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NGHIEN CUU PAC TINH PROTEIN VA PHAN TiCH IN SILICO MUC PO
BIEU HIEN CUA HQ GEN CaSWEET O CAY PAU GA (Cicer arietinum)

Chu Pirc Ha"', Phiing Thi Vuong?®, Nguyén Ha My"?,

Pham Thi Ly Thu', Pham Phwong Thu®, La Viét Hong?

Yién Di truyén Nong nghiép (VAAS), *Truong Dai hoc Sw pham Ha Néi 2,
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TOM TAT

Trong nghién ctru nay, dic tinh co ban ciia ho protein van chuyén duong sucrose, SWEET (sugars
will eventually be exported transporter), da dugc phan tich trén cay dau ga (Cicer arietinum). Két
quéa da cho thidy ho CaSWEET c6 kich thudc trong khoang 230 dén 296 axit amin, trong lugng
phén t dat 25,67 dén 33,47 kDa. Phan tich cac dic tinh héa sinh dé chi ra réng ho CaSWEET co6
tinh ky nudc, phan 16n cac phan tir c6 gia tri diém ding dién 16n hon 7 va c6 tinh 6n dinh trong
diéu kién in vitro. Du doan bang TargetP cho thiy da sb cac CaSWEET phén bd ¢ hé thong tiét.
Céc gen CaSWEET duoc khai thac thong tin trong diéu kién thudng va stress phi sinh hoc dwa vao
mot s6 co s& dir lidu giai hé phién ma. Trong didu kién thuong, hau hét cac gen CaSWEET c6 biéu
hién manh ¢ it nhat mot co quan trén cy. Dic biét, CaSWEET19 duoc xac dinh 1a gen c6 biéu
hién déc thu ¢ ca 11 vi tri trong diéu kién thuong. Bén gen CaSWEET da duogc xac dinh c6 muc d
phién mi dap tng véi stress man va han & mo ré. Trong d6, gen CaSWEETO5 biéu hién manh nhat
trong stress han, dat 2,43 lan so v6i d6i chimg va CaSWEET17 1a gen c6 dap mg véi stress min,
tuong Gmg 2,17 lan so véi ddi ching.

Twr khéa: Ddau ga, SWEET, murc do biéu hién, dic tinh, tin sinh hoc
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ANALYSIS OF PROTEIN FEATURES AND IN SILICO EXPRESSION
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ABSTRACT

In this study, the general characteristics of the sucrose transporters, namely SWEET (sugars will
eventually be exported transporter) have been analyzed in the chickpea (Cicer arietinum). Our
results indicated that the lengths of CaSWEETSs were varied from 230 to 296 amino acids, while
their molecular weights ranged from 25.67 to 33.47 kiloDalton. Next, our analyses of the
biochemical features revealed that CaSWEETSs are hydrophobic, most of them are base (the
isoelectric points > 7) and recognized to be stable in the test tube. Our TargetP prediction showed
that the majority of CaSWEETS could be distributed on the secretory pathway. Of our interest, the
expression profiles of CaSWEETSs were checked in the normal and abiotic stress conditions based
on the available transcriptome atlas. In the normal condition, most of CaSWEETSs were highly
expressed in at least one tissue. Interestingly, CaSWEET19 was noted as the most exclusively
expressed gene in the whole 11 tissues in the normal condition. We also found that four CaSWEET
genes were responsive to drought and salt stresses in root tissues. Among them, CaSWEETO05 was
the most up-regulated gene in drought stress (2.43-fold) and CaSWEET17 was the most induced
gene in salt stress (2.17-fold).
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MO DAU

Protein van chuyén duong sucrose SWEET
(sugars will eventually be exported
transporter) dugc biét dén nhu mdt nhom
protein chirc ning tham gia vao nhidu qui
trinh sinh hoc quan trong dién ra trong té bao
thuc vat [1]. Cac bao cdo dd chi ra ring
SWEET c¢6 thé lién quan dén van chuyén
sucrose va dugc ting cuong tich liy tai mot
s6 bo phén trén cay [2], tir d6 tham gia vao
diéu hoa qua trinh trao ddi chat ¢ thuc vat [3].
Pang cha y, cac gen mad hoa SWEET da duogc
ching minh c6 dép ung véi bat loi moi
truong, bao gém céc stress sinh hoc va phi
sinh hoc [4].

Dén nay, vai tro ciia cic gen ma hoa SWEET
lién quan dén dép mg stress da dugc ghi nhan
trén nhidu ddi tuong cay trong nhu khoai lang
(Ipomoea batatas) [5], ca chua (Solanum
lycopersicum) [6] va cai dau (Brassica napus)
[4]. Trong nghién ctu trude day, 21 thanh
vién cua hg gen ma hoa CaSWEET da duoc
xac dinh mot cach co hé théng trén hé gen ciy
dau ga (Cicer arietinum) [7]. Phan tich dac
tinh da cho thiy ho gen CaSWEET c¢6 cau triic
bén viing v6i hau hét cac gen (18 trén 21)
chtra 6 exon [7]. Cau hoi dat ra la cac gen
CaSWEET c¢6 murc do biéu hién dap tng ra
sao trong diéu kién thuong va stress?

Muc dich cta nghién ciru nady nhiam tim hiéu
mac d0 biéu hién cua céc gen CaSWEET
trong diéu kién thudng va stress phi sinh hoc
dua trén cac co sé dir liéu microarray va
RNA-Seq da cong bo. Béng thoi, mot sé dac
tinh co ban cua protein CaSWEET & dau ga
duogc phan tich dua trén cac cong cu truc tuyén.
Két qua ctia nghién ctru nay s& cung cap nhiing
gia thuyét dang tin cay cho d4nh gia chic ning
gen CaSWEET c6 dap ung stress.

VAT LIEU VA PHUONG PHAP NGHIEN CUU
Dir liéu nghién ciru

Dir liéu phién mi (transcriptome) cta gidng
dau ga desi 'ICC 4958' trong diéu kién thuong
[8] trén Hé thong thong tin ho Pau (Legume

Information System, LIS)
(https://legumeinfo.org/) [9] va trong diéu
kién stress phi sinh hoc (han va man) [10].
Trinh tu axit amin (aa) ctia 21 thanh vién
trong ho CaSWEET dugc khai thac trong
nghién ciru gan day [7].

Phwong phap nghién ctru

Phuong phap phdn tich dac tinh hoa sinh cua
CaSWEET ¢ ddu ga: Kich thudc va trong
lugng phan tir cia CaSWEET duoc xac dinh
trén BioEDIT [11]. Piém dang dién, d6 bt on
dinh, d¢ va nudc trung binh dugc tinh béng
cach truy vén trinh ty aa cia CaSWEET [7]
trén EXPASY Protparam
(https://web.expasy.org/protparam/) [12]
tuong tu nhu mo ta trong nghién ciu trudc
day [13].

Phuong phdp du dodn vi tri phdn bé néi bdo
cua CaSWEET ¢ ddu ga: Trinh tg aa cua
CaSWEET [7] duoc khai thac trén TargetP
(http://www.cbs.dtu.dk/services/TargetP/) [14]
dé sang loc viing tin hiéu (signal peptide) dic
trung cho bao quan, nhu moé ta trong nghién
clru gan day [13].

Phutong phdp phan tich in silico biéu hién ciia
gen CaSWEET trong diéu kién thuong: Ma
dinh danh cia gen CaSWEET duoc truy van
trén LIS [9] dé tim kiém biéu hién cua gen tai
cic mau mod & ddu ga trong diéu kién thuong
[8]. Trong d6, 11 mau md dugc thu thap trén
cac bd phan cua ciy ddu ga giéng desi 'ICC
4958' bao gdm cdy non dang niay mam
(germinating seedlings, GS), 14 non (young
leaves, YL), mo phan sinh dinh chdi (shoot
apical meristems, SAM), nu hoa & cac giai
doan (flower buds 1 + 4, FB1 + 4), hoa ¢ cac
giai doan phat trién (flower 1 = 4, FL1 + 4)
[8]. Cac gen CaSWEET duogc sap xép dua vao
cdy phan loai thiét 1ap bang phuong thuc
Neighbor-Joining trén MEGA [15].

Phirong phdp phan tich in silico biéu hién cia
gen CaSWEET trong diéu kién stress: Ma
dinh danh cua CaSWEET duogc s dung dé
phan tich muc do dap ung cua gen trong ré
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cua cay C. arietinum 'ICC 4958' xir 1y han
(GSE70274) va man (GSE70377) [10]. Thuat
todan tinh muc d6 phién ma ctia cidc gen
CaSWEET dugc phan tich dya trén mo ta
trong nghién ciru trude day [13].

KET QUA VA BAN LUAN

Két qua phan tich dic tinh héa sinh ciia
CaSWEET ¢ C. arietinum

Trong nghién cuu nay, kich thudc (don vi 1a
aa), trong lugng phan tor (don vi 1a kDa) va
mot sd dic tinh hoa sinh co ban cua protein,
bao gdm diém ding dién, do bat on dinh va
dd va nudc trung binh da dugc tim hiéu dua
trén trinh ty cua CaSWEET tuong ung trén
ciy dau ga [7]. Két qua phan tich & Béang 1
cho thay kich thudc ciia ho SWEET ¢ dau ga
dao dong tir 230 (CaSWEET20) dén 296 aa
(CaSWEET13), trung binh dat 252,8 aa.
Trong khi do, gia tri trong lugng phan tir cla
cac protein nay dat tu 25,67 (CaSWEETO02)
dén 33,47 kDa (CaSWEETI13), véi gia tri
trung binh khoang 28,30 kDa. Trudc do, Feng
va cong sy cling da ghi nhan ho SISWEET &

S. lycopersicum c6 kich thudc tir 233 dén 308
aa [6], gan twong duong v6i cac CaSWEET ¢
C. arietnium (Bang 1).

Tiép theo, ho SWEET & ddu ga c6 diém dang
dién tir khoang axit (pI = 5,83) dén bazo (pl =
9,74), 90,48% cic CaSWEET c6 diém ding
dién 16n hon 7, trong khi chi c6 2 phan tir c6
gia tri diém dang dién nho hon 7 (Bang 1).
Két qua nay ciing dugc ghi nhan tuong ty nhu
trén ho BaASWEET & B. napus, 63 trén téng
sO 68 phan tir c6 diém dang dién 16n hon 7
[4]. Trudc d6, cac protein c6 tinh kiém (pI 16n
hon 7) di duoc gia thuyét c6 thé phan bd
xuyén mang hodc ty thé [16]. Nhim ting
thém murc d6 tin cay cho nghién clru, trinh ty
aa cua ho CaSWEET dugc phén tich trén
TargetP [14] dé du doan vi tri phan bd nodi
bao cua cac protein ndy. Két qua cho thiy da
s6 cac thanh vién (17 trén 21) cua ho
CaSWEET c6 thé cu trii & hé thong tiét trong
té bao, v6i 5 phan tir duoc du doan véi do tin
cdy cao (Bang 1).

Bang 1. Ddc tinh co ban cua CaSWEET ¢ dau ga

TT Tén protein L mw
1 CaSWEETO01 239 26,75
2 CaSWEETO02 235
3 CaSWEETO03 253 28,65
4 CaSWEETO04 254 28,75
5 CaSWEETO05 270 30,28
6 CaSWEETO06 246 27,36
7 CaSWEETO07 237 26,76
8 CaSWEETO08 257 28,84
9 CaSWEET09 259 29,05
10 CaSWEET10 242 26,80
11 CaSWEET11 259 28,71
12 CaSWEET12 247 27,44
13 CaSWEET13
14 CaSWEET14 262 29,22
15 CaSWEET15 253 28,07
16 CaSWEET16 250 27,91
17 CaSWEET17 251 27,79
18 CaSWEET18 281 31,77
19 CaSWEET19 255 28,58
20 CaSWEET20 26,29
21 CaSWEET21 232 25,93

pl 1 GRAVY

TargetP

0,85 S
37,73 0,70 S

8,16 37,33 0,75 s

8,95 27,39 0,78 S

9,17 33,81 0,67 -

8,33 39,78 0,71 -

9,23 35,43 0,62 S

9,40 33,26 0,67 S

9,47 34,69 0,69

9,44 36,82 0,49 -

9,65 27,76 0,79 S

8,35 0,33 S

9,15 31,90 0,66 S

9,59 0,76 S

8,10 26,72 0,69

9,25 0,71 S

8,31 35,50 0,54 S

9,74 0,90 S

9,28 34,32 0,87 -

8,96 40,75 0,93 S

L: Kich thucc, mW: Trong lwong phan tu, pl: Piém dcfng dién, 1I: Bo bat 6n dinh, GRAVY: B¢ wa nuoc,

TargetP: Vi tri cu tru noi bao
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Cubi cung, gia tri GRAVY ciia ho CaSWEET
& dau ga déu 16n hon 0 (Bang 1), ching to
phan tir CaSWEET déu c6 tinh ky nudc,
tuong tu nhu ghi nhan gan day trén cai thao
(B. rapa) [3] va cac cay trong khac [1], [2].
Tri s II cua cac CaSWEET dao dong tu
26,72 (CaSWEETI12)  dén 54,85
(CaSWEET13) (Bang 1), trong d6 phan 16n
thanh vién (15 trén 21) ¢6 II nho hon 40, cho
thiy ching déu 6n dinh trong dng nghiém.
Céc két qua nay da cung cap nhimg dir lidu
mét cach toan dién vé dic tinh héa sinh cia
ho protein CaSWEET ¢ dau ga.

Két qud phén tich in silico miec dp bidu hign ciia
cic gen CaSWEET trong diéu kign thuong
Phan tich mac d6 biéu hién cta cac gen ma
héa ho SWEET ¢ 11 vi tri trén cay dau tuong
dugc tim hiéu théng qua dir liéu phién ma ¢
gidng 'ICC 4958 trong diéu kién thuong [8]
trén co so dir liu LIS [9]. Két qua da xéc
dinh duoc dit ligu bicu hién cua 13 trén 21
gen CaSWEET, hai gen CaSWEET13 va
CaSWEET15 c6 muc d6 phién ma dudi
nguong phat hién (Hinh 1, 2). M6 ta trén
Hinh 1 cho thdy CaSWEET19 biéu hién rat
manh & cd ba mau m6 GS, YL va SAM. Hai
gen ciing ¢ biéu hién manh & miu GS duoc
xac dinh la CaSWEET09 va CaSWEET10,
trong khi CaSWEET08 va CaSWEET16 dugc
tang cudng biéu hién & SAM (Hinh 1).
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Hinh 1. Biéu hién ciia cdc gen CaSWEET trong

ba mau mé cua cdy ddu ga trong diéu kién thuwong

Trén mau mo hoa thu thap & cic giai doan
khac nhau, ho gen CaSWEET c¢6 muc d6 biéu
hién rit da dang (Hinh 2). Cu thé,
CaSWEET16 va CaSWEET17 ciing biéu hién
manh hodc c6 xu hudng biéu hién manh & cac

mau FB va FL (Hinh 2). Pang chi y, hai gen,
CaSWEET10 va CaSWEET19 bicu hién rét
dic thu ¢ tat ca md hoa trong didu kién
thuong (Hinh 2). Bén canh d6, mot sd gen,
nhu CaSWEETO07 va CaSWEET18 ciing duoc
tdng cudng phién ma tai mot mau mod hoa, lan
luot 1a FB1 va FL3 (Hinh 2). Két qua nay
budc dau cho thiy ho gen ma héa SWEET &
dau ga co thé déng vai tro quan trong, lién
quan dén nhitng qua trinh dién ra tai cac bd
phan trén cay trong diéu kién thuong, twong
tu nhu nhitng ghi nhan trude day [2], [3].

o
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Hinh 2. Mirc dg biéu hién cia cic gen CaSWEET
tai mdu hoa ¢ cdc giai doan khdc nhau trong diéu
kién thuong

Két qua phan tich in silico mirc dp biéu hién
ciia cdc gen CaSWEET trong diéu kién
stress phi sinh hoc

Trong nghién ciru nay, miac do dap tng phién
mé cua cac gen CaSWEET trong diéu kién
stress phi sinh hoc dugc danh gia dya trén
phan tich hai dir liéu biéu hién khi xir Iy han
(GSE70274) va man (GSE70377) voi mau ré
[10]. Két qua phén tich dugc thé hién ¢ Béang
2. Trong do, thong tin cua chin gen
CaSWEET khong duoc tim thiy, hai gen,
CaSWEET10 va CaSWEET18 c6 muc do
phién ma dudi ngudng phat hién (Bang 2).
Pang chu y, bon gen CaSWEET da dugc xac
dinh c6 dap ting voi stress man va han (Bang
2). bac bi¢t, CaSWEETO05 1a gen c6 muc do
phién ma tdng manh nhét trong stress han, dat
2,43 lan so v6i didu kién thuong, trong khi
CaSWEET17 c6 dap tng ting manh nhét
trong stress man, tuong ung 2,17 lan so voi
diéu kién thuong (Bang 2).
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Bang 2. Mitc dé dap img ciia cdc gen CaSWEET & ré trong xit Iy han va mdn ¢ ddu ga

TT Téngen Ddp ing man  Pdp ting han  TT  Tén gen Ddp iing man  Pdp ting han
1 CaSWEETO1 - - 12 CaSWEET12 - -
2 CaSWEET02 - - 13 CaSWEET13 0,86 0,58
3 CaSWEET03 - - 14 CaSWEET14 - -
4  CaSWEET04 - - 15 CaSWEET15 0,61 0,62
5 CaSWEETO05 0,37 16 CaSWEET16 W
6 CaSWEET06 - - 17 CaSWEET17 1,04
7 CaSWEET07 0,41 124 18 CaSWEET18 ~0 ~0
8 CaSWEETO08 0,22 19 CaSWEET19 0,19 0,97
9 CaSWEET09 1,09 042 20 CaSWEET20 - -
10 CaSWEET10 ~0 ~0 21 CaSWEET21 - -
11 CaSWEET11 0,47 0,85

Vé mit ly thuyét, thuc vat dap ung voi stress
han va mén thong qua nhiéu con dudong, trong
d6 ndi bat 1a co ché diéu hoa ap sudt thim
thiu o ré bang cach ting cudng noéng do cac
chat tan, trong d6 c6 dudng sucrose [17]. Dua
trén dir liéu biéu hién cua ho gen CaSWEET,
bén gen CaSWEET05,  CaSWEETOS,
CaSWEET16 va CaSWEET17 c6 dap ung
tdng voi stress man/han o ré, cho thfiy cac gen
nay c6 thé tham gia vao co ché thich nghi ¢
dau ga voi stress thim thau. Két qua cua
nghién ctru ndy tao tién dé cho cac phan tich
tiép theo vé chtrc ning gen CaSWEET lién
quan dén tinh chdng chiu stress phi sinh hoc &
cay dau ga.

KET LUAN

Ho CaSWEET ¢ dau ga co kich thudc va
trong lwong phan tir tuong ddi dong déu, dat
tir 230 dén 296 aa, twong g 25,67 dén 33,47
kDa. Cac CaSWEET déu c6 tinh ky nudc,
hau hét trong sb d6 co6 pH dat ngudng bazo
(19) va 6n dinh trong 6ng nghiém (15). Pa s6
cac protein c6 thé phan bd & hé thong tiét.
Gen CaSWEET19 biéu hién rat manh & 11 bd
phan trong diéu kién thuong. Cac gen con lai
déu co biéu hién dac thu ¢ it nhat mot vi tri
trén cay trong diéu kién thudng.

Pi xac dinh duoc bon gen CaSWEET c6 dap
Umg véi stress man va han ¢ mo ré. Gen
CaSWEETO5 biéu hién manh nhat trong stress
han, dat 2,43-fold, trong khi CaSWEET17 la
gen c6 dap trng véi stress man, tuong ung
2,17-fold.

LOI CAM ON: Nghién ciru nay duoc thuc
hién tir kinh phi ctia d¢ tai nghién ctru co ban
mi s6 08/HPUT-KHCN do Pai hoc Su pham
Ha Noi 2 tai tro.
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