu
GSE57670, tong sé 8.663 DEG di duoc xac
dinh, bao gdm 4.522 gene dugc ting cudng biéu
hién va 4.141 gene bi kim ham biéu hién & mo
14 khi lay nhiém bénh bac 1a. Trong khi do,
4.527 DEG, bao gébm 1.940 gene ting cudng
biéu hién va 2.587 gene bi giam biéu hién & md
14 nhiém bénh bac 14 & dir liéu GSE108504. Cac
DEG nay dugc két hgp bang cong cu VennPainter
[16] nhdm tim ra mot danh sach cac gene ¢ phan
{mg véi viéc 1y nhiém bénh bac 14 & cay lta gao.
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Hinh 1. S6 hrgng gene c6 biéu hi¢n khac biét trong dir liéu microarray
lién quan dén lay nhiém bénh bac 14 & ciy lia gao

Két qua két hop cac dir liéu microarray da
xéac dinh dugc téng sb 1.630 DEG c6 dap tng,
bao gdm 895 gene dugc ting cudng biéu hién
(fold-change > 2 trong c4 hai dir li¢u
microarray) va 735 gene bi kim hdm biéu hién
(fold-change < -2 trong c4 hai du li¢u

microarray) (Hinh 2). Theo do6, nghién ctru da

lga chon nhitng DEG ¢6 muc d6 biéu hién thay
ddi rat manh (|fold-change| > 10) dé tiép tuc
dinh danh va phan tich dic tinh (Hinh 3). Két
qua thu duoc 51 gene c6 mirc do biéu hién rat
manh & mau 14 trong cé hai dit liéu microarray
(Hinh 3). Cac DEG nay tiép tuc sir dung dé tién
hanh phan tich in silico tiép theo.

A Gene ting cwong biéu hién

GSE57670
B Gene kim ham biéu hién

3406

GSES7670

1045

GSE108504

GSE108504

Hinh 2. Biéu do Venn sang lgc cic gene c6 biéu hi¢n khac biét
dap wng v6i ldy nhiém bénh bac 14 trén hai dir liéu microarray

Trong nghién ctru trude day, viée khai thac
dit liéu microarray dé phan tich cac DEG nham
giai thich co ché dap tng cua cay la gao voi
bénh bac 14 & cép do phan tur da duoc trién khai.
Vi du, 1ay nhiém dong thoi chung vi khuan bac
14 X11-5A va gy néng nhan tao trén giéng laa
IRBB61 di xac dinh duoc tong sé 8.499 DEG
c6 phan tmg voi cac diéu kién xur 1y [5]. Lay
nhiém chung vi khuan bac 14 T7174 trén dong

laa chuyén gene biéu hién qua mic WRKY45
cho thdy khoang 1.664 gene ting cudng biéu
hién so vé6i gidng dbi chimg Nipponbare [7].
Truéc d6, phan tich RNA-Seq trén gidng lta
khang bac 14 Y73 lay nhiém voéi cac chung vi
khuén bac 14 PX0341 di cho thiy 115 DEG c6
dap tng ¢ thoi diém 24 gio sau lay nhiém, bao
gdm 103 gene duoc ting cudng biéu hién va 12
gene bi kim him biéu hién [8].
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3.2. Panh gia mirc dd biéu hién cia cic DEG  danh gi trong diéu kién thuong tai 10 vi tri trén
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Két qua cho thdy hai DEG, bao gom
LOC 0s05g39250 va LOC 0s03g51350 co
biéu hién dic thu tai phoi 20 ngay sau thu phan,
trong khi LOC_0s01g50910 c6 biéu hién dic
thu tai phdi 20 ngdy sau thu phan va ndi nhii 25
ngdy sau thu phan. Trong khi do,
LOC Os01g13120 co biéu hién dic thu tai cum
hoa trudc khi xuat hién va nhuy hoa. Pang chu
¥, biéu hién cia LOC_0s03g18130 duoc ghi
nhan dac trung tai than, nhuy hoa va cum hoa
sau khi xudt hién. Mot DEG khéc,
LOC_0s03g09170 dwoc cho 1a biéu hién dic
thu tai bao phan, trong khi 6 DEG, bao gbm
LOC 0s09g26810, LOC _0s06g36560,
LOC 0s08g28710, LOC _0s06g13560,
LOC 0s02g43330 va LOC _0s09g28210 co
biéu hién manh va dic thu tai than (Hinh 4 ).
3.3. Chu giai chirc nang cia DEG phan trng
manh véi diéu kién 1ay nhiém bénh bac 14

Pé 1am rd vé co ché dap tmg v6i bénh bac 14
& cap d6 phan tir & cay lua, nghién ctru da tién
hanh chu giai chuc nang cua 51 DEG c6 phan
{rmg manh voi didu kién 1ay nhiém bénh. Két qua
dbi chiéu trén cac co so dir liéu [12-14] cho
thdy, hau hét cac DEG déu mi hoa cho nhimg
nhom protein diéu hoa (regulatory protein, RP)
va protein chic nang (functional protein, FP)
quan trong (Bang 1). Nghién ctu da chua giai
chtc ning cta 36 DEG, bao gébm 12 DEG ma
héa cho cac FP va 24 DEG ma hoa cho céc RP.
Bén canh do, 15 DEG chua dugc chu giai chuce
nang trén Pfam [18].

Cu thé, 24 (trén tong s6 51) DEG ma hoa cho
cac RP, trong d6 14 DEG ma héa cho enzyme,
7 DEG ma hoéa cho TF va 3 DEG duoc cho la
ma hoa cho RP khic (Bang 1). Theo do,
LOC 0s01g50400 va LOC_0s01g50420 duogc
ghi nhadn 1a ma hoéa cho mitogen-activated
protein kinase kinase kinase 15 , hay con goi la
apoptosis signal-regulating kinase 3, tham gia
vao qua trinh phosphoryl héa cac nhan té phién
ma nham diéu hoa su biéu hién gene, diéu hoa
qua trinh chét theo chuong trinh cua té bao,
dong thoi lién quan dén con duong tin hiéu
mitogen-activated protein kinase. Trudc do,
mot thanh vién thudc nhoém mitogen-activated
protein kinase kinase kinase da dugc ching
minh 13 diéu hoa am tinh trong con dudng
mitogen-activated protein kinase, tir d6 thé hién

phé khang rong véi bénh bac 1a [25]. Trong khi
do, LOC _0s04g09900 ma hoa cho ent-kaurene
synthase, mgt enzyme tham gia vao qua trinh
sinh tong hop hormone gibberellin. Gibberellin
duoc cho 13 giy giam tinh khang & cdy trong véi
vi khuan [3, 26], nhu X. oryzae giy bénh trén
cay san (Manihot esculenta) [27] va trén cay lta
[28]. Tiép theo, LOC Os08g39730 va
LOC Os11g05380 ma hoa cho cytochrome
P450, 1a enzyme xuc tac chudi chuyén hoa tht
cép ndi bao, dugc ching minh c6 lién quan dén
tinh khang bénh ¢ thuc vét théng qua didu hoa
sinh tong hop oxylipin va hormone jasmonic
acid [29]. Truéc day, mdt thanh vién cua
cytochrome P450, dat tén 1a CYP71P1 duoc
chirng minh 1a tang cuong tinh khang bénh bac
14 & cay lua thong qua xtc tac qua trinh chuyén
hoéa tryptamine thanh serotonin [29].
LOC Os10g25420 ma hoéa cho GDSL-like
lipase/acylhydrolase, mgt enzyme thuy phan
lipid va diéu hoa can bang ndi mai lipid [30].
Vai tro ctia nhém enzyme nay lién quan dén tinh
khang bénh bac 14 ¢ cay lua da dugc chimng minh
trong nghién ctru trudc day cua Gao va cong su
(2017) [30]. Cu thé, hai thanh vién cua nhém
enzyme nay, bao gdm OsGLIP1 va OsGLIP2 bi
kim ham & mau 14 laa khi nhiém bénh bac 14 va
xtt 1y véi hormone salicylic acid [30]. Biéu hién
qua muc hai gene nay lam tang cuong tich Iy
monogalactosyldiacylglycerol va
digalactosyldiacylglycerol, tr d6 lam tang tinh
nhay cam cua dong cay chuyén gene v6i bénh
bac 14 [30]. Mot sé6 DEG khac, nhu
LOC 0Os06g36560 ma hoa cho inositol
oxygenase (sinh tong hop myo-inositol),
LOC Os06g13560 ma héa cho  S-
adenosylmethionine  dependent  carboxyl
methyltransferase (chuyén gbc methyl tir S-
adenosylmethionine  sang  chdt  nhan),
LOC 0s04g25490 ma hoa cho cytokinin-O-
glucosyltransferase 2 (xuc tidc cho phan ung
chuyén hoa glucose trong sinh tong hop
hormone cytokinin), LOC 0s07g34520 ma hoa
cho isocitrate lyase (tham gia vao chudi chuyén
hoa citric acid), LOC_0s08g02030 ma hoéa cho
transferase (xuc tac chuyén hoa nhom chic),
LOC 0Os08g39840 ma hoa cho lipoxygenase
(xuc tac phan tng oxi hda cac acid béo chua no),
LOC 0Os03g18130 ma hoa cho asparagine
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synthetase (sinh tong hop asparagine) va
LOC 0s03g20420 ma hoa cho alpha-N-
arabinofuranosidase A (xuc tac phan tng thuy

Bang 1. Thong tin chu giai va dic tinh cia 51 gene c6 mirc dd biéu hién thay dbi rat manh

thu thap tir hai dir liéu microarray lién quan dén lay nhiém bénh bac 14

phén cac gbc alpha-L-arabinofuranoside & alpha-
L-arabinoside) ciing da duoc xéac dinh c¢6 dap ung
manh véi diéu kién lay nhiém bénh bac 1a.

TT Ma dinh danh locus Chu gidi chirc ning Vai tro L mW pl
1 LOC_0s01g50400 mito gen-activat;d protein kinase kinase Enzyme 419 4424 435
inase 15
2 LOC 0s01g50420 mltogen'a"twaﬁi proe” kinasckinase g vme 542 5859 4,58
3 LOC 0Os04g09900 ent-kaurene synthase Enzyme 768 87,22 540
4 LOC 0s06g36560 inositol oxygenase Enzyme 309 35,80 4,75
5 LOC_0s06g13560 S-adenosylmethionine dependent carboxyl Enzyme 375 4234 651
methyltransferase
6 LOC 0s04g25490 cytokinin-O-glucosyltransferase 2 Enzyme 476 51,33 4,88
7 LOC 0Os07g34520 isocitrate lyase Enzyme 573 63,05 7,23
8 LOC 0s08g02030 transferase Enzyme 469 49,56 6,12
9 LOC 0Os08g39730 cytochrome P450 Enzyme 507 55,74 6,87
10 LOC 0s10g25420 GDSL-like lipase/acylhydrolase Enzyme 339 36,18 9,20
11 LOC Os11g05380 cytochrome P450 Enzyme 521 56,58 8,41
12 LOC 0s08g39840 lipoxygenase Enzyme 925 102,82 6,26
13 LOC 0s03g18130 asparagine synthetase Enzyme 605 67,32 6,51
14 LOC 0s03g20420 alpha-N-arabinofuranosidase A Enzyme 676 74,01 4,69
15 LOC 0s01g19800 zinc finger, C3HC4 type TF 221 24,67 7,11
16 LOC 0Os03g09170 ethylene-responsive transcription factor TF 298 31,79 6,51
17 LOC 0s02g43330 homeobox associated leucine zipper TF 262 28,54 4,61
18 LOC 0s09g28210 bHelix-loop-helix transcription factor TF 237 2535 6,81
19 LOC 0Os10g25230 ZIM domain containing protein (JA) TF 167 16,95 9,74
20 LOC 0s02g22160 DNA binding protein TF 440 48,13 924
21 LOC 0s02g26430 WRKY42 TF 254 27,14 993
22 LOC 0Os06g46740 early nodulin 20 precursor FP 280 2735 4,78
23 LOC 0s02g52010  Phosphate-induced protein I conserved FP 329 34,18 809l
region domain containing protein
24 LOC 0s05g39250  phosphatidylethanolamine-binding protein FP 168 18,24 6,08
25 LOC 0s02g36450 transporter family protein FP 519 55,06 8,72
26 LOC 0Os01g50910 late embryogenesis abundant protein FP 216 22,13 9,67
27 LOC Osl1g45990 von Willebrand factor type A FP 634 67,71 644
domain containing protein
28  LOC 0s03g57640 gibberellin receptor FP 361 38,46 4,79
29 LOC 0s08g28710 rg‘;{e&?éi’ge;?eléfr:ﬁ FP 488 5365 646
30 LOC Os12g29400 GRAM domain containing protein FP 299 31,56 6,80
31 LOC Os01g13120 aquaporin protein FP 252 25,05 6,79
32 LOC 0s09g26810 chlorophyll A-B binding protein FP 265 28,90 6,24
33 LOC Os10g05780  POT domain containing peptide transporter FP 554 58,38 7,49
34 LOC 0Os03g47280 VQ domain containing protein RP 144 14,08 9,50
35 LOC 0s06g33970 VQ domain containing protein RP 145 14,71 8,45
36  LOC 0s08g37390 Cyclin RP 384 41,66 4,67
37  LOC Os04g54320 - - 164 18,05 5,37
38  LOC 0s07g39210 - - 165 18,74 4,28
39  LOC 0s04g42240 - - 102 11,26 12,04
40 LOC 0s03g51350 - - 174 18,05 6,98
41 LOC 0Os10g23240 - - 70 7,79 10,11
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TT Ma3 dinh danh locus Chu gidi chirc ning Vai tro L mW pl
42 LOC_0s05g44060 - - 181 18,00 6,80
43 LOC_0s05g49940 - - 141 14,02 11,00
44  LOC 0s06g04240 - - 91 10,18 7,37
45  LOC 0Os12g32610 - - 209 20,89 12,15
46 LOC Os12g12880 - - 216 23,04 5,58
47 LOC 0s02g40330 retrotransposon protein - 115 12,78 8,21
48 LOC 0Os06g45184 retrotransposon protein - 165 18,24 10,94
49 LOC Os01g39136 retrotransposon protein - 111 11,85 11,25
50 LOC_Os05gd9320 ~ "ibosomal protein L7/LI2 C-terminal - 180 1821 628
domain containing protein
51 LOC_0s09g20000 heavy metal-associated - 161 17,65 10,09

domain containing protein

Ghi chu: - : Chua xdc dinh; TF: Nhdn to phién ma,; RP: Protein diéu hoa,; FP: Protein chirc nang;
L: Kich thuée protein; mW: Trong lwong phdn tir; pl: Diém ding dién.

Béo céo trudc day di chimg minh rang, TF
cling 1a cac nhém RP quan trong diéu hoa su
biéu hién gene, tham gia vao co ché dap tmg véi
tdc nhan gay bénh & thuc vat noi riéng va cay
lta ndi chung [31]. Trong nghién ctru nay, céac
DEG ma hoa mét sé nhom TF di duoc xéac dinh
6 biéu hién thay d6i manh mé& trong diéu kién
lay nhiém bénh bac 14 (Bang 1). Vi du,
LOC Os01g19800 ma hoa cho zinc finger
(C3HC4 type), la mdt trong nhitng nhém TF
dién hinh & thuc vat, dugc ching minh lién quan
dén dap umg bat loi thong quan cac con dudng
tin hiéu hormone [32]. Pién hinh, trong s 67
thanh vién cua nhom zinc finger ¢ cay laa, hoat
hoa su biéu hién cta gene C3HI2 gip ting
cudng tinh khang ching vi khuan bac 1a PXO61
trén gidng lta Minghui 63 thong qua con dudng
tin hiéu phu thudc vao jasmonic acid [32]. Tiép
theo, LOC _0s03g09170 ma hoa cho ethylene-
responsive transcription factor (Bang 1), 1a mét
trong nhiing nhém TF dac trung & thuc vat,
dong vai trd rat quan trong trong dap tng diéu
kién bat thuan va tic nhan gay bénh [33]. Nhém
TF nay c6 thé cam tmg v6i nhidu con dudng tin
hiéu hormone, dién hinh nhu jasmonic acid,
ethylene, salicylic acid va abscisic acid, trong
khi cac thanh vién trong nhém nay da duoc su
dung dé tao ra mot sb dong lua chuyén gene co
kha ning khang bac 14 va dao 6n [33]. Két qua
cling ghi nhan moét s6 DEG mi hoa cho cac
nhém TF  quan trong khac, nhu
LOC 0s02g43330 ma hoa cho homeobox
associated leucine zipper, LOC_0s09g28210

ma hoa bHelix-loop-helix transcription factor,
LOC 0Os10g25230 ma hoéa cho ZIM domain
containing protein, LOC 0s02g26430 ma hoda
cho WRKY42 (Bang 1). Pay déu la nhiing TF
quan trong, déu cam tmg v6i con dudng tin hidu
jasmonic acid [31]. Bén canh do,
LOC 0s02g22160 ma hoa cho DNA binding
protein, chua dugc chu gidi chirc naing mot cach
r0 rang.

3.4. Phan tich dac tinh cia protein ma hoa
béi DEG phan #ng manh véi diéu kién lay
nhiém bénh bac 14

Phén tich dic tinh co ban cua protein co thé
goi mo vé chuc ning tiém ning cua gene trong
sinh truong va phat trién cua ciy trong [9, 10,
20-23]. Theo @6, ba dac tinh ly hoa, bao gém
kich thudc protein, trong lugng phan tu va gia
trj diém dang dién cua protein ma hoa boi cac
DEG duoc phan tich trén cong cu Expasy
Protparam [19]. Két qua phan tich dugc thé hién
0 Bang 1.

Cu thé, cac protein ma hoa boi1 DEG ¢6 kich
thudc dao dong tr 70 (protein chua rd chuc
ning ma hoéa boi LOC_0s10g23240) dén 925
gbc amino acid (lipoxygenase mi héa boi
LOC 0s08g39840), voi gia tri trung binh dat
khoang 326 gbc amino acid. Tuong ddéng véi
kich thudc, trong luong cua cac protein dao
dong tir 7,79 dén 102,82 kDa, v6i gi tri trung
binh dat khoang 35,24 kDa. Tiép theo, 29 (trén
tong s 51) protein md hoéa boi DEG c6 tinh
acid, voi gia tri diém déng dién <7, dao dong tir
4,28 (protein chua rd chic nang ma hda bdi

46 TAP CHI KHOA HQC VA CONG NGHE LAM NGHIEP TAP 12, SO 5 (2023)



Cong nghé sinh hoc & Giong ciy trong

LOC_0s07g39210) dén 6,98 (protein chua rd
chirc nang ma hoa boi LOC_0s03g51350). Hai
muoi mét (trén tong s6 51) protein méd hoa boi
DEG con lai thé hién tinh base, véi gi tri diém

déng dién > 7, dat tr 7,23 (isocitrate lyase ma
hoa boi LOC_0s07g34520) dén 12,15 (protein
chwva 16 chic nang ma hoéa boi
LOC Os12g32610).

Bang 2. Vi tri cw tri ndi bao ciia 51 protein méi héa béi DEG c6 mire dd biéu hién

thay ddi rit manh thu thap tir hai dit liéu microarray lién quan dén lay nhiém bénh bac 14

TT Protein Vi tri phan b X4c suét ciia Do tin cay cua
ndi bao phép du doan (%) phép du doan
1 LOC_0s01g50400 Ty thé 52,22 Trung binh (0,42)
2 LOC 0Os01g50420 Ty thé 79,42 Cao (0,92)
3 LOC_0s04g09900 Té bao chit 99,51 Trung binh (0,66)
4  LOC 0s06g36560 Té bao chit 99,77 Rt cao (0,95)
5  LOC_0s06g13560 Té bao chit 94,58 Cao (0,95)
6  LOC 0s04g25490 Peroxisome 49,65 Thap (0,05)
7  LOC 0s07g34520 Peroxisome 91,78 Rt cao (0,98)
8 LOC 0s08g02030 Té bao chat 36,32 Thap (0,07)
9 LOC 0s08g39730 Mang ludi ndi chat 97,48 Trung binh (0,49)
10 LOC_0s10g25420 Thé Golgi 65,90 Trung binh (0,64)
11 LOC Osl1g05380 Thé Golgi 54,48 Théip (0,04)
12 LOC_0s08g39840 Té bao chit 72,00 Cao (0,89)
13 LOC_0s03g18130 Té bao chat 99,91 Cao (0,82)
14  LOC 0s03g20420 Thé Golgi 81,10 Cao (0,83)
15 LOC Os01g19800 Té bao chat 78,23 Thap (0,29)
16 LOC_0s03g09170 Nhan té bao 99,99 Cao (0,81)
17 LOC 0s02g43330 Nhan té bao 100,00 Rét cao (1,00)
18 LOC 0s09g28210 Nhan t& bao 100,00 Rét cao (0,98)
19 LOC_0s10g25230 Té bao chit 68,15 Trung binh (0,65)
20 LOC 0s02g22160 Thé Golgi 60,61 Trung binh (0,40)
21  LOC 0s02g26430 Nhan t& bao 99,98 Rét cao (1,00)
22 LOC_0s06g46740 Gian bao 56,10 Thép (0,29)
23 LOC_0s02g52010 Khong bao 46,18 Thép (0,10)
24  LOC _0s05g39250 Té bao chit 81,43 Cao (0,92)
25 LOC_0s02g36450 Mang sinh chit 99,46 Trung binh (0,34)
26 LOC 0s01g50910 Nhan té bao 80,38 Rt cao (1,00)
27 LOC Os11g45990 Khong bao 53,45 Cao (0,93)
28  LOC 0s03g57640 Peroxisome 70,18 Trung binh (0,36)
29 LOC_0s08g28710 Té bao chat 63,84 Thép (0,01)
30  LOC Os12g29400 Nhan té bao 79,99 Cao (0,87)
31 LOC Os01gl13120 Mang sinh chét 92,67 Thap (0,13)
32 LOC_0s09g26810 Luc lap 100,00 Rit cao (1,00)
33 LOC 0s10g05780 Peroxisome 55,36 Thap (0,02)
34  LOC_0s03g47280 Nhan té bao 60,78 Thap (0,03)
35 LOC _0s06g33970 Nhan té bao 67,01 Trung binh (0,46)
36 LOC 0s08g37390 Nhan t& bao 99,88 Rét cao (0,99)
37 LOC_0s04g54320 Ty thé 95,04 Cao (0,90)
38 LOC 0s07g39210 Nhan té bao 70,78 Rt cao (0,99)
39  LOC Os04g42240 Nhan t& bao 48,61 Trung binh (0,69)
40 LOC 0s03g51350 Nhan t& bao 41,59 Théip (0,22)
41 LOC_0s10g23240 Gian bao 96,52 Thép (0,02)
42 LOC 0s05g44060 Luc lap 62,77 Théap (0,02)
43 LOC_0s05g49940 Luc lap 99,77 Thép (0,19)
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TT Protein Vi tri phan b Xac suit cia P tin ciy cua
ndi bao phép du doan (%) phép du doan
44  LOC 0s06g04240 Té bao chat 66,16 Trung binh (0,33)
45 LOC_0s12g32610 Ty thé 98,30 Thép (0,13)
46 LOC 0Os12g12880 Nhan t& bao 99,46 Rét cao (0,98)
47  LOC_0s02g40330 Nhan té bao 92,93 Cao (0,92)
48 LOC 0s06g45184 Nhan té bao 88,67 Rét cao (0,97)
49 LOC 0s01g39136 Ty thé 69,30 Thap (0,23)
50 LOC 0s05g49320 Luc lap 99,27 Rét cao (1,00)
51 LOC_0s09g20000 Té bao chit 99,49 Thép (0,04)

Dé xac dinh vi tri cu tri ndi bao cua protein
ma hoa bdi DEG, cong cu Yloc [24] duoc st
dung d& phén tich trinh ty protein day du nham
ra soat cac doan trinh tu peptide tin hi¢u déac
trung. Két qua mo ta & Bang 2 cho thiy, protein
ma hoa boi DEG c6 thé cu tril ¢ rdi réc tai cac
bao quan quan trong trong té bao. Cu thé,
protein md hoa boi 4 DEG, bao gdm
LOC_0s05g44060, LOC_0s05g49940,
LOC 0s05g49320 va LOC_0s09g26810 cu tra
tai luc lap, véi xéac suét cua phép du doan dat tu
62,77 dén 100%. Tiép theo, 12 protein co thé
phan bd trong té bao chit, trong do, do tin cay
cua phép dy doan vi tri cu trd ndi bao cua
LOC _0s05g39250, LOC _0s06g13560,
LOC 0506236560 va LOC_0s08g39840 duogc
ghi nhan 1a manh - rat manh. Mot protein khac,
LOC_0s08g39730 c6 thé cu tra tai mang ludi
ndi  chat, trong khi  hai  protein,
LOC_0s06g46740 va LOC_0s10g23240 nim
¢ khoang gian bao. Nghién ctru cling da chi ra 4
protein, bao gom  LOC_0s02g22160,
LOC 0s03g20420, LOC Os10g25420 va
LOC Os11g05380 nam & thé Golgi, va 5
protein, bao gom  LOC_0s01g39136,
LOC _0s01g50400, LOC _0s01g50420,
LOC 0s12g32610va LOC_0s04g54320 cu tra
tai ty thé. Bén canh do, 4 protein, nhu
LOC _0s03g57640, LOC _0s07g34520,
LOC 0s04g25490 va LOC_0Os10g05780 cu tr
tai peroxisome, trong khi 2 va 2 protein,
LOC 0s02g36450 va LOC Os01gl13120, va
LOC 0s02g52010 va LOC_Os11g45990 duoc
ghi nhan phan b tai mang sinh chat va khong
bao. 15 protein con lai dugc béo cio nim trong
nhan té bao.

4. KET LUAN

Nghién curu da xac dinh dugc 895 gene dugc

tang cuong biéu hién va 735 gene bi kim ham

biéu hién tir 2 dir liéu microarray lién quan dén
lay nhiém bénh bac 14 & cay laa. Trong do, 51
DEG da duoc xac dinh 1a c6 mirc biéu hién thay
d6i rit manh véi gia tri |fold-change| > 10.

Khai thac dir liéu biéu hién cho thay cac
DEG c¢6 biéu hién khéac nhau tai 10 bd phan trén
cay lua trong diéu kién thuong. Mot s6 DEG co
biéu hién dic thu tai cac co quan sinh san sinh
thyc, bao gdbm phoi 20 ngay sau thu phan, ndi
nhil 25 ngdy sau thu phan, cum hoa trudc khi
xuét hién, cum hoa sau khi xut hién, bao phén
va nhuy hoa, trong khi c6 6 DEG c6 xu hudng
bicu hién ddc th tai than.

Chu giai chirc ning gene cho thiy 51 DEG
ma hoa cho 14 enzyme, 7 TF, 3 RP va 12 FP
khac va 14 protein chua r& chitrc ning. Nhiéu
nhom enzyme déng vai trd didu hoa am tinh
trong dap ung vdi tac nhan gay bénh ¢ cay lta
gao, trong khi cac nhom TF dugc ghi nhan cam
ung voi con duong tin hi¢u jasmonic acid,
ethylene, salicylic acid va abscisic acid.

Phan tich dic tinh co ban cho thiy céc
protein ma hoa béi DEG thé hién tinh da dang
vé kich thudc, trong luong phan tir va gia tri
diém dang dién. Kich thudc va trong lugng phan
tr clia protein dat tir 70 dén 925 gbc amino acid,
tuong duong 7,79 dén 102,82 kDa, trong khi gia
tri diém dang dién nim trong khoang tir acid
(4,28) dén base (12,15). Nghien ctru da xac dinh
duogc phan 16n protem phan bé trong té bao chat,
nhan té bao va mot sd bao quan chinh, nhu thé
Golgi, ty thé, luc lap va peroxisome, trong khi
cac protein con lai nam réai rac tai mang sinh
chét, khong bao, mang ludi ndi chét, khoang
gian bao.

Loi cdm on

Cong trinh nay dugc hd trg boi Hoc vién
Nong nghiép Viét Nam thong qua Dé tai khoa
hoc va cong nghé c6 ma s6 T2023-12-09TP.
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