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TOM TAT

Sét la mot trong cac nguyén té thiét yéu véi sinh truong va phét trién cua thuc vat. Bé hap thu, van chuyén va
kiém soét su tich lity sat trong co thé, thuc vat st dung nhiéu protein khac nhau trong dé co protein van chuyén &
khong bao (Vacuolar Iron Transporter - VIT). Nho cc protein ho VIT, sét c6 thé dugc dua vao tich trit & khong
bao, gilip giam tranh cac tac dong bat loi cua hién tuong du thira sit. Nhom protein nay con co cac dong hinh 1a
Vacuolar Iron Transporter-like (VTL) ciing tham gia qua trinh van chuyén st vao khéng bao. Céc VIT va VTL
dugc goi chung 1a ho VIT. O lGa gao, méi chi ¢ hai protein VIT 1a OsVIT1 va OsVIT2 duoc phét hién va phan
tich. Trong nghién ctru nay, 9 protein ho VIT gém VIT1, VIT2 va 7 VTL dugc x4c dinh ¢ laa trén co so o sanh
v6i EgVIT1, dong thoi dugc phan tich ciing cac protein ho VIT ¢ cy mot 14 mam khéc 1a ngd va o cady md hinh
Arabidopsis thaliana. Cac dan liéu cho thiy céc protein ho VIT & lGa dai tir 69 dén 252 aa, khéi lugng phan tir tir
7,263 dén 26,551 kDa, diém dang dién trong khoang 4,69 dén 8,57. Hau hét cac protein ho VIT & ltia déu c6 5
viing xuyén mang va déu duoc xac dinh biéu hién & mang khdng bao. Trinh tu céc protein duoc so sanh, xac
dinh cac motif twong ddng tir d6 xay dung cdy phat sinh cho thdy méi quan hé gan giii giira cac protein VIT &
cay mot 14 mam so véi cay hai 14 mam. Dix liéu biéu hién cua 4 trong sé cac gen ho VIT & la cho thdy cac gen
OsVIT2, OsVTL1 va OsVTL2 c6 biéu hién manh ¢ hat trong giai doan sém sau d6 giam dan khi hat phét trién.
Dic biét, OsVIT1 biéu hién manh ¢ ré va 14 ma khdng biéu hién & bat ky giai doan nao cua hat. OsVIT1 c6 tiém
nang la gen dich cho cac nghién ciru cai tién ham luong sit trong hat.

Tir khéa: Ho gen OsVIT, khdng bao, mirc do biéu hién gen, vacuolar iron transporter, van chuyén sit.

DAT VAN BE

O thuc vat, nguyén tb sét thiét yéu cho sinh trwdng va phat trién, lién quan dén cac qua trinh nhw quang hop,
tdng hop diép luc, chudi truyén dién t& va nhiéu phan rng oxi hda khtr (Aung and Masuda, 2020). Tuy nhién, tich
tu qué nhiéu sét trong t& bao chat dan dén sw hinh thanh cac gdc oxi héa phan (rng (reactive oxygen species-
ROS) qua phan &ng Fenton, lam pha hdy DNA va cac bao quan (Winterbourn, 1995; Gayomba et al., 2015). St
dv thtra dwoc thwe vat chuyén dén cac co quan dy trir nhdm tranh gay ton thwong cac mé. Khong bao cung
dwoc thuc vat st dung dé du trir s&t. Ho protein VIT (Vacuolar Iron Transporter) gom cac thanh vién dwoc xac
dinh tham gia van chuyén ion sét vao khéng bao & thyc vat. Ho protein nay gém hai nhém chinh: nhém VIT va
nhém VIT-like (VTL). Cac protein nhém VTL khéc véi VIT & didm khéng c6 khdng cé viing chirc nang la domain
bam kim loai (metal binding domain-MBD) (Gollhofer et al., 2014; Walton et al., 2020).Trinh tw cac protein VIT
trong ciing nhém cay moét 14 mam hoéc cay hai Ia mam dwoc xac dinh ¢é xu hwéng twong déng véi nhau hon so
v&i cac protein VIT trong nhém cay con lai. Cac protein thudc ho VIT & céc loai thuc vat tham gia vao nhiéu hoat
dong khac nhau (Connorton et al., 2017; Cao, 2019).

AtVIT1 13 thanh vién d4u tién cua ho protein VIT dwoc phat hién tlr cdy md hinh Arabidopsis thaliana (Kim et al.,
2006). OsVIT1 va OsVIT2 & lta gao (Oryza sativa) dwgc xac dinh biéu hién manh & 14 va tham gia van chuyén
sat tir co quan hap thu (ré) dén co quan tich triv (14, hat) (Zhang et al., 2012). Tuy c6 nhiéu nghién ctru vé chirc
nang nhwng cau trdc béc ba cling nhw co ché van chuyen sat qua protein VIT lai it dwoc 1am rd. Nghién ctru dau
tién vé& cu tric cla VIT da xac dinh cu trac tinh thé cia EgVIT1, protein VIT tr Eucalyptus grandis (Kato et al.,
2019). CAu tric tinh thé ctia EgVIT1 da khang dinh dw doan cAu hinh bac hai ctia cac protein VIT, gdm 5 ving
xoan xuyén mang va domain bam ion kim loai (MBD) nam gitra hai ving xuyén mang thir 2 va thr 3. Hoat déng
clia céc protein VIT khac dwa trén sw twong dong trinh tw v&i EgVIT1 ciing da dwoc dy doan trong nghién ctu
nay cla Kato va cdng sw (Kato et al., 2019). Mdt nghién ctu khac cling d& str dung mé hinh twong déng véi
EgVIT1 dé xay dung c4u tric ba chidu cta AtVIT1 va OsVIT1 (Krishna et al., 2023). C4c cAu tric dy doan clia
AtVIT1 va OsVIT1 twong tw nhw cla EgVIT1, cAc amino acid chirc ndng chi cé khac biét nhd v& vi tri so v&i
EgVIT1 (Krishna et al., 2023).

O lta gao, cho dé&n nay chi c6 OsVIT1 va OsVIT2 Ia hai gen VIT dwoc xac dinh va phan tich, chwa cé gen nao
thuéc nhém VTL & lua dwoc nghién clru. Nghién clru cia Zhang va dong tac gia (2012) cho thay OsVIT1 va
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OsVIT2 déu biéu hién manh & 14, cac protein OsVIT1 va OsVIT2 déu ndm trén mang khoéng bao. Tuy nhién mirc
dd biéu hién cta hai gen nay thay ddi khac nhau véi didu kién méi trwong thira hodc thiéu sat. Bidu hién gen
OsVIT2 tang manh trong méi trwdng thira sét va gidm manh khi cay bi thiéu sét, con mic d6 biéu hién OsVIT1
khéng c6 su bién dong lon trong vong 7 ngay tir khi xt ly satdu la tang hay giam ham Iwong. Nghién ctru cling
da thwe hién chuyén gen nham loai bé cac gen OsVIT, két qua cho thdy cac cay chuyén gen c6 ham lvgng sat
glam di & la nhuwng lai tang 1én & phdi, ddng thei kha nang sinh tredng khong bi anh hwéng. Zhang va ddng tac
gid (2012) dw doan rang OsVIT1 va OsVIT2 gilp diéu hoa phan b sét gitra cac mé trong cay.

Trong bai viét nay cac dac diém cia ho proteln VIT & lia gao dwoc xac dinh va trén co s& so sanh cac motif clia
cac protein nay cung v&i cac protein cung ho & ngd (Zea mays) va A. thaliana, cay phat sinh phan nhém cac
protein ho VIT da dwoc dwng cho thay mOoi quan hé gan gu| gitra chung Mrc d6 bidu hién cta mét sb gen trong
ho VIT & l0a cling dwgc khai thac dé lam sang té phan nao vai trd cla cac VIT twong (ng véi sy tich Idy sét &
cac mo, co quan. Céc dan liéu nay c6 thé dwoc s dung dé lwa chon gen dich phu hop cho céc nghién ctru cai
tién ham lwong dinh dwéng trong hat gao.

VAT LIEU VA PHUONG PHAP
Vat liéu nghién cteu
Dir liéu v& protein va gen thudc ho Vacuolar Iron Transporter (VIT) cla lGa, ngd va A. thaliana trén co s& di liéu

Phytqzome (Goodstein et al., 2012). D liéu vé biéu hién gen dwoc khai thac tir co' s& dir liéu GEO trén NCBI cé
ma sO GSE6893.

Phwong phap nghién ciru
Xéc dinh va dw dodn mét sé théng sé hoa ly cac protein thudc ho VIT &lGa gao

Trinh ty giébng hang ridt gon (seed) cla domain VIT1 (ma: PF01988) tlr co s& di¥ lieu Pfam (Mistry et al., 2021)
dwoc st dung dé tim kiém cac trinh tw protein thuéc ho VIT trén proteome: Oryza sativa v.70-rice trong co' s& di
liéu Phytozome béng céng cu BLAST (Goodstein et al., 2012) v&i nguwdng gia tri E-1. Cac trinh tw thu dwoc tiy tim
kiém trén dwoc kiém tra bang cong cu MotifFinder d& khang dinh c6 motif thuéc domain VIT1. Tén céc protein, sb
viing xuyén mang va dw doan vj tri trong t& bao duoc tim kiém trén co sé di liéu UniProt (2022) qua cac méa gen
twong &ng. Céac thoéng sb héa ly nhu: khdi lwgng phan t& (MW), diém déng dién (pl), 6 ki nwdc trung binh
(GRAVY), chi sb bat 6n dinh (I1) dwoc tinh toan bang céng cu ProtParam (Wilkins et al., 1999).

Xay dung cay phat sinh chdng loai va xadc dinh cac motif bdo thd cda ho protein VIT &10a, ngé va A. thaliana

Trinh tw cac thanh vién ho protein VIT dwoc tim kiém & O. sativa, A. thaliana va Z. mays cung véi trinh tw cla
EgVIT1 (ma UniProtkKB: PODO17) dwoc giéng hang bing cong cu MEGAL1 (Tamura et al., 2021) theo phwong
phap MUSCLE. Cay phét sinh chiing loai ctia ho protein VIT dwoc xay dwng tir thdng tin sdp giong cot nhidu trinh
tw bang cong cu IQ-TREE (Nguyen et al., 2015) theo phwong phap Maximum Likelihood, 1000 bootstrap UFBoot
(Hoang et al., 2018) va dwoc biéu dién bang cdng cu iTOL (Letunic and Bork, 2024). Cac motif bdo thi & cac
protein VIT dwoc xac dinh bang cong cu MEME véi cac thong sé: do dai motif téi thidu: 6; d6 dai motif tdi da: 50;
nguwdng E-value téi da: E-1. Vi tri cAc motif trén trinh tw cac protein VIT dwoc biéu dién béng cong cu TBtool
(Chen et al., 2023).

Phan tich dliéu biéu hién ho gen VIT &lGa gao

Biéu hién ho gen VIT & lia gao qua cac giai doan phat trién khac nhau dwoc phan tich thong qua di liéu
microarray (ma GEO: GSE6893). Di¥ liéu biéu\hién cac gen c6 trong bo di¥ liéu nay dwoc lay log2, chuén hoa va
biéu dien dwdi dang ban do nhiét (heatmap) bang céng cu TBtool (Chen et al., 2023).

KET QUA VA THAO LUAN
Céc protein VIT & lGa vira twong ddng vira da dang so v&i & ngd va Arabidopsis

Thong tin giong hang rat gon cua domain VIT1 (m& Pfam: PF01988) dwgc dung lam truy van trén co s& dir liéu
Phytozome bang céng cu BLAST ddi v&i proteome cula lta O. sativa.

Két qua da xac dinh dwoc 9 protein & lia véi cac déc diém dw doan & Bang 1. Ho protein VIT & IGa gdm 2 thanh
vién thuéc nhém VIT la OsVIT1 va OsVIT2 va 7 thanh vién thuéc nhém VTL. Cac protein nhédm VIT da dwoc xac
dinh c6 d dai va kich thuwéc phan tl it chénh 1éch (OsVIT1 dai 252 aa, khéi lwong phan t& khoang 26,5 kDa va
OsVIT2 dai 246 aa, khéi lwong phan to gan 26,2 kDa). Con & nhom VTL, cac théng sb do dai (69 249 amino
aC|d) va kich thwée phan te (7,2-25,1 kDa) c6 phan bé rong hon. Hau hét cac protein thudc ho VIT & lta trén déu
€0 5 ving xuyén mang (trie OsVTL6 va OsVTL7 khong co thong tin). Cac phan tlr dwoc xac dinh cé diém dang
dién dao déng t 4,69 dén 8,57. Phan Ion céc protein co gia tri GRAVY dwcmg (8/9 phan tr) thé hién la céc phan
t& ki nwée. C6 5/9 phan tlr co chi sb bat 6n dinh thdp dwéi 40. CAc protein cé thdng tin v& vi tri ndi bao trén co s&
d¥ liéu UniProtkKB déu & mang khoéng bao.
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Bang 1. Thong tin cac protein thudc ho VIT & Oryza sativa

Tén UniProtkB D6 dai MW Sé ving pl GRAVY 1l Vi tri
protein ID (a.a.) (Da) Xuyén mang ndi bao
OsVIT1 Q6MWES 252 26551 5 5,73 0,221 35,97 ton
OsVIT2 Q6ERES 246 26161 5 4,9 0,268 39,04 ton
OsVTL1 Q6H658 232 22876 5 5,02 0,499 44,76 ton
OsVTL2 B7F138 189 19107 5 6,55 0,685 32,16 ton
OsVTL3 Q84zM7 249 25100 5 7,70 0,336 61,42 ton
OsVTL4 Q53PN2 216 21236 5 7,97 0,560 37,43 ton
OsVTL5 Q7XTL7 208 20981 5 8,57 0,623 28,91 ton
OsVTL6 Q10M16 87 9330 - 5,45 -0,387 68,51 -
OsVTL7 Q2QWM2 69 7263 - 4,69 0,130 41,17 -

Chu thich: MW: Khéi luvong phan ti, pl: Biém déng dién, GRAVY: D6 ki nudce trung binh, 1l: Chi sé bét én dinh, ton: Mang khéng
bao; “”: Khéng co théng tin trén co sé& dir liéu.

Cay phat sinh chang loai va cac motif bao tha & ho protein VIT

Cay phét sinh ching loai ctia ho protein VIT dwoc xéy dwng t 23 trinh ty protein dwoc tim kiém & 3 loai gébm 9
protein & lGa (O. sativa), 8 protein & ngd (Z. mays) va 6 protein & A. thaliana cung vdi trinh tw cia EQVIT1 ti E.
grandis (Hinh 1). Cay khong goc thu dwgc gom 2 nhanh tach biét véi do tin cay tuyét ddi (chi sb bootstrap 100):
nhanh | gom cac protein thuéc nhom VIT va nhanh II gdm céc protein nhém VTL. Trong nhanh |, 2 protein VIT tw
2 loai cay hai la mam la AtVIT1 va EgVIT1 tao thanh mét nhanh con véi d6 tin cay cao (chi s6 bootstrap 91).
Nhirng protein VIT con lai trong nhanh | thugc vé 2 loai mét la mam (O. sativa va Z. mays) cling tao thanh moét
nhanh con voi d6 tin cay trung binh (chi sb bootstrap 65). Didu nay cho thdy nhém protein VIT cla cung nhom
cay mot la mam hoé&c hai la mam gan gi v&i nhau hon so véi nhém con lai. Xu hwéng khac biét gitra cay mot 14
mam va hai la mam & ho proteln VIT ciing c6 thé thay & nhanh Il - nhém VTL. 5 AtVTL tao thanh phan nhanh lla
con céc VTL tr O. sativa va Z. mays tao thanh phan nhanh Ilb, tuy nhién d6 tin cay clia 2 phan nhanh nay déu
khong cao. Xu huéng khac biét ndy ciing d& dwoc nhan thy trong cac nghién ctu trudc day (Connorton et al.,
2017; Cao, 2019).
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Hinh 1. Cay phéat sinh chiing loai ho protein VIT & lGa, ngd va A. thaliana

Céc chi sé bootstrap duoc hién thj canh méi nhanh cia cay phat sinh chdng loai, nhing chi sé bootstrap
duwoi 50 khéng duoc hién thj.
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Hinh 2. Phan bé cac motif bao tha cta ho protein VIT & lGa, ngd va A. thaliana

Tim kiém béng céng cu MEME d& xac dinh dwoc 10 motif bdo th( c6 y nghia théng ké (E-value < 0.1) & 24
protein ké trén. Sy phan b cta cac motif ndy trén cac trinh tw protein dwoc thé hién trong Hinh 2. Két qua nay
phu hgp véi cay phat sinh chiing loai khi cac protein thudc cung nhanh trén cay phat sinh chdng loai thi sy phan
bd motif clia ching twong déng véi nhau hon. Cu thé, phan bd cac motif 2-1-10-5-7-3-6-4 gan nhw bado thi &
nhom VIT, riéng ZmVIT1 khéng cé cac motif s6 2, s6 10 va sb 5. Cum cac motif 2-1-3-5-4 bao thd & nhém céac
AtVTL, trong khi & cac VTL con lai, chi c6 motif s6 5 xuét hién & tat ca cac thanh vién. Didu nay cling cho thay
trinh tw cac VTL c6 sy da dang cao hon so v&i nhom VIT.

Két qua phan tich div liéu biéu hién ho gen VIT & lia gao

Di lieu biéu hién cta ho gen VIT & lGa gao trong cac giai doan phat trién khac nhau dwoc trich xuét va phan tich
tr bd di¥ liéu microarray (ma GEO: GSE6893), cac mirc d6 biéu hién dwoc danh gia 1a cé y nghia so véi dbi
chirng trong cac nghién ctru gbe. Cé 4 thanh vién ho gen VIT & IGa gao c6 di liéu biéu hién gen trong bo di liéu,
gdm OsVIT1, OsVIT2, OsVTL1 va OsVTL2, bidu hién cta cac gen nay dugc bidu dién dwéi dang ban dd nhiét
(Hinh 3). Nhin chung, cac gen nay cé sw khac biét v&i nhau v& phan bd biéu hién gen. OsVIT1 va OsVTL2 biéu
hién manh & r&, con biéu hién ctia OsVIT2 va OsVTL1 & ré chi & mc trung binh va thp. OsVIT1 va OsVIT2 déu
biéu hién manh & 14, twong ddng voi két qua nghién ctu clia Zhang va dong tac gia (2012). Cac gen VIT hau
nhw déu bidu hién thap & hoa giai doan sém (Young inflorescence-Inflorescence P3), sau d6 ting I&n khi hoa
phat trién. OsVTL1, OsVTL2 va OsVIT2 biéu hién manh & hat giai doan sém (Seed S1-Seed S3), giam dan khi
hat phat trién. Ngwoc lai, OsVIT1 biéu hién thap & tat ca cac giai doan cla hat.

OsVIT1 2.50
2.00

1.50
OsVIT? 1.00
0.50
0.00
OsVTLT -0.50
-1.00
-1.50
OsVTL2 200

Hinh 3. Ban dd nhiét thé hién mc do biéu hién cac gen ho VIT & lGa gao

Mrc d6 biéu hién duoc thé hién theo thang mau bén phai. Chu thich: SAM (shoot apical meristem): mé phan sinh dinh ngon,
leaf: |4, root: ré, inflorescence: hoa, seed: hat, seedling: cdy con, young: non, mature: triedng thanh, P2-P6: cac giai doan hoa
theo thir twr thoi gian, S1-S5: cac giai doan hat theo tha tw thoi gian.
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KET LUAN

Ho protein VIT & lGa gao da dwoc phan tich in silico mét cach toan dién. Cac théng s héa ly, vi tri trong té bao,
cay phat sinh chiing loai va cac motif bao tha & 9 thanh vién ho protein VIT & lGa gao clng v&i ho protein VIT &
ngd va A. thaliana da dwoc phan tich, cho thdy nhém protein VIT cé s bdo th cao va cac protein VIT cla cay
mot la mam c6 xu hudng gan gii véi nhau hon so véi & cay hai la mam. D liéu biéu hién ctia mét sé gen VIT &
lta da dwoc thu thap va phan tich cho thay vai tro tiém nang trong viéc lam gen dich cho cac nghién cru cai tién
ham Iwong sét trong hat. Cu thé, di¥ liéu biéu hién cho thay cac gen OsVIT2, OsVTL1 va OsVTL2 cé bidu hién
manh & hat trong giai doan sém sau d6 gidm dan khi hat phat trién. Biéu hién clia gen OsVIT1 manh & ré tir giai
doan sém, tang dan theo s phét trién cla |4 nhwng déc biét giai doan nao cla hat ciing c6 mirc bidu hién rat
thap. OsVIT1 c6 tiém nang la gen dich cho cac nghién cru cai tién ham lwong sét trong hat.
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ANALYSIS OF CHARACTERISTICS OF VACUOLAR IRON TRANSPORTER
(VIT) PROTEIN FAMILY AND EXPRESSION OF OsVIT GENE FAMILY IN
RICE USING BIOINFORMATICS TOOLS

Le Quynh Mai*, Pham Minh Duy, Do Minh An

Faculty of Biology, University of Science, Vietham National University in Hanoi

SUMMARY

Iron is one of the essential elements for plant growth and development. To absorb, transport and control iron
accumulation, plants use many different proteins, including vacuolar iron transporters (VIT). By VIT proteins,
iron can be stored in vacuoles, helping to reduce the negative effects of iron excess. This group of proteins also
has isoforms, Vacuolar Iron Transporter-like (VTL) proteins, which also participates in the process of
transporting iron into the vacuole. VITs and VTLs are collectively known as the VIT family. In rice, only two
VIT proteins, OsVIT1 and OsVIT2, have been discovered and analyzed. In this study, 9 VIT family proteins in
rice including VIT1, VIT2 and 7 VTLs were identified based on comparison with EgVIT1, and continuously
compared with VIT family proteins in an other monocotyledonous plant, maize and model plant of Arabidopsis
thaliana. Data show that the VIT family proteins in rice were from 69 to 252 aa long, molecular weight from
7.263 to 26.551 kDa, and isoelectric point from 4.69 to 8.57. Most of the VIT family proteins in rice have five
transmembrane domains and were determined expression in the tonoplast. The protein sequence comparison and
homologous motif identification showed a close relationship between VIT proteins in monocot plants compared
to dicot plants. A phylogenetic tree was built. The expression levels of four of the VIT family genes in rice
showed that the OsVIT2, OsVTL1 and OsVTL2 genes over-expressed in seeds during the early stages and then
gradually decreased the expression during the developing of seeds. In particular, OsVIT1 was strongly expressed
in roots and leaves but did not express in seeds at any stage. OsVIT1 has potential as a target gene for studies to
improve iron content in rice grains.

Keywords: OsVIT gene family, vacuole, gene expression level, vacuolar iron transporter (VIT), iron transport.
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