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Tom tit:

Nhan t6 phién mi Nuclear factor-Y (NF-Y) dwoc ciu tao béi 3 tiéu phan NF-YA, NF-YB va NF-YC, 1a nhom protein
di¢u hoa tham gia vao nhiéu qua trinh quan trong & thye vat. Trong nghién ciru nay, tiéu phan NF-YC di dwgc phan
tich & ciy sin (Manihot esculenta) dwa trén cac phén tich tin sinh hoc. Két qua di xac dinh dwoc 14 gen mi héa NF-
YC & genome cay sin, dit tén 13 MeNF-YC. Phén tich ciu triic cho thiy, phin 16n cic gen MeNF-YC chi c6 mét exon,
twong tw nhw ghi nhan & cac loai thwe vat khac. Panh gia dir liéu transcriptome ciia ho MeNF-YC da chirng minh
ph:“m 16n cac gen thanh vién c6 biéu hién ¢ it nhit mét mé co quan, b§ phén trén cay san trong diéu kién thuong.
Dac biét, MeNF—YC05 dugce xac dinh 1a gen ¢6 biéu hién manh & nhiéu vi tri nhit (& ca md phan sinh dinh chéi, md
phan sinh chop ré, to chirc phat sinh phoi cau tao soma va ci). Nhlrng két qua nay da cung cap cac dir liéu mgt cach
toan dién vé ho gen ma hoa tiéu phan NF-YC (r san, tir d6 cung cap gen wng vién cho nghién citu chirc ning tlep theo
nham ning cao tinh chong chiu bt lgi & ciy san.

Tir khéa: biéu hién gen, cau tric gen, nuclear factor-YC, san, tin sinh hoc.

Chi s6 phén loai: 4.6

2 tiéu phan ciia TF NF-Y, bao gdm NF-YA va NF-YB da
duogc phan tich trén d6i tugng cay san (Manihot esculenta)
[8-10]. Pay 1a 1 trong 5 loai cdy trong quan trong & Viét
Nam, duoc sir dung 1a thuc pham, nguyén liéu ché bién thirc

Mé dau

Nhan t6 phién ma (transcription factor - TF) 1a nhiing
nhom protein diéu hoa, co trinh tu dic hiéu gitp qué trinh
nhan biét va bam trén viing promoter ciia gen, tir 6 diéu

an gia stc va san xuat nhién liéu sinh hoc. Tuy nhién, chua

h?a s bicu hién cia g?“' ‘O thl'.rf vat,’ca‘c ho TF dong Y?l ¢6 ghi nhan nao vé tiéu phan NF-YC trén ddi twong cay co
tr9 quan trf)ng, th’am gia vao nhicu qua trmh sinh hoc thiét cli 6 ¥ nghia ndy.
yeu, c¢6 thé ké dén nhu qua trinh chin qua ¢ cay ca chua . . .
(Solanum lycopersicum) [1], diéu hoa sy twong tac giita ré Trong nghién cirunay, ho gen ma hoe} tiéuphan NF-YCda
dugc xéc dinh trén genome cta giong san mo hinh ‘AMS60-
2°. Dua trén cac thong tin dwoc chu giai, cau tric cua cac
gen ma hoa NF-YC da dugc phan tich. Thém vao do, thong

tin biéu hién cta cac gen NF-YC trong diéu kién thuong da

- hé vi sinh vat dat [2] va co ché phat sinh phdi & cdy bong
(Gossypium hirsutum) [3]. Trong d6, Nuclear factor-Y (NF-
Y), céu tao tir 3 tiéu phan NF-YA, NF-YB va NF-YC, 1a mot

trong nhimg nhom TF dic trung, dugc ghi nhan c6 mit & tat T : R . °
.. R dugc khai thac dya trén co so dir liéu transcriptome. Két qua
ca cac loai thuc vat [4]. ) AR P N .
cua nghién ctru nay da cung cap thém nhiing dan liu quan
trong vé ho TE NE-Y & cay sén, tir d6 ¢6 thé xem xét va dé

Vi nhiing thanh tyu cua cac cong nghé “-omics”, cac

ho TF NF-Y dé duoc nghién ctru trén nhiéu ciy trong quan
trong, nhu la gao (Oryza sativa) [5], ngd (Zea mays) [6] va
dau tuong (Glycine max) [7]. Trong cic ghi nhan gin day,
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xuat nhitng gen g vién cho phan tich chirc nang gen nham
nang cao tinh chong chiu bat lgi ¢ cay san nodi riéng va thuc
vat no6i chung.
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Abstract:

Nuclear factor-Y (NF-Y), composed of NF-YA, NF-
YB and NF-YC subunits, is known as the regulatory
protein involving in various important processes in
plants. In this study, the NF-YC subunit was analysed in
cassava (Manihot esculenta) based on the bioinformatic
approach. As the results, a total of 14 genes encoding
NF-YC, namely MeNF-YC, were identified in the
cassava genome. Our structural analysis showed that the
majority of MeNF-YC contained only one exon, similar
as previously confirmed in other plant species. Based
on the available transcriptome atlas, most of MeNF-YC
genes were found to express in at least one tissue, organ in
cassava plants in the normal condition. Notably, Me/NF-
YC05 was defined as the highly-expressed gene in many
tissues, including the shoot and root apical meristems,
somatic embryogenic structures, and storage roots. Our
results would provide the comprehensive information
of the genes encoding NF-YC in cassava, thereby
suggesting a list of candidate genes for studying the
functional characterisation to improve the unfavorable
condition tolerance of cassava.

Keywords: bioinformatics, cassava, gene expression,
gene structure, Nuclear factor-YC.

Classification number: 4.6

TAP CHI

HOA HOC ||,
ONG NGHE | [Cl Na 1 72010

Khoa hoc Néng nghiép n——

Dir liu va phuong phap nghién ciiu

Dit ligu

Dir liéu genome va proteome ciia gidng sin mo hinh
‘AMS560-2" giai ma gan day [11] duoc khai thac trén NCBI.

Dir liéu transcriptome cua giéng san ‘“TME 204’ dugc cong
bd gan day (GEO accession: GSE82279) [12].

Phuwong phap nghién ciru

Phirong phép xdc dinh NF-YC ¢ sdn: toan b NF-YC
g vién ¢ sin dugc khai thac tir PlantTFDB [13]. Trinh tu
protein cua cac tmg vién dugc kiém tra trén Pfam [14] dé
kiém ching su c6 mat cua vung bao tdn NF-YC & thuc vat
nhu trong ghi nhan gan day [4].

Phirong phdp chit gidi thong tin gen NF-YC 6 sdn: trinh
tu protein cua NF-YC dugc BlastP vao proteome cua sdn
[11] trén NCBI dé tim kiém ma gen, ma ARN va ma protein.
Sau do, trinh ty gADN (genomic ADN), CDS (coding DNA
sequence) va vi tri phan b gen NF-YC duoc thu thap trén
genome cua sin [11] tai NCBI.

Phirong phdp phdn tich cdu triic gen NF-YC ¢ san: trinh
tu gADN va CDS cuia timg gen NF-YC ¢ sin lan luot dugc
truy van trén PIECE [15] dé phan tich cdu triic exon/intron
muc tiéu. Két qua dugc mo hinh hoéa trén Illustrator. Sy sép
xép cua gen NF-YC duoc xéac dinh dya trén cdy phan loai
xdy dung theo phuong phap Neighbor-Joining trong MEGA
[16].

Phirong phép danh gid biéu hién ciia gen NF-YC ¢ sdn:
ma dinh danh gen NF-YC dugc st dung dé khai thac trén
transcriptome cua san trong diéu kién thuong [12]. Trong
d6, cac mau mo va bod phan chinh trén cay sén duge thu
thap, bao gdm mo seo phdi hoa (Friable embryogenic
callus - FEC), t6 chtrc phat sinh phéi cau tao soma (Somatic
organized embryogenic structure - OES), m6 phan sinh
chép 1é (Root apical meristem - RAM), mo phan sinh dinh
chdi (Shoot apical meristem - SAM), cu (Storage root - SR),
1& soi (Fibrous root - FR), than (Shoot - S), ch6i bén (Lateral
bud - LB), 1a (Leaf - L), gan 14 (Mid vein - MV) va cubng
la (Petiole - P) [12].

Két qua va thao luan
Két qua tim kiém va xdc dinh tiéu phan NF-YC ¢ sin
Pé tim kiém toan bd cac NF-YC & sén, co s& dit lidu
PlantTEDB [13] duoc ra soat dé sang loc tat ca thong tin
vé tiéu phan nay. Kiém chimg ving bao thit NF-YC trén

Pfam [14], 14 protein tng vién da dugc xac dinh (bang 1).
Theo do, cac gen NF-YC dugc chu gidi trén genome dua
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trén thuat toan BlastP trinh ty amino acid tuong ing trén
proteome cua sin [11] trén NCBI. Thong tin co ban vé NF-

Bang 2. Thong tin chi gidi cta hg gen MeNF-YC § cay sin

o N N - N . TT  Téngen Vi tri phan b5 Minh hoa
YC ¢ san, bao gdom ma gen, ma mARN, ma protein va ma
2 n a1 I MeNF-YCOI  NSTI:NC_035161.1 (18625791..18626144) NSTI :
locus dugc thé hién ¢ bang 1.
2 MeNF-YCO2  NSTI:NC_035161.1 (23354134.23356164) NSTL
Bang 1. Thong tin chi gidi cta ho gen MeNF-YC 6 cdy san. 3 MeNF-YCO3  NSTI:NC_035161.1(27806813.27810509) NSTI ,
T Tag Migen e — — I 4 MeNF-YCO4  NST3:NC_035163.1 (26997533.26999688,C)  NST3
5 MeNF-YCO5  NST4:NC_035164.1 (2462001.2464098) NST4
I MeNF-YCOI  Manes01GO63900  cassavad.] 027362m  XP_021604318  LOCI10609202
6 MeNF-YCO6  NST4:NC_035164.1 (27771621.27776915) NS4
2 MeNFYCD2  ManesOIGII3300  cassavad] 026359m  XP 021629508 LOCI10627482
7 MeNF-YCO7  NST6:NC_035166.1(22901983.22908231,C)  N§T6
3 MeNFYCO3  ManesOIGIT6600  cassavad] 013455m  XP 021607456 LOCI10611429
8 MeNF-YCOS  NST6:NC_035166.1 (27506028.27508596) NST6 )
4 MeNF-YC04 ~ Manes.03G183200  cassavad.] 031452m  XP 021607269 LOC110611327
9 MeNF-YC09  NST9:NC_035169.1 (27776414.27780827) NSTO "
5 MeNF-YC05 Manes.04G022800  cassava4.1_01553Im  XP_021609413 LOC110612883 10 MeNF-YCI0 NSTI1:NC 0351711 (936325.941910, C) NSTIL
6 MeNFYCOS — ManesOAGISS300  cassavad] 012635m  XP 021610750 LOCI10613762 Il MeNFYCH  NSTI2:NC 0351721 (1020980.1021585) 1
7 MeNFYCO7T — Manes06G120200  cassavad] 015422m  XP 021614739 LOCI10616616 12 MeNFYCI2  NSTI4NC 0351741 914713.917351, C) NST14
8§ MeNF-ICOS — Manes06GIT6100  cassavad1 014053m  XP 021616875 LOCI10618125 13 MeNF-YCI3  NSTI4:NC_035174.1 (4018243.4022194) NST14
9 MeNF-YC09  Manes.09G165000  cassavad.l 014289m  XP 021623996 LOC110623383 14 MeNF-YCI4  NSTI5:NC_035175.1 (1853556..1855955) NST15

10 MeNF-YCI0 Manes.11G008800  cassavad.1_012312m  XP 021628782 LOC110626907

1 MeNF-YCII ~ Manes.12G012100  cassava4.1_026058m  XP 021631336 LOC110628830
12 MeNF-YCI2 ~ Manes.14G009500 cassavad.1_014024m  XP 021592144 LOC110599865
13 MeNF-YCI3 ~ Manes.14G050900  cassavad.1_034343m  XP 021591876 LOC110599671
14 MeNF-YCI4 ~ Manes.15G024300  cassavad.]_029608m  XP 021595951 LOC110602683

Ghi cha: ': thong tin dugc khai thac tir NCBI; 2: thong tin khai thac ti
PlantTFDB.

Trudc day, ho tiéu phan NF-YC ciing da dugc x4c dinh
trén mot sb dbi tuong cay tréng khac. Cu thé, 16 thanh vién
OsNF-YC da dugc ghi nhan trén lha gao [5], trong khi &
ngo, Zhang va cs (2016) da sang loc dugc 18 NF-YC [6].
Trudc d6, ho NF-YC (gém 15 GmNF-YC) di duoc nghién
clru trén dau twong [7]. Nhu vay, cac gen mi hoa tiéu phan
NF-YC 6 thuc vat n6i chung 1a ho da gen, véi sb luong gen
thanh vién khac nhau giira cac dbi tuong.

Tiép theo, vi tri phan bd cta cac gen NF-YC dugc xac
dinh trén genome cua san [11] trén NCBL. Theo dé, ho gen
NF-YC phan bd rai rac trén cac nhidm sic thé (NST) ctia sin
v6i ty 18 khac nhau. Cu thé, 3 gen NF-YC nam trén NST1,
trong khi NST4, 6 va 14 déu chtra hai gen NF-YC. Céc
NST3, 9, 11, 12, 14 va 15 1an luot chi chira duy nhat mot
gen NF-YC. Trong nghién ctru nay, tén cla cac gen ma hoa
tiéu phan NF-YC duoc dat theo vi tri phan b trén genome
véi ‘Me’ ky hiéu cho M. esculenta (bang 1, 2), tuong ty nhu
phuong thtre dat tén cho MeNF-YA va MeNF-YB da dugc
ghi nhan gan day ¢ san [8-10] ciing nhu cac loai thyc vt
khac [5-7].
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Dang chu y, phan 16n ho gen MeNF-YC (11 trén 14) déu
phan b & ving can diu mut cta cac NST, ngoai trir 3 gen
MeNF-YC trén NST1 (bang 2). Hién tugng nay cling duoc
quan sat théy trén ho gen ma hoa tiéu phan NF-YA va NF-
YB 6 san [8-10] ciing nhu ho gen NF-YC trén cac ddi tugng
khac [5-7].

Két qua phan tich ciu triic gen mii héa tiéu phin NF-YC
¢ sin

Ho MeNF-YC dugc phan tich trén PIECE [15] dé xac
dinh ciu trac gen (exon/intron). Két qua cho théy, ho
MeNF-YC ¢6 sy da dang vé sd lugng exon/intron trong
cAu tric cua cac gen thanh vién (hinh 1). Cu thé, s6 luong
exon cua ho gen MeNF-YC dao dong tr mot (8 gen), hai (1
gen), bdn (4 gen) dén sau exon (4 gen) (hinh 1). Pang chu
¥, cac gen MeNF-YC nam cung mot nhanh theo cdy phéan
loai Neighbor-Joining thuong cé ciu trac va kich thudc gen
tuong ty nhau (hinh 1).

MeNF-YC04 ==
MeNF-YC14 ==
MeNF-YC0Q9 =
MeNF-YC08 ==
MeNF-YC12 w=
MeNF-YC13 mm— i (E;zzliéngﬁity;‘g xac dinh
MeNF-YCQ7 == Biéu hién manh
MeNF-YC01 =

MeNF-YCO02 w-as
MeNF-YC11 =

MeNF-YC05 m-t—t
MeNF-YCO03 +—tt—t-m
MeNF-YC06 rttetiim
MeNF-YC10 F———t——t—mm

L
0 1 2 3 4 5(kB)

Hinh 1. Cau tric va mic do biéu hién clia ho gen MeNF-YC
trong diéu kién thudng.



So sanh véi sb luwong exon trén NF-YC & cac loai thuc
vat khac cho théy ho NF-YC ¢6 céu tric rat da dang. O ca
chua, 13 trén tong s 20 gen SINF-YC cb mot hoidc hai exon,
trong khi s6 gen con lai ¢6 cdu trac dao dong tir 3 dén 6
exon, duy nhat Solyc02g091030 c6 22 exon [1]. Trong khi
do, 12 thanh vién cia ho ZmNF-YC & ng6 (trén 18 gen) chi
ghi nhan mdt exon, cac gen con lai chira tir 2 dén 6 exon [6].
Céc két qua nay cho thay, ho NF-YC & thuc vat c¢6 ciu trac
gen da dang, tuy nhién, mét ty 1& 16n gen thanh vién déu chi
c6 mdt exon, tuong ty nhu trong ghi nhan trudc day [4].

Két qud ddnh gidg biéu hién ciia cdc gen ma héa tiéu
phan NF-YC trong diéu ki¢n thwong

Trong nghién ctru nay, dé tim hiéu mirc d6 biéu hién
ctia ho gen MeNF-YC trong diéu kién thuong, dit liéu phién
mi ¢ 11 miu mo, co quan va bd phan chinh trén cay san da
dugc khai thac dé xur 1y [12]. Cu thé, cdy san ‘AM560-2” da
dugc trong trong diéu kién thuong “tiéu chuan”, v6i ché do
anh sang 12h sang - 12h ti, nhiét do téi wu trong khoang
28-32°C (ban ngay) va 25-27°C (ban dém), d6 4m 70% [12].
Mau thu thap tai cdc mo chinh dugc sir dung dé tach chiét va
giai trinh ty RNA-Seq [12]. Gen duoc quy udc 1a ‘co biéu
hién’ khi gid tri Fragments per kilobase million (FPKM)
>10, ‘biéu hién manh’ khi FPKM >300, trong khi mtrc d6
phién ma cta gen dudi ngudng phat hi¢n khi FPKM~1 [12].
Két qua phan tich biéu hién cua cac gen MeNF-YC & 11 mau
mo duoc minh hoa ¢ hinh 1.

Phan 16n cac gen déu ¢6 biéu hién & it nhat mot miu
mo, co quan chinh trén cy trong diéu kién thudng, ngoai
trir gen MeNF-YCOI c¢6 mtrc d¢ phién ma dudi ngudng phat
hién (hinh 1). C6 thé thiy ring, mot sb gen MeNF-YC c¢6 xu
hudng biéu hién manh tai cac vi trf trén cay (hinh 1). Cu thé,
MeNF-YC04, MeNF-YC06 va MeNF-YC08 dugc ghi nhan
c6 xu hudng biéu hién dic thu ¢ SR, trong khi MeNF-YC07
c6 muc do phién ma manh & SAM (hinh 1). Bang cht y, gen
MeNF-YC05 c6 biéu hién twong d6i manh & ca RAM, SAM,
OES va SR (hinh 1), cho thdy gen nay co thé tham gia vao
cac qua trinh dién ra tai nhirng mé nay.

Két luan

Khai thac trén co s& dir liéu PlantTFDB da xac dinh
dugc gen mi hoa tiéu phan NF-YC & cdy san 1a ho da gen,
gidng nhu & cac loai thuc vat khac. Trong do, 14 gen MeNF-
YC da duoc sang loc va phan tich.

Phan tich cho thy, ho MeNF-YC c6 céu tric gen tir 1
dén 6 exon. Mic du ¢6 phén da dang vé trat tu exon/intron
nhung mot ty 1& 16n cic gen MeNF-YC déu chi co mot
exon, twong ty nhu ho NF-YC & cac ddi tuong cdy trong
khac.

Khai thac dir liéu transcriptome da chi ra rang, hau hét
cac gen MeNF-YC cé biéu hién & it nhat mot vi tri trén
cdy sin trong diéu kién thuong. Két qua di xac dinh duoc
MeNF-YC05 1a gen ¢ biéu hién manh ¢ ca RAM, SAM,
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OES va SR.

Céc két qua cua nghién ctru ndy sé cung cip nhiing dan
liéu quan trong cho cac phan tich chtrc ning gen tiép theo
nham tim kiém c4c gen tng vién lién quan dén qua trinh dap
{ing bat lgi & cy sén.
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