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. . . orted transporter) la hg protein vin chuyén dudéng sucrose dong
o .tht,r‘c vah SWEE'l;lfS“ga';: ‘\"(:c: fl‘;leigltlu(:llll;l tl::nelf [s’inh hoc thiét yéu trong té bao. Trong nghién ciru nay, hién tugng
V'aI tr:o quan tr(.m:g;l ] a;nngET & cdy dau ga (Cicer arietinum) da dwgc phan tich théng qua cac cdng cu tin sinh hoc.
l?]: cua»h(.).gel’l m:f hoi; 6 su kién lﬁl; trong hg gen CaSWEET ¢ diu ga. 3/6 cip gen lip ddu nim trén cic nhiém
Két qua da xac din “’gﬁ hién tiro’n.g lip trén céc viing lén cia nhiém séic thé 13 co ché chinh d3 nhan rong ho gen
sdc thé khac nhau, cho t Ay loai thwe vét khac. Phan tich ciing d3 dy do4n ring, sy sai khac trong ciu tric cia cic
CaSWEE ~T tfro:ng u{ nhur c‘;c' 0 lre (;ﬁa c.hon loc tu nhién. Cac su kién ldp duge tinh toan mjt cach twong dbi xdy ra
gen li}: da‘b; kim h::m ;ll; ; tall;é“.nam truée. \./l‘mg bao thii ciia hg CASWEET diic trung béi 7 domain TM va 7 trinh
cach dz?y tu’;3,02 (:z: ig,hiénrc;'ru da cung cip nhiing din liéu quan trong vé sw nhin réng ciia ho gen CaSWEET, tir

Tir khéa: d3u ga, 13p gen, SWEET, tin sinh hoc.
Chi s6 phén logi: 4.6

Md dau

Hién tuong lap gen (gene duplication) duqc. gia thuyé't la
co ché'chinh dé nhan rong céc ho da gen (multlg.e,:fw t:amlly)
& thuc vat [1]. Cu thé. khoang 65% gen dtch gidi ma trong
gen(;me thuc vat déu co thé tim thé?/ gfn lap cua chung [IJ.
Hién twong nay dugc giai thich ihu yéu d? suﬁtrao d(:l. ba}
thudng giita nhimg alen tuong dong tao nen czii]ngen; art:hcj
khoang cach gin nhau va su l1ap cua cac vunﬁ‘rz iém sac the
I6n (segmental duplication) [2]-’Vl vay, nghien ‘CULI:_‘;’C co
ché nhan rong cua cac ho gen €6 th(ia ch9 ph’ep tim \1eudYe
phan héa chirc ning ciing nhu ce‘fu trllf) cua.c':ac ger{ nawy, ay
la nhitng dan liéu quan trong nham C{énh gla val tro cua gen
lién quan dén dap (mg bat lgi cua moi truong.

O thuc vat, duong sucrose (don vi dl.f' li'f: Ili'mgi luotng
co bén trong té bao) dugc van chuyéi1 wa yéu nho nhom
protein SWEET. Trong d6, cdc gen ma hoa S\XEET '0 tl?uc
vat duge chimg minh dong vai tro trong nhiéu qua trinh
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quan trong nhu trao ddi chit, dap (ng bit loi... [3]. Trudc
déy, ho gen gdm 21 thanh vién, ma héa protein SWEET da
dugc x4c dinh & dau ga (Cicer arietinumy) [3]
quan trong thir hai trong ho Pay dugce sir dy
lam thyc pham, thirc 3n gia sic, nhin liéu sin
tao moi trudng (co dinh N,) [4-6]. Trong do,
gen CaSWEET déu c6 6 exon [3]. Vi viy,
ra la ho gen CaSWEET duoc nhan rong ra sao, va c6 tuong
tu nhu & cdc loai thuc vat khac hay khong? Trong nghién
clru ndy, co ché nhan rong cua ho gen CaSWEET & Cicer
arietinum da dugc phan tich in silico. Cu thé, cac surkién 1ap
gen da dugc dy doan duya trén sy twong dong giira cac gen
CaSWEET gan giii. Sau do, ap luc cia chon loc tu nhién va
thoi diém xay ra hién wong lap gen da dugc dénh gia. Cubi
cung, trinh tu bao thi va céac motif cia ho SWEET d3 duoc
tim hiu. Két qua cia nghién ci nay gop phan cung cip
nhitng hiéu biét co ban vé ho gen CaSWEET
trinh tién hoa cua du ga.

- cdy trong
ng phé bién
h hoc va cai
héu hét cac
cau hdi duoc dat

trong subt qua
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Duc Ha Chu", Thi Bich Thuy Chu'-%,
Thi Ly Thu Pham', Phuong Thu Pham?, Viet Hong La?
!Agricultural Genetics Institute (VAAS)
‘Faculty of Biology - Agricultural Technology,

Hanoi Pedagogical University 2

Received 18 March 2019; accepted 3 June 2019

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 SWEETSs 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.

Keywords: bioinformatics, chickpea, gene duplication,
SWEET.

Classification number: 4.6
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Vat ligu va phuong phap nghién ciu
Vit liéu

Genome vi proteome cua giong ddu ga kabuli *CDC
Frontier’ [7] dugc khai thac twén Phytozome (https:/
phytozome.jgi.doe.gov/) [8].

Trinh tu protein. doan exon mi hoa (coding DNA
sequence, CDS) va ving gen (genomic sequence) cua 21
CaSWEET duoc khai thac tr nghién ciru trude day [3].

Phuong phap nghién ciru

Phuong phap duw dodn su kién Idp gen: trinh ty CDS
(dinh dang .fasta) cua ho CaSWEET dugc st dung dé so
sanh trinh tu twong dong bing cong cu ClustalX [9]. Mirc
do tuong dom7 (%) cua cac trinh tu CDS duoc tinh toan
bcmg phan mém BioEDIT [10]. Céc budc tién hanh va thona
sO cai dit duge mo ta twong tu nhu trong nghién clu gan

day [11].

Phuwong phap xav dung cay phan logi: trinh tr protein
(dinh dang .fasta) cua ho SWEET duoc khai thac dé phén
tich trinh tu twong dong va thiét lap cay quan hé phat sinh
béng phén mém MEGA [12]. Trong do, ciy phan loai dugc
xdy dung trén phuong phap Neighbor-Joining (N-), phan
tich bootstrap vai 1.000 lan 1dy lai mau nhu trong nghién
clru gan day [11].

Pinwrong phap xac dinh tri 50 thay thé dong nghia va trdi
nghia: tri s thay thé dong nghia (the number of synonymous
substitutions per synonymous site - Ks) va tri s6 thay thé
trai nghia (the number of nonsynonymous substitutions per
non-synonymous site - Ka) cua cac sy kién lap gen cua ho
CaSWEET duge du dodn bing cach truy van cap CDS da
can trinh tw vao phan mém DNAsp [13]. Thoi diém xay
ra sy kién lap gen (Y) duoc tinh toan theo céng thirc Y =
Ks/2A, vai A = 6,5 x 107 (nam) [14].

Phuong phap phan tich viimg bao thu va motif: viing
bio thu SWEET & ddu ga dwoc két xuét tir phi"m mém
MEGA [12]. Két qua minh hoa trinh tu tuong dong cua ho
CaSWEET dugc biéu dién trén ph'm mém BloEDIT [10].
Céc motif dac trung dugce xdc dinh bang céch truy vén trinh
tu protein (.fasta) trén phdn mém MEME [15]. Kich thuoc
motif duge gioi han trong khoang 6+50 amino acid véi tdi
da 29 motif.

Két qua va thao luan

Két qua dw dodn hién twong Iip gen ciia ho gen
CaSWEET ¢ ddu ga

D¢ dy doan hién twong lap trong ho gen CaSWEET ©
ddu ga, trinh ty CDS cna cac gen duge can trinh tu trén

61



*— Khoa hoc Néng nghiép

ClustalX [9] dé danh gia mirc dd twong ddng bang BioEDIT
[10]. Trong nghién ciru nay, su kién gen lap dugc dinh nghia
1a hai (hoac nhiéu gen) co trinh tu nucleotide (CDS) tuong
ddng 16n hon 70% nhu trong mé ta gan day [16]. Két qua da
xac dinh duoc 6 cap gen ldp, c6 mirc d§ twong ddng cao hon
70% (bang 1). Cu thé, CaSWEET!5 va CaSWEET!7 1 cap
gen ldp c6 murc do tuong ddng thép nhat (dat 72,6%), trong
khi CaSWEET08 va CaSWEET09 1a c3p gen lap c6 tuong
ddng & cap dd nucleotide cao nhét (77,3%) (bang 1). Trudce
d6, 6 cip gen 1ap da dugc dy doan trong ho MeSWEET &
san (Manihot esculenta) v&i muc d tuong ddng 16n hon
50% [11].

Bang 1. Hién tugng lap clia ho gen CaSWEET & dau ga.

TT Cipgenlip Chr E H(%) Ka Ks Ka/Ks Y (mya)
1 CaSWEETO1iCaSWEET2]  CaliUS 735 026 0450 0547 3458
2 CaSWEETO6/CaSWEETO7 Ca2Ca2 T 756 0199 0382 0520 294l
3 CaSWEETOS:CaSWEETN9 Ca3/Ca3 T 773 0231 0300 0770 2306
4 CaSWEETIOCaSWEETI? CadiCa5 S 748 0243 0388 062 2983
5 CaSWEETINICaSWEETI6 CadiCa5 S 733 0244 0498 0490 3831
6  CaSWEETISICaSWEETI7 CaSiCa6 S 726 0292 0420 0695 3233

TT: $6 thif ty, Chr: nhiém sic thé; US: ving chua cha gidi; E: sy kién 13p;
T: 13p trong vung 1an can trén cing nhiém sic thé; S: 13p trong vang lan
trén cac nhiém sic thé; -: khong xac dinh; H: muc do tuong dong; Ka: gia
tri thay thé trai nghia; Ks: gia tri thay thé dong nghia; Y: thi diém xdy ra
hién tugng |ap gen; mya: triéu nam vé trudc.

Phan 1on su kién lap dugc du 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 bd trén nhidm sic thé Ca4 va Ca5, trong khi
“CaSWEETI!5 va CaSWEET!7’ nam trén Ca5 va Ca6 (bang
1). 2 cap gen khéc la ‘CaSWEET06 va CaSWEET07" va
‘CaSWEET08 va CaSWEET0Y’ lan lugt cung dinh vi trén
nhidm sic thé Ca2 va Ca3, trong khi CaSWEET21 trong cdp
gen lap ‘CaSWEET0! va CaSWEET21’ chua dugc chi giai
trén genome cua C. arietinum [7] nhu trong ghi nhan gan
day [3] (bang 1). C6 thé thy rang, co ché 1ap ciia ho gen
CaSWEET duoc dién ra chu yéu do hién tuong Ip trén cac
viing nhiém séc thé khac nhau (3/6 su kién 1ap) (bang 1).
Trudce dé, hién tuong lap trén cac nhiém sic thé ciing dugce
ghi nhan dong vai tro chinh trong su nhan rdng cua ho gen
ma hoa SWEET ¢ sén [11]. ddu tuong (Glvcine max) [17],
cao luong (Sorghum bicolor) [18], mia duong (Saccharum
spp.) [19]. Diéu nay cho thay hién tugng lap trén cac nhiém
séc thé |a nguyén nhén chinh cho su nhén rong cua ho gen
SWEET & thuc vat n6i chung.
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Két qud ddnh gid vai tro ciia dt bién va chon loc tr
nhién dén qud trinh Igp ¢ ho gen CaSWEET

Pé danh gia vai tro cua dot bién va ap luc cua chon loc
tu nhién dén qua trinh I3p cua ho gen CuSWEET. tri <& Ka.
Ks va ty 1€ Ka/Ks giira 6 cép gen lap da dugc nghién ciru.
Cu thé, ty 1¢ Ka/Ks<l, nghia la cic dot bién diém xay ra
trong cdu tric gen bi kim ham, cap gen co mire do tuong
dong cao, trong khi ty 1& nay >1. cho 1h£i_v chon loc tur nhién
da thic day sy hinh thanh gen mai. Két qua phan tich gié trj
Kg/Ks cua 6 cdp gen lap trén phan mém DNAsp [13] duoc
thé hién ¢ bang 1.

Tét ca gid tri Ka/Ks ctia 6 sy kién déu <1, cho thiy sé
lrong dot bién thay thé trai nghia (Ka) nho hon dét bién
thay th'é ddng nghia (Ks) trén cac gen lap (bang 1). Két qua
cho thay, hién tugng dot bién diém gdy sai khac xay ra trén
CaSWEET d3 bi kim ham dudi ap luc cta chon loc tu nhién,
tir 46 dam bao syr toan ven trong cAu tric cua SWEiET aC.
arietinum. Trudc day, gia tri Ka/Ks <| cling dugc ghi nhan
0 3/6 su kién 13p cia ho MeSWEET & sén [11]. O dau tuom.g,
vai‘ tro kim ham sai khac cuoa tién hoa cling dugc dy doan ¢
phéan 16n cac su kién Iap (20/21) trong ho gen GmSWEET
[117]. Nhitng két qua nay da chira rﬁng, trai qua qua trinh
tién hé:':l, chon loc ty nhién c6 thé di gin gitr su toan ven
trf)ng cau tric c\t’na ho gen SWEET nhim dam béo-chl'rc ne'll;g
cua chiing & phan I6n cac loai thuc vat.

Cudi cung, thoi diém Xay ra sy kién lap ctia ho gen
CaSWEET dugc du doan mot cach twong déi dira trén cong
thite 2 m6 ta truge day [14]. Cac cap gen CaSWEET lap
duoc xay ra cécl:n day tir khoang 23,06 (‘CaSWEET08 ;/é
CaSWEET09") dén 38,31 trigu nam v& truéc (* CaSWEET !
va CaSWEETI6') (bang 1). Didu nay cho thdy,
l’ép cta ho CaSWEET déu xay ra sau sy kién lip genome
0 phan ho dau (Papilionoideae), duoc cho I.é di.e’:n ra cach
day khoang 58 triéu nim vé truge [20]. Trong d6, nhém

Medic ) . .
fe I(,'a.gO fruncatula, Lotus japonicus va C. arietinum tach
biét v&i nh

céac cap gen

: . anh Glycine max va dau tridy (Cajanus cajan)
cach day khoang 54 trigu nam vé trude [21]

Kér q‘tla phén tich viing béo thi; vg trinh ty motif diic
trung cua protein SWEET ¢ diu ga . .

' Trong n{;hién clru ndy, cau tric ving bio tha v trinh t
ca;(.: m(,)tlf d?c trung cua ho SWEET ¢ day ga lan luot duo;:
phan tich trén MEGA [12] va MEME [15]. Két qua x.éc dil.ﬂ'l

vung bao thu va sy phin bd motif ¢y
i ’ cua ho S .
minh hoa & hinh 1 va 2. 0 SWEET duogc
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emmmmnmmm Khoa hoc Néng nghiép

BnSWEET [23]. Su tirong dong vé viing bao thii (hinh 1) va
céac trinh ty motif déc trung (hinh 2) cia ho SWEET ¢ dau
ga c6 thé duoc giai thich do sur toan ven vé sb luong ciing
nhu cdu tric ciia cac gen ma héa (6 exon) da dugc ghi nhan
trong nghién ciru trude day [3].

£ a
Ket luan

P4 xac dinh dugc 6 sy kién lap trong ho gen CaSWEET
& d4u ga. Phan 16n cac cap gen lap nim trén nhiém sic
thé khac nhau, chimg to qué trinh I3p trén cac nhiém sic
thé 1a co ché chinh giai thich cho si nhén rong cia ho gen
CaSWEET & d4u ga.

Ty 1€ Ka/Ks cua 6 su kién lap & ho gen CaSWEET nhé
hon 1, ching té chon loc tr nhién d3 kim ham su sai khac
trong cAu tric ciia cic gen lap. Cac sy kién ldp dugc du doén
xay ra cach day tir 23,06 dén 38,31 triéu nam vé trudc.

CAu tric viing bao thii cia ho CaSWEET & ddu ga chira
7 domain TM déc trung. Phan tich cling da chi ra 7 trinh tu
motif dic trung nhat cho cac CaSWEET.
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