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Received: 27/02/2022 The purpose of this research was to define a core set of differentially
) expressed genes (DEGS) in roots under the drought and salt stress in chickpea
Revised: 18/4/2022 (Cicer arietinum). By exploring all potential microarray datasets related to
Published: 18/4/2022 drought and salt stress in chickpea, a total of 41 DEGs (|fold-change| > 15),

including 15 highly up-regulated (fold-change > 15) and 26 highly down-
requlated (fold-change < -15) genes was screened in drought- and salt- treated

KEYWORDS roots. By annotating against the assemblies of chickpea, we found that most
Chickpea of 41 DEG-encoded proteins were annotated as functional and regulatory

proteins. Next, our results indicated that 41 DEG-encoded proteins were
Drought stress highly variable in physic-chemical features, like sizes, molecular weights, iso-
Salt stress electric points, instability index and grand average of hydropathy.
Transcriptome Furthermore, the prediction of subcellular localization suggested that 41

. . proteins were localized on many major organelles, especially in the nucleus,
Differentially expressed gene cytoplasm and plasma membrane. Taken together, our study could provide a
Bioinformatics significant core set of DEGs related to drought and salt stress in roots of
chickpea for further functional characterization.
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. . ) L biéu hién khéc biét (DEG) tgi mau ré trong diéu Kién stress han va man ¢ cy
Ngay hoan thi¢n: 18/4/2022 dau ga (Cicer arietinum). Bang céch khai thac céc bo dit ligu microarray lién
Ngay ding: 18/4/2022 quan dén stress han va man ¢ dau ga, tong cong 41 DEG (|fold-change| >

15), bao gom 15 DEG tang cuong biéu hién manh (fold-change > 15) va 26
DEG kim ham biéu hién manh (fold-change < -15) d4 duoc sang loc ¢ mau

TU KHOA ré trong didu kién stress han va man & ciy dau ga. Dua trén hé tham chiéu
pau ga cua cy dau ga, phan 1én cac DEG duoc chu gidi chire ndng ma héa cho cac

) protein diéu hoa va chire nang lién quan dén co ché dap ung va chong chiu
Han stress tham thau. Phén tich dic tinh ly héa cho thiy cac protein da dang vé
Man kich thudc, trong luong phén ti, diém déng dién, d6 bat én dinh va do wa
Hé phién ma nudc trung binh. Bén canh do, 41 protein dugc dy doan cur tra tai nhiéu bao

quan chinh trong té bao, chu yéu l1a & nhan, té bao chit va mang sinh chit.
Tom lai, két qua cua nghién ciru da cung cap thdng tin vé nhém DEG quan
Tin sinh hoc trong lién quan dén stress han va man ¢ ré ciy dau ga dinh hudng cho cac
phan tich chirc nang gen.
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1. Giéi thiéu

Dau ga (Cicer arietinum) 1 loai quan trong thir ba trong cac cay ho dau duoc trdng phd bién
hién nay trén thé gioi. La mot trong nhitng loai cay ¢ nhiéu muc dich sir dung khac nhau, dau ga
duoc canh tac & nhiéu ving sinh théi trén thé gisi. Hat dau ga, chira nhiéu chat dinh dudng, cé
thé duogc sir dung lam thyc pham c6 gié tri cho con nguoi, nguyén liéu ché bién thirc dn chin nuéi
va san xuit nhién liéu sinh hoc [1]. Bén canh d6, trong luan phién dau ga, twong ty nhu cic cay
ho dau khéc, c6 thé gilp cai tao dat do ¢d kha nang c6 dinh nito [2]. Tuy nhién, canh tic ciy dau
ga trén thé gigi hién nay dang gap nhiéu kho khin do anh huong cua cac diéu kién bat thuan, dién
hinh nhu stress han va man [3]. Tai Viét Nam, cdy dau ga chua duoc trong phd bién, hau hét cac
nghién cau van chi dung lai & quy mé phong thi nghiém va nha kinh. Do d6, tim hiéu vé co ché
dap g stress han va man ¢ dau ga dang duoc quan tdm hién nay, nhat 1a khi théng tin di truyén
cua cdy dau ga di dwoc giai ma thanh cdng gan déy, tir d6 phuc vu cong tac khao nghiém va chon
tao gidng dau ga thich &ng véi bién doi khi hau tai Viét Nam [3].

Trude day, cac nghién ctru da duoc tién hanh nham xac dinh mic do biéu hién cua mot s6
nhom gen thiét yéu lién quan dén dap (ng stress min va han & ciy dau ga. Cu thé, cac nhém gen
ma hoa protein diéu hoa (nhu nhan té phién ma NAC) [4] va protein chiic ning (nhur protein van
chuyén duong sucrose SWEET) [5] di dugc xac dinh va phan tich mic d6 phién ma ¢ mét s6 co
quan/bd phan chinh trong diéu kién xu 1y stress han. Trudc d6, mot sb nhom protein tham gia vao
diéu hoa sy biéu hién gen, dién hinh nhu nhan té phién ma ARF ciing dwoc phan tich trong diéu
Kién stress man & cay dau ga [6]. Hau hét cac bao céo chi tap trung vao vai trd cia mot sé nhom
gen cu thé trong diéu kién stress han hoic man, chua co nhiéu phén tich tién hanh vai dir liu
phién ma toan hé gen. Gan day, véi thanh tuu cua cong nghé giai trinh tu hé phién ma, mac do
biéu hién toan hé gen & cay dau ga trong cac diéu kién xir 1y stress da lan luot dwoc phan tich.
Theo @6, dir liéu biéu hién caa toan hé gen tai |4 va ré trong diéu kién xu ly stress han [7]-[9] va
man [10], [11] da dugc nghién ciru mot cach riéng I¢, tir 6 phén tich chirc ndng cua nhiing nhom
gen c6 bleu hi¢n khac bi¢t (differentially expressed gene, DEG) dé dua ra co ché dap ung véi
stress & cap do phan tir. Tuy nhién, chua co nhiéu nghién ctu két hop céc dir liéu microarray trén
GEO NCBI dé tim ra danh sach DEG trong diéu kién xir ly stress man va han trén cay dau ga, tir
d6 dé xuit ra cac gen ung vién dinh huéng cho phan tich chirc niang gen [3].

Nghién ciu nay dugc thuc hién khai thac tat ca cac dir liéu microarray lién quan dén xir ly
stress han va man ¢ cay dau ga. Theo d6, nghién ciru da tai phan tich dir liéu nham dwa ra mot
danh sach DEG tiém ning c6 muc d6 phién ma dap ang manh. Chirc ning cia cic gen sau do
tiép tuc duoc cha giai dya trén hé tham chiéu cua cay ddu ga. Cudi cung, tinh chit va vi tri cu tra
noi bao cua cac protein dwoc phan tich bang cong cu tin sinh hoc.

2. Vit ligu va phwong phap nghién ctru
2.1. Vit ligu nghién ciru

Nghién ctru nay da thu thap tat ca dir liéu microarray lién quan dén xir Iy stress han va man ¢
cdy dau ga trén co s6 GEO NCBI [12] theo m0 ta trong nghién ctru trude day. Bén canh do, hé
tham chiéu, bao gom hé gen va hé protein cua cay dau ga [13] ciing di duoc khai thac trén co s
Phytozome [14] va NCBI.

2.2. Phwong phdp nghién ciru

- Phuwong phap tim kiém dit liéu microarray: Tat ca cac dit liéu RNA-Seq lién quan dén xur ly
stress han (véi tir khéa ‘drought’) va man (véi tir khoa ‘salt’) trén cdy dau ga (véi tir khda
‘chickpea’) dugc khai thac trén cong GEO NCBI [12]. CAc théng tin vé bé tri thi nghiém, mau
thu thap va dit liéu biéu hién duoc thu thap dé sang loc. Theo d6, cac dit liéu microarray & cling
mau co quan/bd phan xtr ly stress han va min duoc str dung dé tai phan tich.
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- Phuong phap phan tich dit liéu microarray: Muc do biéu hién cua toan hé gen trong céc dir
liéu RNA-Seq duogc tai phan tich dya theo md ta trong cac nghién ciru trude day [4], [5]. Trong
do, gia tri fold-change cua gen dugc tinh theo cong thirc (FPKM trong xt ly stress)/(FPKM trong
diéu kién ddi chung). Trong nghién ctru nay, DEG duogc dinh nghia 1a gen c6 gia tri [fold-change|
> 15, nghia 1a gen ting cudng biéu hién (gia tri fold-change > 15) hoac gen kim ham biéu hién
(gié tri fold-change < -15). Céc dit li¢u sau d6 dwoc mo hinh héa theo d6 thi nhiét bang ngdn ngir
Python [15].

- Phuong phap chu giai chirc ning gen: Ma dinh danh ciia cac DEG dugc ddi chiéu vao ban
chd giai hé gen cua cay ddu ga duoc mo ta trong nghién ciru trude dy [13]. Cu thé, cong PCD
(Pulse Crop Database), Phytozome [14] va NCBI cung cap hé tham chiéu cua cay dau ga [13]
duogc st dung dé tim kiém trinh ty protein diy du twong ung véi timg ma dinh danh cua DEG,
Sau d6, trinh tu protein day du cua ting DEG da khai thac dugc truy van trén cong Pfam [16] dé
kiém chiing chtrc ning gen.

- Phuong phap phan tich tinh chét protein: Trinh ty protein ddy du cia cac DEG duoc sir dung
dé truy van trén cong cu Expasy Protparam [17] theo mo ta trong cac nghién ctu trude day [4],
[5]. Theo d6, cac tinh chét cua protein, bao gom kich thudc (s6 lugng gbc amino acid), trong
luong phén tir (kilo Dalton), diém dang dién (< 7, = 7 va >7 twong (mg do acid, trung tinh va do
base), d6 bat on dinh (< 41 va > 41 twong (ng 4n dinh va bat 6n dinh) va d6 ua nudc trung binh
(< 0va > 0 tuong trng wa nudc va Ky nudce) dugc phan tich [17].

- Phuong phép du doan vi tri cu tri ndi bao protein: Trinh ty protein day du cua cac DEG
dugc phén tich trén céng cu Yloc [18] theo nghién ctu trude day [5]. Theo do, dua trén cac tin
hiéu dic trung cho bao quan, céc protein c6 thé dugc du doan nam trén 9 bao quan chinh ¢ té bao
thuc vat, bao gdm nhan, té bao chét, ty thé, mang sinh chit, hé théng bao goi, peroxisome, thé
Golgi, khéng bao va luc lap [18].

3. Két qua va ban luan
3.1. Phan tich dé ligu biéu hién microarray lién quan dén stress han va mgn & cdy dau ga

Dé thu thap cac dir liéu microarray tng vién cho phan tich, nghién ctru nay da ra soat tat ca
cac dir li¢u lién quan den stress han va man ¢ cdy dau ga trén cong GEO NCBI [12]. Ket qua da
xac dinh dugc tong s6 10 dir liéu, gom 6 dir liéu microarray giai ma hé phién ma ¢ mau I4, ré,
chdi va hoa xir Iy han va 4 dit liéu microarray phan tich & mau ré va chéi xtr Iy man (Bang 1).
Dua trén tiéu chi chon mau xir 1y va phuong phéap phan tich dir liéu, nghién ciru da lya chon ra dir
liéu GSE70274 (dai dién cho stress han) va GSE70377 (dai dién cho stress min) dé tai phan tich
nham tim ra nhom DEG dép (g véi ca hai diéu kién xir ly.

Bang 1. Khai thac cé&c diz liéu microarray lién quan d@én stress han va man ¢ cdy dau ga

STT Madirligu  Piéu kién MAu xir ly Phwong phap
1 GSE104609 Han L& & giai doan phén sinh dinh chdi Illumina HiSeq 2000
2 GSEB89228 Han L4 ¢ giai doan sinh truéng Agilent ChickpeaGXP_8X60K chip
3 GSE70274 Han Ré & giai doan sinh truang va sinh thuc Ilumina HiSeq 2000
4 GSE12812 Han RE & céy 3 - 5 tuan tudi SAGE:26:Nlalll
5 GSE8554 Han Chdi, hoa, mo r& & giai doan sinh thyc Pulse Chip
6 GSE7416 Han Chdi 14, hoa va qua non & giai doan sinh thyc Pulse Chip
7 GSE110127 Man R& & giai doan sinh dudng va sinh thuc lon Torrent PGM
8 GSE70377 Man RE ¢ giai doan sinh truéng va sinh thuc Illumina HiSeq 2000
9 GSE26638 Man Ré ¢ giai doan sinh truéng 454 GS
10 GSE7418 Man Chdi va ré & giai doan sinh truéng Pulse Chip

Tiép theo, phan tich cac dir liéu microarray cho thay sé lwong DEG dap tng & mau ré xir ly
stress han va min tuong d6i khac biét. Cu thé, két qua tai phan tich dir lieu GSE70274 cho thiy
s6 lugng DEG dap ing véi diéu kién xir ly stress han & mau ré (gi4 tri [fold-change| > 15) thu
duoc 12 2.627 gen, véi 220 gen c6 mirc do biéu hién ting manh (fold-change > 15) va 2.407 gen

http://jst.tnu.edu.vn 165 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(05): 163 - 170

¢6 biéu hién giam manh (fold-change < -15) (Hinh 1). Két qua tai phan tich dit ligu GSE70377 da
chi ra 614 DEG & mau re xt ly stress man, bao gom 474 gen téng cuong bieu hién manh va 140
gen Kim hdm biéu hién manh (Hinh 1).

DEG

GSE70274
(stress han)

2627

GSE70377 614
(stress man)
Mrc @6 biéu hién
-100
-50
0
50
100

Hinh 1. Bdn do nhiét mo ta cac DEG trong hai diz liéu lién quan dén stress han va man ¢ cdy dau ga

Két qua két hop 2 dit lidu da xac dinh duoc tong s6 41 DEG c6 xu huéng biéu hién tuong tu
nhau trong xu ly stress han va man. Trong dd, nghién ctru da chi ra 15 DEG dugc tang cuong
biéu hién (fold-change > 15) va 26 DEG kim ham biéu hién (fold-change < -15) trong diéu kién
xir ly stress han va man (Bang 1). Trong d6, Ca_22375 dugc xac dinh 12 DEG ¢6 mirc d6 biéu
hién ting manh nhat & mau ré trong stress han (73,96 1an), trong khi gen Ca_23121 ting cudng
phién m& manh nhat ¢ ré xt ly stress man (149,54 1an) (Bang 2). Bén canh d6, Ca_10731 va
Ca_22885 la 2 DEG kim ham biéu hién manh nhat & mau r& trong stress han va man, vai gié tri
dat lan luot 12 -832,70 va -58,66 lan (Bang 2).

Bang 2. Mize dg biéu hién va chi gidi chire nang gen ciia 41 DEG dép 1ng stress han va man ¢ cdy ddu ga

R Mire dé biéu hién (fold) Ma Chu giai chirc nang
STT  Téngen Stress han  Stressmian  PFAM
1 Ca_00495 19,54 74,69 PF00657 GDSL-like lipase
2 Ca_01016 21,20 19,02 PF00067 Cytochrome P450
3 Ca_02849 21,59 27,20 PF01852 StAR-related lipid-transfer
4  Ca_08179 16,37 19,81 - -
5 Ca_09553 18,43 23,18 PF08100 O-methyltransferase
6 Ca_09735 28,39 32,80 PF00069 Kinase
7 Ca_13069 19,70 124,95 PF16113 Enoyl-CoA hydratase/isomerase
8 Ca_13252 22,57 29,37 PF02984 Cyclin
9 Ca_13953 17,54 23,25 PF12638 Staygreen
10 Ca_14015 64,26 64,31 PF03031 NLI interacting factor-like phosphatase
11 Ca 15711 6724 1523  PF13507 CobB/CobQ-like glutamine
— amidotransferase
12 Ca_22375 73,96 31,25 PF03171 20G-Fe(Il) oxygenase
13 Ca_23092 16,79 16,75 PF02466 NADH dehydrogenase
14 Ca_23121 59,89 149,54 PF00056 Lactate dehydrogenase
15 Ca_23668 16,72 74,58 PF00588 SpoU rRNA methylase
16 Ca_00759 -22,96 -20,78 PF00808 Histone-like transcription factor
17 Ca_02282 -25,38 -18,56 PF05916 GINS complex protein
18 Ca_02410 -17,73 -35,64 PF07250 Glyoxal oxidase
19 Ca_04882 -140,55 -58,05 PF00078 Reverse transcriptase
20 Ca_05326 -115,61 -18,07 - -
21  Ca_05499 -86,16 -18,75 PF03004 Transposase
22 Ca_07290 -63,76 -41,39 PF13923 Zinc finger, C3HC4 type
23 Ca 07754 -231,66 -32,89 - -
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A Mire d¢ biéu hi¢n (fold) Ma Chu giai chirc ning
STT ~ Teéngen Stress han  Stressmin  PFAM

24 Ca_09232 -64,77 -15,77 PF00955 Bicarbonate transporter

25 Ca_ 10731 -832,70 -56,12 - -

26 Ca_ 11640 -58,31 -29,33 PF08541 3-Oxoacyl-(acyl-carrier-protein) synthase Ill

27  Ca_12146 -30,75 -22,04 - -

28 Ca_12448 -19,21 -25,70 PF01594 Al-2E family transporter

29  Ca_13380 -35,03 -41,81 PF01370 Epimerase

30 Ca 13432 -37,48 -17,41 PF00314 Thaumatin

31 Ca_14927 -88,59 -36,28 PF00909 Ammonia transporter

32 Ca_ 16099 -43,98 -36,44 PF01063 Amino-transferase nhom IV

33  Ca_16555 -25,06 -18,04 PF00501 AMP-binding enzyme

34 Ca_18704 -37,61 -24,50 PF04564 U-box

35 Ca_ 18859 -58,09 -31,04 PF01012 Electron-transferring flavoprotein

36 Ca_ 19509 -193,35 -16,63 PFO7731 Multicopper oxidase

37 Ca_22396 -67,61 -16,56 PF13041 PPR repeat family

38 Ca_22885 -25,23 -58,66 PF00098 Zinc finger

39 Ca_ 23896 -21,09 -33,68 PF03732 Retrotransposon capsid-like protein

40 Ca_ 24594 -264,49 -23,17 PF03732 Retrotransposon capsid-like protein

41 Ca 26813  -38329 2913 PF03255 Acetyl co-enzyme A carboxylase
- carboxyltransferase alpha subunit

Chul thich: “-“: Chwa xdc dinh

Trong nghién ciru trude day, xir ly stress han ciing di gay ra su thay doi vé mic do biéu hién
ctia toan hé gen ¢ cay dau ga mot cach da dang. Cu thé, tong s6 1562 DEG ([fold-change| > 2),
gom 693 gen tang cuong biéu hién va 869 gen kim ham biéu hién da duoc xac dinh o 1a xu ly
stress han [7]. Kiém tra mic do phién ma toan h¢ gen & mau 14 xit 1y ngimg tuoi d chi ra tong sb
1078 DEG ([fold-change| > 2), gom 403 gen tang cudong biéu hién va 775 gen klm ham biéu hién
[8]. Trong mét dix licu vé xur ly stress man & mau ré & cac giai doan, tong s6 761 DEG ([fold-
change| > 1), bao gom 510 gen ting cuong biéu hién va 251 gen kim ham biéu hién va 1309 DEG
(bao gém 1000 gen ting cudng biéu hién va 309 gen kim ham biéu hién) da duoc xac dinh trong
giai doan sinh truong sinh dudng va sinh thuc [10].

3.2. Chu gidi chikc néang ciia cdac gen ddap ing stress hagn va man ¢ cdy ddu ga

Trong nghién cau nay, chd gidi chirc nang cua 41 DEG dap ung stress han va man ¢ cay dau
ga duoc tién hanh bang céch phan tich trén h¢ tham chleu cua cdy dau ga [13] khai thac trén
PCD, Phytozome [14] va NCBI. Két qua cho thdy, da s6 cac DEG déu mi héa céac protein diéu
hoa va protein chirc ning quan trong tham gia vao qué trinh chong chiu stress & cay trong (Bang
2). Cu thé, 12 (trén tong s6 41) DEG dugc xac dinh ma hda cho cac nhém protein chirc ning, chu
yéu 1a cac protein van chuyén nhu Ca_09232 ma héa cho bicarbondate transporter (c6 ving bao
thu déc trung PF00955) [16], Ca_14927 ma hoa cho ammonia transporter (c6 ving bdo thu dac
trung PF00909) [16] (Bang 2). Trong khi do, phan I6n cac DEG (24 trén tong so 41) ma hoa
protein diéu hoa, chu yéu la cac enzyme va nhan t6 phién ma (Bang 2). Vi du, Ca_09553 va
Ca_23092 la 2 DEG lan lugt mé héa cho hai enzyme, O-methyltransferase (v6i ving bao thi dac
trung PF 08100) va NADH dehydrogenase (vdi vung bao thi dac trung PF02466) [16]. Hai gen,
Ca_07290 va Ca_00759 la 2 DEG duoc chi giai mé héa cho céc thanh vién cia 2 nhém nhan t6
phién m4, bao gom Zinc finger C3HC4 type (véi viing bao tha dic trung PF13923) va Histone-
like transcription factor (Vi viing bao thu dic trung PFO0808) [16]. Bén canh d6, 5 (trén tong s6
41) DEG, bao gém Ca_08179, Ca_05326, Ca_07754, Ca_10731 va Ca_12146 chua duoc chd
gidi chuce ndng gen [16] trén h¢ tham chiéu cua cdy dau ga [13] (Bang 2). Déang chu y, 4 gen
(ngoai trir Ca_08179) déu c6 xu huéng kim ham biéu hién & mau ré xu Iy stress han va man ¢
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ciy dau ga (Bang 1, 2). Nhu vay, cac gen nay c6 thé duoc st dung lam ngudn vat liéu cho phan
tich chiic ning gen trong nghién ctu tiép theo.

Trudce ddy, cac gen cam tng voi bét loi tham thau (bao gom stress han va man) dugc ghi nhan
la ma hoéa cho 2 nhém protein chinh, bao gom nhom protein chirc nang (protein dong vai tro truc
tiép trong co ché khang stress) va protein diéu hda (cac yéu t tham gia vao diéu hoa Chuyen hoa
tin hiéu va biéu hién gen chirc ning trong co ché dap ng stress) [17], [18]. Trong co ché dap tng
va khang stress han ¢ cay dau ga, hang loat cac DEG da dugc ghi nhan ma hoa cho protein lién
quan dén diéu hoa déng/mé khi khong, sira d6i thanh té bao (nhu xyloglucan
endotransglycosylase), van chuyén xuyén mang va truyén tin hiéu, can bang noi moéi, diéu hoa
phién ma va sinh tong hop lipid [7], [8]. Ngoai ra, mot s6 DEG déap wng stress han c¢é thé ma hoa
trong nhom nhan té phién ma MYB, mot s6 enzyme lién quan dén khir dang 6xi nguyén tir hoat
dong (nhu ascorbate peroxidase), mot s6 enzyme tham gia vao co ché quang hop (nhu carbonic
anhydrase) [7], [8]. Tuong tu, trong stress man, hau hét cac DEG da duoc béo cdo ma héa cho
cac protein lién quan dén cau trdc thanh té bao, van chuyen xuyén mang, dan truyén tin hiéu, dap
(g stress 0xi hoa va diéu hoa phién ma [9]. Cu thé, hau hét cac DEG ting cuong biéu hién trong
diéu kién stress man & cay dau ga ma hda cho cac protein van chuyén lipid, nhan t6 phién ma
NAC, protein van chuyén duong, nhém enzyme peroxidase, cytochrome P450 va LEA, trong khi
cac DEG kim ham biéu hién trong didu kién stress min & cay dau ga ma hoa cho nhém pectin
esterase, cysteine protease, abscisic acid hydroxylase va thu cam glutamate [9].

3.3. Phén tich dic tinh va Vi tri cw trit ciia protein lién quan d@én stress hgn va mgn ¢ cdy dgu ga

Dé khai thac tinh chat caa cac protein ma hoa bai 41 DEG dép tng véi stress han va man &
ciy dau ga, cac dic tinh Iy hda va vi tri cu tri ndi bao di 1an lugt dugc phén tich bing cac cong
cu tin sinh hoc [17], [19] dua theo cac nghién ciru trude ddy [4], [5]. Theo d6, két qua phan tich
dic tinh ly hoa va du doan vi tri phan bé cua protein duoc trinh bay & bang 3. Céc protein c6 kich
thude dao dong tir 57 (Ca_05326) dén 1002 géc amino acid (Ca_09735 quy dinh enzyme kinase),
tuong tmg v4i trong lugng phén tr dao dong tir 6,25 dén 112,63 kDa (Bang 3). Phan 16n cac
protein (25 trén tong so 41) c6 diém dang dién < 7, twong ung véi tinh acid, trong khi 16 (trén
tong s 41) protein cé tinh base, voi gia tri diém dang dién > 7 (Bang 3). Hau hét cac protein (31
trén téng sb 41) c6 d6 wa nude trung binh dat gia tri am, chimg to cac protein nay cé tinh ua
nudc, trong khi 10 (trén tong sé 41) protein c6 tinh ky nudc, voi do wa nude trung binh c6 gia tri
duong (Bang 3). Ngoai ra, 21 va 20 (trén tong sb 41) protein 1an luot c6 do bét on dinh < 41 va >
41, chung t6 cac protein ndy lan luot ¢6 tinh 6n dinh va khéng c6 tinh 6n dinh trong diéu kién
ong nghiém.

Béang 3. Dgc tinh cia cac protein ma héa bgi 41 DEG dap 1ing stress hagn va mgn ¢ cdy ddu ga

STT M3 protein L mw pl GRAVY 1 Vi tri cu tri
1 Ca_00495 367 40,36 8,32 -0,16 28,93 Mang ludi noi chit
2 Ca_01016 300 32,63 5,19 -0,07 33,98 Luc lap
3 Ca_02849 265 29,92 9,02 027 49,14 Té bao chat
4 Ca_08179 308 32,78 5,58 -0,60 68,73 Nhan
5 Ca_09553 371 40,98 5,55 -0,13 28,46 Té bao chét
6 Ca_09735 1002 112,63 9,05 -0,46 48,38 Té bao chét
7 Ca_13069 407 46,07 5,60 -0,30 35,90 Ty thé
8 Ca_13252 361 41,42 7,94 -0,44 42,15 Nhan
9 Ca_13953 299 33,71 8,80 0,11 27,20 Té bao chat
10 Ca_14015 469 53,60 4,57 -0,44 5112 Té bao chat
11 Ca_15711 259 30,30 6,72 -052 4573 Mang ludi noi cht
12 Ca_22375 364 41,34 5,84 -0,53 42,69 Té bao chat
13 Ca_23092 147 16,78 4,12 -0,60 39,19 Nhan
14 Ca 23121 630 69,44 6,07 -0,05 3571 Té bao chét
15 Ca_23668 77 8,46 7,82 -0,41 4555 Nhan
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STT Ma protein L mwW pl GRAVY 1 Vi tri cu tru
16 Ca_00759 157 17,42 6,43 -0,59 38,92 Nhan
17 Ca_02282 133 15,75 5,32 -0,56 54,89 Té bao chat
18 Ca_02410 328 36,62 9,02 -0,66 47,36 Nhan
19 Ca_04882 525 59,90 5,92 -0,26 48,98 Té bao chat
20 Ca_05326 57 6,25 6,37 021 1484 Té bao chét
21 Ca_05499 108 12,12 9,69 0,16 40,11 Mang sinh chét
22 Ca_07290 86 9,71 10,05 0,27 37,18 Khoéng bao
23 Ca 07754 254 28,12 6,66 -0,27 52,92 Té bao chét
24 Ca_ 09232 723 80,88 9,05 0,13 42,60 Mang sinh chét
25 Ca 10731 715 76,87 9,38 0,63 41,09 Luc lap
26 Ca_11640 156 16,94 6,29 0,17 21,02 Té bao chét
27 Ca_12146 188 20,74 4,73 -0,50 48,92 Té bao chat
28 Ca_12448 663 73,48 8,81 0,29 38,19 Té bao chat
29 Ca_13380 344 39,04 9,16 -0,45 40,57 Nhan
30 Ca 13432 325 34,27 4,66 -0,12 50,92 Mang sinh chét
31 Ca_14927 460 49,91 5,76 052 27,05 Mang sinh chét
32 Ca_16099 75 8,44 4,98 -0,59 56,66 Nhan
33 Ca_16555 694 75,90 6,90 -0,03 34,22 Peroxisome
34 Ca_18704 415 45,62 7,56 0,10 47,42 Mang sinh chét
35 Ca_18859 358 37,78 6,66 0,07 36,19 Ty thé
36 Ca_19509 418 46,55 6,07 -0,10 35,99 Mang sinh chét
37 Ca_22396 384 43,20 5,02 0,05 33,8 Té bao chét
38 Ca_22885 297 32,98 9,24 -0,96 42,63 Nhan
39 Ca_23896 218 25,44 5,41 -0,39 42,25 Thé Golgi
40 Ca_24594 967 109,11 6,03 -0,46 51,30 Nhan
41 Ca 26813 755 83,32 8,87 -0,52 40,34 Té bao chat

Ghi chui: L - kich thudc (goc amino acid), mW - trong leong phén ti (kDay), pl - diém dang dién, GRAVY -
dé wa nuoc trung binh, 1l - @6 bat 6n dinh.

Tiép theo, dir doan vi tri cu tra ndi bao da chi ra riang, cac protein ma héa bai 41 DEG phan
bd da dang ¢ céc bao quan chinh trong té bao (Bang 3). Cu thé, 2 (trén téng sb 41) protein,
Ca_00495 va Ca_15711 duoc dy doan cu trii tai mang ludi ndi chat, trong khi 2 (bao gom
Ca_01016 va Ca_10731) va 2 (bao gom Ca_13069 va Ca_18859) protein duoc xac dinh nam lan
luot tai bao quan luc lap va ty thé (Bang 3). Trong khi d6, chi c6 1 protein phan bé tai 3 bao
quan, nhu thé Golgi (Ca_23896), peroxisome (Ca_16555) va khong bao (Ca_07290) (Bang 3).
Pang chu ¥, cac protein con lai dugc du doan nam rai rac tai mang sinh chat (6 trén tong s 41),
nhan (10 trén tong s6 41) va trong té bao chat (16 trén tong sb 41) (Bang 3).

4. Két luan

Khai thac cac dir li¢u microarray da sang loc dugc 2.627 va 614 DEG dap (ing vai stress han
va man (gia tri [fold-change| > 15) & ré ciia cAy dau ga. Trong dé, 15 va 26 DEG tang cudng va
kim ham biéu hién trong ca stress han va man & ré da duoc xac dinh.

Chu gidi chire nang gen cho thiy 12 DEG ma hoa cho protein chiic ning, 24 DEG ma hoa cho
protein diéu hoa va 5 DEG chua duoc chl giai chac nang. Céc protein ndy chu yéu la cac
enzyme, nhan tb phién ma va protein véan chuyén, tham gia truc tiép vao co ché chdng chiu stress
tham thau trong té bao.

Danh gia dac tinh cho thay cac protein c6 kich thudc tir 57 (6,25 kDa) dén 1002 goc amino

acid (112,63 kDa) 25 protein c6 tinh acid va 16 protein c6 tinh base. 31 protein ¢¢ tinh wa nudc
va 10 protein co tinh ky nuéc. Trong do, 16 protein dugc du dodn cu trii tai té bao Chat 10
proteln nam trong nhan té bao va 6 protein nam trén mang sinh chat, cac protein con lai nam rai
rac tai cac bao quan chinh trong té bao.
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