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Tom tit:

O thuc vat, SWEET (sugars will eventually be exported transporter) 1a ho protein vin chuyén duong sucrose déng
vai trd quan trong, tham gia vao nhiéu qua trinh sinh hoc thiét yéu trong té bao. Trong nghién ciru nay, hién twong
1ap ctia ho gen ma hoa SWEET & cay dau ga (Cicer arietinum) da duwgc phan tich thong qua cic cong cu tin sinh hoc.
Két qua di xac dinh dwoc 6 su kién Lip trong ho gen CaSWEET & diu ga. 3/6 cip gen lip déu nim trén cic nhiém
sic thé khac nhau, cho thiy hién twong lip trén cac viing 16n ciia nhiém sic thé 1a co ché chinh dé nhan rong ho gen
CaSWEET twong ty nhw cic loai thuce vat khac. Phan tich ciing da du doan ring, sw sai khic trong cu tric ciia cic
gen lip da bi kim him duwéi ap lye ciia chon loc ty nhién. Cac sy kién Lip dwoc tinh toan mét cach twong doi xiy ra
cach day tir 23,06 dén 38,31 triéu nim trwéc. Viung bio thii ciia ho CaSWEET dic trung béi 7 domain TM va 7 trinh
tu motif. Két qua ciia nghién ctru di cung cip nhitng din liéu quan trong vé sy nhin rong ciia ho gen CaSWEET, tir
d6 6 thé dwa ra cac gia thuyét vé vai trd ciia cac gen lip doi voi loai dau ga.

Tir khoa: dau ga, 1ap gen, SWEET, tin sinh hoc.
Chi 56 phdn logi: 4.6

quan trong nhu trao ddi chét, dap ung bét loi... [3]. Trude
day, ho gen gdm 21 thanh vién, mi hoa protein SWEET da
duoc xac dinh & dau ga (Cicer arietinum) [3] - cdy trong
quan trong tht hai trong ho Pau duoc st dung phd bién
lam thyc pham, thirc 4n gia stc, nhién liéu sinh hoc va cai

Mé dau

Hién tuong lip gen (gene duplication) duoc gia thuyét 1a
co ché chinh dé nhan rong cac ho da gen (multigene family)
& thuc vat [1]. Cu thé, khoang 65% gen dugc giai ma trong
genome thuc vat déu c6 thé tim thay gen lap cta ching [1].

_ - , ° ;. tao mdi truong (cb dinh N) [4-6]. Trong d6, hau hét cac
Hién tuong nay dugc giai thich cha yeu do su trao d6i bat  ~ e ( ) ») [4-6] & ‘

gen CaSWEET d&u c6 6 exon [3]. Vi vdy, cau hoi duoc dit
ra la ho gen CaSWEET dugc nhan rong ra sao, va c6 tuong
tu nhu & cac loai thuc vat khac hay khong? Trong nghién
clru nay, co ché nhan rong cua ho gen CaSWEET & Cicer
arietinum da dugc phan tich in silico. Cu thé, cac su kién lap
gen da dugc du doan dua trén sy tuong dong giira cac gen
CaSWEET gﬁn glii. Sau do, ap luc ctua chon loc ty nhién va
thoi diém xay ra hién twong ldp gen di duoc danh gia. Cudi

thuong giita nhiing alen tuong dong tao nén cap gen lap &
khoang cach gan nhau va sy lip cta cac ving nhiém sic thé
16n (segmental duplication) [2]. Vi vay, nghién ciru vé co
ché nhan rong cua cac ho gen c6 thé cho phép tim hiéu vé
phan hoa chirc ning ciing nhu cu tric cia cac gen nay, dy
1a nhimng dan lidu quan trong nham dénh gia vai trd clia gen
lién quan dén dap tmg bat loi cia mdi truong.

O thuc vat, duong sucrose (don vi du trit nang luong
co ban trong té bao) dugc van chuyén chi yéu nhd nhom
protein SWEET. Trong do, cac gen ma héa SWEET & thuc
vat dugc chimg minh dong vai trd trong nhidu qua trinh
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cung, trinh ty bao thu va cac motif cuia ho SWEET da dugc
tim hiéu. Két qua cua nghién ctru ndy goép phan cung cip
nhirng hiéu biét co ban vé ho gen CaSWEET trong subt qua
trinh tién hoa cua dau ga.
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Abstract:

In plants, SWEETs (sugars will eventually be exported
transporters) are known as the major sucrose
transporters that involve in various important biological
processes. In this study, the gene duplication of the gene
family encoding SWEETs in chickpea (Cicer arietinum)
has been analysed based on the bioinformatics approach.
As the results, a total of six duplication events occurring
in the CaSWEET gene family in chickpea has been
determined. Three (out of six) duplicated pairs were
distributed on the distinct chromosomes, suggesting
that the segmental duplication is considered as the
major reason to explain the expansion of the CaSWEET
gene family, as confirmed in many plant species. Our
results also predicted that the purifying selection was
appeared to maintain the preservation of SWEET
proteins. These duplication events were calculated to
approximately occur from 23.06 to 38.31 million years
ago. Additionally, the conserved domain of CaSWEET
consisted of seven TM units and seven specific motifs.
Our study would provide a critical understanding of the
expansion of CaSWEET genes, this could suggest the
role of duplicated genes in chickpea plants.
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Vat liéu va phuong phap nghién ciiu
Vit li¢u
Genome va proteome ciia gidng dau ga kabuli ‘CDC

Frontier’ [7] duogc khai thac trén Phytozome (https://
phytozome.jgi.doe.gov/) [8].

Trinh tu protein, doan exon ma hoda (coding DNA
sequence, CDS) va ving gen (genomic sequence) cua 21
CaSWEET duogc khai thac tir nghién ctu trude day [3].

Phuwong phap nghién ciru

Phuong phap dy dodn suw kién Ilap gen: trinh tu CDS
(dinh dang .fasta) cia ho CaSWEET dugc st dung dé so
sanh trinh tu twong dong bang cong cu ClustalX [9]. Mirc
do tuong déng (%) cua cac trinh ty CDS duogc tinh toan
bang phan mém BioEDIT [10]. Cac budc tién hanh va thong
s6 cai dit duge mo ta twong tu nhu trong nghién ciu gan
day [11].

Phwong phap xay dung cdy phdn logi: trinh ty protein
(dinh dang .fasta) cia ho SWEET dugc khai thac dé phan
tich trinh tu tuong dong va thiét 1ap cay quan hé phat sinh
bang phan mém MEGA [12]. Trong do, ciy phan loai dugc
xay dung trén phuong phap Neighbor-Joining (N-J), phan
tich bootstrap véi 1.000 1an 14y lai miu nhu trong nghién
ctru gan day [11].

Phurong phdp xdc dinh tri s6 thay thé dong nghia va trdi
nghia: tri s thay thé dong nghia (the number of synonymous
substitutions per synonymous site - Ks) va trj s6 thay thé
trai nghia (the number of nonsynonymous substitutions per
non-synonymous site - Ka) cta cac sy kién 1dp gen cta ho
CaSWEET dugc du doan bang cach truy van cip CDS di
can trinh ty vao phan mém DNAsp [13]. Thoi diém xay
ra sy kién 1ap gen (Y) dugc tinh toan theo cong thiic Y =
Ks/2\, véi A= 6,5 x 10? (nam) [14].

Phwong phap phan tich viung bdo thu va motif: vung
bao thi SWEET ¢ dau ga dugc két xudt tir phin mém
MEGA [12]. Két qua minh hoa trinh ti twong déng cua ho
CaSWEET duoc biéu dién trén phan mém BioEDIT [10].
Céc motif dic trung duoc xac dinh bang cach truy van trinh
tu protein (.fasta) trén ph?ln mém MEME [15]. Kich thuéc
motif dwoc gidi han trong khoang 6+50 amino acid véi tdi
da 29 motif.

£ 2 ~ 2 ~
Ket qua va thao luan

Két qui dw dodn hién twong lip gen ciia ho gen
CaSWEET ¢ dau ga

Pé du doan hién tuong lap trong ho gen CaSWEET &
dau ga, trinh ty CDS cua cac gen dugc céan trinh tu trén
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ClustalX [9] dé danh gia mirc d twong dong bang BioEDIT
[10]. Trong nghién ctru nay, su kién gen lap dugc dinh nghia
1a hai (hodc nhiéu gen) c6 trinh ty nucleotide (CDS) twong
ddng 16n hon 70% nhu trong mo ta gin day [16]. Két qua da
xac dinh dugc 6 cp gen lip, c6 muc do trong dong cao hon
70% (bang 1). Cu thé, CaSWEETI5 va CaSWEETI7 1a cip
gen lap c6 mirc d6 twong dong thap nhat (dat 72,6%), trong
khi CaSWEET08 va CaSWEET09 1a cap gen lap cé tuong
dong & cap do nucleotide cao nhat (77,3%) (bang 1). Trudc
do, 6 cap gen lap da dugc du doan trong ho MeSWEET &
san (Manihot esculenta) véi mic d6 tuong dong 16n hon
50% [11].

Bang 1. Hién tugng lap cla ho gen CaSWEET ¢ dau ga.

TT  Cip genlip Chr E H(%) Ka Ks Ka/Ks Y (mya)
1 CaSWEET01/CaSWEET2]  Cal/US 73,5 0,246 0,450 0547 3458
2 CaSWEET06/CaSWEET07 ~ Ca2/Ca2 T 75,6 0,199 038 0520 2941
3 CaSWEET08/CaSWEET09  Ca3/Ca3 T 713 0231 0300 0770 23,06
4 CaSWEETI10/CaSWEET12  Ca4/Ca5 S 748 0243 0388 0,626 2983
5 CaSWEETI1/CaSWEETI6  Ca4/CaS S 733 0,244 0498 0490 3831
6 CaSWEETI5/CaSWEETI7 ~ Ca5/Ca6 S 726 0292 0420 0695 3233

TT: S6 thd w, Chr: nhiém sic thé; US: vung chua cha gidi; E: su kién Iap;
T: Idp trong viing 1an can trén cting nhiém sic thé; S: lap trong ving 16n
trén cac nhiém sic thé; -: khong xac dinh; H: mdc do tuong dong; Ka: gia
tri thay thé trai nghia; Ks: gia tri thay thé dong nghia; Y: thai diém xay ra
hién tuong 13p gen; mya: triéu nam vé trudc.

Phan 16n su kién lap duoc duy doan trong ho gen
CaSWEET & C. arietinum déu xay ra trén cac nhiém sic
thé khac nhau (bang 1). Cu thé, 3 cap gen lap ‘CaSWEETI0
va CaSWEETI2’, ‘CaSWEETII va CaSWEETI6 lan
luot phan b trén nhidm sic thé Ca4 va Ca5, trong khi
‘CaSWEETI5 va CaSWEETI7’ nam trén Ca5 va Ca6 (bang
1). 2 cap gen khac la ‘CaSWEET06 va CaSWEET07 va
‘CaSWEET08 va CaSWEET09’ 1an lugt cung dinh vi trén
nhiém sic thé Ca2 va Ca3, trong khi CaSWEET21 trong cip
gen lap ‘CaSWEET0I va CaSWEET21’ chua dugc chu giai
trén genome cta C. arietinum [7] nhu trong ghi nhan gin
day [3] (bang 1). Co thé thiy ring, co ché lap cua ho gen
CaSWEET duogc dién ra chu yéu do hién tugng lap trén cac
ving nhiém sic thé khac nhau (3/6 su kién lip) (bang 1).
Trudce d6, hién tuong lip trén cic nhiém sdc thé cling duogc
ghi nhin dong vai tro chinh trong sy nhan rdng cua ho gen
mi hoéa SWEET ¢ san [11], ddu twong (Glycine max) [17],
cao luong (Sorghum bicolor) [18], mia duong (Saccharum
spp.) [19]. Piu nay cho thiy hién twong lip trén cac nhidm
sdc thé 12 nguyén nhan chinh cho su nhan rong cia ho gen
SWEET ¢ thuc vat n6i chung.
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Két qua danh gid vai tro ciia djt bién va chon loc ti
nhién dén qud trinh lgp ¢ ho gen CaSWEET

Pé danh gia vai tro cua dot bién va ap lyc cua chon loc
tu nhién dén qua trinh 18p cua ho gen CaSWEET, tri s6 Ka,
Ks va ty 1¢ Ka/Ks giita 6 cap gen lap da dugc nghién ciru.
Cu thé, ty 1¢ Ka/Ks<1, nghia la cac dot bién diém xay ra
trong cdu triic gen bi kim ham, cip gen c6 muc do tuong
déng cao, trong khi ty 1€ nay >1, cho théy chon loc tu nhién
da thac ddy sy hinh thanh gen méi. Két qua phan tich gié tri
Ka/Ks ctia 6 cip gen ldp trén phin mém DNAsp [13] duoc
thé hién ¢ bang 1.

Tét ca gia tri Ka/Ks cta 6 su kién déu <1, cho théy sb
luong dot bién thay thé trai nghia (Ka) nho hon dot bién
thay thé dé)ng nghia (Ks) trén cac gen lap (bang 1). Két qua
cho thdy, hién twong dot bién diém gy sai khac xay ra trén
CaSWEET da bi kim ham dudi ap lyc cua chon loc ty nhién,
tor d6 ddm bao sy toan ven trong cAu triic cia SWEET & C.
arietinum. Trude day, gia tri Ka/Ks <1 cling dugc ghi nhan
0 3/6 su kién lap ctia ho MeSWEET & san [11]. O dau tuong,
vai tro kim him sai khac cua tién hoa cling dugc du doédn &
phan 16n cac sy kién lap (20/21) trong ho gen GmSWEET
[17]. Nhitng két qua nay da chi ra rang, trai qua qua trinh
tién hoa, chon loc ty nhién c6 thé da gin gilt sy toan ven
trong cau triic ciia ho gen SWEET nham dam bao chirc ning
ctia chiing & phan 16n cac loai thuc vat.

Cubi cung, thoi diém xay ra sy kién 1dp cia ho gen
CaSWEET dugc dy doan mot cach twong di dua trén cong
thirc dd mo ta trudc day [14]. Cac cdp gen CaSWEET lap
duoc xdy ra cach day tu khoang 23,06 (‘CaSWEET0S va
CaSWEET09") d&n 38,31 triéu nam vé trudc (‘CaSWEETII
va CaSWEETI6”) (bang 1). Diéu nay cho théy, cac cip gen
13p cua ho CaSWEET déu xay ra sau sy kién 1ap genome
& phan ho dau (Papilionoideae), dugc cho 1 dién ra cach
day khoang 58 triéu nam vé trudc [20]. Trong d6, nhoém
Medicago truncatula, Lotus japonicus va C. arietinum tach
biét v6i nhanh Glycine max va déau tridu (Cajanus cajan)
cach day khoang 54 triéu nam vé truge [21].

Két qud phdn tich vang bdo thu va trinh tw motif dac
trung cua protein SWEET ¢ ddu ga

Trong nghién ctru nay, cdu triic viing bao thu va trinh ty
cac motif dac trung cia ho SWEET ¢ dau ga lan luot duoc
phan tich trén MEGA [12] va MEME [15]. Két qua xac dinh
vung bao thu va sy phan bd motif cia ho SWEET duoc
minh hoa & hinh 1 va 2.
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BnSWEET [23]. Su trong dong vé viing bao thu (hinh 1) va
cac trinh tu motif dac trung (hinh 2) cia ho SWEET ¢ dau
ga co thé duge giai thich do sy toan ven vé sb luong cling
nhu céu tric cia cac gen ma hoa (6 exon) da dugc ghi nhan
trong nghién cuu trudc day [3].

ba xac dinh dugc 6 su kién lap trong ho gen CaSWEET
& dau ga. Phan Ién cc cap gen lip nam trén nhidm sic
thé khac nhau, chimg to qué trinh ldp trén cic nhidm sic
thé 1a co ché chinh giai thich cho sy nhan rong cia ho gen
CaSWEET & dau ga.

Ty 1¢ Ka/Ks cta 6 sy kién 1ap 6 ho gen CaSWEET nho
hon 1, ching to6 chon lgc tu nhién da kim ham sy sai khac
trong cu triic ciia cac gen 1ap. Céc su kién lap duoc du doan
xay ra cach day tir 23,06 dén 38,31 triéu nam vé trudc.

CAu trac vung bao thu cia ho CaSWEET ¢ dau ga chura
7 domain TM dac trung. Phan tich cling da chi ra 7 trinh ty
motif ddc trung nhat cho cic CaSWEET.
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