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XAC PINH MOT SO PAC PIEM CAU TRUC, VI TRi VA PHAN NHOM
CUA CAC PROTEIN VAN CHUYEN PUONG SUCROSE HQ SWEET
O CAY DIEM MACH (Chenopodium quinoa) BANG CAC CONG CU TIN SINH HQC

Pham Phuong Thu', Chu Btrc Ha%, Nguyén Séng Thao® va Tran Thi Thanh Huyén®
YKhoa Sinh K7 thudt Nong nghiép, Truond Dai hoc Suw pham Ha Noi 2
’Khoa Cong nghé Nong nghiép, Truong Pai hoc Cong nghé, Pai hoc Qué'c gia Ha Noi
3Khoa Sinh hoc, Trieong Pai hoc Sw pham Ha Ngi

Tém tat. Trong nghién ctru nay, 29 thanh vién ciia nhom protein CqSWEET trén cdy diém
mach (Chenopodium quinoa) da dwoc phan tich bing cac cong cu tin sinh hoc mot cach
toan dién. Theo do, cac protein CQSWEET c6 kich thudc dat tir 161 - 428 axit amin
(17,7 - 47,7 kDa). Gi4 tri diém déng dién cta cac protein CQSWEET dao ddng tir ngudng
axit (4,9) dén bazo (9,7), trong khi da s6 thanh vién ciia nhém CqSWEET c6 tinh 6n dinh
trong 6ng nghiém. Phan tich cho thiy nhoém CqSWEET c6 tinh ky nu6c va rat nhiéu
protein c6 thé cu trii & hé thong bao goi. Dya theo so d6 hinh cay, cac protein CQSWEET
duoc phan loai thanh 3 nhém, tuong tu nhu & cac loai thyc vat khac. Phan tich céu tric cho
thdy phan 16n cac protein CQSWEET déu mang 6 hodc 7 ciu triic xodn xuyén mang.
Nghién ciru dd ghi nhin 4 motif bao thi xuat hién & hau hét cac thanh vién ctia nhom
COSWEET. Két qua ciia nghién ciru nay da cung cip nhiing dan liéu quan trong cho viéc
phén tich chirc ning cia gen CQSWEET tmg vién lién quan dén diéu hoa sinh truong va
phét trién ctia cay diém mach.

Tir khéa: Chenopodium quinoa, diém mach, SWEET, tinh chét Ii hoa, tin sinh hoc.

1. Mé dau

Diém mach (Chenopodlum qumoa) duogc biét dén 1a mot trong nhiing loal than thao quan
trong c6 gia tri kinh té cao va duogc trdng trot phd bién trén thé gidi. Co nguon gbe tir khu vuc
Nam My, diém mach bt dau duoc nhép ndi va thuan hoa tai Viét Nam nham tan dung déc tinh
thich Gmg cao, khong kén dat, chéng chju han va man tét. Vi thanh tyu giai ma toan bd hé gen
cua diém mach duoc cong bd gan day [1] da cho phép di sau tim hiéu vé co ché chéng chiu cac
diéu kién bét loi & cip do phén tur.

Nghién ctru trude ddy da ghi nhan vé chitc nang ciia cac protein van chuyén dudng sucrose,
bao gdm nhom SUT (viét tat cho protein Sucrose Transporter) va SWEET (viét tit cho protein
Sugar Will Eventually be Exported Transporter) lién quan dén co ché dap g bat loi & thyc vat [2].
Trong do, nhom protein SWEET, déc trung boi ving domain MtN3/saliva (PF03083), dong vai
trd trong cac qua trinh sinh hoc quan trong trong suét giai doan sinh truong, phat trién va nang sut
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cua cdy trong [2]. Trong nghién ciru tru’oc day, nhom SWEET da dugc ghi nhén trén cay diém mach [3],
nhu dau ga (Cicer arietinum) [4], sin (Manihot esculenta) [5] va lac (Arachis hypogaea) [6].
Theo do, nghlen ctru da xac dinh dugc tong s 29 thanh vién trong nhém CqSWEET trén hé gen
tham chiéu cta diém mach. Ciu tric gen va muc do biéu hién cta céc gen budc dau da duoge
phan tich. Tuy nhién, cac dic tinh co ban cua protein CQSWEET van chua dugc ghi nhén cu thé.

Nghién ctru nay duoc thuc hién nhdm phan tich nhimg tinh chit co ban ctua nhom
CqSWEET 6 cay diém mach béng cac cong cy tin sinh hoc. Bén canh d6, cac thanh vién trong
nhém CqSWEET cling da duogc sip xép theo nhom dya trén mirc do twong dong trong trinh tur
protein. Cudi cing, cu triic dic trung cua protein CQSWEET di duoc tim hiéu nhim lam 16 vé
murc d6 bao thu cia nhom SWEET & céc loai thuc vat.

2. NOi dung nghién ctru
2.1. Dix liéu nghién ciru

HE gen, hé protein, h¢ phién ma tham chiéu cua giong diém mach C. quinoa Willd.
(accession P1614886) [1] duoc khai thac trén Phytozome [7].

Dit liéu vé& nhoém CqSWEET ¢ diém mach [3], CaSWEET ¢ dau ga [4], MeSWEET ¢ san [5],
AhSWEET 6 lac [6], bao gom trinh tu protein day du va ma dinh danh dugc khai thac cho phén
tich in silico.

2.2. Phuong phap nghién ctru

Phuong phap phan tich tinh chét Ii hoa ciia protein SWEET: Trinh tu protein dy di cia
cac phan tir CqSWEET dugc phan tich trén Expasy Protparam (http://web.expasy.org/protparam/) [8]
theo mé ta trong nghién ctru trudc day. Cu thé, tlnh chat ctia protein, bao g6m kich thudc (aa),
trong luong phan tir (kDa), diém ding dién, d6 bat 6n dinh (< 40 va >40 thé hién tinh 6n dinh va
khong 6n dinh trong diéu kién dng nghiém) [9], chi s6 béo, chi s6 GRAVY (<0 va >0 thé hién
tinh wa nudc va ky nudc) [10].

Phuong phap du doan vi tri cu tra cia protein SWEET: Trinh ty protein day du (.fasta) cua
cac phan tr CSWEET duoc phan tich trén TargetP v2.0 (http:/www.cbs.dtu.dk/services/TargetP/) [11]
theo md ta trong nghién ctru trude ddy. Theo do, cac protein dic trung cho mot sé bao quan, bao
gom luc lap (cTP), ty thé (mTP) va hé théng bao g6i (SP) dugc xac dinh trén dau N-terminal [12].

Phuong phép xay dung so d6 hinh ciy cua protein SWEET: Cay phan loai Neighbor-
Joining dugc st dung dé thiét 1ap mbi quan hé giita trinh tur déy du cta cac protein SWEET muc
ti€u trén MEGA v7.0 [13] voi gia tri bootstrap dat 1000 1an nhéc lai theo mo ta trong nghién
ctru trude day [4-6]. Cu thé, cac thong s6 duoc cai dat nhu sau, gia tri gap opening penalty 10,
gap extension penalty 0,2. Cac so dd hinh cay (.netwick) dwoc minh hoa bang Adobe Illustrator.

Phuong phap phan tich cau triic xuyén mang cua protein SWEET: Trinh tu protein day du
(fasta) ctia nhém CqSWEET dugc phén tich trén TMHMM v2.0 (http:/Aww.cbs.dtu.dk/services/
TMHMM-2.0) dé xéc dinh cic doan xuyén mang (d tin cdy > 50%) [14].

Phuong phap phan tich motif dic trung cta protein SWEET: Trinh tu protein diy du
(.fasta) cia nhém CqSWEET dugc truy van trén MEME (https://meme-suite.org/meme/) [15] dé
xac dinh cac doan dic trung. Theo do, tong s6 10 motif, ¢ kich thudce tir 6 - 50 aa, duoc ra soat
trén toan bd chudi truy van [15]. Két qua dugc phan nhém theo so dd hinh ciy Neighbor-
Joining [13].
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2.3. Két qua va thao luan
2.3.1. Phén tich tinh chét li héa va vi tri cw tri ndi biao ciia nhém protein CSWEET § cay
diém mach

Dé tim hiéu vé céac tinh chét Ii hoa cia nhém CqSWEET & cdy diém mach, trinh ty protein
day du cia timg thanh vién d3 duoc khéo sat trén Expasy Protparam [8]. Két qua cho théy, kich
thudc va trong 1u’0'ng phan t& cia nhom CqSWEET dao ddng tr 161 aa - 177 kDa
(CqSWEET09) dén 428 aa - 47,7 kDa (CqQSWEET18). Trong do, da s céc protein (22/29) co gid
trj diém ding dién ¢ khoang base (>7), ngoai trir 6 protein ¢ khoang acid (<7) va 1 protein
(CqSWEET28) ¢ khoang trung tinh (~7). Dua trén gi trj bat on dinh [9], /s protein duoc du
doén o6 cdu trac 6n dinh trong diéu kién dng nghiém, trong khi /o protein khéng c6 tinh 6n
dinh. Ngoai ra, chi s0 béo cua céc protein dao dong tr 93,4 (CqSWEET03) dén 131,9
(CqSWEET26), trung binh dat 114,3. Pang chii y, tat ca thanh vién trong nhém CqSWEET déu
¢6 chi s GRAVY dat gia tri dwong, chimg to cac phén tir nay co tinh ky nudc (Bang 1).
Bing 1. Théng tin vé tinh chat Ii héa va vitri cur trii ciia ho protein CgSWEET 6 cy diém mach

Stt | CQSWEET | L (aa) | mW (kDa) | pl I Al | GRAVY ch:ttrrl‘l
1 | CqSWEETOL | 246 27,6 91 | 375 |1193| 06 -
2 | CQSWEETO02 | 242 26,9 93 | 322 |1155| 07 -
3 | CqSWEETO03 | 400 45,0 6,3 | 40,84 | 93,4 03 -
4 | CQSWEETO04 | 250 27,7 93 | 2656 |1158| 05 -
5 | CQSWEETO05 | 319 35,9 81 | 30,7 |1085| 04 S
6 | CQSWEETO06 | 242 27,2 92 | 422 |117,9] 07 S
7 | CqSWEETO07 | 205 22,8 49 | 406 | 983 0,2 S
8 | CQSWEETO08 | 236 27,2 95 | 40,8 |1242| 08 -
9 | CqSWEETO09 | 161 17,7 90 | 495 |1175| 09 S
10 | CQSWEET10 | 245 275 93 | 480 |1209| 06 S
11 | CqSWEET1l | 205 22,7 62 | 329 |1264| 08 -
12 | CQSWEET12 | 253 28,6 93 | 339 |1151| 06 S
13 | CQSWEET13 | 332 36,8 92 | 280 |1005| 03 S
14 | CQSWEET14 | 246 275 91 | 352 |121,7| 06 M
15 | CQSWEET15 | 215 24,2 94 | 337 |107,4| 06 S
16 | CQSWEET16 | 188 21,6 60 | 321 |1145| 07 -
17 | CqSWEET17 | 185 20,4 92 | 338 |1159| 07 S
18 | CQSWEET18 | 428 477 90 | 40,9 |1059| 03 S
19 | CqSWEET19 | 266 29,6 66 | 524 |1121| 04 S
20 | CQSWEET20 | 260 28,6 97 | 292 |1136| 06 S
21 | CQSWEET21 | 250 27,7 95 | 316 |1150| 04 -
22 | CQSWEET22 | 247 28,2 80 | 437 |1034| 04 -
23 | CQSWEET23 | 287 318 81 | 510 |1158| 04 S
24 | CQSWEET24 | 245 273 92 | 469 |1201| 06 S
25 | CQSWEET25 | 253 28,6 92 | 367 |1202| 07 S
26 | CQSWEET26 | 226 24,8 51 | 321 |131,9] 09 S
27 | CQSWEET27 | 318 35,6 96 | 360 |1125| 07 S
28 | CQSWEET28 | 309 34,5 69 | 351 |1163| 05 S
29 | CQSWEET29 | 277 316 94 | 378 |1150| 06 -

Ghi chii: L - Kich thwde phan tir (aa), mW - Trong lwong phén tir (kDa), pI - Piém dding dién,
II- B¢ bat on dinh, Al - Chi sé béo, S - Hé thong bao géi, M - Ty thé.
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Trong cac nghién ctu trudc day, nhom protein SWEET ciing thé hién muc do da dang
trong tinh chét Ii hoa, twong tu nhu két qua trén nhém CqSWEET & ciy diém mach. Cu thé,
nhom protein CaSWEET & dau ga cé kich thudc dao dong tir 230 - 296 aa, tuong ung 25,67 -
33,47 kDa [4]. Tuong tu, dac tinh li hoa nhém protein MeSWEET & cay san cling dugc ghi
nhan véi kich thude dat 234 (25,85 kDa) - 302 aa (33,2 kDa) [5]. Gan day, nhom protein
AhSWEET trén cdy lac cling dugc bao céo cé kich thudc phan tir dat 104 - 320 aa (trung binh
dat 254,3 aa), trong lugng phan tir dat 11,33 - 35,26 kDa (trung binh dat 35,92 kDa) [6]. Pa $0
cac protein SWEET trén mot sb dbi twong ciy trong khac déu c6 gia tri diém ding dién &
ngudng bazo [4-6], twong tu nhu nghién ciru ndy. Twong tw, phan 16n cac protein SWEET & cac
loai thyc vat, vi du nhu **/;3 ARSWEET & lac va ¥/ CaSWEET & ddu ga, déu c6 tinh 6n dinh
vé6i gia tri bat 6n dinh <40 [4, 6]. Cac két qua trudc day ciing cho thdy da sd cac protein SWEET
déu c6 tinh ky nudc [4-6].

Tiép theo, nghién ctru di chi ra rang **/5 phén tir CqSWEET cu tri trén hé thdng bao goi
(voi sy co mat cua doan SP) trong CqSWEET14 phén bd & ty thé (véi sy co mat cua doan
mTP). Két qua nay ciing dong thuan véi nhimg nghién ciru trude day vé vi tri cia protein
SWEET lién quan dén hoat dong van chuyén sucrose qua mang [2].

2.3.2. Xay dung so dd hinh cy ciia nhém protein CqQSWEET & ciy diém mach

Pé tim hiéu vé mdi twong quan giita cac thanh vién trong nhom CqSWEET & ciy diém
mach, so d6 hinh cay da dugc thiét 1ap dya trén thuat toan Neighbor-Joining bang MEGA [13].
Két qua cho thay, nhom CqSWEET ¢ diém mach c6 thé dugc chia 1am 3 nhom riéng biét. Trong
d6, nhém 1 gdm 2 phan nhom phu, 1A (chira 8 thanh vién, CQSWEET02/09/15/17/18/19/22 va
23) va 1B (chira 5 thanh vién, CQSWEET06/10/11/24 va 26), nhém 2 ciing bao gdm 2 phan
nhom phy, 2A (chta 3 thanh vién, CQSWEET03/20 va 27) va 2B (chtta 12 thanh vién,
CqSWEETO01/04/05/07/08/12/13/14/21/25/28 va 29) va nhoém 3 chi chtra 1 thanh vién
(CqSWEET16) (Hinh 1A). Dya theo phén tich tinh chat Ii hoa (Bang 1) va so d6 hinh cy (Hinh
1A), cac protein CqSWEET xép trén cing nhanh ctia phan nhém déu ¢6 cac dic tinh tuong tu
nhau. Vi dy, CqSWEET15 va 17, CqSWEET09 va 22, CqSWEET19 va 23 nam cung nhanh
trong phan nhém 1A (Hinh 1A) va c¢6 dic tinh vé gié tri pl, I, Al va GRAVY tuong tu nhau
(Béng 1).

Hinh 1. So do hinh cdy ciia nhom CqSWEET (A) va nhom SWEET ¢ 4 loai thuce vit (B)
Bén canh d6, dé xac dinh mdi tuong quan gitta cic thanh vién cua ho SWEET & cac loai
thuc vat khac nhau, mot so dd hinh cy giita nhom CaSWEET ¢ dau ga [4], MeSWEET ¢ sén [5],
AhRSWEET ¢ lac [6] va CqSWEET ¢ diém mach da dugc xay dung. Két qua cho thay, cac thanh
vién cua 4 ho SWEET lan luot duge sép xép theo 3 nhom, 1 (g6m 2 phén nhém 1A va 1B), 2
(gém 2 phan nhém 2A va 2B) va 3 (Hinh 2B). Su phan nhém nay ciing dong thuan véi két qua
trén ho CqSWEET ¢ diém mach (Hinh 2A). Nhu vay, nhin chung, ho SWEET & bon loai thuc
vat nay co thé duoc chia lam 3 nhém riéng bigt voi ) luong thanh vién da dang.
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2.3.3. Phén tich ciu tric twong dong ciia nhém CqSWEET ciia cdy diém mach

Pé tim hiéu ciu tric Xuyén mang cua cac phéan tir CqSWEET ¢ cay diém mach, trinh tu
protein day da di duoc truy van trén TMHMM [14]. Két qua minh hoat & Hinh 2 cho thay sb
lugng cau trac xuyén mang tuong ddi bao thu gitra cac thanh vién trong nhém CqSWEET. Cu
thé, phan 16n (Plag) protein cung chia sé 6 (10 thanh vién) va 7 (12 thanh vién) ciu trac Xuyén
mang. Két qua chi ghi nhén 2 (CqSWEETO07 va 16) va 3 (CqSWEET09/17 va 22) protein lan
lugt ¢d 4 va 5 cau triic xuyén mang, trong khi CqSWEET03 va 27 chira 8 va 9 cu triic xuyén mang.
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Hinh 2. Ciu triic xodn xuyén mang trong nhém protein CeSWEET ¢ ciy diém mach

Thong thuong, cac protein SWEET & thuc vat dugc dic trung boi 7 doan xodn xuyén
mang, chira 2 vang bao thu MtN3/saliva (gdm 3 ciu tric xuyén mang) duoc xen k& boi 1 don vi
cau trac xuyén mang riéng ré 3, 16]. O sinh vat nhén so, cdu tric cua phan tt SWEET dugc xac
dinh voi chi 3 cau triic xoan xuyén mang. Trong nghién ctu trudc day, nhom CaSWEET ¢ dau
ga cling ghi nhan 7 cAu triic xuyén mang tuong tw nhu nhitng béo cdo trudc day [3]. Sw c6 mat
clia cau trac xuyén mang dam bao cho cac phan tr SWEET c6 thé bam trén cac mang bao quan
de thuc hlen chtic nang van chuyén sucrose ndi bao [16, 17]. C6 thé thiy rang, su da dang vé
cAu trac xodn xuyén mang & ho CqSWEET ¢ cay diém mach co thé lién ‘quan dén vai tro cua
cac gen trong qué trinh van chuyén sucrose nodi bao nham diéu hoa 4p suét thdm thau khi chiu
tac dong cua bét loi ngoai canh. Nghién ctu tiép theo co thé duogce tiép tuc nham kiém chung
kha nang dap ung bat loi ctia cic gen ma hoa CqSWEET c¢6 lién quan dén cau triic xuyén mang.

Tiép theo, dé phan tich muc d¢ déc trung cia nhom CqSWEET, cac motif bao thu da dugc
xac dinh bang MEME [15]. Két qua danh gia su phan bd cta 10 motif dic trung trén 29 thanh
vién dua theo su phan nhom cua thuat toan Neighbor-Joining [13] dugc minh hoa & Hinh 3.
Theo d6, 5 motif (1 — 4 va 6) xuat hién ¢ hau hét cic thanh vién ciia nhém CqSWEET, ngoai trir
CqSWEETO07 (khéng c6 motif 1), 09 (khong c6 motif 1 va 4), 17 (khong c6 motif 1) va
CqSWEET 16 (khong c6 motif 1 - 3). Motif 5 cling xuét hién & da s6 (*/29) thanh vién ctia nhom
CqSWEET. Cac motif con lai (5 va 7 - 10) phan bb rai rac ¢ trong nhing phan nhém trén so do.
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Hinh 3. Motif dic trung trong cdu triic ciia nhém protein CgSWEET 6 cdy diém mach

3. Kétluan

Nhom CqSWEET ¢ cay di€ém mach c6 kich thudc, trong lugng phan ti, diém déng dién,
chi sb béo da dang. Pa sb protein CqSWEET c¢6 cdu truc 6n dinh trong diéu kién dng nghiém,
trong khi tat ca cac phan tir déu co tinh ky nuéc. Phan 16n nhéom CqSWEET phan bd trén mang
ctia cac hé thdng bao goi ndi bao.

Nhom CqSWEET ¢ cay diém mach co thé dugc chia lam 3 nhom tach biét, véi nhom 1 va
2 déu gém 2 phén nhom phu. Xay dung so do hinh cdy giita cac nhém SWEET ¢ 4 loai ciing
ghi nhan sy phan nhom tuong tu.

Nhom CqSWEET ¢ cay diém mach cha yéu gdm 6 va 7 céu triic xuyén mang. Pa sb cac
protein trong nhom CqSWEET déu chia it nhat 4 motif ddc trung, trong khi 6 motif con lai
phan bo rai rac trong cau tric clia cac thanh vién.

Nghién ciru nay s& dugc tiép tuc nhim danh gia mic do phién ma cia cac gen Gmg vién ma
héa CqSWEET c6 tiém ning trong dap tmg bét loi & cay diém mach.

Loi Cﬁm on: Nghién clru nay duoc tai trg boi Truong Pai hoc Su pham Ha No6i 2 qua Pé tai co
ma s6 HPU2.CS-2021.14.
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ABSTRACT

Classification and analysis of conserved motifs in the sucrose transporter family in quinoa
(Chenopodium quinoa) by bioinformatics approach
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*Faculty of Biology, Vietnam National University of Education

In this study, a total of 29 members of the CQSWEET family in quinoa (Chenopodium
quinoa) has been comprehensively investigated by various bioinformatics methods. As the
result, we indicated that the CQSWEET proteins were varied from 161 - 428 amino acid residues
in size (17,7 - 47,7 kDa in weight). The isoelectric point of these proteins ranged from acid (4.9)
to base (9,7), while the majority of the CQSWEET proteins are stable in the test tube. Our
analyses also revealed that whole members of the CQSWEET family are hydrophobic, and a
large amount of the CQSWEET proteins may localize in the secretory pathways. According to
the unrooted phylogenetic tree, the CQSWEET proteins could be clearly classified into 3 distinct
groups, as similar as in other higher plant species. Interestingly, the majority of the CQSWEET
proteins contained 6 or 7 transmembrane helices. Our results also showed that a total of 4
conserved motifs has occurred in the majority of the CQSWEET family. Take together, our
study could provide critical data for further functional characterization of the CaSWEET
candidate genes related to the regulation of the growth and development in quinoa plants.

Keywords: Chenopodium quinoa, quinoa, SWEET, physic-chemical property, bioinformatics.
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