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NGHIEN CU NHOM GEN QUY BINH PROTEIN VAN CHUYEN BDUONG SUCROSE
O CAY DIEM MACH (Chenopodium quinoa)
BANG CONG CUTINSINHHOCDULIEULON
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Nguyén ThiNgoc Anh*, Bui Thi Thu Hwong*, Nguyén Vén Loc’,
Lé ThiNgoc Quynh®, Nguyén S6ng Thao®, TranThj Thanh Huyéen®
TOM TAT
Diém mach (Chenopodium quinoa) la mét trong nhirng ddi twong cay tréng c6 gia tri kinh té cao va dwoc
trong trot phd bién trén thé gidi. Tuy nhién, nhirng hiéu biét vé co ché thich nghi ctia cay diém mach van con
han ché do théng tin di truy&n ctia loai mai chi dworc ghi nhan gan day. Trong nghién cteu nay, ho protein van
chuyén dwdng sucrose, SWEET (Sugar Will Eventually be Exported Transporter), d& dwoc tim hiéu & cay diém
mach théng qua cac cong cu phan tich tin sinh hoc di liéu Ién. Két qua da xéc dinh dwoc 29 gen CqQSWEET
tronghégencuadiémmach. Trongdo, phanlénho gen CqSWEET déuchiranam hodcsauexon, twongtw nhw
ho SWEET & cac loaithwcvatkhac. Danh giadir liéu biéu hién chothy cac gen CqSWEET c6 biéu hién dadang
tai bd phan chinh trong cay. Bang chi y, CqQSWEETO09 va 20 c6 bidu hién dc thi tai hoa va qua. Két qua cta
nghién ctvu nay da cung cap nhirng dan liéu khoa hoc cho viéc tim hiéu vé vai trd ctia ho CqSWEET lién quan
dén tinh chéng chiu bat loi & cay diém mach.
Twr khéa: Cay diém mach (Chenopodium quinoa), di¥ liéu I&n, SWEET, tin sinh hoc
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l. DAT VANDE

DBap tng dayéutd ngoai cadnh batloi (stress phi
sinh hoc va stress sinh hoc) la mét trong nhirng
muc tiéu clia cac nha chon tao gibng hién nay. Rat
nhiéu b&o cao da ghinhan phan &ng cliacaytrong
khi chiu tac dong cla yéu té bat lgi théng qua co
ché tich Illy dwéng sucrose tai vi tri tdn thwong
(Chandran, 2015). Qua trinh van chuyén dwéng
sucrose dién ra trong thyc vat dén nay da duogc
biét dén v&i vai tro ctia nhom SWEET (Sugar Will
Eventually be Exported Transporter) (Chen, 2014).
Vi vay, nghién ctru vé nhom SWEET cé thé cung
cap nhirng co's& khoahoc quantrong phucvu cho
cbng tac chon tao giébng cay tréng chéng chiu da
yéu t6 bétloi.

DBénnay, cac nghiénctruvé ho SWEET luénthu
hatdwocswquantamtréntoanthé gioi. Cuthé, ho
SWEETdadwoctimhiéutrénmotsddditwongcay
tréng quan trong, nhw lda gao (Oryza sativa) (Yuan
and Wang, 2013), dau twong (Glycine max) (Patil
etal., 2015) san (Manihot esculenta) (Chu Birc Ha
vactv., 2018a), dau ga (Cicer arietinum) (ChuBrc
Ha va ctv., 2018b) va lta my (Triticum aestivum)
(Gautam et al., 2019). Tuy nhién, chwa c6 nghién
ctru dwoc ghi nhan vé nhém protein nay trén cay
diém mach (Chenopodium quinoa), mot trong
nhirng déi twong cay tréng mang lai gia tri kinh
té cao, c6 tiém nang phat trién & Viét Nam va méi
dwoc gidi ma thong tin di truyén gan day (Jarvis et
al., 2017).

Nghién ctru nay dwoc thye hién nham mo ta
nhirng dac tinh co ban ciia nhém SWEET & cay
diém mach. Cacthanh vién cianhém SWEET da
dwoc xacdinh vachagiaitréndir liéuditruyén cla
cay diém mach. D&c diém ciutric gen, trattw sap
xép exon/intron clia cac gen SWEET d4 dwoc phan
tich. Cudi cung, mirc do biéu hién clia cac gen tai
mét sb co quan/bd phan trén cay diém mach da
duwockhaithacbang cong cu phantichdirliéulén.

Il. VATLIEUVAPHUONGPHAP NGHIEN CUPU
2.1. D liéu nghiénctru

Hé gen, hé protein, hé phién ma tham chiéu
cua giéng diém mach C. quinoa Willd. (accession
P1614886) ghi nhan trong nghién ctu gan day
(Jarvisetal., 2017) dwoc khaithac trénco sé div liéu
Phytozome (https://phytozome-next.jgi.doe.gov/)
va NCBI (https://www.ncbi.nlm.nih.gov/).

D liéu vé nhém OsSWEET & lua gao (Yuan
and Wang, 2013), GmSWEET & dau twong (Patil
etal., 2015), MeSWEET & san (Chu Birc Ha va
ctv.,2018a), CaSWEET & dauga (ChubwcHava
ctv.,2018b) va TaSWEET & lta my (Gautam etal.,
2019) dwoc thu thap lam dbi chirng dé tim kiém
CqSWEET & diémmach.

2.2. Phrong phap nghiénctu

- Phwong phép xac dinh nhom SWEET trong dir
liéuctiadiém mach: Trinhtw cila OsSWEET (Yuan
and Wang, 2013), GmSWEET (Patil et al., 2015),
MeSWEET (Chubuc Havactv., 2018a), CaSWEET
(ChubwcHavactv.,2018b) va TaSWEET (Gautam
et al., 2019) dwoc lwa chon dé sang loc trén hé
protein cia diém mach (BioProject: PRINA394242)
(Jarvis etal., 2017) béng céng cu BlastP nham tim
kiém tAt ca cac protein twong déng. CAc protein
¢ngviénduwockiémtraswcomatchavingbaothi
PF03083 dactrwngcho SWEET &thwevat(Chen,
2014) bang Pfam (https://pfam.xfam.org/).

- Phuwong phap dinh danh va chu giai nhom
SWEET trong hé tham chiéu ctia diém mach: Cac
trinh tw protein tng vién dwoc truy van trén giao
dién NCBI dé ra soat théng tin chi gidi theo mé ta
trong nghién ctru trwérc day (Chu Bac Ha va ctv.,
2018a). Trong d6, mot sé théng tin v& ma dinh
danh,m& ARN, mé&protein, magen, vitrilocusgen
va trinh tw doan ma hda dwoc khai thac cho cac
phan tich tiéptheo.

- Phwong phap phantich ciutric gen SWEET &
diém mach: Trinh tw doan mahoda cliagen SWEET
& diém mach dwoc phantich trén cong cu GSDS
(http://gsds.gao-lab.org/index.php) dé dwa ra céu
tric gen (trat tw exon/intron). Cac buéc tién hanh
dwoc thwe hiéntheo mé ta trong nghién ctru trwérc
day (Chu Blrc Havactv., 2018b).

- Phuong phapxay dwng so dd hinh cay cianhém
SWEET & diém mach: Trinh tw cla céac protein
SWEET & diém mach dwoc can trinh ty twong d(‘)ng
vathiétlap so dd hinh cay bang phan mém MEGA
(Kumar et al., 2016). Trong dé, phwong phap can
trinh tw dwoc thwe hién theo thuat toan Neighbor-
Joining v&i gi4 tri bootstrap 1.000, twong tw nhw
trong nghién ctru gan day (Gautametal., 2019).

- Phuong phéap khai thac div liéu biéu hién
cla gen SWEET & diém mach: D liéu RNA-
Seq cua hai gibng diém mach hoa trdng va hoa
vang (GSE139174) dwoc khai thac tr GEO NCBI
(https:/iww.ncbi.nim.nih.gov/geo/). Trong do,
mircddbiduhiénctiagenSWEETtaimdhoavaqua
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dworc phén tich theo gia tri FPKM (fragments per
kilobase of exon model per million reads mapped)
bang thuattoan GEOMEAN va mé hinh héa bang
ngdn ng R (Liao et al., 2019).
2.3. Thoi gian va dia diém nghién cteu

Nghién ctru nay dwgcthyc hiéntirthang 2 nam
2020 dén thang 4 ndm 2021. Cac phan tich dwoc xtr
ly tai Dai hoc Sw pham HaNbi 2, Bai hoc Sw pham
Ha Noi, Hoc vién Nong nghiép Viét Nam, Pai hoc
Thuy lgi va Dai hoc Céng nghé.

lll. KET QUAVATHAO LUAN

3.1. Xac dinh va dinh danh nhém gen CqSWEET
trong hé gen ctia diém mach

DPéxacdinhnhém SWEET tréndirliéuctadiém
mach, céng cu BlastP va Pfam da dwoc st dung
nham tim kiém tAt ca cac protein (rng vién trong hé
protein ctia diém mach cé vung bao thi PF03083,
dac trung cho SWEET & thwe vat (Chen, 2014). Két
qué da xac dinh dwoc tdng sb 29 protein SWEET
(Bang 1). Theo dé, c&c protein van chuyén duwéng
sucrosedatimthaydwocdatténtir CQSWEETO1 -
CqSWEET29 véitiéu chi, ‘Cq’ viéttat choténkhoa
hoc clia loai (C. quinoa), ‘'SWEET’ dai dién cho ho
protein van chuyé&n dwdng sucrose (Chen, 2014),
sb tht tw dwoc sép xép dwa vao vj tri locus gen
(Bang 1). Théng tin chd gidi, gdm ma dinh danh,
maARN, méa protein,magenvavitrilocusclagen
CqSWEET dwgc mo ta tai bang 1.

Bang 1. Thong tin vé ho protein van chuyén sucrose CQSWEET & diém mach

TT CTSWEET Mai d%nh danh Mé& ARN Ma protein Ma gen V% tri locus

1 CqSWEETO01 AURG62028877-RA XM_021867347.1 XP_021723039.1 110690498 LOC110690498
2 CqSWEET02 AURG62021497-RA XM_021867966.1 XP_021723658.1 110691029 LOC110691029
3 CqSWEETO03 AURG62013947-RA XM_021871240.1 XP_021726932.1 110694081 LOC110694081
4 CqSWEET04 AURG62019341-RA XM_021873337.1 XP_021729029.1 110696068 LOC110696068
5 CqSWEETO05 AURG62034634-RA | XM_021875235.1 XP_021730927.1 110697836 LOC110697836
6 CqSWEETO06 AURG62008229-RA XM_021878451.1 XP_021734143.1 110700868 LOC110700868
7 CqSWEETO07 AURG62034815-RA XM_021881736.1 XP_021737428.1 110703936 LOC110703936
8 CqSWEETO08 AURG62034816-RA XM_021881739.1 XP_021737431.1 110703940 LOC110703940
9 CqSWEET09 AURG62022713-RA XM_021884431.1 XP_021740123.1 110706483 LOC110706483
10 CqSWEET10 AUR62032012-RA XM_021885509.1 XP_021741201.1 110707497 LOC110707497
11 CqSWEET11 AURG62005221-RA XM_021886898.1 XP_021742590.1 110708701 LOC110708701
12 CqSWEET12 AURG62005295-RA XM_021886992.1 XP_021742684.1 110708776 LOC110708776
13 CqSWEET13 AURG62036636-RA XM_021888271.1 XP_021743963.1 110710007 LOC110710007
14 CqSWEET14 AURG62005678-RA XM_021889978.1 XP_021745670.1 110711565 LOC110711565
15 CqSWEET15 AURG62004237-RA XM_021892737.1 XP_021748429.1 110714244 LOC110714244
16 CqSWEET16 AURG62014003-RA XM_021892738.1 XP_021748430.1 110714245 LOC110714245
17 CqSWEET17 AURG62013611-RA XM_021900536.1 XP_021756228.1 110721400 LOC110721400
18 CqSWEET18 AURG62019880-RA XM_021901835.1 XP_021757527.1 110722571 LOC110722571
19 CqSWEET19 AUR62019881-RA XM_021902021.1 XP_021757713.1 110722735 LOC110722735
20 CqSWEET20 AUR62013480-RA XM_021905254.1 XP_021760946.1 110725786 LOC110725786
21 CqSWEET21 AURG62006148-RA XM_021908920.1 XP_021764612.1 110729202 LOC110729202
22 CqSWEET22 AUR62022657-RA XM_021911499.1 XP_021767191.1 110731629 LOC110731629
23 CqSWEET23 AURG62007017-RA XM_021912179.1 XP_021767871.1 110732264 LOC110732264
24 CqSWEET24 AURG62018089-RA XM_021915140.1 XP_021770832.1 110735017 LOC110735017
25 CqSWEET25 AURG62000659-RA XM_021917059.1 XP_021772751.1 110736758 LOC110736758
26 CqSWEET26 AUR62000743-RA XM_021917150.1 XP_021772842.1 110736832 LOC110736832
27 CqSWEET27 AUR62019664-RA XM_021918223.1 XP_021773915.1 110737873 LOC110737873
28 CqSWEET28 AURG62029550-RA XM_021920122.1 XP_021775814.1 110739666 LOC110739666
29 CqSWEET29 AUR62029552-RA XM_021920123.1 XP_021775815.1 110739667 LOC110739667
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Trwée dé, ho SWEET cling da dwoc ghi nhan
trén ratnhiéu dbi twong cay tréng khac nhau. Trén
mot s6 cay mot 1a mam, sé lwong thanh vién cla
ho SWEET dao dong tir 16 (& loai Phalaenopsis
equestris) dén 108 (& liamy) (Gautam etal., 2019)
(Hinh 1). Trong khi d6, trén mot sb loai cay hai la
mam, ho SWEET c6 sb lwong thanh vién twong
déi da dang, tr it, nhw & Camellia sinensis (13),
Litchi chinensis (16),Cucumis sativus (17) va Pyrus

bretschneideri (18), trung binh, nhw & san (28) (Chu
DPwrcHavactv.,2018a), Brassicaoleracea (30) vaB.
rapa(32), dénnhiéu, nhu & dau twong (52) (Patil et
al., 2015), Gossypium hirsutum (55) va B. napus (68)
(Hinh1).Céackétquanaychothdyho SWEET & céac
loai thwe vat rat da dang, véi sé lwong thanh vién
phong phu, khéng phuthudcvaoloaivahégencua
loai. D& di sdu hon niva, cAutric gen CqQSWEET da
dworc tim hiéu va déi chiéu v&i cac loai khac.
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Hinh 1. Sé lwong gen SWEET & céc loai thwc vat

3.2. Phan tich c4u truc dac trwng clia nhém gen
CqSWEET cua cay diém mach

Dé tim hiéu vé ciutric ctia cac gen CqSWEET,
sb lwgng exon/intron da dwoc phan tich dya trén sw
hé tro' clia GSDS. Két qua cho thay ho gen CqSWEET
cé cAutrictwong ddidadangvé kichthwédcvatrat
twexon/intron (Hinh 2). Cuthé, sé lwong exoncla
ho CqSWEET dao déng to mét (CQSWEET02) dén

chin (CqSWEET27) (Hinh 2). Bang chiy, phan Ién
cacgen CqSWEET déucdnam (8/29 gen) hodcsau
exon (12/29 gen) (Hinh 2). Két qué nay cling duoc
ghinhan & ho SWEET & cacloaithwc vatkhac, nhw
lbagao (YuanandWang,2013), dautwong (Patil et
al.,2015) s&n (ChubwcHavactv., 2018a), dauga
(ChuBbwrc Havactv.,2018b) va lta my (Gautam et
al., 2019). C6 thé thay rang, gen SWEET & c4c loai
thwcvatnhinchungdéuchranamhodcsauexon.
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Hinh 2. Trat tyw exon/intron cda ho gen CqSWEET & cay diém mach
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Bén canh d6, méi quan hé gitra cac CQSWEET
cling dwoc thiét 1ap dwa vao so d6 hinh cay
Neighbor-Joining trén MEGA (Kumaretal., 2016).
Két qua cho thdy ho CQSWEET dwoc chialam hai
nhém I&n, gdm bdn phan nhém phu (Hinh 2).
Diéu nay hoan toan twong ddng véi nhirng nghién
clrutrwde day khicactac gia déu ghinhan sw phan
nhém twong tw cilia ho SWEET & cac loai thwc vat
khac, nhw dau twong (Patil etal., 2015), san (Chu
BlcHavactv.,2018a),dauga(Chubl®cHavactv.,
2018b) va lta my (Gautam et al., 2019). Trong do,
céc protein CQSWEET xép cung trong mdt nhanh
c6 sy twong déng cao vé cau trac (kich thuwéc va
sblwgngexon)cliiagenmahda(Hinh2). Swtwong
ddng vé cautrac cia mot sb gen CqSWEET da dat
ra gia thuyét vé& chirc ndng clia cac gen nay trong
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qué trinh tién hoa cta cay diém mach.

3.3. Banh gia di liéu cia nhém gen CqSWEET
cla cay diém mach

Pé tim hiéu mic dd phién ma cha ho gen
CqSWEET tai cac mé, di¥ liéu biéu hién tai hoa va
quécuahaigiébngdiémmachhoatrangvahoavang
da dwoc khai thac tir GEO NCBI. Két qua phan
tichhé phiénmaveidungluwong ~95,37 Gbda cho
thay ho gen CqSWEET c¢6 biéu hién rat da dang va
d&c thu tai hoa va qua (Hinh 3). Cu thé, bay gen,
CqSWEETO1, 02, 06, 11, 12, 21 va 26, c6 biéu hién
yéu hodc dwdi ngwdng phéat hién tai c& hai mé, trong
khimdcdd phiénmactasaugen, CqSWEET04, 10,
14,17, 18va 27 c6 xu hwéng biéu hién manh & hoa
va/hoac qua (Hinh 3).
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Hinh 3. Mtc do biéu hién ctia ho gen CqSWEET trén cay diém mach

DPang chu y, mét sé gen CqSWEET c6 biéu
hién radt manh va dac thu tai hoa va/hoéc qua &
ca hai gibng quinoa (Hinh 3). Trong dé, n&m gen,
CqSWEET08, 19, 22, 28 va 29 c6 biéu hién d3c thu
tai hoa, chirng td nhém gen nay c6 thé tham gia
vao cac qua trinh sinh ly xay ra dac trwng tai hoa
(Hinh 3). Bac biét, CQSWEET09 va 20, dwoc tang
cwong biéu hién & ca hoa va qua trong hai giéng
quinoa, chirng té hai gen nay c6 thé déng vai trd
guantrong & hoavaqua. Témlai, viéckhaithac di
liéu biéu hién bang céng cutinsinh hoc dirliéulén

dacungcap nhivrng gia thuyétkhoahoc quantrong
nham dinh huwéng cho nghién ctru chire ndng gen
CqSWEET & cay diémmach.

IV. KET LUAN VADE NGHI

4.1. Kétluan

Téng sb 29 thanh vién cta ho CqSWEET da
duorc xac dinh va cha giai trén dbi twong cay diém
mach.Ddichiéuvainghiéncirutredcdaychothay
ho SWEET & céc loai thye vat cé sb lwong thanh
vién da dang va khéng phu thudc vao loai.
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Hogen CqSWEET c6 cAutric twong dbidadang
vé kich thwéc. Pa sb cac gen CqQSWEET d&u chiva
nam (8/29 gen) hoac sau exon (12/29 gen), twong
twnhw & cacloaithwcvatkhac. So'dd hinh cay cho
th4y ho CQSWEET dworc chia lam hai nhém, gébm
bén phan nhémchinh.

Ho gen CqSWEET c6 murc d6 biéu hién twong
déi da dang tai mau hoa va qua trong diéu kién
thwong. Trong dé, CqSWEET09 va 20 dwgc ghi
nhanlahaigen cobiéu hién dac thu tai hoavaqua.

4.2. D& nghi

Nghién ctru ndy sé dwoc tiép tuc nham phan
tichdactinhco banctiaprotein CQSWEET vahién
twong Iap gen xay ra trong ho CqSWEET, tir dé
c6 thé cung cap nhirng dan liéu dang tin cay cho
nghién clru chirc ndng gen béng thwe nghiém.
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Studyonthesucrosetransportergenefamilyinquinoa(Chenopodiumquinoa)
by the big data analytic computational approaches

Pham Phuong Thu, Tran ThiPhuong Lien, TaHong Linh,

Chu Duc Ha, Nguyen Thi Ngoc Anh, Bui Thi Thu Huong, Nguyen Van Loc,
Le ThiNgoc Quynh, Nguyen Song Thao, Tran Thi Thanh Huyen

Abstract

Quinoa (Chenopodium quinoa) is regarded as one of the highly-valued crops that are cultivated widely in the world.
However, the mechanism of the adaptation in the quinoa plant has been still lacking, even the genetic information
of this species was recently published. In this study, the sucrose transporter, namely ‘SWEET’ (Sugar Will Eventually
be Exported Transporter), has been identified in the quinoa genome by the big data computational analysis. As
aresult, atotal of 29 CqSWEET genes has beenreported in the quinoa genome. Among them, the majority of
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CqSWEET genes contain five or six exons, as confirmed in other plant species. Our expression analysis indicated that
the CqSWEET genes had differentially expressed in the major organs. Interestingly, CQSWEET09 and 20 have been
notedtoexclusively expressinboth flowers andfruits. Takentogether, ourstudy could provide asolid foundation for
furtherinvestigation of the function ofthe CQSWEET genes related to the mechanism of stress response in quinoa.
Keywords: Chenopodium quinoa, big data, SWEET, bioinformatics
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