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Identification of molecular markers linked to mosaic disease-resistant genes
in cassava varieties in Southern Vietnam
Nguyen Thi Kim Thoa, Huynh Nguyen Minh Nghia,
Nguyen Thi Thanh Thao, Duong Hoa Xo, Nguyen Xuan Dung
Abstract
Cassava mosaic disease (CMD) is currently causing serious damage on cassava in Vietnam. CMD resistant genes
have been investigated and applied to develop CMD resistant cassava varieties over the world but have not yet been
applied in Vietnam. This study aimed to identify the present of the molecular markers linked to CMD resistant gene
(SSRY106, NS158, NS169, NS198 and RME-1) in cassava varieties in Southern Vietnam by using PCR. PCR reaction
was established to each marker before applying for identification. The results showed that the PCR reaction was
established for identifying the markers. Of the 72 tested samples of cassava varieties, there were 21 samples with six
markers, 32 samples with five markers, 19 samples with four markers and one samples with three markers. The tested
cassava samples differed from the control (with CMD resistance) in three markers (NS158, NS169 and RME-1)
suggesting that those markers may play an important role in CMD resistance of cassava varieties in Vietnam.

Keywords: Cassava (Manihot esculenta Crantz), cassava mosaic disease, molecular marker, CMD resistant gene

Ngay nhén bai: 02/02/2021
Ngay phan bién: 15/02/2021

Nguoi phan bién: TS. Tran Danh Stiu
Ngay duyét dang: 26/02/2021

PHAN TICH TiNH BAO THU TRONG CAU TRUC
VA KHAI THAC DU LIEU BIEU HIEN CUA HQ GEN MA HOA TIEU PHAN YA
CUA NHAN TO PHIEN MA NE-Y O CAY RAU DEN
Lé Thi Ngoc Quynh!, Chu Dic Ha?

TOM TAT

NF-Y dong vai tro 1a nhan t8 phién ma quan trong trong qua trinh sinh ly va phét trién cta thuc vat. Tuy nhién,
thong tin vé tiéu phan YA céu truc nén NF-Y & ciy rau dén (Amaranthus hypochondriacus) van chua dugc lam
sang to6. Két qua da xac dinh t6ng s6 6 thanh vién trong ho YA & A. hypochondriacus. Phén tich cdu trac cho thdy
ho YA ¢6 kich thudc dao dong tii 230 dén 337 axit amin, tuong ung véi trong lugng ti 25,3 dén 36,7 kDa. Gia tri
diém ding dién clia YA & rau dén ndm trong khodng tii axit yéu (5,96) dén bazo (9,67), ¢6 &i lyc trung binh véi
nudc tii -0,679 dén -0,938 va cu trd trong nhén té bao. So d6 hinh cay cho thay hau hét YA c6 su tuong dong vé cdu
trac vung bao tht, véi ba viung chiic ning riéng biét. Panh gia muc d¢ biéu hién chi ra 5 gen AHYPO_014525-RA,
AHYPO_002745-RA, AHYPO_003114-RA, AHYPO_002483-RA va AHYPO_009600-RA c¢6 biéu hién manh & ci
hoa, hat trudng thanh va chdéi. Cac két qua nghién ctiu gép phén dinh huéng dugc ting vién tiém ning cho cac gen
NEF-YA trong sinh trudng va phat trién & cay rau dén.

T khoa: Rau dén, ho gen ma hda ti€u phan YA, nhén t6 phién méa NF-Y, biéu hién gen

1. DAT VAN DE

Yéu t6 nhéan - Y (Nuclear factor - Y, NF-Y) la mot
nhém nhan t6 phién ma quan trong tham gia diéu
hoa nhiéu qua trinh sinh ly va gitp cho cay trong
dap ting vé6i cac diéu kién bat 1gi phi sinh hoc. Nhém
NE-Y ¢6 cu tric gom ba ti€u phan riéng biét, YA,
YB va YC, va dugc ma hda bédi ho da gen. Trong
do, cac thanh vién trong ho gen YA va YB da dugc
chiing minh déng vai tro thiét yéu trong co ché dap
ting bat loi phi sinh hoc & loai thuc vat moét va hai la
mam (Zanetti et al., 2017).

bén nay, nhém NF-Y da dugcxdc dinh va chu giai
trén cac doi tugng thuc vat khac nhau, nhu MeNF-Y
trén san (Manihot esculenta) (Chu Duc Ha va ctv.,
2017), CaNF-Y & dau ga (Cicer arietinum) (Chu et al.,
2018), CsNF-Y trén tra (Camellia sinensis) (Wang
et al., 2019) va PpNF-Y trén dao (Prunus persica)
(Li et al., 2019). Tuy nhién, nghién ctiu vé ho NF-Y
trén rau dén (Amaranthus hypochondriacus), mot
loai cdy rau chtia nhiéu hgp chat thi cap quan trong,
ham lugng protein trong hat cao (Sunil ef al., 2014)

'B6 mon Cong nghé Sinh hoc, Khoa Hoéa va Méi trudng, Pai hoc Thuy lgi
2 Khoa Cong nghé Nong nghiép, Pai hoc Cong nghé, Dai hoc Qudc Gia Ha Noi
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chua dugc ghi nhén day du (Lé Thi Ngoc Quynh va
Chu btic Ha, 2020).

Trong nghién ctiu nay, ho gen ma héa tiéu phan
YA dugc mo ta va phan tich trén hé gen tham chiéu
cta A. hypochondriacus. Cac phan tich dac diém cdu
trdc gen, xay dung so do hinh cay, di liéu protein
va danh gid bi€u hién gen trong cdc mo, co quan da
dugc thuc hién st dung cong cu tin sinh hoc.

I1. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vit liéu nghién ciu

Dii liéu hé gen, hé protein va hé phién ma cta
giong rau dén AhG2s (Sunil et al., 2014) dugc khai
thac trén Phytozome (Goodstein et al., 2012).

Trinh ty protein cta cac ti€u phin YA trén tra
(Wang et al., 2019), dau ga (Chu et al.,, 2018) va san
(Chubtic Havactv., 2017) thu thép trong cac nghién
ctu trudc day dugc khai thac lam trinh ty truy van.

2.2. Phuong phap nghién ciiu

- Phuong phép sang loc YA: Trinh tu protein ctia
ti€u phan YA da biét 6 cac loai dugc truy van bang
thuat toan BLAST (Basic Local Alignment Search
Tool) trén hé tham chiéu ctia A. hypochondriacus
(Sunil et al., 2014). Céac két qua c6 do tin cay cao
(E-value < 1e-10) dugc lua chon va sang loc trén
Pfam (El-Gebali et al., 2019). Trinh tu nucleotide,
bao gom gDNA (genome DNA seq), CDS (coding
DNA seq) va trinh tu protein cta tiéu phan YA
lan lugt dugc thu thap cho cac phan tich tin sinh
tiép theo.

- Phuong phap phan tich dac tinh ly héa cta YA:
Trinh ty protein cia cdc NF-YA & A. hypochondriacus
lan lugt dugc truy van trén ExPaSY Protparam theo
cac budc dugc mo ta trong nghién ctu trudc day
(Chu et al., 2018) dé khai thac di liéu vé kich thudc
(axit amin, aa), trong lugng (kilo Dalton, kDa), diém
dang dién (pI), d6 ua nudc trung binh (GRAVY) va
do6 bat 6n dinh. Vi tri phan b6 ndi bao cta tiéu phan
YA dugc du doan bang CELLO2GO (Yuel al., 2014).

- Phuong phéap xay dung so d6 hinh cay cta
YA: Thuat toan Neighbor-Joining dugc st dung
dé xay dung so d6 hinh cay gitia cac NF-YA &
A. hypochondriacus trén MEGA (Molecular
Evolutionary Genetics Analysis) (Kumar et al., 2016)
theo mo ta trong nghién ctiu trude day (Chu et al,
2018). Gia tri bootstrap gitia cac nhanh trén so do
hinh cay la 1.000. C4u tric vung tuong dong ctia YA
dugc phan tich bang MEME.

- Phuong phap khai thac di liéu biéu hién gen
ma héa NF-YA: Dit liéu biéu hién cua gen ma hda
NF-YA dugc khai thac tu hé phién ma & cac loai
mau mo (ré, than, 14, hoa, chdi, hat non va hat
truong thanh) trong diéu kién thuong (Sunil et al.,
2014) trén Phytozome (Goodstein et al., 2012). S6
liéu bi€u hién gen, don vi 1a FPKM (Fragments per
kilobase million), dugc chuén héa vé log, d€ c6 dang
phan phéi chuén, tu d6 biéu dién qua biéu d6 nhiét
(heatmap) bang ngdn ngii R.

2.3. Thoi gian va dia diém nghién ctu

Nghién ctiu dugc thuc hién tii thang 01 dén thang
12/2020 tai Bo mon Cong nghé Sinh hoc, Khoa Héa
va Moi truong, Pai hoc Thuy loi.

III. KET QUA VA THAO LUAN

3.1. Xac dinh va phén tich dic tinh ciu tric caa
ti€u phan YA & cay rau dén

Dé tim kiém cac thanh vién trong ho YA & rau
dén, trinh ty peptide ctia cac phan tt YA da ghinhan
6 tra (Wang et al., 2019), ddu ga (Chu et al., 2018) va
sdn (Chu Dtc Ha va ctv., 2017) dugc truy vin trén
hé tham chiéu ctia A. hypochondriacus (Sunil et al.,
2014). Két qua da xac dinh dugc téng s6 6 ting vién
YA trong h¢ protein ctia A. hypochondriacus (Bang 1).
Nhu vy, ti€u phian YA & rau dén cing 1a ho da
gen, tuong tu nhu & cac loai thuc vat khéc, véi s6
lugng tuong doi da dang [8 (Chu et al., 2018),
10 (Wang et al., 2019) va 11 thanh vién (Chu Dtic Ha
va ctv., 2017)].

Bang 1. Thong tin vé ti€u phan YA & ciy rau dén

TT Ma dinh danh tllf:;‘c 11:;325 pl GRAVY 62 0 d‘;ﬁ; V‘l:f)‘l ;‘;(t)r“
1 AHYPO_002483-RA 303 33,05 6,71 20,938 50,00 Nhan
2 AHYPO_002745-RA 230 25,30 5,96 20,753 43,74 Nhan
3 AHYPO_003114-RA 337 36,71 9,67 0,814 56,53 Nhan
4 AHYPO_007754-RA 273 30,41 6,83 20,723 53,96 Nhan
5 AHYPO_009600-RA 294 31,79 6,34 20,839 52,62 Nhin
6  AHYPO_014525-RA 294 32,29 8,66 20,679 61,73 Nhan
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Bén canh dé, nghién ctiu nay da tap trung phén
tich mot s6 ddc tinh héa ly co ban cua tiéu phan YA
¢ rau dén. Két qua cho thay kich thudc ctia tiéu phan
YA dao dong ti 230 (AHYPO_002745-RA) dén
337 aa (AHYPO_003114-RA), tuong ting véi trong
lugng phan tu c6 gia tri tu 25,30 dén 36,71 kDa
(Bang 1). Gia trj pI cta tiéu phin YA dao dong tu
khoang axit yéu (5,96) dén bazo (9,67) (Bang 1). Bén
canh do, ti€u phan YA c¢6 di luc v6i nude 6 mtic trung
binh, do chi s6 GRAVY déu dat gia tri am, trong khi
do bat 6n dinh dao dong tu 43,74 dén 61,73. Trong
nghién cliu trudc day, cac phan ti CaNF-YA ciing
dugc bao cdo cé kich thuge ti 206 (22,76 kDa)
dén 339 aa (37,64 kDa), pI dat 6,22 + 9,86, do bat
On dinh cao (16n hon 43) va chi s6 GRAVY dat gia
tri am (Chu et al., 2018). Ngoai ra, phan tich su c6
mat ctia cac trinh ty peptide tin hiéu déc trung bang
CELLO2GO (Yu el al., 2014) da cho théy tat ca tiéu
phan YA déu phan b6 trong nhén té€ bao (Bang 1),
tuong tu nhu ghi nhén trong nghién ctu trudc day
vé YA & C. sinensis (Wang et al., 2019) va cac loai
thuc vat khac (Zanetti et al., 2017).

3.2. Xay dung so d6 hinh cay va phan tich motif
cta tiéu phin YA & cay rau dén

Dé nghién ctiu vé ciu truc bao tht cua tiéu phan
YA & rau dén cling nhu céc loai thuc vét khéc, so do
hinh cay da dugc xay dung dua trén trinh ty peptide
day du ctia YA & rau dén, d4u ga (Chu et al., 2018) va
san (Chu btic Ha va ctv., 2017). So d6 hinh cay thiét
l4p bang thuit toan Neighbor-Joining da chi ra rang
tiéu phin YA chia lam hai nhdnh, gobm bdn phan
nhém phu (I6p 1.1, 1.2, 2.1 va 2.2) (Hinh 2), tuong
ty nhu ghi nhan & cac loai thuc vat khac (Zanetti
et al., 2017) (Hinh 1). Phan tich vung bao thu cho
thdy hau hét tiéu phan YA & rau dén déu gém ba
phan vung dac trung, bao gobm domain tuong tac
NF-YB/C, vung dém va domain bam ADN. Hai thanh
vién, AHYPO_007754-RA va AHYPO_002745-RA
dugc ghi nhén la khong chitta domain tuong tac
NEF-YB/C va ving dém (Hinh 1). C6 thé thdy rang,
tiéu phan YA & thuc vét tuong d6i bao thu véi ba
domain nham thyc hién chtic nang tuong tac véi hai
tiéu phan NF-YB/C va bam trén chudi ADN.

MeNF-YA2
MeNF-YAQ
CaNF-YAQ5
AHYPO 002483-RA
700 AHYPO 009600-RA
MeNF-YA5
AHYPO 003114-RA
=5 CaNF-YAQ7
H —MeNF-YA3
100—MeNF-YA7

MeNF-YA4
99| MeNF-YAG
CaNF-YA03
CaNF-YAO4
MeNF-YA1
MeNF-YA10
CaNF-YAO2
MeNF-YA11
CaNF-YAQ8
AHYPO 014525-RA

b w5 AEYPO 0027A5-RA, == = morrs wmwimm = s

MeNF-YA8 F NAI L
53 —CaNF-YAQ1
64 CaNF-YA06

| Twong tac NF-YB/C

AHYPO 007754-RAMP-- - - - - - - - - - -

AARAAARRDDODRA
moin e JReias i E s A iarias k)
[ e R N o Lo

i i D o e D o e K

Hinh 1. So d6 hinh céy va cdu trac vung bao tht ctia NF-YA & rau dén

Tiép theo, d€ tim hiéu vé muic d) dic trung cua
tiéu phan YA, su phan b6 cua cdc motif trén trinh
tu peptide da dugc khai thac bang cong cu MEME.
Két qua cho thay cé cac motif phan bé mdt cach
khac biét gitta cac nhanh trén so d6 hinh cay. Cu
thé, tiéu phan YA & nhanh 1 déu c6 su phan bé cuaa
motif 5 (Hinh 2). Hau hét tit ca cac tiu phan YA
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& ba loai nghién ctiu déu chda motif 2, ngoai tru
AHYPO_007754-RA & cay rau dén (Hinh 2). Motif 1
xudt hién & tat ca cac trinh ty protein (Hinh 2),
chiing té day 1a cdu truc ddc trung nhat va git vai
tro thong nhit cho ti€u phan YA & thuc vat néi
chung (Zanetti et al., 2017).
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Sw phan bé ctia motif dic trng

Motif 1

Motif 2
Motif 3
Motif 4
Motif 5
Motif 6
Motif 7
Motif 8
Motif 9
Motif 10

MeNF-YA2 = —

MeNF-YA9 = S
CaNF-YAO05 N o . B
AHYPO 002483-RA = o ————
AHYPO 009600-RA |~ = T E——
MeNF-YA5 - = =

AHYPOO003114-RA| - = == o= eesoooesssses
CaNF-YAOQ07 = == T
MeNF-YA3 = —

MeNF-YA7 T S ——
AHYPO 007754-RA = —

MeNF-YA4 R =) I (S —— —
MeNF-YAG = —

CaNF-YAO03 = O e E—
CaNF-YA04 = I e
MeNF-YA1 o I ——

MeNF-YA10 L, ——

CaNF-YA02 -

MeNF-YA11 F— —

CaNF-YAO08 N —

AHYPO 014525-RA — L e

AHYPO 002745-RA | mm=m N S—

MeNF-YA8 N S
CaNF-YAO1 — —

CaNF-YAO06 — T e

Hinh 2. Su phan b6 ctia motif dédc trung trén tiéu phan YA & ciy rau dén, d4u ga va san
A. Miic do tuong dong vé sap xép motif ciia tiéu phdn YA dua trén so do hinh cay.

B. Trinh ty axit

3.3. Panh gia miic d6 biéu hién caa ho gen ma héoa
tiéu phin YA & cay rau dén

Dé du doan vai tro cua cac gen ma hoa NF-YA,
mtuc do phién ma ctia cac gen nay da dugc khai thac

amin cua cdc motif

phan tich di liéu biéu hién & cdc mo, co quan trong
diéu kién thuong (Sunil et al., 2014). S6 liéu dugc
thé hién qua biéu d6 nhiét & Hinh 3.

Log,FPKM

——

Than Ré La

Hat non

AHYPO_014525-RA
AHYPO_002745-RA
AHYPO_003114-RA
AHYPO_002483-RA
AHYPO_009600-RA

AHYPO_007754-RA

Hoa Hat triwdng Chdi
thanh

Hinh 3. Mtic d6 biéu hién cta ho gen ma héa tiéu phan YA
trong cdc mo ciy rau dén & diéu kién thuong
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Trong diéu kién thuong, cac gen ma héa cho
tiéu phan YA c6 xu hudéng biéu hién yéu 6 mau
mo thu dugc ti than, ré va 14 (Hinh 3). O hat non,
2 gen AHYPO_014525-RA va AHYPO_002483-RA
git muc do biéu hién chinh cho cay. Pang chu ¥,
ngoai trit AHYPO_07754-RA c6 muc d6 biéu hién
manh & hoa, cdc gen khac déu cho mtc d¢ phién
ma tang cao & ca hoa, hat truéng thanh va choi. Gen
AHYPO_002483-RA c6 xu hudng biéu hién manh
hon tat ca cac gen ma hoa cho tiéu phan YA khac tai
cac co quan chinh trén cay rau dén (Hinh 3). Nghién
ctu trudc day cing chi ra rang cic gen ma hoa
NE-YA c¢6 muc d¢ biéu hién khac nhau va dic trung
¢ it nhat mot mod, co quan trong diéu kién binh
thudng (Li et al., 2019). Cac két qué nay cé thé la
dan liéu quan trong dinh huéng cho nghién ctiu
chtic nang gen ma hoa tiéu phan YA tai cac co quan
chinh, dac biét 1a & hoa ctia cay rau dén.

IV. KET LUAN VA PE NGHI

4.1. Két luan

ba xac dinh dugc 6 thanh vién cta tiéu phian YA
cta ho nhan t6 phién ma NF-Y & cay rau dén. Cac
protein nay c6 kich thudc va trong lugng phan tu da
dang, gié tri diém ding dién dao dong trong khoang
axit nhe - bazo va ¢o tinh va nuéc.

Tiéu phan YA dugc xép thanh hai nhanh chinh,
v6i cdc motif ddc trung cho tling nhanh. Cic YA &
rau dén dugc dic trung bdi ba phan viung bao thu
lién quan dén kha nang bam ADN, tuong tac véi
tiéu phan NF-YB/C va vung dém.

Céc gen ma hoa tiéu phan YA cé mtc do biéu
hién khdc biét nhau tai cic mau mé trong diéu kién
thuong. Trong d6, gen AHYPO_002483-RA c6 biéu
hién & tat ca cac mo, co quan déu manh hon céc gen
khéc.

4.2. Dé nghi

Nghién ctiu nay sé dugc tiép tuc nhdam tim hiéu
vé cd ché nhén rong ctua ho gen ma hoa tiéu phan YA
& cay rau dén nham dua ra gia thuyét vé vai tro ctia
nhiing gen 1dp lién quan dén tinh chong chiu diéu
kién bt lgi.
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Characterization of the conserved structure
and expression analysis of the genes encoding YA subunits
of the transcription factor Nuclear factor - Y in amaranth
Le Thi Ngoc Quynh, Chu Duc Ha

Abstract
Nuclear factor - Y (NF-Y) acts as an important growth regulator in the physiological process and development
of plants. However, Nuclear factor-YA (NF-YA) subunit in amaranth (Amaranthus hypochondriacus) has not been
clarified. The results determined a total of six members in the YA subunits in A. hypochondriacus. Structural analysis
showed that the YA family has the size from 230 to 337 amino acids, corresponding to a molecular weight between
25.3 and 36.7 kDa. The isoelectric point of NF-YA in amaranth ranges from weakly acidic (5.96) to basic (9.67) value
and has an average affinity for water from -0.679 to -0.938, and is mostly localized in the nucleus. The phylogenetic
tree showed that YA subunit has a similar structure of conserved regions, with 3 distinct functional domains. Gene
expression profile analysis showed that five genes AHYPO_014525-RA, AHYPO_002745-RA, AHYPO_003114-RA,
AHYPO_002483-RA and AHYPO_009600-RA are strongly expressed in flowers, mature seeds and shoots. These
results uncover potential candidates for the NF-YA genes in the growth and development of amaranth.

Keywords: Amaranth, gene encoding YA subunit, nuclear factor-YA, gene expression
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, ANH HUONG CUA PHAN CHUONG, VOI VA PHAN VO CO
PEN MOT SO TINH CHAT PAT VUON TRONG MIT TAI TINH VINH LONG

Vo6 Thanh Phong!, Nguyén Xuin D@?,
Nguyén Thé Viing!, LAm Thj Trtc Linh!

TOM TAT

Anh hudng ctia phan bon dén céc tinh chat dat rét quan trong trong canh tic néng nghiép bén viing. Nghién ctiu
nhdm dénh gia anh huéng phan htiu co 1, phén hiiu co vi sinh, voi, phin trung lugng va tuong téc gitia chung dén
cac tinh chét dat. Thi nghiém trén d4t vuon trong mit siéu sém tai xa Phu Thinh, huyén Tam Binh, tinh Vinh Long.
Két qua chi ra rdng: Dung trong (1,15 - 1,27 g/cm?®) cho thédy dét vuon thi nghiém bi nén dé. Bon véi lam gia tang pH
(5,66) so v6i khong bon voi (4,67). Trong khi dd, bon phan bo G, ham lugng chit hitu co trong dit dat 5,71%, cao
hon c6 y nghia so v6i khong bon hiiu co (4,40%). Bon voi hay bon voi két hop véi phan bo u gop phan ting lugng
amoni trong dit (tuong ting véi 7,08 mg/kg va 8,01 mg/kg). Bén canh d6, phéan trung lugng va phan hiiu co vi sinh
c6 ham lugng NH,* trong dat (8,04 mg/kg va 8,24 mg/kg, theo thi tu) cao hon so véi chi bon phan v6 co. Ham
lugng canxi trao d6i trong dét trung binh ctia cdc nghiém thiic c6 bon voi (18,5 meq/100 g) va bon phan trung lugng
(17,7 meq/100 g) khac biét c6 ¥ nghia so v6i khong bén canxi (11,9 meq/100 g). Bon voi két hgp véi phan hiu co
6 hiéu qud lam gia ting pH, ham lugng chit hitu co, lugng dam hitu dung va canxi trao d6i trong dat gop phén cai
thién chat lugng dat.

Tu khod: Vuon mit, phan hitu co 4, voi, phan v co, tinh chét dat

1. DAT VAN DE

Viéc bon qua mic phan hoa hoc, thudc bao vé
thuc vat trén dat trong cay an qua tuy gép phan tang
nang suat nhung da suy giam do phi nhiéu, giam
ham lugng chat hiiu co trong dat, phat sinh nhiéu
dich hai va gay 6 nhiém moi truong. Thiéu chit hiu
co va mat can bang dinh dudng trong dit dan dén

chat lugng dat bi suy giam, dat bi thoai hoa lam giam
nang sudt, chit lugng nong phdm (Hdi Khoa hoc
bat Viét Nam, 2018). Quan trong hon, khi dat 1i€p bi
suy thodi cling 1a diéu kién thuén lgi cho ndm bénh
trong dat phat trién. Bénh théi ré, chdy mu than trén
cay an qua trong dé c6 cay mit ngay cang tré nén
nghiém trong.

'Trudng Cao dang Vinh Long; 2 Trudng Dai hoc Sai Gon
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