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TOM TAT

Soc néu virus o mét trong nhitng bénh nguy hiém géy tén thdt nghiém trong
vé nding sudit va chét luong cla cdy sdn. Nghién ctru nay nhém lam ré phdn ting
phién mé cta giéng sdn man cém khi bj nhiém virus soc ndu, théng qua phén
tich di liéu RNA-Seq. Két qud cho thdy qud trinh nhiém bénh dé kich hoat cdc
con dwong chuyén héa thi? cdp, té chirc thanh té bdo, truyén tin hiéu va cdn
bdng oxy héa - khir. Nhiéu yéu t6 phién md va thanh phén tin hiéu lién quan
dén hormone dwoc xdc dinh ¢6 vai trd trung tém trong co ché phong vé. Phén
tich chire nding bdng phdn mém MAPMAN chi ra sw thay d6i cé y nghia trong
cdc nhém gene lién quan dén thanh té bao, lipid, flavonoid va hé théng chéng
oxy héa. Ddng chu y, con dwong sinh téng hop flavonoid, tin hiéu ethylene va
Tir khéa: ddng héa lwu huynh dwoc kich hoat, déng vai trd nhuw chién luore sinh hoc gitp
Céy sdin, gene biéu hién khdc biét, c@y déi phd vdi stress do virus. Béng thdi, nhiéu con dwong co bdn nhw quang
MAPMAN, phén tich chirc néing, hop, hé hép va chuyén héa acid amin bj trc ché. Két qué nghién c:]"u khéng fhi
cung céip di¥ liéu todn dién vé sw diéu chinh biéu hién gene & cdy san khi nhiém
virus soc ndu, ma con maé ra co' s& khoa hoc dé chon tao giéng sdn khdng bénh.
Ddy la ngudn théng tin quan trong cho chién lug'c phdt trién sdn xudt sdn bén
vitng trong béi canh djch bénh ngay cang gia téng.

ABSTRACT

Cassava brown streak disease is among the most destructive viral diseases,
causing severe losses in cassava yield and quality. This study elucidates the
transcriptomic response of a susceptible cassava genotype to cassava brown
streak disease infection through analysis of RNA-Seq data. The results
indicate that infection triggers robust activation of pathways associated with
secondary metabolism, cell wall organization, signal transduction, and redox
homeostasis. Multiple transcription factors and hormone-related signaling
components were identified as central to the plant’s defense mechanisms.
Functional analysis using MAPMAN revealed significant alterations in gene
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groups related to the cell wall, lipids, flavonoids, and antioxidant systems.
Notably, flavonoid biosynthesis, ethylene signaling, and sulfur assimilation
were activated, suggesting coordinated biological strategies to counteract
viral stress. Concurrently, several core pathways, including photosynthesis,
respiration, and amino acid metabolism, were suppressed. Collectively, these
findings provide a comprehensive characterization of gene-expression
reprogramming in cassava under cassava brown streak disease pressure and
establish a scientific basis for breeding virus-resistant cultivars. The study
offers an important evidence-based basis to support strategies for
sustainable cassava production amid escalating disease challenges.

1. DAT VAN DE

Cay san (Manihot esculenta), cé ngudn goéc
tr khu viee Nam My va duec du nhap vao Viét
Nam tir thé ky 18 [1]. Hién nay, sdn d3 tr&
thanh mét trong nhirng cdy trong cdng nghiép
quan trong cla nwdc ta, duoc canh tac chi yéu
& cdac tinh trung du va mién nui phia Bac, Tay
Nguyén, Dong Nam B va Duyén hai Nam Trung
B&. V&i kha nang thich nghi rong, sinh trudng
tét trén dat nghéo dinh duwdng va chiu han kha
[2], cAy san ddng vai trd 1a nguyén liéu cho
nganh cdng nghiép ché bién tinh bot, ethanol
va thirc an chan nuéi [3], trd thanh cay trong ty
do, dong gop dang ké vao gia tri xuat khau nong
san cla Viét Nam [1]. Tuy nhién, canh tac san
dang phai d6i mat vdi nhiéu thach thirc, trong
do sau bénh hai la y&u td sinh hoc gay ton that
nghiém trong vé nang suat va chat lwvong, dac
biét la cac bénh do virus, nhu bénh kham 13
(cassava mosaic virus) va bénh soc nau
(cassava brown streak virus disease) [4, 5].
Nhitng tac nhan gy bénh nay khong chi anh
huwdng tryc ti€p dén hiéu qua kinh t€ ma con
de doa sw bén vitng cla chudi gia tri san. Do
do, viéc nghién clru co ché phan ti trong dap
(ng stress sinh hoc cla cdy san [a can thiét
nham hiéu rd qua trinh tuong tac gitra cay
trong va tac nhan gay bénh [5].

Bé&nh soc nau virus & san [& mot trong nhitng
bénh virus nguy hiém nhat, gdy anh hudng
nghiém trong dén nang suat va chat lvong cd
san [5]. Bénh do hai loai virus gay ra la cassava
brown streak virus va Ugandan cassava brown
streak virus, déu thudc chi Ipomovirus, ho
Potyviridae [5, 6]. Theo d6, phan &ng cla thuc
vat khi bi 1dy nhiém bdi virus néi riéng va tac
nhan gay bénh néi chung déu lién quan dén con
duwdng tin hiéu nhu salicylic acid, jasmonic acid,

ethylene, va cac yéu t& phién m3 [7]. O cay san,
mot s6 nghién clru buwdc dau d3 chira rang phan
(ng v&i bénh khdm virus co lién quan dén cac
con dudng tin hiéu twong ty [8], tuy nhién, déi
v&i bénh soc ndu virus, co ché phan &ng phan ti
hién van chua duoc lam sdng té day di. Sy phirc
tap trong mdi twong tac gilra virus va cay chd,
cung vdi tinh bién d6i cao cla virus, khién viéc
xac dinh cac gene va con duong sinh hoc dac
hiéu lién quan dén kha nang khang hodc man
cam cla cay san ddi véi bénh soc nau virus trd
nén khoé khan. Do vay, viéc nghién clru va phan
tich biéu hién gene & cay san trong diéu kién
nhiém bénh soc nau virus la rat can thiét nham
cung cap hiéu biét nén tang vé sinh ly bénh hoc
va co ché phan &ng sinh hoc cla cay.

Muc tiéu cta nghién ciru nay la lam sang té
cac thay d6i & cap do phién m3 trong ciy sdn
khi bi nhidm bénh soc nau virus, théng qua
phan tich di* liéu RNA-Seq nham xac dinh cac
gene biéu hién khac biét va phan tich chirc ndng
sinh hoc lién quan. Nghién ctru tap trung vao
viéc xac dinh cac con dwong sinh hoc va mang
lwdi diéu hoa dugc diéu chinh trong diéu kién
nhiém bénh, tir d6 cung cap co s& di liéu di
truy@n quan trong phuc vu hiéu biét sju hon vé
co ché phan &ng clia cay san trudc stress sinh
hoc va lam nén tang cho cac hudéng di mai
trong cai tién gidng san theo hwdng tang cudng
kha ndng khang virus.

2. PHU'ONG PHAP NGHIEN CUU
2.1. D{¥ liéu nghién ctru

Nghién ctru nay da khai thac dir liéu genome
va proteome cla cay san dwgc md tad trong
nghién ctru trwdc day [9] trén céng théng tin
NCBI (m3 s6 NCBI RefSeq: GCF_001659605.2)
va Phytozome v13.0 (m3d s6 dy an:
LTYI02000000) [10]. Dit lieu RNA-Seq (m3 s6
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GEO: GSE56467) mé ta transcriptome & mau 13
san lay nhiém bénh soc nau virus [11] cong khai
trén co s& dir liéu GEO NCBI [12] duoc khai
thac. Trong nghién cru nay, gidng Albert duoc
lwa chon lam d6i twong phan tich vi day la mét
giong san da duoc ghi nhan cé mirc dd man
cam cao vdi bénh soc niu virus, tir dé tao diéu
kién thuan lgi d& quan sat rd rang cac bién doi
phién ma do tac nhan gay bénh gay ra.
2.2. Phuwong phap tinh toan va phan tich gene
biéu hién khac biét

Dt liéu RNA-Seq (ma s6 GEO: GSE56467) md
ta hé gen phién m3 & mau |4 cla gidng san
Albert & diéu kién khde manh (m3 sd dit liéu:
GSM1361949) va bi nhiém bénh soc nau virus
(m3 sé dir liéu: GSM1361950) [11] dugc trich
xuat tir co s& dir liéu GEO NCBI [12]. Gid tri biéu
hién gene dugc chuin hdéa dudi dang RPKM
(Reads Per Kilobase of transcript per Million
mapped reads), v&i gene Ubiquitin 10 dwgc st
dung lam gene ndi chuin theo md ta trong
nghién clru trwdc day [13]. P& xic dinh cac
gene biéu hién khac biét, qua trinh xtr ly dit liéu
duwoc thyc hién trén cong cu Excel (Microsoft
365) theo cac buwdc nhu sau. Trudce tién, cac gia
tri RPKM cua tirng gene & ca hai diéu kién duwoc
nhdp vao bang tinh. Sau d¢, gia tri fold change

Buéc 1: Chuan bi dir ligu
dau vao

Bwéc 2: Chuyén dbi ma gene
va anh xa chirc nang

Bwére 3: Tao biéu dd biéu
hién gene

Bwc 4: Phan tich théng ké

(FC) duoc tinh bang ty I& gitra gid tri RPKM &
diéu kién nhiém va khde manh. Cac gene cé FC
chuyén déi > 2 duwoc xac dinh 13 tdng cudng
biéu hién, trong khi cac gene c6 FC chuyén doi
< -2 duwoc xac dinh 1a bi gidm biéu hién [14].
2.3. Phurong phap phan tich chirc nang gene

Dé phan tich chirc ndng cla cac gene biéu
hién khac biét, dir liéu biéu hién dwoc x{r ly va
chi gidi chic nang théng qua phan mém
MAPMAN (phién ban 3.5.1R2) [15]. Cac m3
gene t&r ditr lieu RNA-Seq dugc anh xa
(mapping) vao hé théng phan loai chirc nang
theo “bin chirc ndng” do MAPMAN cung cép,
trong d6 mdi “bin” dai dién cho mot nhém chire
nang sinh hoc cu thé nhuw chuyén hda co ban,
didu hoa, tin hiéu, stress, phat trién, hay
chuyén hda th cap. Sau khi anh xa, biéu thirc
clia tirng gene dugc ma hda mau sac dua trén
gia tri FC, tir d6 tao thanh cac ban d6 chirc ndng
thé hién sy thay ddi biéu hién trong tirng con
dudng sinh hoc. Dong thoi, kiém dinh thdng ké
Wilcoxon Rank Sum duoc ap dung dé xac dinh
cac nhédm chirc ndng cé su thay ddi biéu hién
c6 y nghia gitta diéu kién nhiém va khéng
nhiém virus [15]. Quy trinh phan tich dwoc mo
ta & Hinh 1.

{ Tao bang gdm hai cét chinh: (1) ma gene |

(theo dang cassavad4.1 tir Phytozome),

| (2) gia tri biéu hién dang fold change.  /

{ - Str dung b anh xa san co cua MapMaﬁ \

cho cay san.
- Anh xa ID gene vao céac “bin” chlrc nang
(nhém chire ndng sinh hoc) @& MapMan

‘_nhan dién duoc con dwdng lién quan. /

” Chon ché @6 hién thi theo nhom chirc nang.
- Ma hoa murc 6o biéu hién cta gene theo mau
. (d6 - tang, xanh - giam).

{ Thuc hién kiém dinh théng ké Wilcoxon '

Rank Sum trén cac nhom “bin” 68 xac
dinh nhirng con dudng cé thay déi co

\ ¥ nghfa théng ké (p < 0,05).

Hinh 1. Quy trinh phan tich MAPMAN
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2.4. Phuwong phap trwc quan héa biéu hién
gene trén ban d6 sinh hoc

Phan tich con duwdng chuyén héa cla cac
gene biéu hién khac biét dugc thyc hién théng
qua cong cu MAPMAN [15] nham xac dinh cac
tuyén chuyén hda sinh hoc chinh bi dnh hudng
khi cay san nhiém bénh soc nau virus. Truwdc
tién, danh sach cdc gene biéu hién khac biét
duwogc anh xa vao co sé& dit liéu cac con duwong
chuyén héa tich hop trong MAPMAN, bao gbm
cdc qua trinh nhu chuyén héa carbohydrate,
lipid, acid amin, chuyé&n hoéa th cap, dong hda
lwu huynh, chu trinh TCA, quang hop, hé hdp ty
thé va céc con dudng ndng lvgng khac. Moi
gene duoc hién thi dudi dang 6 mau biéu thi

biéu hién

mirc do ting hodc giam biéu hién dya trén gia
tri FC.
3. KET QUA VA THAO LUAN
3.1. Phan tich cac gene biéu hién khac biét
trong mau la san lay nhiém bénh soc nau virus
Duva trén dit lieu RNA-Seq GSE56467 [11],
cac gene biéu hién khac biét d3 duoc xac dinh
thong qua phan tich gia tri RPKM gitta mau 13
san nhiém bénh soc nau virus va mau khde
manh. M{rc d6 biéu hién duogc biéu thj bang gia
tri FC (ty lé gitta RPKM & diéu kién nhiém bénh
so véi diéu kién d6i chirng). Cac gene cé FC >
2,0 dwgc xem 13 ting cwdng biéu hién, trong khi
cac gene c6 FC < -2,0 dwoc xac dinh la bi giam
biéu hién [14]. K&t qua duoc thé hién & Hinh 2.

2495 gene bj giam

Mdrc d6 biéu hién (-fold)

P 2
20758 gene khong 1
¢6 biéu hién khac biét ‘13
[ B

biéu hién

Lay nhiém bénh
SQC nau virus

2156 gene tang cudng

Hinh 2. Thang tin vé cac gene trong mau la sdn bj l1ay nhiém bénh soc nau virus

Két qud phéan tich cho thay, mét sé lwong
dang ké gene bj gidm biéu hién manh trong
diéu kién nhiém bénh. Cu thé, 2495 gene bij
giam biéu hién do virus soc niu. Pang chd v,
mot s gene co gid tri FC am rat I&n, chang han
nhu gene cassava4.l_030779m (ma hoda
protein ACHAETE-SCUTE HOMOLOG 3, mot
thanh vién thudc nhém yéu té phién ma bHLH)
bi giam biéu hién rat manh (FC = -1231,0-fold)
trong mau san nhiém virus soc nau. Tuong ty,
cac gene nhu cassava4.1l_025760m (ma hoda
protein cé chira vung bao thd ZINC FINGER
FYVE) va cassava4.1_018430m (ma hda protein
thudc phan nhém NON-SYMBIOTIC
HEMOGLOBIN 2) ciing bi giam déng ké, vai FC
lan lwot 13 -130,90-fold va -74,0-fold. Tir cac két
qua nay, c6 thé nhan thay rang bénh soc nau

virus gay ra nhirng thay d6i sau réng trong biéu
hién gene & cay san, dic biét 13 sy suy gidm
manh mé& clla mot s6 gene, cd thé lién quan dén
chirc nang diéu hoa phién m3, trao d6i chat
hodc céc con duwdng mién dich. Trong khi do,
nghién ciru da xac dinh dwgc 2156 gene duoc
tang cuwdng biéu hién. Trong s6 céc gene dugc
tadng cuwdng biéu hién, gene ting manh nhat 13
cassava4.1_013293m (ma hda protein thuoc
nhom yéu t6 phién ma MYB), vai gid tri FC |én
tdi 126,92-fold, cho thady mirc d6 hoat hoa rat
cao dudi diéu kién nhiém virus. Nguwoc lai,
20758 gene khong cé su thay déi dang ké vé
biéu hién (FC gilra -2 va 2). K&t qua nay lam néi
bat sy diéu chinh manh mé cla genome cla
cdy san trong qua trinh phan &ng véi tac nhan
gay bénh, dac biét la sy phan cyc giita cac gene
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bi rc ché va gene dwoc hoat héa, phdn dnh cac
co ché phtrc tap clha cdy trong viéc thich &rng va
ddi phé vai stress sinh hoc. Viéc nhan dién cac
gene biéu hién khac biét nay 1a nén tang quan
trong dé tiép tuc phan tich chirc ning sinh hoc,
nham 1am rd cac con dudng tin hiéu va co ché
dap ¢ng phan t&r cla cay san trwdc tac nhan
virus gay hai.

Trong nghién clru trwdc day, nham hiéu roé
co ché phan rng clia cay san véi bénh thdi ré
do phttc hgp ndm va sinh vat gy bénh cé
ngudn goc tir dat (thdi nhiin gay ra béi cac loai
Phytophthora, Pythium va Phytopythium, thoi
ré& khé do cac loai ndm Fusarium va
Macrophomina pseudophaseolina, théi den
lién quan dé&n cac loai ndm trong ho
Botryosphaeriaceae), tong cdng 23912 gene d3
dugc phat hién cé biéu hién & gidng san khang
(BRS Kiriris). Trong s& d6, 10307 gene dugc xac
dinh 13 biéu hién khac biét trong diéu kién d6i

chirng (trong trong dat sach, chua gay nhiém),
bao gdbm 5142 gene duwoc ting cwdng biéu hién
va 5165 gene bi gidm biéu hién so véi giéng
man cam (BGM-1345) [16].
3.2. Chu gidi chirc ndng cla cac gene biéu hién
khac biét trong mau I sin l1ay nhiém bénh soc
nau virus

Dé chu giai chirc ndng, cac gene biéu hién
khac biét (2156 gene ting cwdng biéu hién va
2495 gene giam biéu hién) duogc khai thac.
Trong phan tich chirc ndng cac gene biéu hién
khac biét & mau 14 sian nhiém bénh soc nau
virus bang phan mém MAPMAN, cic gene
duoc phan loai theo hé théng ‘bin category’
phan dnh cadc nhém chirc ndng sinh hoc cu thé.
K&t qua cho thady mdt s nhdm chirc ndng co sw
thay d6i biéu hién dang ké vé mat théng ké, cho
thay vai tro trung tdm trong phan rng sinh hoc
clia cay san ddi vdi tac nhan virus (Bang 1).

Bang 1. Tém tit s lwong gene c6 biéu hién khac biét theo tirng nhém chirc ning sinh hoc
(bin chirc ndng) dwa trén phan tich bang phan mém MAPMAN

TT  Bin Chirc nang 56 lwong p-value

gene
1 1 Quang hop 30 0,5956503112611894
2 2 Chuyén héa carbohydrate chinh 21 0,480502255063898
3 3 Chuyén héa carbohydrate phu 23 0,045880111793307796
4 4 Puong phan 10 0,6712403630630681
5 5 Lén men 2 0,9326156401212908
6 6 Chu trinh glyoxylate 2 0,2711036814498777
7 7 Chu trinh pentose phosphate 4 0,8484140205979207
8 8 Chu trinh TCA 14 0,05875965464338817
9 9 Van chuyén dién tlr ty thé/t6ng hop ATP 9 0,0756085886004092
10 10 Thanh té bao 136 1,1663718265449795E-7
11 11 Chuyén héa lipid 80 1,6436389895942575E-4
12 12 Chuyén héa nito 8 0,7333470920518395
13 13 Chuyén héa acid amin 39 0,39332561505553176
14 14 Dong hoa lwu huynh 4 0,04152059022858823
15 15 Xt ly kim loai 18 0,4325081095857062
16 16 Chuyén héa thir cap 118 0,02919512453112061
17 17 Chuyén héa hormone 150 0,5439420370570285
18 18 Chuyén héa ddng yéu t6 va vitamin 4 0,8680165630410486
19 19 Téng hop tetrapyrrole 8 0,7361271227732913
20 20 Stress/irng pho véi stress 171 0,578559516258473
21 21 Can bang oxy hda - khir 45 0,03527504444489149
22 22 Chuyén héa polyamine 2 0,5594119259145798
23 23 Chuyén héa nucleotide 19 0,7844967041868247
24 24 Phan hdy sinh hoc hop chat ngoai lai 8 0,9984227056984736
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TT  Bin Chirc ndang 56 lwong p-value

gene
25 25 Chuyén héa C1 2 0,7581389586702776
26 26 Khac/da dang 424 0,06641128105705141
27 27 RNA 517 0,5111306451482818
28 28 DNA 59 0,16682228349165557
29 29 Protein 426 0,4135857169066459
30 30 Truyén tin hiéu 336 2,4501921447317443E-7
31 31 Té bao 139 3,4377802000007065E-6
32 32 microRNA, antisense ty nhién... 1 0,6811882321107017
33 33 Phat trién 134 0,0032870072905397674
34 34 Van chuyén 242 0,438188840827509
35 35 Chua phan loai chirc nang 1499 0,02500552474404839

Trong s6 cdc nhém chirc ndng cé sy thay
ddi rd nét, nhom thanh té€ bao (bin 10) va
truy@n tin hiéu (bin 30) 13 hai nhém néi bat
nhat, vdi p-value dat mirc y nghia rat cao (p <
0,00001). Diéu nay phan anh vai tro trung tdm
cla qua trinh tdi cu trdc thanh té& bao va diéu
hoa tin hiéu trong phan &ng mién dich thuc
vat. Sy diéu chinh nay c6 thé lién quan dén cac
protein nhu pectinesterase, expansin va
arabinogalactan, vén tham gia vao viéc duy tri
cau truc va diéu bién co hoc thanh té bao
chéng lai virus. B&n canh dé, nhdm chuyén
hoéa lipid (bin 11) va can bang oxy hoda - khir
(bin 21) cling ghi nhan su thay d6i cé y nghia
(p < 0,001), cho th&y vai tro cla cac hop chat
lipid dac hiéu va hé théng chdng oxy hda ndi
sinh (nhu glutathione, peroxidase) trong bao
vé té bao khdi tdn thwong do virus gay ra.
Nhém chuyén hda thr cap (bin 16), dac biét 1a
cac nhanh flavonoid va terpenoid, phan anh
sw huy ddng cédc hgp chat cé hoat tinh sinh hoc
cao nhu phytoalexin, déng vai trdo nhu tuyén
phong vé hda hoc ty nhién cta cdy. Ngoai ra,
nhom té bao (bin 31) va phat trién (bin 33)
cling bj anh hwéng, goiy rang qua trinh nhiém
bénh da gay ra sy gian doan trong hoat déng
phan chia va biét hoa té bao, anh huwdng dén
sinh trudng va hinh thai cda cdy. Dang cha vy,
nhom chwa phan loai chirc ndng (bin 35) chiém
s6 lugng 1&n gene bi diéu chinh, phan anh
tiém nang nghién ctru sdu thém céc gene chua
biét chirc nang rd rang nhung cd thé lién quan
dén phan rng khang virus déc thu cda san.

Nhu vay, phéan tich chirc nang cla cac gene

biéu hién khac biét bang MAPMAN d3 gitp xac
dinh rd nhitng con dudng sinh hoc trong yéu
duoc diéu chinh trong phdn &ng cla cay san véi
bénh soc nau virus. Nhitng nhdm nhu thanh té
bao, truyén tin hiéu, chuyén hoa lipid va phan
&rng chdng oxy hda ndi bat la cdc muc tiéu tiém
ndng cho cac nghién ctru chuyén sadu nham cai
thién kha ndng khang bénh cuta cay san thong
qua chon gidéng hodc chinh sira gene.

3.3. Phan tich vai trd chuyén héa cuia cac gene
biéu hién khac biét trong mau la sin lay nhiém
bénh soc nau virus

K&t qua phan tich cho thay cé hai xu huwdng
phan trng cla 14 san khi lay nhiém bénh soc nau
virus, tang cuong cac con dudong phong vé
nham huy déng cac hop chat bao vé va cling cd
hé théng mién dich (Hinh 3A), trong khi cic con
dudng co ban duy tri sinh trwdng bi trc ché do
tac dong cla virus (Hinh 3B).

Cu thé, mét s6 con dudng sinh hoc quan
trong dwoc kich hoat manh khi cay san nhiém
virus soc nau. Trudc hét, nhdm chuyén héa acid
amin thom, néi bat véi 3 gene dwoc tidng cudng
biéu hién (p-value = 0,0157). Cac acid amin
thom nhu tryptophan, phenylalanine va
tyrosine la tién chat quan trong cho nhiéu hop
chat phong vé thir cip, bao gébm alkaloid va
phytoalexin, cho thay cdy da huy déng co ché
sinh téng hop acid amin dé cing ¢ phan &ng
khang virus. Ti€p theo, con dudng téng hop
tetrapyrrole (4 gene, p-value = 0,0191) cling
dugc tang cudong déng ké&. Tetrapyrrole la
thanh phan cdu tric cta chlorophyll va heme,
cd vai tro trung tdm trong quang hgp va chuyén
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héa nang luvgng [17]. Viéc tdng cwdng biéu hién
nhém nay goiy co ché& bu ddp cla cay san nham
duy tri qud trinh quang hop trong diéu kién tén
thuong do virus. M6t nhanh quan trong khac la
chuyén héa flavonoid (27 gene, p-value =
0,1321). Pang chu y nhat Ia chuyén hda thir cap
flavonoid, v&i 34 gene dugc ting cuwdng biéu
hién (p-value < 0,05). Trong do6, nhanh
flavonoid lién quan dé&n sinh téng hop
dihydroflavonol (13 gene) va isoflavone (8
gene) thé hién sy hoat hda ré rét. Pay la cac
hop chat cé hoat tinh sinh hoc cao, déng vai tro
nhu chat chéng oxy héa manh va phytoalexin
khang virus [18], gép phan cing cd hang rao
phong vé sinh hda cla cay [18, 19]. Ngoai ra,
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mot s6 con dwong khac cling ghi nhan sy tang
cuong biéu hién, chang han nhu dudng phan
(6 gene, p-value = 0,0576) va chu trinh TCA (5
gene, p-value = 0,3224). Cac con dudng nay
gop phan cung cdp nang lugng va chat trung
gian chuyén héa, hd trg cho hoat dong tai cau
trdc va phong vé cla té bao. Nhu vay, cay san
d3d huy déng déng thdi nhiéu con duwong
chuyén héa dé tang cudng phong vé, trong dé
dang chu y nhat 13 sinh tdng hop acid amin
thom, téng hop tetrapyrrole va chuyén hda
flavonoid. D4y la nhitng co ché then chét gilp
cay duy tri can bang sinh ly va cling ¢ kha ning
khéng virus khi bi tdc nhan gy bénh tan cong.
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Hinh 3. Ban d6 tdng quan cac con dwong chuyén héa sinh hoc trong 14 sin
theo hwdng ting cwong (A) va kim ham (B) khi bi nhiém bénh soc nau virus

Song song v&i qua trinh kich hoat phong vé,
nhiéu con dwong sinh hoc co ban bi suy gidm
dang ké. Trudc hét, nhém thanh té bao la mét
trong nhitng nhdm chiu tac déng manh nhat.
Cu thé, con dudng pectinesterase (14 gene, p-
value = 0,0272) va chinh stra thanh té bao (25
gene, p-value = 0,0738) déu cé sy suy giam
dang ké. Ngoai ra, cac enzyme phan hdy pectin
nhu pectate lyase va polygalacturonase (13
gene, p-value = 0,1477) cling bi gidam biéu hién.
Viéc trc ché cac gene nay cho thay qua trinh tai
ciu truc thanh té bao bi gidn doan, lam suy yéu
kha nang duy tri co hoc cda thanh té bao trudc
sy xam nhap va lan truyén cda virus [20]. Tiép

16

theo, cac con dudng lién quan dén chuyén hda
acid amin cling cd sy suy giam. Nhanh sinh tong
hop acid amin thudc ho aspartate (2 gene, p-
value = 0,0629) va sinh téng hgp acid amin
thom (1 gene, p-value = 0,2015) déu bi trc ché.
Dong thoi, cac nhanh thodi hda acid amin thom
(2 gene, p-value = 0,1127) va thoai hda
histidine (1 gene, p-value = 0,1212) ciing bi suy
gidm, phadn anh sy roi loan trong diéu hoa
ngudn nguyén liéu quan trong cho qud trinh
phong vé va tang trwdng. O chu trinh chuyén
héa nang lvgng, nhém chudi van chuyén dién
tlr ty thé va téng hop ATP (2 gene, p-value =
0,0946) gidm manh, cho thay hiéu qud hd hap

TAP CHI KHOA HQC VA CONG NGHE LAM NGHIEP TAP 15, SO 1 (2026)

Tetrapyrrole

o m
# - Mito. Electron Trans
@<l

sport

ases

NO,

NH,

& S04
C-1
S ! ~J  Metab

® Nucleo -

tides.



Coéng nghé sinh hoc & Giéng cdy tréng

té bao bi suy yéu, kéo theo su thi€u hut ndng
lwgng can thiét cho phan &ng phong vé. Bén
canh do, con duwong thoai héa nucleotide (1
gene, p-value = 0,2084) va chuyén hoda
phosphotransferase (2 gene, p-value = 0,0652)
cling bj trc ché&, anh hudng dén qua trinh tai
ché nucleotide va hoat déng sao chép - phién
ma cha té bao. Mét sé con dudng khac nhw
thodi hoéa lipid (lysophospholipid: 4 gene, p-
value = 0,0950; gidm d0 bdo hoa acid béo: 4
gene, p-value = 0,1220; steroids/squalene: 9

A

Non MVA p y  Shiki pathway
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Cyanogenic glycosides

Sulfur containing

gene, p-value = 0,1830) va chuyén hoda
carbohydrate phu (myo-inositol, raffinose,
trehalose) cling gidm biéu hién, cho thay hé
théng lipid va duong du trit khéng con duoc
duy tri hiéu qua dudi ap luc virus. Pang chuy,
ngay ca nhanh flavonoid (7 gene, p-value =
0,1037), von thuwong dugc xem la co ché
phong vé hda hoc [18, 19], cling bi (c ché
trong mot s6 thanh phan, goi y rang virus ¢
thé tdc dong truc ti€p nhdm vo hiéu hda hang
rao khang tu nhién cda cay.
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Hinh 4. Ban d6 tdng quan cac con dwong chuyén héa thi cap trong l4 san
theo hwdng kim ham (A) va tang cuwong (B) khi bi nhiém bénh soc nau virus

Dé di sdu hon vao vai trd cla céc gene biéu
hién khac biét, cdc co ché chuyén hda th cap
da duwoc khai thac trén cong cu MAPMAN [15].
Trong nhom flavonoid, mét sé nhanh quan
trong bi &rc ché (Hinh 4A). Dang chu vy, flavonol
va anthocyanin chi cé mét sé it gene dwoc duy
tri hoat déng, trong khi nhiéu gene khac bi giam
biéu hién. Pay la nhitng hop chat cé vai tro
chéng oxy hoa va bdo vé mé trudc stress sinh
hoc, viéc kim ham biéu hién cho thay virus cé
thé d3 can thiép nham vo hiéu héa mét phan
hang rao phong thi héa hoc cta cay. Ngoai ra,
nhanh chalcone (3 gene) va dihydroflavonol (1
gene) cling giam, lam suy y&u ngudn trung gian
cho téng hop flavonoid da dang. Nhém
phenylpropanoid, von la con duwdng nén tang
san xuat lignin va nhiéu hop chat phong vé,
cling bi kim ham (21 gene). D3c biét, sinh téng

hop lignin (9 gene) bi trc ché, dnh huwédng truc
ti€p dén kha nang cing cd thanh té bao va han
ché sy xam nhap cda virus. Diéu nay phan anh
sy tdn thuong trong I&p rao can co hoc tw
nhién cla cdy. Ngoai ra, nhiéu nhanh
isoprenoid cling bi suy giam, bao gém
carotenoid (1 gene), terpenoid (6 gene), va sinh
téng hop tocopherol (1 gene). Viéc gidm céc
hop chat nay khién cay san mat di ngudn chat
chuyén hda cé hoat tinh sinh hoc, tir
carotenoid chdng oxy héa cho dén terpenoid va
tocopherol tham gia bao vé mang té bao. Song
song, nhém phenols (5 gene) va chuyén hda
wax (3 gene) cling giam, anh hudng dén sy bao
vé bé mat va tin hiéu sinh hoc. Cac phan tich
nay cho thay co ché chuyén hoa thir cap bi trc
ché trai rong trén nhiéu nhanh quan trong, tu
flavonoid, phenylpropanoid cho  dén
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isoprenoid va phenols. Sy suy giam nay cho
thay virus soc ndu cé thé tdc dong truc ti€p dén
viéc kim ham biéu hién gene cla cac con dudng
phong vé hda hoc, khi€n cay san khong thé duy
tri hang rao bo vé da tdng mét cach hiéu qua.
Pay la bang chirng cho thay su ddi khang phirc
tap gilta cay va virus, trong dé virus tim cach
phd v& cac tuyén phong thi hda hoc, con cay
doéng thoi phai huy dong nhitng con duwong
khac dé bu dap.

Nguwoc lai, nhieu con duwdng chuyén hda
thir cap dwoc kich hoat manh khi cay san bi
nhiém virus soc nau (Hinh 4B). DPiéu nay phan
anh chién lugc sinh hdéa quan trong cla cay
nham huy dong cac hop chat thr cap dé ting
cudng kha ndng phong vé [21]. K&t qua phan
tich cho thay nhiéu nhanh cba con dudng
flavonoid c6 su gia ting biéu hién rd rét, dién
hinh nhu dihydroflavonol va isoflavone. Cac
dihydroflavonol thudng dong vai trdo trung
gian trong tong hop anthocyanin va flavonol,
la nhitng hop chat chéng oxy hdéa manh gilp
trung hoa cdc géc tu do sinh ra trong diéu kién
stress. Trong khi do, isoflavone lai co6 vai tro
nhu cdc phytoalexin, 1a hgp chat khang khuan
va khang virus duoc san sinh khi thuc vat bj
tan céng. Ngoai ra, cdc nhanh chalcone va
anthocyanin cling duoc kich hoat, gép phan
b6 sung mét |&p bao vé héa hoc da dang va
manh mé. Song song v&i flavonoid, con dudng
phenylpropanoid cling dugc tdng cudong biéu

A

hién. Day la con dwdng nén tang téng hop ra
nhiéu hgp chat thir cdp co hoat tinh sinh hoc
cao. Dic biét, nhanh sinh téng hop lignin cho
thay su gia tdng dang k&, phan dnh vai tro cla
lignin trong viéc cing cé cdu tric thanh té
bao, tao rao can vat ly han ché sy xam nhép
va lan truyén cua virus trong mé cdy. Bén
canh d6, cac con duong thudéc nhom
isoprenoid nhu terpenoid ciing cé sy kich
hoat. Terpenoid tir l1du d3 duoc biét dén nhu
nhirng hop chat cé tinh khang sinh hoc, tham
gia vao viéc diéu hoa mién dich va bao vé cay
trwdc nhiéu loai tdc nhan gdy bénh. Ngoai ra,
su xudt hién cda cdc nhanh phenols va
chuyén hoéa wax, du sé lvgng gene dworc kich
hoat it hon, van cho thay cay sdn d3 huy dong
ca nhitng hop chat cé chirc nang da dang
trong diéu hoa tin hiéu va bdo vé bé mait té
bao. Cac két qua nay chi ra rang cay san khi
nhiém virus soc nau d3 dong thoi huy dong
nhiéu tuy&n chuyén hoa th& cap dé déi pho.
Trong d6, nhom flavonoid gilt vai tro trung
tam, hd trg bdi phenylpropanoid-lignin va
isoprenoid-terpenoid, nham tao nén mot
mang lwdi phong thd hdéa hoc da tang, két
hop ca chirc ndng chéng oxy hda, cing ¢d co
hoc va san sinh cédc hgp chat khang sinh hoc.
Pay 13 co ché& quan trong gilp cay san ting
cudng strc dé khang ty nhién trong bdi cadnh
bi virus tan cong.
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18 TAP CHI KHOA HQC VA CONG NGHE LAM NGHIEP TAP 15, SO 1 (2026)



Coéng nghé sinh hoc & Giéng cdy tréng

Bén canh cdc nhém chirc ndng nhu chuyén
hda th&t cdp, nhédm gene lién quan dén quang
hop cling dwoc ghi nhan cé biéu hién thay déi
dudi didu kién nhiém bénh. Phan tich cho thay
mot s& nhanh cta con dudng quang hop dugc
tang cudong biéu hién, phan anh sy diéu chinh
linh hoat nham duy tri hoat déng séng co ban
(Hinh 5A). Cu thé, trong chu trinh Calvin, hai
gene ma hda cho glyceraldehyde-3-phosphate
dehydrogenase (p-value = 0,907) va aldolase (1
gene, p-value = 0,974) c6 xu hudng tang cudng
bi€u hién. Cac enzyme nay déng vai trdo quan
trong trong viéc tai cé dinh carbon va duy tri
chu trinh chuyén héa carbon, tir d6 dam bao
ngudn nang lugng va chat hitu co cho cay trong
diéu kién stress. Bén canh d6, nhdnh quang héa
| (2 gene, p-value = 0,213) va quang hda Il (1
gene, p-value =0,774) cling dugckich hoat, cho
thay cay san van nd lyc duy tri hiéu suat hap
thu dnh sdng va truyén dién tlr trong qua trinh
quang hop. Pac biét, sy gia tang biéu hién cla
gene m3 hda tiéu phan nho cla rubisco (1 gene,
p-value = 0,188), 1a enzyme chl chét trong giai
doan ¢d dinh CO,, nhan manh vai tro thiét yéu
cla quad trinh quang hop trong viéc cung cap
nguyén liéu va nang lugng cho céc phan ng
phong vé. Ngoai ra, con dwdng dan truyén
electron trong phan &rng sang (3 gene, p-value
= 0,708) ciing cho thdy su tang cuwdng biéu
hién, phan dnh kh3 nang diéu chinh linh hoat
cla hé théng van chuyén dién tlr nham duy tri
san xuat ATP va NADPH, 13 nhitng déng tién
nang luong can thiét cho qua trinh dap ng
mién dich va tdi ciu truc té bao.

Phén tich dit liéu cho thay, bén canh mot s6
nhanh quang hgp duoc tang cuong, nhiéu con
duwong quang hop khac lai bi trc ché rd rét khi
cay san bj nhiém virus soc nau. Diéu nay phan
anh sy tac dong tiéu cwc cla virus 1én qua trinh
quang hop. Trong phan &ng sang, nhiéu thanh
phan quan trong bi gidm biéu hién. Nhém ATP
synthase (3 gene, p-value = 0,260) va cac
polypeptide cia phan &ng quang hda ll (4 gene,
p-value = 0,493) cung v&i quang hoa | (4 gene,

p-value = 0,844) déu cho thdy mirc d6 (rc ché.
Viéc giam biéu hién cla cac protein nay co thé
lam suy gidm hiéu qua hap thu anh sdng va van
chuyén dién tl, tir d6 han ch& khd nang tao ATP
va NADPH. Ngoai ra, nhiéu enzyme tham gia
vao chu trinh quang hé hap cling bi kim ham.
Cu thé, cac gene m3 hda hé théng phan cat
glycine (1 gene, p = 0,153), glycolate oxidase (1
gene, p = 0,305) va hydroxypyruvate reductase
(1 gene, p-value = 0,818) déu suy gidm. Sy (rc
ché& nay cho thay qua trinh x{r ly sdn pham phu
tr quang hop bi ri loan, cé thé dan dén sy tich
[Ty cdc chat doc hai va ting stress oxy hda trong
té bao.

Trong nghién clru trudc day, cdc gene
thudc con duwong lignin va flavonoid duwoc ghi
nhan cd vai tro trung tdm trong co ché& phong
vé trén cay san khang bénh thdi ré [16], tuwong
ddng vai két qud nay khixac dinh duwoc sy kich
hoat rd rét cta nhanh dihydroflavonol va
isoflavone trong mau san man cdm véi bénh
soc nau virus. Bén canh dé, cac gene lién quan
dén hé théng quang hop va can bang oxy hoda
- khir cling dwoc diéu chinh trong lay nhiém
bénh thdi ré [16] cling nhu trong nghién ctru
nay, cho thdy day c6 thé |a cac tuyén phan irng
phé bién cla cay san trudc céc loai stress sinh
hoc khdc nhau. Sy tuong déng va khac biét
nay khéng chi cdng cd dd tin cdy cua két qua
phan tich, ma con gép phan lam rd dac diém
phan &ng dac hiéu cta cay sin d6i véi bénh
soc nau virus, tir dé cung cap co s& khoa hoc
cho viéc phat trién céc chién lugc chon gidng
khang bénh chinh xac va hiéu qua hon. Bén
canh d6, nghién clru trudc day vé co ché
khang bénh & san da chi ra mot s6 locus va
gene rng vién lién quan dén khang bénh soc
nau, bao gébm nhém NB-ARC, RING-finger va
rhomboid-like protease [22], thi phan tich
bi€u hién gene trong nghién ciru nay d3 lam rd
hon, virus tac déng da chiéu, vira kich hoat co
ché phong vé (flavonoid, lignin), vira ddng thoi
lam suy yéu nhitng tuyén chuyén héa quan
trong & 14 (quang hop, hé hap, can bang dinh
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dudng). Tir géc d6 wng dung, viéc nhan dién
cac nhém gene ng vién thudéc flavonoid,
phenylpropanoid, lignin va hé théng chéng
oxy héa cé y nghia quan trong trong chon tao
giéng san khang bénh. Dong thoi, viéc hidu rd
nhirng tuyén bi kim ham nhu quang hop hay
hoé hap cling cung cap co s& dé danh gia cdi gia
sinh ly ma cdy phai trd cho qua trinh khang
bénh. Day la hudng mé dé két hop gilta chon
loc di truy@n va can thiép néng sinh hoc nhdm
giam thiéu tén that ndng suat.

4. KET LUAN

- K&t qua nghién ctru da cho thay sy bién
d&i sau rong trong bo gene clia giong san man
cdm khi bi nhiém virus soc nau, véi sy phan
cwc ro rét gilta cac nhom gene duoc tang
cudng va bi kim him biéu hién. O chiéu hudng
tang cwdng, cay san da chd dong kich hoat
manh mé& cac con dudng chuyén hoa thi cap,
dac biét 1a nhém flavonoid (dihydroflavonol,
isoflavone, chalcone, anthocyanin), cung vai
cac tuyén phenylpropanoid - lignin, isoprenoid
— terpenoid va déng hda luu huynh. Nhitng
hop chat ndy déng vai trd nhu phytoalexin,
chat chdng oxy hoda va chat cdng c6 thanh té
bao, gép phan xay dwng mét hé théng phong
thd hda hoc va co hoc da tang trudc tadc nhan
gy bénh. Nguoc lai, nhiéu con dudng sinh ly
co ban lai bj &rc ché manh mé. Céc gene lién
quan dén quang hop (hé théng quang hédal, Il,
chu trinh Calvin, ATP synthase), chu trinh
quang hé hap, cung véi cac con dudng chuyén
hda acid amin, nucleotide va lipid déu giam
manh vé biéu hién. Sy kim ham nay cho thay
virus d3 tac dong truc ti€p dén qua trinh san
xuat nang luvgng, dong héa chat dinh dudng va
duy tri ciu tric té bao, tir d6 lam suy gidm kha
nang sinh trwdng cling nhu tang thém ap lyc
stress cho cay.

- Nhitrng phat hién nay khéng chi cung cap
bang chirng vé co ché thich trng sinh hoc va héa
hoc clia cay san trudc stress do virus gay ra, ma
con goi ma tiém nang khai thac cac gene ng
vién va con dudng sinh hoc lién quan dé chon

tao gidng san khang bénh, phuc vu san xuat bén
virng trong bdi canh dich bénh trén cay trong
ngay cang gia tang.
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