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DPINH DANH VA PHAN TiCH CAU TRUC CUA HQ GEN MA HOA PROTEIN
VAN CHUYEN PUONG SUCROSE O CAY DAU GA (Cicer arietinum)
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TOM TAT

Trong nghién ctru nay, 21 protein van chuyén sucrose (sugars will eventually be exported
transporter, SWEET) da dugc xac dinh & giong dau ga kabuli 'CDC Frontier'. Phan 16n gen
SWEET nam rai rdc trén hé gen cua dau ga, ngoai trr gen CaSWEET21. Bang cht y, mot s6 gen
CaSWEET nam & ving can dau mut cua cac nhidém sic the So sanh cho thay khong c6 sy tuong
quan giira s6 luong gen SWEET véi kich thudc hé gen, s6 lugng nhidm sic thé ¢ cac loai thyc vat.
Biang cong cu PIECE, két qua di cho thay ho gen md héa SWEET ¢ dau ga c6 ciu triic phan
manh. Trong d6, hdu hét cac gen CaSWEET déu c6 sau exon. Két qua cua nghién ciru ndy di cung
cip nhirng thong tin co ban vé ho SWEET & du ga, dic tinh co ban cia SWEET va muc d6 dap
g cua cac gen SWEET véi diéu kién bat loi s& dugc tim hiéu trong nghién ciru tiép theo.

Tw khoa: Pdu ga, sucrose, van chuyén, SWEET, tin sinh hoc
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ANNOTATION AND STRUCTURAL ANALYSIS OF THE SUCROSE
TRANSPORTER GENE FAMILY IN CHICKPEA (Cicer arietinum)
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ABSTRACT

In this study, a total of 21 members of the sucrose transporter family (sugars will eventually be
exported transporter, SWEET) has been identified in the chickpea kabuli 'CDC Frontier' cultivar.
The majority of genes encoding SWEET, excluding CaSWEET21 is located on the chromosomes
with an uneven ratio. Interestingly, several CaSWEET genes were found in the subtelomeric
regions in the chromosomes. Our comparisons showed that no direct correlation between the
number of SWEET genes, genome size and the number of chromosomes in plant species. By
using the PIECE tool, we found that the fragmented structure in the CaSWEET gene family.
Among them, most of the CaSWEET genes had six exons. Our study would provide an initial
understanding of the SWEET family in chickpea. The general characteristics of SWEETSs and
the expression profiles of SWEET genes in various stress conditions will be carried out in
further studies.
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MO DAU

O thuc vat, dudng sucrose dugc téng hop ¢ 1a
thong qua qua trinh quang hop, sau dé duoc
phan phdi dén toan bd md co quan trong cdy.
C6 hai nhom protein chiic nang, SUT
(sucrose transporter) va SWEET (sugars will
eventually be exported transporter) da dugc
ching minh tham gia vao quéd trinh van
chuyén duong sucrose ¢ thyc vat [10]. Trong
d6, cac gen ma hoa ho protein SWEET duoc
quan tdm nhiéu do ching tham gia vao céc
qué trinh sinh hoc, nhu trao ddi chit, va dap
g bit loi & ciy trong [5]. Pén nay, ho gen
ma héa protein SWEET da dugc ghi nhin
trén nhiéu déi twong cdy tréng quan trong, cd
thé ké dén nhu lta gao (Oryza sativa) [16],
dau tuong (Glycine max) [13], cai dau
(Brassica napus) [9], cao luong (Sorghum
bicolor) [12] va sin (Manihot esculenta) [1].
Tuy nhién, chua c¢6 ghi nhan vé ho gen ma
hoa SWEET trén dau ga (Cicer arietinum),
mdt trong nhimg cay ho Pau quan trong nhat
trén thé gidi.

Chtra nhidu chit dinh dudng, ham luong
protein cao, dau ga co thé duoc su dung lam
thuc phdm, nguyén liéu cho ché bién thirc an
gia sc va nhién li€u sinh hoc [2]. Bén canh
do6, cay dau ga c6 kha nang ¢ dinh N, tu do,
vi vay duoc khuyén céo trong ludn canh véi
cdy trong khac nhim cai thién ning suit va bu
ddp d6 phi nhiéu cho dat [3]. Vi vay, C.
arietinum 1a déi tugng ciy trong dugc quan
tam nghién ctru trén thé gidi nham phat trién
nén ndng nghiép bén vimng.

Trong nghién ciru ndy, ho gen ma hoda protein
SWEET da dugc xac dinh mot cach c6 hé
thng trén hé gen cua ddu ga dua trén cach
tiép can tin sinh hoc. Ciu triic gen va mot s6
dac tinh co ban cua protein da dugc phan tich
bang cic phan mém sinh hoc. Két qua cua
nghién ctru nay s& cung cap nhitng dan liéu
khoa hoc quan trong cho nghién ctru co ché
van chuyén duong sucrose ¢ dau ga, dong
thoi tao ra tién dé co ban cho phat trién dau
ga tai Viét Nam.

VAT LIEU VA PHUONG PHAP NGHIEN CUU
Dir liéu nghién ciru

H¢ gen va hé protein cua dau ga kabuli 'CDC
Frontier' [14] trén co s& dir liéu Phytozome v.
12.1 (https://phytozome.jgi.doe.gov/) [7].
Phwong phap nghién ctru

Phurong phdp tim kiém SWEET 6 ddu ga: Cac
thanh vién ctia ho SWEET dugc xac dinh
bang cach BlastP ving bao thi PF03083 dic
trung cho protein van chuyén sucrose & thuc
vat [10] vao hé protein cta C. arietinum trén
Phytozome [7]. Tét ca két qua tim kiém tuong
ddng c6 gia tri E-value > 1 x 10 dugc thu
thap dé kiém chimg trén Pfam [6].

Phwong phap chu giai gen ma hoa SWEET ¢
ddu ga: Ma dinh danh va cac thong tin vé chi
giai cia gen SWEET dugc thu thap thong qua
tim  kiém  BlastP  trén  NCBI
(https://www.ncbi.nlm.nih.gov/) [14]. Vi tri
phan bb trén nhidm sic thé dwoc mo hinh hoa
trén Illustrator dua trén kich thudc hé gen cua
C. arietinum [14].

Phwong phap xdy dung cdy phan loai cho ho
SWEET ¢ ddu ga: Cong cu MEGA v. 7.0 [11]
dugc dung dé thiét 1ap cdy phan loai ho
SWEET bang thuat toan Neighbor-Joining
Vv6i gia tri bootstrap 1000 lan lp lai. Cay
phan loai dugc mo hinh hoa trén Illustrator.
Phurong phdp mé phéng cdu tric ciia gen ma
hoa SWEET ¢ ddu ga: Trinh tg genomic
(.fasta), vung ma hoa (.fasta) cia gen SWEET
va tht tg cua cac SWEET (.nwk) dugc truy
van vao cong cu PIECE
(https://wheat.pw.usda.gov/piece/index.php)
[15]. Céu tric exon/intron ctia gen SWEET
dugc mo hinh hoéa trén Illustrator.

KET QUA VA BAN LUAN

Két qua tim kiém protein vin chuyén
sucrose SWEET ¢ C. arietinum

Pau tién, thuat toan BlastP dugc sir dung dé
sang loc toan bd protein co6 ving bao thu
PF03083 dac trung cho SWEET ¢ thuc vét
[10] trén h¢ protein cua C. arietinum [14].
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Déi chiéu cac két qua trén Pfam [6] da xac dinh dugc tong s6 21 protein SWEET & dau ga (Bang
1). Trinh ty amino acid cta cac SWEET duoc khai thac dé chu giai thong tin vao hé gen ciia C.

arietinum [14] trén NCBI. Toan bo thong tin vé ho SWEET ¢ d4u ga duoc cung cap ¢ Bang 1.
Bang 1. Thong tin cua ho SWEET o ddu ga

TT Tén gen Ma3 phién ma Ma protein Ma locus
1 CaSWEETO01 XM_004488926.2 XP_004488983.1 LOC101509458
2 CaSWEET02 XM_004487778.2 XP_004487835.1 LOC101509872
3 CaSWEET03 XM_012719392.1 XP_012574846.1 LOC101498095
4 CaSWEET04 XM_004489049.2 XP_004489106.1 LOC101497133
5 CaSWEET05 XM_004490445.2 XP_004490502.1 LOC101497351
6 CaSWEET06 XM_004489239.2 XP_004489296.1 LOC101506045
7 CaSWEETO07 XM_004489238.2 XP_004489295.1 LOC101505723
8 CaSWEET08 XM_004491623.2 XP_004491680.1 LOC101511936
9 CaSWEET09 XM_004491624.2 XP_004491681.1 LOC101512270
10 CaSWEET10 XM_004498321.2 XP_004498378.1 LOC101498274
11 CaSWEET11 XM_004498340.2 XP_004498397.1 LOC101504169
12 CaSWEET12 XM_004502518.2 XP_004502575.1 LOC101515250
13 CaSWEET13 XM_004501669.2 XP_004501726.1 LOC101510607
14 CaSWEET14 XM_004501759.2 XP_004501816.1 LOC101488880
15 CaSWEET15 XM_004502010.1 XP_004502067.1 LOC101512545
16 CaSWEET16 XM_004502557.2 XP_004502614.1 LOC101499800
17 CaSWEET17 XM_004503532.2 XP_004503589.1 LOC101488443
18 CaSWEET18 XM_004503722.2 XP_004503779.1 LOC101491370
19 CaSWEET19 XM_004503721.1 XP_004503778.1 LOC101491054
20 CaSWEET20 XM_004508799.2 XP_004508856.1 LOC101491395
21 CaSWEET21 XM_004515143.1 XP_004515200.1 LOC101489507

Truéc d6, hé gen cua giébng C. arietinum
kabuli 'CDC Frontier' dugc du doan cé kich
thudc thuc té ~738 Mb, tuy nhién chi 530,894
Mb (bao phu khoang 71,94%) dugc ghi nhan
trong ban mo ta hé gen gin diy (BioProject:
PRINA175619) [14]. Hon nita, mot giéng C.
arietinum khac 1a desi 'ICC 4958' ciing da
duoc giai trinh ty gﬁn day, véi kich thudc hé
gen dat 510,877 Mb  (BioProject:
PRINA78951) [8]. Vi véy, trong nhiing ban
md ta tiép theo vé hé gen cua C. arietinum, s6
lugng cling nhu thong tin cua ho SWEET sé
dugc bd sung va cai thién.

Két qud xdc dinh vi tri phdn bo ciia gen ma
héa SWEET ¢ C. arietinum va phén tich moi
twong quan vé ho gen SWEET ¢ thuee vit
Minh hoa vi tri phan bd cta ho gen mi hoa
SWEET trén hé gen cua C. arietinum cho
thdy phan 16n cac gen déu nam trén nhidm sic
thé, ngoai trir CaSWEET21 chua dugc chu
giai (unplaced scaffold) (Hinh 1) Ho gen
SWEET phan bd rai rac trén hau hét cac
nhidm sic thé, trong khi khéng c6 gen nao
duoc ghi nhan trén nhiém sic thé Ca8 (Hinh

1). Nhiém sic thé Ca5 chia nhiéu gen
CaSWEET nhét (5 gen) (Hinh 1). Bang chuy,
mot sd gen SWEET nam ¢ vi tri can dau muat
ctiia nhiém sic thé (subtelomere) (Hinh 1). Cu
thé bao gdbm cac gen CaSWEETO01 va
CaSWEET03 (Cal), CaSWEET04 (Ca2),
CaSWEET08 va CaSWEET09 (Ca3) va
CaSWEET16 (Ca5) (Hinh 1). Vi tri can dau
mut cta nhiém sic thé duge cho 1a rit bao tha
va déc trung cho loai, dong vai tro quan trong
trong co ché nhan biét va bit cip trong
nguyén phan sém [4].

Tiép theo, s6 lugng gen md hoa SWEET ¢
dau ga duoc so sanh vdi mot s6 loai thuc vat
mot va hai 14 mam khac (Bang 2). Cu thé, 52
gen GMSWEET da duoc tim thdy trén dau
tuong [13], trong khi & cai dau va san di xac
dinh duoc lan lugt 68 va 28 gen ma hoa ho
SWEET [1], [9] (Bang 2). Trén d6i tugng
thyc vat mot 1a mam, 21 va 23 gen thudc ho
SWEET da dugc nghién ctru trén lta gao va
cao lwong [12], [16] (Bang 2). C6 thé thiy
rang, s6 lugng thanh vién trong ho gen
SWEET (21) ¢ dau ga tuong duong vdi lua
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Ca1

|— caswEETO1
(LOC101509458)

Ca2 Ca4
— CaSWEET04 CaSWEET08
(Loc1o1497133)'§oc101511935)

gao (21) va cao luong (23), mac du kich
thuéc hé gen cua dau ga (530,894 Mb) lon
hon laa gao (382,627 Mb) nhung nho hon cao
luong (687,750 Mb) (Bang 2). Diéu nay cho
thiy khong c6 sy twong quan giita sd luong
gen SWEET va kich thudc hé gen ¢ cac loai
thuc vat. Tuong ty, thanh vién ctia ho gen
SWEET khéng phu thudc vao sb luong nhiém
sdc thé cling nhu gitra thuc vat mot 14 mam va
hai 1a mam (Béng 2).

CaSWEET09
(LOC101512270)F—CaSWEET10
(LOC101498274)

—CaSWEET02
(LOC101509872)

(LOC101497351)
CaSWEET05

(LOC101506045)
CaSWEET06

F—CaSWEET07
(LOC101505723)

— CaSWEET11
(LOC101504169)

— CaSWEET03
(LOC101498095)

Két qua phan tich cdu tric ciia ho gen ma
hoa SWEET ¢ dau ga

Phan tich trén PIECE [15] cho thdy ho gen
CaSWEET déu c¢6 cau trac phan manh (Hinh
2). Hau hét cac gen (18) md hoa SWEET &
dau ga rat bao tha, déu chira sau exon, chi ¢
gen CaSWEET?21 chtra bay exon va hai gen
(CaSWEET15 va CaSWEET17) chira nam
exon (Hinh 2). C4u trac phan manh véi kich
thude intron rat dai (so v6i doan exon) cho
thiy ho gen CaSWEET rét bén viing, c6 thé it
bi tac dong do dot bién gen xay ra trong quéa
trinh chon loc tu nhién.

Ca5 Caé Ca7 Ca8

[—CaSWEET12
(LOC101515250)

—CaSWEET13
(LOC101510607)

CaSWEET14
(LOC101488880)

L— caswWeET17
(LOC101488443)

—CaSWEET20
(LOC101491395)

— CaSWEET15

(LOC101512545) (LOC101491370)

CaSWEET18

CaSWEET16

(LOC101499800)

[—casweET19
(LOC101491054)

Hinh 1. Vj tri phin bé ciia ho gen CaSWEET &
ddu ga

Bang 2. Tom tdt ho gen SWEET ¢ mot 56 lodi thuc vt

TT Tén loai Limam Hégen (Mb) Nhiémsicthé SWEET  Nguén
1 C.arietinum 2 530,894 8 21
2 G. max 2 984,880 20 52 [13]
3 B. napus 2 912,196 19 68 [9]
4 M. esculenta 2 390,836 18 28 [5]
5 O.sativa 1 382,627 12 21 [16]
6 S.color 1 687,750 10 23 [12]
100— CaSWEET21 10— (7)
41 CaSWEET01 m—smmm e (6)
CaSWEET11 w—s—mmm — = (6)
92 100L— CASWEET16 ettt (6)
5 10— CaSWEET10 = = - (6)
CaSWEET12 s - — e (6)
100! CaSWEET02 w—u—mmm = - == (6)
CaSWEET15 w—a — - = (5)
CaSWEET17 — = (5)
10 CaSWEET20 w6
z CaSWEET06 — s (6)
ety 5 —
a
% CaSWEET18 w»—t—umm - — (6)
1 CaSWEET14 — = —(G) l: Exon
CaSWEET19 w6 —: Intron
4 CaSWEET04 s i e i e it ( 6 )
3 CaSWEETO3 e e S 0 ettt (6 )
57 CaSWEETO05 — - (6
59 CaSWEET0Q w6 )
10— CaSWEET08  #~s-mmm e --mmm (6
0 1 2 3 4 5 6 7 (kb)

Hinh 2. Cdu tric ciia ho gen CaSWEET & ddu ga

136

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


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

Chu Pirc Ha va Dtg

Tap chi KHOA HOC & CONG NGHE DHTN

194(01): 133 - 138

Gan day, hau hét cic thanh vién thudc ho
MeSWEET ¢ sin (26 trén 28 gen) ciing déu
chtra sau exon [1]. SO lugng exon nay ciing da
dugc ghi nhan gin ddy & ho gen mi hoa
SWEET ¢ cai dau [9] va dau twong [13].
Nhimng két qua nay cho thay cu triic ciia ho
gen SWEET rét bao thii & thuc vat noi chung,
trong d6 hau hét cac gen déu chira sau exon.
Két qua ciia nghién ctru nay da cung cip
nhiing hiéu biét co ban vé ho gen SWEET &
dau ga. Trong nghién ciru tiép theo, ddc tinh
co ban cia SWEET va dic tinh cua gen
SWEET lién quan dén tinh chng chiu bt loi
s& duoc tim hiéu va phén tich.

KET LUAN

Pba xac dinh duoc 21 thanh vién thudc ho
SWEET ¢ dau ga. Di chiéu trén hé gen cua
d4u ga cho thiy s luong gen CaSWEET co
thé thay doi trong cac phién ban cap nhat chii
giai gen tiép theo cua cac gidng dau ga.

Céac gen CaSWEET phan bd khong dong déu
trén hé gen cua dau ga. Trong d6, khong cé
mdi twong quan nao dugc xac dinh giira s6
luong gen SWEET véi kich thudc hé gen, sd
lugng nhiém sdc thé gilta cac loai thyc vét
mot va hai 14 mam.

Ho gen CaSWEET ¢ dau ga c6 céu triic phan
manh véi kich thude cac doan intron dai dé
dam bao tinh toan ven cua exon trong sudt
qua trinh tién hoa. D4i chiéu véi cac loai khac
cho thiy s lugng exon trong gen SWEET ¢
thuc vat chu yéu 1a sau.

LOI CAM ON: Nghién ctru nay duoc thyc
hién tir kinh phi cta dé tai nghién ciru co ban
mi s6 08/HPUT-KHCN do Pai hoc Su pham
Ha Néi 2 tai trg.
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