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Té6m tit. SWEET (Sugars Will Eventually be Exported Transporter) la mot trong cac ho protein cé chitc
nadng van chuyén duong quan trong ¢ thuc vat. Trong nghién ctu nay, 20 gene ma hoda cac protein
SWEET trong hé gene cay dén 14y hat (Amaranthus hypochondriacus L.) da duoc xac dinh va phén tich.
Chiéu dai cac gene nay dao dong tir 729 dén 9324 nucleotide va hau hét gene ¢6 bon hodc ndm intron.
Cac protein suy dién cé chiéu dai tir 226 t6i 311 amino acid va mang sau hogc bay xoan xuyén mang dic
trung. Hau hét cac protein nay cé tinh kiém véi pl 8,08-9,73. Phan tich cdy pha hé cho phép phén chia
cac AhRSWEET thanh bén nhém, nhém I (ba gene), nhém II (bay gene), nhom 1T (tdm gene) va nhém IV
(hai gene). Cac gene nay phan b khong dong déu trong hé gene ctia cay dén 14y hat. Muoi hién tuong
nhan gene da dugc phat hién hinh thanh nén cac cdp gene SWEET lap 6 loai ciy nay, trong d6 cha yéu
la hién twong nhan gene trén toan hé gene. Cac gene lap trong cdp hinh thanh ttr qua trinh nhan gene
chiu sy tac dong cta chon loc am, gitt dn dinh trinh tw nucleotide. Két qua ctia nghién ctru nay la co s
cho cac nghién cttu xa hon nhu nghién cttu chikc ndng gene hodc cai tién di truyén.
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Abstract. SWEET (Sugars Will Eventually be Exported Transporter) is one of the essential protein
families transporting sugar in plants. In this study, 20 genes encoding the SWEET proteins were
identified from the grain aramanth (Amaranthus hypochondriacus L.) genome and analyzed. The genomic
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full-length of these genes ranges from 729 to 9324 nucleotides, most of which have four or five introns.
The predicted proteins have 226 to 311 amino acids and possess six or seven conserved transmembrane
helix regions. Most of these proteins are alkaline, with pI 8.08-9.73. Analysing the phylogeny, we can
classify SWEETs of Amaranthus hypochondriacus L. (AhSWEET) into four groups: group I (three genes),
group II (seven genes), group III (eight genes), and group IV (two genes). These genes are not equally
distributed in the grain aramanth genome. Ten gene duplication events were detected, forming the
duplicated SWEET gene pairs, including nine WD events. The duplicated gene pairs are affected by the
purifying selection. which stabilizes the coding sequences of these genes. This result is a basis for further
studies, such as gene function or genetic modification using SWEET genes.

Keywords: SWEET, gene characterization, gene expression, phylogeny, grain aramanth

1 Mo dau

Dén 14y hat (Amaranthus hypochondriacus L.)
la loai cay nhiét déi thudc chi Amaranthus cé gia tri
kinh t€ va dinh dudng cao [1]. Chi nay trudc day
duoc trong rong rai 6 Trung va Nam My va gan
day da duoc phat trién 6 nhiéu nuwdc nhu Mexico,
Guatemala, Peru, mién bic An Do, Nepal dé€ 1ay
hat va Trung Quéc, Péng Nam A, mién nam An
Do, Tay Phi va vung Caribe d€ 1dy rau. Trong do,
cay dén lay hat (A. hypochondriacus L.) dwoc coi la
cay luong thuc rat hita hen nho vao tiém nang tao
sinh khéi va nang sudt hat 16n cting nhu kha nang
chdng chiu cac diéu kién bat 1oi (nhw han, dat mén,
kiém, acid hay ngheo dinh dudng va bénh) cao [2].
Hé gene cua cay dén 14y hat duoc giai trinh tw 1a
tai nguyén tot gitp tang cuong cac tién bd nghién
ctru tién hoa, chon gidng cling nhw cac dac tinh di

truyén khdc cta loai cay nay [3, 4].

Ho SWEET (Sugars Will Eventually be
Exported Transporter) la tdp hop cac protein tham
gia van chuyén duong sucrose ¢ thuee vat [5]. Cac
protein thudc ho SWEET c6 ciu tric dédc trung gom
bay viing xoan xuyén mang. Ngoai chttc ndng van
chuyén sucrose, nhdm protein nay con cé chic
nang trong su phat trién hoa, qua va hat, van
chuyén gibberellin va lién quan dén kha nang
chong chiu stress v6 sinh [5]. Vi vay, ho gene ma
héa cac SWEET da dwoc nghién cttu ¢ nhiéu loai
thuc vat nhw Aarabidopsis thaliana [6], 1ta [7], ca cao
[8] va mot sO loai thyee vat khac [9]. Tuy nhién, dén
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nay chua cé nghién cttu vé ho gene SWEET & cay
dén lay hat duoc thuc hién.

Cong trinh nay huedng téi muc tiéu xac dinh
cac gene ma hoa SWEET trong hé gene ctia cay dén
1ay hat, phan tich cac ddc diém ciu trac, sy phan
bd cuia gene cling nhu cac dac diém hoaly ly thuyét
cua cac protein SWEET ¢ loai cdy nay va su biéu
hién gene. Nhitng két qua nghién cttu nay budc
dau cung cap cac thong tin khoa hoc vé cau truc,
chitc nang ctia cdc SWEET ctia loai cay cong nghiép

quan trong nay.

2 Nguyén liéu va phuwong phap

21 Cosoédirliéu

Trinh ty hé gene cuia cay dén lay hat dugc

lay fave website phytozome
(https://phytozome.jgi.doe.gov/pz/portal.html#!in

fo?alias= Org_Ahypochondriacus_er) [10].

2.2 Xac dinh cac gene thuéc ho SWEET 6 cay
dén 14y hat
Cac protein SWEET ctia cay Arabidopsis [6]
duoc st dung lam khu6n do d€ tim kiém cac gene
twong dong trén dir liéu hé gene cua cay dén ldy
hat nho chwong trinh BLAST [11].

2.3  Phin tich cc dic diém hoéa -1y

Cdng cu Protparam cua ExPASy [12] duoc
stt dung dé€ phan tich cac dic diém vat ly, hdéa hoc

cua cac protein. Cau triic exon/intron dwoc xay
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dung nho GSDS 2.0 [13]. Cau tric xodn xuyén
mang ctua cac AhSWEET dwoc xac dinh nho
TMHMM Server v. 2.0 [14]. Vi tri khu trd dwéi t€
bao duwoc xac dinh béng ProtComp 9.0 trén
Softberry http://www.softberry.com/berry.phtml?
topic=protcomppl&group=programs&subgroup=
proloc) va Yloc [15].

24 XAy dung ban do gene, ciy pha hé va phan

tich tién hda

Ban d6 gene dugc xay dung nho MapChart
[16] can ctt vao vi tri ciia cac gene trén cac NST ctia
cay dén 14y hat. Trinh tu protein suy dién SWEET
cua cay dén lay hat, va mot sd cay c6 cac SWEET
da duogc xac dinh trén quy mo hé gene nhu ca cao
(dai dién than gd hai 14 mam c6 ngudn goc nhiét
ddi), A. thaliana (hai 18 mam), lda (m6t 18 mam) va
cta réu (thwc vat bac cao) dugce giong cot béng
MAFFT [17], cay pha hé dugc xay dung nho phan
mém MEGA X [18]. Kiéu chon loc dwoc xac dinh
thong qua Codon-based Z-test of Selection nho st
dung phan mém MEGA X [18].

3  Két qua va thao luan

3.1 Dicdiém cic gene SWEET 6 ciy dén 1ay hat

Tong s6 20 gene ma hoa protein SWEET da
duoc xac dinh ¢ trong hé gene cay dén lay hat
(Bang 1). Cac protein AWNSWEET déu mang vung
bao ton dac trung (MtN3_slv (PF03083) cho ho
SWEET [6]. Chiéu dai cac gene ma héa SWEET &
cay dén 1dy hat rat khac nhau, tir 729 dén 9324
nucleotide (Bang 1). Ngoai trtt ARSWEET18, cac
gene nay déu ma hda khong lién tuc, trong d6 c6 7
gene c6 4 intron, 11 gene c6 5 intron, va 1 gene
(AWSWEET10) c6 6 intron (Bang 1). Chiéu dai cac
phan tit protein dao dong trong khoang tir 226
(AhSWEETO07) téi 311 (AhSWEET13) amino acid;
khéi lwgng phan te ly thuyét t 24,55 kDa
(AWSWEETO07) t6i 34,91 kDa (ARSWEET19). Gia tri
pl ly thuyét ndm trong khoang tir 8,13 téi 9,73,
chting to cdc AhRSWEET c6 tinh base. Nhuw vay, cac
SWEET ctia cay dén 14y hat c6 dédc diém ly — héa
kha twong dong voi SWEET cua cdy ca cao [8].

Bang 1. Dac diém cac gene SWEET cua ciy dén 1dy hat

Gene Ténlocus Nhém ((s;) :;I;) ?1:[1‘),\; pI NST IN TMH Proig(];mp YSL%LC
ARSWEET01 ~ AH002968 11 3575 284 3213 813 2 4 7 PM PM
AhRSWEET02 AHO002969 11 2931 291 33,57 9,29 2 5 7 PM PM
ARSWEET03 AH005219 11 2609 236 26,03 8,64 3 5 6 PM PM
AhRSWEET04 AHO006986 v 9324 244 27,02 9,17 4 5 7 PM PM
ARSWEET05 AHO010210 I 2157 231 26,04 8,93 6 5 7 PM PM
ARSWEET06 ~AH010397 11 1816 251 2836 9,27 6 5 7 PM PM
ARSWEET07 AH011342 II 3527 226 24,55 9,49 7 4 7 PM PM
AhRSWEET08 AH011343 II 3715 266 29,39 9,35 7 4 7 PM PM
ARSWEET09 AHO012029 I 3225 234 26,11 9,23 7 4 6 PM ECP
ARSWEET10 AH012869 11 3026 280 31,73 9,73 8 6 6 PM PM
AhRSWEET11 AHO015671 II 4116 249 27,80 8,78 10 5 6 PM PM
AhRSWEETI12 AHO017357 11 2387 261 29,70 9,26 11 5 7 PM PM
AhSWEET13 AH017358 I 4644 311 34,77 8,64 11 5 7 PM PM
AhRSWEET14 AHO018141 II 3570 252 27,50 9,64 12 4 7 PM PM
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Gene Ténlocus Nhém (lcjll;) (z:) ?li[]‘)l\; pI NST IN TMH Proig(];mp YSLCOLC
AhRSWEET15 AHO018142 1T 4074 254 28,43 9,09 12 4 7 PM PM
AhRSWEET16 AH019666 I 5525 231 25,14 9,54 13 5 6 PM PM
AhRSWEET17  AH020207 v 5364 226 25,29 8,88 13 5 7 PM PM
AhRSWEET18 AHO020859 II 729 242 26,95 9,64 14 0 7 PM ECP
AhRSWEET19 AHO021078 1T 4813 249 28,29 9,58 14 5 7 PM PM
ARSWEET20 AHO022171 I 2890 308 34,91 8,74 15 4 7 PM PM

Ghi chii: GL la kich thudc gene; PL la chiéu dai protein; MW la khéi lwgng protein; NST 1a nhiém sic thé; IN 1a s6 luong

intron; TMH la s& luong x0dn xuyén mang; SCL la khu tra duéi t€ bao; PM la plasma membrane (mang sinh chat);

ECP la Extracellular Space (khong gian ngoai bao).

Hau hét cdc ARSWEET (15/20) ¢é cau truc
khong gian véi bay viing xoan xuyén mang (Hinh
1). Tuy nhién, c6 t6i nam AhSWEET chi c6 sau
x0an xuyén mang (Bang 1). C4u tric dac trung bay
x0&n xuyén mang ctia cac AhSWEET twong dong
v6i cac SWEET cua nhiéu loai da biét nhu A.
thaliana, 1Ga [6], ca cao [8] va & mdt sO loai khac [5].
Cac SWEET ¢6 s6 xoan xuyén mang it hon bay
cling da dwoc quan sat ¢ cay ca cao [8]. Phan tich
vi tri dinh khu dwdi t€ bao bf?mg cong cu ProtComp
cho thay tat ca cac ANSWEET nam trén mang sinh
chat; viéc kiém tra véi cong cu Yloc cho thay 18
trong tong s 20 AhSWEET nam trén mang sinh

AhRSWEETO01

chat, hai phan t@ con lai (AhSWEET09 va
AhSWEETI8) gan véi hé théng tiét khong gian
ngoai bao (Bang 1). Két qua nay phu hop véi két
qua phan tich cdu trtc ctia cac protein SWEET véi
cac x0an xuyén mang dic trung. Két qua nay ciing
twong dong véi phan tich vi tri khu tra dudi té bao
ctia cac SWEET 0 cay ca cao [8].

Trén quy mo hé gene, ho SWEET cta cay
dén 1ay hat c6 nhiéu gene hon so v6i cay A. thaliana
(17 gene) [6], nhung c6 it gene hon so véi cay lua
va cay ca cao (ciing 21 gene) [8], cling nhu cay san

(28 gene) [19].
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Hinh 1. M6 hinh cau trac khong gian cia mét s6 ARSWEET duoc xay dung nho TMHMM Server v. 2.0
(https://services.healthtech.dtu.dk/service.php? TMHMM-2.0)

104


https://services.healthtech.dtu.dk/service.php?TMHMM-2.0

Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Tw nhién
Tap 131, S8 1A,101-108, 2022

pISSN 1859-1388
eISSN 2615-9678

3.2 Ban d6 di truyén va phan tich cdy pha hé

Céc gene SWEET phan b khong dong déu
trén toan bo hé gene cua cay dén 1y hat. Khong
tim thdy gene SWEET nao trén cac NST s0 1, 5 va

AhSWEETO01
AhSWEET02

4819053

W) 5:
4838870 ANSWEETO3 —1-- 5474694 AhSWEET04 - 5942555
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9. Cac NST s0 3, 4, 8, 10 va 15 chi c6 mot gene, NST
s02,5,11,12, 13 va 14 c6 hai gene, chi NST s6 7 ¢
ba gene (Hinh 2). Sy phan bo khéng dong déu ctia
cac gene SWEET ¢ cay dén lay hat tuong dong voi

O cay sdn [19] va cay ca cao [8].

6 7 8

AhSWEETO05 —++- 1060173

AhSWEETO7 - - 3468846

AhSWEET08 ~| |~ 3509181 AhSWEET10 —-- 4164723
AhSWEETO06 - 14864941

AhSWEETO09 -+ 19767554

13 14 15
AhRSWEET20 -1 4461212
AhSWEET16 —+— 10028451 AhSWEET18 - 9511288
Thanh []
AhRSWEET19 - 13844482 ti 1¢

5Mb
16979702 —

Hinh 2. Ban d6 di truyén dugc xay dung tir cic SWEET cta cay dén 14y hat

Cay pha hé (Hinh 3) cho thay rang cac
SWEET cua cay dén lay hat thudc vé bén nhém I-
IV, teong tie nhu cay pha hé duoc xay dung ttr cac
protein SWEET cua cac loai [8, 9]. Nhém I (mau
xanh duong) cé ba gene, nhom II (mau vang cam)
c6 bay gene, nhom III (mau nau do) cé tam gene
trong khi nhém IV (mau den) chi ¢6 hai gene. Nhu
vay nhém III la nhom c6 s6 luong gene nhiéu nhat
trong ho SWEET. Két qua nay tuong dong voi ¢
cay ca cao [8] va cay A. thaliana [9].

Vi tri trén cac NST va murc d6 twong dong
cua cac gene AhRSWEET cho phép xac dinh mét s6
su kién nhan gene da xay ra. Két qua nay gop phan

giai thich su tdng s6 luwgng cac gene trong ho nay.

DOI: 10.26459/hueunijns.v131i1A.6317

Cé tong s6 10 sy kién nhan gen da duoc xac dinh
(Bang 2), trong d6 cac sy kién nhan gene trén toan
hé gene (whole genome duplication, WD) gitt vai
tro chinh (chin sy kién WD). Chi c6 mét sy kién
nhan gene trudc sau (tandem duplication) phat
sinh ra cac cdp gene tuong dong TcSWEETO01 va
TcSWEET02  hoac cap AhRSWEETI2  va
AhSWEET13. Sau khi hién trong nhan gene TD xay
ra voi mot trong hai cdp gene trén, su kién nhan
gene WD xay ra k& tiép dan t6i hinh thanh hai cip
gene lap AKRSWEET01 va  AhSWEETI3,
AhSWEETO02 va AhSWEET12 trén NST s6 2 va NST
s0 11. Cac sy nhan gene SWEET da duoc quan sat
¢ nhiéu loai thyc vat khac va 1a co so giai thich sy

hinh thanh s6 luwgong 16n gene ho nay [8, 9].
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Hinh 3. C4y pha hé dugc xay dung tir cic SWEET ctia cay Dén 1ay hat (Ah), cay A. thaliana (At), ciy ca cao (Tc), cay
IGa (Os) va cay réu (Pp) bang phuong phap Neighbor-Joining véi gia tri bootraps 1000

Bang 2. Dic diém tién hoa ctia cac gene SWEET ldp ctia cdy dén 14y hat

Genelip 1 Gene lip 2 Kiéu nhén gene dS/dN Kiéu chon lgc
AhSWEETO07 AhSWEET14 WD 9,118 Am
AhSWEET08 AhSWEET15 WD 11,143 Am
AhSWEET16 AhSWEET19 WD 4,440 Am
AhSWEET04 AWSWEET17 WD 6,819 Am
AhSWEET01 AhSWEETI3 WD 6,747 Am
AhSWEET02 AhSWEETI2 WD 7,265 Am
AWSWEET01 AhSWEET02 D 6,084 Am
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Genelip 1 Gene lap 2 Kiéu nhén gene dS/dN Kiéu chon lgc
AhSWEET12 AhSWEET13 TD 9,582 Am
ARSWEET06 ARSWEETI10 WD 8,437 Am
AhSWEETO06 AhSWEET20 WD 10,410 Am
AhSWEET10 AhSWEET20 WD 8,745 Am

Két qua phan tich ty 1& cac dang dot bién 3. Lightfoot DJ, Jarvis DE, Ramaraj T, Lee R, Jellen EN,

nucleotide ctia cac cap gene SWEET ldp cling cho
thdy cac cdp gene ldp chiu tac dong cua chon loc

am (negative selection hodc purifying selection).

4  Kétluan

Tong s6 20 gene SWEET da duoc xac dinh o
trong hé gene cay dén lay hat. Cac SWEET cua cay
dén 1ay hat c6 cdu truc déc trung cho cac SWEET
da dwoc biét. Hau hét cdc AhSWEET c6 bdn hodc
nam intron. C4c protein suy dién c6 tir 226 t6i 311
amino acid; pI dao ddng tir 8,08 dén 9,73. Cac
AhSWEET duoc phén chia thanh bén nhém dién
hinh & thuc vat. Hién teong nhan gene trén toan hé
gene 1a nguyén nhan chinh dan téi sy ting s6
luong thanh vién trong ho SWEET & cay dén ldy
hat.

Thong tin tai trg

Nghién ctru nay dugc thye hién tir kinh phi
ctia dé tai nghién ctru co ban ma s6 08/HDUT-
KHCN do treong Pai hoc Sw pham Ha Noi 2 tai
tro.
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