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TOM TAT

Thuc vt can diéu kién moi trudng t6i uu d€ sinh trudng va phat trién nén ciing 1a nhém bi chiu énh hudng
nhiéu nhét bdi cac stress phi sinh hoc, nhu néng, lanh, mén, han han va la lut. Trong do, cac protein giau
methionine (MRP) 1a mot trong nhiing phan tit dé bi anh huéng bai nhiing stress phi sinh hoc nay. G nghién
clu nay, cdc gen ma hoa 52 MRP chua 16 chiic ning trén d6i tugng cay sin (Mahibot esculenta), giéng mo
hinh KU50 ¢6 mtc d6 biéu hién khdc nhau & cac dit liéu RNA-Seq trong diéu kién xti Iy man, han, thiéu hut
dinh dudng va xt ly polyethylene glycol 6000. Két qua da xdc dinh dugc téng s6 28 gen ma héa MRP chua
rd chic nang nhung c6 miic do biéu hién dép ting trong it nhit mot diéu kién xt ly bét lgi (|fold-change|
> 2). Manes.18G048000 dugc xac dinh la gen dap ting trong tdt ca cac di€u kién stress phi sinh hoc, trong khi
Manes.10G129200 va Manes.S070600 la hai gen c6 dap ting ting (41,3-1an) va gidm manh nhat (-82,3-14n) ¢ 1a
khi xtt Iy han. Phén tich cho thdy rit nhiéu cac yéu t6 diéu hoa cis- cam ting hormone, dic biét la yéu t6 dap
ung abscisic acid, jasmonic acid va ethylene, da dugc tim thay trén ving promoter ctia 28 gen dap ting bét lgi.
Xay dung mo6 hinh 3D cho thdy cdc MRP cht yéu dugc ciu tao tii cdc dang xodn alpha két hop véi nép gép beta.
Tom lai, két qua ctia nghién ctu nay da cung cdp nhiing dan liéu quan trong nhdm dé xuét ra cic gen tng vién

cho phan tich chiic nang gen lién quan dén chéng chiu stress phi sinh hoc & cay sin.

T khoa: Protein giau methionine, cdy sin, bi€u hién, stress phi sinh hoc, tin sinh hoc

1. DAT VAN PE chia khoa d€ huéng dén canh tic bén viing, thich

& Viét Nam, canh téc néng nghiép dang chiu tng vé6i bién déi khi hiu trong tuong lai.

nhiéu tac dong tiéu cuc do bién d6i khi hau toan
cau kéo theo nhiing stress phi sinh hoc, dién hinh
nhu bat loi vé nhiét 46 (néng, lanh), néng do mudi
(dat nhiém méin) va nudc (ngdp ung, han han).
Nhiing stress phi sinh hoc anh hudng dén sinh
trudng, phat trién va nang suit cua cay trong, tu dé
gy thach thic cho san xudt nong nghiép bén viing
va tinh hinh an ninh luong thuc (Ray et al., 2019).
Trong s6 cac cay trong quan trong & Viét Nam,
san (Manihot esculenta), mac du dé sinh trudng va
c6 kha ning chong chiu khd, nhung van chiu anh
hudng boi tinh trang bién doi khi hau (Malik et
al., 2020). V6i nhiéu muc dich st dung khac nhau,
canh tac san dugc xem la mot trong nhiing giai
phap tang thu nhép cho cac nong ho tai dia phuong
hién nay. Vi vay, tim hi€u vé co ché dap ting stress
phi sinh hoc & cdp do phan ti & ciy san co thé 1a

Trong nghién ctiu trudc day, nhiing protein man
cadm v6i bt 1gi phi sinh hoc, cu thé la protein giau
methionine (MRP) da dugc tim hiéu va phén tich
trén co s& di liéu cta gidng sin KU50 (Chu bic
Ha va ctv., 2021). Day la nhom protein réit dé bi tac
dong bai su du thua ctia cac dang 0xi phan tng
noi bao gy ra bdi stress phi sinh hoc (Huang et
al., 2019). Cu thé, téng s6 155 MRP, véi kich thude
phan td > 95 axit amin (aa) va ham lugng Met > 6%
da dugc tim thdy & hé protein ctia sin (Chu Dtic
Ha va ctv., 2021). Trong d6, **/ .. MRP chua r6 chtic
ning da dugc phan tich déc tinh cdu trac va vi tri
phan b6 (Chu bic Ha va ctv., 2021). Vi vay, viéc
phan tich muc d¢ phién ma ctia 52 gen nay sé cung
cdp nhiing dan liéu khoa hoc dinh huéng cho phan
tich chtic ndng gen.
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Muc tiéu ctia nghién ctiu nay nham khai thac
muic d¢ biéu hién ctia 52 gen ma hoéa MRP chua ro
chtic ning & sdn dya trén viéc tdi phan tich cac di
liéu microarray trong diéu kién xti Iy stress phi sinh
hoc. Bén canh d6, viing promoter ctia cac gen ma
héa MRP chua r6 chtic nang dugc phan tich yéu
t6 diéu hoa cis- lién quan dén tin hiéu hormone.
Dong thoi, mo6 hinh céu tric khong gian ctia cac
phan ti MRP dugc phan tich dya trén cong cu tin
sinh hoc.

IL. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vit liéu nghién ciiu

Hé gen, hé protein cua sin (ma di liéu:
PRJNA234389) (Bredeson et al., 2016) dugc khai
thac trén Phytozome (Goodstein et al., 2012) va
NCBI. Hé phién ma ctia sin ¢ mau ré va 14 xu ly
man (GSE84715) (Onsaya et al., 2017), mau l4 xt
ly han (GSE98537), mau l4 dinh, 14 bén, 14 trudng
thanh va ré xd ly thiéu hut NPK (GSE89971)
(Utsumi et al., 2017), mau md seo phoi hda xu ly
polyethylene glycol (PEG) 6000 (GSE93098) (Ding
et al.,2017) dugc khai thac trén NCBI GEO.

2.2. Phuong phap nghién ciu

- Phuong phap phan tich di liéu RNA-Seq: Céc
di liéu hé phién ma cta san khai thac trén NCBI
GEO dugc phan tich bing thuit toan geomean
theo mo ta trong nghién ctu truéc day (Chu biic
Ha va ctv., 2018). Miic d¢ biéu hién ctia gen trong
diéu kién bét lgi dugc tinh bang gia tri fold-change,
la s6 lan thay d6i cua gia tri FPKM cua gen & mau
xu ly so véi déi chiing. Theo dé, gen c6 mtc do
phién ma dap tng véi bat lgi dugc quy dinh véi
gia tri |fold-change| > 2 theo nghién ctiu trudc
day (Chu et al., 2018; Cuong et al., 2018). Mtc do
biéu hién sau d6 dugc biéu dién bang biéu d6 nhiét
(heatmap) thong qua cong cu gplots clia ngdn ngi
R (Liao et al., 2019).

- Phuong phap khai thac ving promoter: Ma
dinh danh gen khai thac trong nghién ctu trudc
day (Chu bic Ha va ctv., 2021) dugc st dung dé
truy van trén hé gen ctia san (Bredeson et al., 2016)
trén NCBI va Phytozome (Goodstein et al., 2012).
Theo do, trinh tu 1000 bp & vung phia trudc vi tri
ma mo dau (-ATG-) cta tting gen dugc thu thap
cho phén tich in silico tiép theo, dya theo mo ta
trong nghién ctiu trudc day (Cuong et al., 2018).

- Phuong phap phan tich yéu t6 diéu hoa cis-:
Céc yéu t6 dap ting tin hiéu hormone dugc khao
sat trén doan trinh ty 1000 bp ctia viing promoter
clia tiing gen dua theo md ta trong nghién ctiu
truéc day (Cuong et al., 2018). Theo dd6, yéu to
dap ting abscisic acid (ABRE) dac trung boi doan
-ACGTG-, hai yéu t6 ddp tng jasmonic acid, bao
gom CGTCA-motif va TGACG-motif, hai yéu to
dap ting gibberellin, bao gom GARE-motif (ddc
trung béi doan -TCTGTTG-) va P box (dac trung
bdi doan -CCTTTTG-), TCA-element (ddc trung
bdi doan -CCATCTTTT-hodc- CAGAAAAGGA-)
dap tng salicylic acid, hai yéu t6 dap tng auxin,
bao gom TGA-element (ddc trung bdi doan
-AACGAC-) va AuxRR-core (ddc trung béi doan
-GGTCCAT-), va yéu t6 dap tng ethylene (ddc
trung boi doan -ATTTTAAA-) mo ta trong nghién
ctu gan day (Chu et al., 2018) dugc tim kiém trén
vung promoter bang cong cu BioEDIT (Hall, 1999)
va PlantCARE.

- Phuong phap phan tich ciu trac khong gian
cua protein: Trinh tu protein ddy du khai thac
trong nghién ctu truéc day (Chu buc Ha va ctv,,
2021) dugc st dung dé truy vin trén Phyre2 (Kelley
et al.,2015). Theo d6, ciu truc bac 2, bao gébm xodn
alpha, nép gip beta va doan helix xuyén mang, va
cdu truc khong gian ctia protein dugc moé phong
(Kelley et al., 2015).

2.3. Thoi gian va dia diém nghién ciiu

Nghién ctiu nay dugc thuchién tii thang 11/2020
dén thang 9/2021. Cac phan tich tin sinh hoc dugc
tién hanh tai Hoc vién Nong nghiép Viét Nam, Dai
hoc Cong nghé (Pai hoc Quéc gia Ha Noi), Dai
hoc Thuy lgi va Pai hoc Su pham Ha No¢i 2.

I KET QUA VA THAO LUAN

3.1. Phén tich mic d¢ biéu hién trong diéu kién
bat 1¢i cia gen ma hoéa MRP & san

Dé tim hiéu miic do dép ting cuia 52 gen ma hoa
MRP chua r6 chtic ndng (Chu btic Ha va ctv., 2021)
6 cac co quan/bd phan trong diéu kién xt ly bat lgi,
4 di liéu RNA-Seq, lan lugt bao gom GSE84715
(xtt ly man) (Onsaya et al., 2017), GSE98537 (xt ly
han), (GSE89971) (thiéu hut NPK) (Utsumi et al.,
2017) va GSE93098 (xit ly PEG 6000) (Ding ef al.,
2017) da dugc khai thac dua trén NCBI GEO. Dya
trén gia tri phién ma bién thién & mau xt ly so véi
doi chiing, cac gen ma héa MRP chua r6 chtic nang
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c6 biéu hién dép tng da dang tai cac vi tri khac
nhau trong cac diéu kién khac nhau.

Trong diéu kién xt ly mdn GSE84715 (Onsaya
et al., 2017), da s6 (*/,)) gen c6 bi€u hién thay
d6i khong dang ké (|fold-change| < 2) tai ré va/
hodc la. Bén gen, bao gom Manes.01G114700,
Manes.01G175800, Manes.14G135200 va
Manes.18G048000 c6 dép tng (|fold-change| > 2)
& 14 hodc ré xu Iy man, trong khi mic d6 biéu hién
ctia Manes.07G015600 ting & ca ré (4,6 lan) va la
(2,1 1an) trong diéu kién man. Gen Manes.S071500
c6 dap ting giam & ré (-5,0 1an) nhung ting 14 (2,6
lan) trong diéu kién mén (Hinh 1).

L

BL FEL FL

Trong diéu kién han GSE98537, 6 va 13 (trén
tong s6 52) gen ma héa MRP chua r6 chtic nang
c6 dap ting tang (fold-change > 2) va giam (fold-
change < -2) & la. Dang chu y, nghién ctiu da xdc
dinh dugc 4 (trén tong s6 6) gen dugc tang cudng
biéu hién rat manh tai 14 trong xt ly han, lan lugt
1a Manes.10G129200 (41,4 1an), Manes.08G056800
(30,8 1an), Manes.11G124400 (23,3 lan) va
Manes.05G057700 (14,6 1an). Nam (trén tdng s6
13) gen c6 biéu hién bi gidm rdt manh tai l4 trong
xt ly han, bao gobm Manes.S070600 (-82,3 lan),
Manes.15G069100 (-62,3 1an), Manes.11G044800
(-53,8 lan), Manes.08G036800 (-21,6 lan), va
Manes.01G175800 (-12,0 1an) (Hinh 1).

PEG 6000 NPK

Fold-change

5
0
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0
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Hinh 1. Biéu hién ctia 52 gen méa héa MRP chua rd chic ning trong diéu kién bt lgi
Chii thich: R - Ré, L - Ld, BL - Ld dinh, FEL - Ld trudng thanh, FL - Ld kém, RT - Ré, FEC - M6 seo phoi héa.

Trong diéu kién xu ly PEG 6000 GSE93098
(Ding et al., 2017), '*/_, gen ma héa MRP chua ro
chtic ning c6 muc d$ phién ma dép ting (|fold-
change| = 2) ¢ it nhit mot miu md. Trong do,
Manes.14G135200 dugc xac dinh la gen c6 biéu hién
dugc tang cuong manh nhit, gid tri fold-change
dat 10,6 1an & mau ré, va gen Manes.17G076700 cb
muc do phién ma bi kim ham manh nhat, gia tri
fold-change dat -29,1 lan 6 mau la kem, dong thoi
ciing gidm biéu hién & tit ca cdc vi tri khac, nhu
ré (-5,8 1an), 14 dinh (-3,8 14n) va l4 trudng thanh
(-8,9 1an). Ngoai ra, Manes.18G048000 la gen dugc
ting cudng biéu hién & 14 dinh (2,8 14n), 14 trudng
thanh (2,5 lan) va ré (3,1 lan) nhung lai giam biéu
hién & la kém (-2,3 1an) trong diéu kién xu ly PEG
6000 (Hinh 1).

Nhu vay, két qua ctia nghién ctiu nay da xac dinh
dugc téng s6 28 gen c6 dap ting & it nhat mot diéu
kién xti ly stress phisinh hoc (Bang 1). Trong nghién
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ctu trude day, dii liéu biéu hién ctia cdc gen ndy ciing
da dugc phan tich tai cac co quan/bd phan chinh
trong cdy sin & diéu kién thudng (Chu bic Ha va
ctv,, 2021). Theo d6, Manes.07G015600 c6 biéu hién
manh & miu mo ré, than, 14 (gan 14 va cudng 14)
trong di€u kién thudng (Chu Dtic Ha va ctv, 2021),
gen nay ciing c¢6 biéu hién dap ting & mau ré va la xt
ly man va mau ré xtt ly PEG 6000 (Bang 1). Nhiing
phén tich nay cé thé dinh hudng cho viéc nghién
ctu chtic ndng ctia gen Manes.07G015600 noéi riéng
va 28 gen ma hoa MRP chua r6 chtic ndng néi chung
lién quan dén qua trinh sinh trudng, phat trién va
chong chiu stress phi sinh hoc & cy san. Trong
nghién ctiu nay, viing promoter ctia 28 gen ma hoa
MRP chua r6 chiic nang c¢6 mic do biéu hién dap
ung v6i nhiing trang thai bat 1gi khac nhau (Bang 1)
da tiép tuc dugc phan tich.

Phan tich dd liéu GSE89971 (Utsumi et al.,
2017), chi ¢6 2 gen ma héa MRP c¢6 thay di mtic



Tap chi Khoa hoc va Céng nghé Néng nghiép Viét Nam - S6 Chuyén dé danh cho Boan thanh nién VAAS (133)/2022

do6 phién ma dap ting tai mau moé seo phoi hoa xu
ly thi€u hut dinh dudng, ching té da s6 cac MRP
chua ro6 chtic nang it bi anh hudng béi su tac dong
cua trang thai thiéu hut NPK dén cay sin. Cu thé,

Manes.18G048000 va Manes.14G135200 lan lugt
c6 muc do phién ma tang (2,2 lan) va giam (-7,2
lan) & mo seo phoi hoa.

Bang 1. Dii liéu bi€u hién ctia 28 gen ma héa MRP c6 dép ting & it nhat mot diéu kién xt ly stress phi sinh hoc

Xaly | Xaly Xily X Iy thiéu hut
TT | Ma dinh danh gen mdn han PEG 6000 NPK
Ré Ldé | Ld | Ladinh | Ldtruéngthanh | Lakém | Ré | Mo seo phoi héa
1 | Manes.01G114700 | 2,12 | 0,87 0 0 0 0,97 |-5,19 0,81
2 | Manes.01GI143500 | 1,59 | 1,22 | 3,60 1,62 -5,32 1,50 |-2,18 0,83
3 | Manes.01G175800 | 1,05 | -2,78 | -12,05| -2,79 1,86 0,97 0 1,03
4 | Manes.02G073500 | 1,05 | 1,02 0 6,45 0 2,76 0,96 1,03
5 | Manes.05G006500 | 1,33 | 1,41 0 0 0 -6,07 0 0,96
6 | Manes.06G134400 0 0 -5,88 0 0 2,08 | -4,65 0
7 | Manes.07G015600 | 4,62 | 2,06 | 0,79 1,01 1,27 0,82 |-2,48 0,88
8 | Manes.07G110100 | 0,78 | 0,48 | -2,93 -2,15 0,51 1,04 0 1,01
9 | Manes.08G036800 | 0,86 | 0,95 |-21,59 0 0 0 1,70 1,85
10 | Manes.10G116100 0 0 2,23 0 0 0 0 0
11 | Manes.10G129200 | 1,09 | 1,01 | 41,36 1,07 0,63 0,51 |-495 1,02
12 | Manes.11G044800 0 0 |-53,83 0 0 0 0 0
13 | Manes.11G124400 | 0,76 | 0,70 | 23,35 1,26 0,98 0,66 | 0,82 0,97
14 | Manes.12G009300 | 0,92 | 1,16 | 1,10 2,33 1,87 2,78 1,80 0,85
15 | Manes.12G109700 | 0,90 | 0,74 | 0,63 1,69 0,74 3,99 0,50 0,73
16 | Manes.14G135200 | -3,65 | 1,10 0 0 0 0 10,56 -7,17
17 | Manes.14G100500 | 1,14 | 1,13 0 0 0 0,97 3,54 1,15
18 | Manes.15G190500 0 0 -2,23 0,75 0 0 -2,54 0
19 | Manes.15G069100 | 1,22 | 0,74 |-62,27 1,17 1,18 3,69 | -518 1,02
20 | Manes.17G076700 | 1,06 | 1,02 | 0,62 -3,84 -8,90 -29,02 | -5,84 1,02
21 | Manes.18G048000 | 1,41 | -2,53 | -9,16 2,83 2,55 -229 | 3,11 2,22
22 Manes.S071500 -496 | 2,56 | -4,65 0,69 1,21 1,89 2,43 1,02
23 | Manes.02G019700 0 0 -9,17 0 0 0 0 0
24 | Manes.05G057700 | 0,96 | 0,80 | 14,65 1,17 1,09 0,62 0,93 1,27
25 | Manes.06G040000 0 0 -6,06 0 0 0 0 0
26 | Manes.08G056800 0 0 30,75 0 0 0 0 0
27 | Manes.18G074300 0 0 -8,15 0 0 0 0 0
28 Manes.S070600 0 0 -82,37 0 0 0 0 0

3.2. Phan tich yéu t6 diéu hoa cis- trén vung
promoter ctia gen ma héa MRP & san

Dé tim hiéu sy diéu hoa bi€u hién clia gen
lién quan dén con dudng tin hiéu hormone, trinh
ty 1000 bp ndm trén ving promoter ctia 28 gen
dap tung bat lgi dugc su dung dé€ phan tich yéu

t6 diéu hoa cis- theo nghién ctiu gan day (Cuong
et al., 2018). Theo do6, cac nhém yéu t6 diéu hoa
cis- dap ting hormone (abscisic acid, jasmonic
acid, gibberellin, salicylic acid, auxin, va ethylene)
mo ta trong nghién ctiu gan day (Chu et al., 2018)
dugc tim kiém trén ving promoter biang cong cu
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BioEDIT (Hall, 1999) va PlantCARE. Két qua da
xdc dinh dugc téng s6 83 yéu t6 diéu hoa cis- cam

o

ting v6i hormone, chiém ty 1¢ 3,6 yéu t6/promoter
(Hinh 2).

:ERE
: AuxRR-core
: TGA-element

S6 Iwong yéu té cis-_,
o

o

Manes.01G114700
Manes.01G143500
Manes.01G175800
Manes.02G019700
Manes.02G073500
Manes.05G006500
Manes.05G057700
Manes.06G040000
Manes.06G134400
Manes.07G015600
Manes.07G110100
Manes.08G036800
Manes.08G056800
Manes.10G116100
Manes.10G129200
Manes. 11G044800
Manes. 11G124400
Manes.12G009300
Manes.12G109700
Manes.14G 100500
Manes.14G135200
Manes.15G069100
Manes.15G 190500
Manes.17G076700
Manes. 18G048000
Manes.18G074300

: TCA-element
: P box

: GARE-motif

: TGACG-motif
: CGTCA-motif
: ABRE

Manes.S070600
Manes.S071500

Hinh 2. S6 lugng yéu t6 diéu hoa cis- cam ting hormone trén viing promoter
ctia cdc gen ma hoa MRP dap ting bét lgi & san

Nghién ctiu cho thdy 11, 11, 7, 7 va 15 (trén
téng s6 28) gen c6 chua lan lugt cic yéu t6 ABRE
(yéu t6 cam ung vdi absisic acid), yéu t6 dap tng
jasmonic acid, gibberellin, auxin va ethylene. TCA-
element la yéu t6 dap tng véi salicylic acid lai
khong dugc ghi nhan trén bit ky ving promoter
ctia gen nao. Trong khi d6, yéu t6 dap ting ethylene
dugc xac dinh & 16/28 gen. Tan s6 xuét hién yéu to
cam Ung hormone dao dong ti 0,25 (yéu té6 cam
ung gibberellin) - 1,1 yéu t6/gen (yéu té cam tng
ethylene) (Hinh 2).

Phan tich cho thdy, cac viing promoter ctia 5 gen,
bao gobm Manes.06G040000, Manes.08G036800,
Manes.11G044800, Manes.14G135200 va Manes.
S071500 khong chia cac yéu t6 diéu hoa cis- dap
ung hormone (Hinh 2). Dang chu y, viing promoter
cta 2 gen, Manes.05G057700 va Manes.12G109700
6 s0 lugng yéu t6 diéu hoa cis- cam ting hormone
nhiéu nhat (8 yéu t6) (Hinh 2). Trong nghién ctiu
trudc day, cac gen dap ting véi han cling ghi nhan sy
tich lay ctia yéu t6 diéu hoa cis- cdm ting hormone,
dac biét 1a ABRE, trén vung promoter, chiing to
su bi€u hién ctia gen trong dép ting han dugc diéu
hoa théng qua con duong tin hiéu phu thudc vao
abscisic acid (Chu et al., 2018). Két qua ctia nghién
ctu nay cho thdy, trén viing promoter ctia 28 gen
ma hoa MRP dép tng stress phi sinh hoc & sin cé
tdn s xudt hién nhiéu cua cac trinh ty diéu hoa
phién ma, dic biét la cac yéu t6 diéu hoa lién quan
dén chong chiu diéu kién bat lgi. Két qua goi y rang
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28 gen ma hoéa MRP c¢6 thé tham gia vao qua trinh
dap ting stress phi sinh hoc, thong qua con dudng
tin hiéu hormone, dién hinh nhu phu thudc vao
abscisic acid va ethylene (Chu et al., 2018).

3.3. X4y dung mo hinh ciu truc khong gian caa
MRP 6 san

Trong nghién ctiu nay, mo hinh khong gian cua
28 MRP da dugc tim hiéu nham cung cdp thém
nhiing dan liéu vé ciu truc cta céc phan tii quan
tam. Két qua cho thdy, cic mo hinh 3D dugc xay
dung cho cac MRP c6 d¢ tin cay va mtc do bao
pht ctia m6 hinh tuong déi bién thién. Cu thé,
do tin cdy ctia thudt toan xay dung mo hinh dao
dong ti 16,7 - 100%, trong do, */ ,g Cdu truc co gia
tri tin cdy > 50%, ngoai trti 8 mo hinh, tuong ting
v6i 8 MRP, lan lugt 14 Manes.18G048000 (16,7%),

Manes.12G009300 (33,7%), Manes.15G069100
(40,4%), Manes.02G019700 (40,9%),
Manes.10G116100 (42,7%), Manes.S071500

(48,2%), Manes.12G109700 (49,3%) (Bang 2). Tuy
nhién, mtc d bao pht cia mo6 hinh 3D do6i véi
28 MRP dugc ghi nhan & mtc trung binh, dat tu
3 - 84% (Bang 2). Diéu nay dugc giai thich do day
la MRP chua dugc chu giai ving chiic nang, vi vay,
cac mo hinh 3D da biét c6 do bao phu khong cao
khi m6 phong cdu tric cua 28 phan ti nay. Két qua
nay cang dugc kiém chiing trong nghién ctu truge
day vé nhom MRP & Arabidopsis va dau tuong.
Theo d6, ciu tric khong gian ctia cac MRP dugc
mo6 phong 6 hinh 3.
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Hinh 3. M6 hinh c4u truc khong gian ctia 28 MRP & sdn

Tiép theo, két qua ctia nghién ctu ciing cho
thay cdu truc bac 2 cta 28 MRP dugc tao nén
bdi su da dang ctia cdu truc xodn anpha va nép
gdp beta. Cu thé, phan Ién cic MRP ¢ céu truc
xoan alpha (trung binh dat 55,32%) chiém nhiéu
hon nép gap beta (trung binh dat 8,07%), ngoai
trii Manes.01G175800 (alpha: 16%, beta: 41%),

Manes.01G143500 (alpha: 18%, beta: 31%) va
Manes.14G100500 (alpha: 27%, beta: 39%) (Bang
2). C4u tric xodn alpha chiém da s6 & cic phén tu
MRP dugc giai thich do géc Met c6 kha nang tao
x0an bén viing, trong khi Ser, Ile, Lys, Arg, Thr va
Gly la cac goc axit amin tao xoan khong bén viing.

Bang 2. Dic diém cdu tric khong gian ciia MRP & san

Ma dinh danh Mo hinh | D§ tin cdy (%) | P bao phu (%) | Xodn alpha (%) | Gip beta (%) | Poan xuyén mang (%)
Manes.01G114700 | c3vgxD 78,8 16 69 0 20
Manes.01G143500 | d1q0oa2 99,9 79 18 31 -
Manes.01G175800 | clyycA 97,8 54 16 41 10
Manes.02G019700 | d1ff3c 40,9 5 33 0 -
Manes.02G073500 | c3vgxD 80,6 16 62 0 21
Manes.05G006500 | c2lseA 37,5 37 88 0 -
Manes.05G057700 | c6snhX 100,0 84 75 1 61
Manes.06G040000 | c700gA 100,0 41 41 17 -
Manes.06G134400 | c6zywl 100,0 53 35 19 -
Manes.07G015600 | c4d0gC 60,7 22 88 0 -
Manes.07G110100 | c7c7yB 80,3 40 83 0 -
Manes.08G036800 | c6m6gA 63,7 56 79 0 13
Manes.08G056800 | c2hr5B 65,9 14 48 5 -
Manes.10G116100 | c2qdqB 42,7 8 33 19 -
Manes.10G129200 | c4dogC 74,4 23 90 0 -
Manes.11G044800 | c6wj2H 87,9 10 61 1 -
Manes.11G124400 | c3n7qA 100,0 60 69 1 -
Manes.12G009300 | c5hycC 33,7 7 72 0 38
Manes.12G109700 | c6gwxA 49,3 3 43 0 -
Manes.14G100500 | c7nmmA 99,9 84 27 39 -
Manes.14G135200 | c3vgxD 68,3 16 64 0 21
Manes.15G069100 | c5kxiC 40,4 50 89 0 37
Manes.15G190500 | dlné6ja 100,0 27 37 3 -
Manes.17G076700 | c4j80B 100,0 80 42 10 -
Manes.18G048000 | dlxn7a 16,7 8 55 6
Manes.18G074300 | c6tagA 97,3 59 48 7 -
Manes.S070600 corwgA 98,3 44 48 2 -
Manes.S071500 c3e6eC 48,2 32 36 24 -
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Bén canh d6, nghién ctiu ciing da xac dinh
dugc 8 phan tii MRP xudt hién ciu truc helix
xuyén mang, bao gom Manes.01G114700 (20%),
Manes.01G175800 (10%), Manes.02G073500 (21%),
Manes.05G057700 (61%), Manes.08G036800 (13%),
Manes.12G009300 (38%), Manes.14G135200 (21%)
va Manes.15G069100 (37%) (Bang 2). Két qua nay
chiing t6 rang cac MRP nay déu cu tru trén cac
mang, c6 thé dong vai tro nhu nhiing kénh vin
chuyén, tii d6 tham gia vao diéu hoa ap suét thim
thau khi t€ bao chiu tdc dong ctia nhiing stress phi
sinh hoc.

IV.KET LUAN VA PE NGHI

4.1. Két luan

Nghién ctiu da xdc dinh dugc 28 gen ma hoéa
MRP chua rd chic ning cé biéu hién dép ting
trong it nhat mot diéu kién xu ly bat lgi véi gia tri
|fold-change| > 2. Manes.18G048000 dugc xac dinh
la gen dap ting trong tat ca cac diéu kién bat lgi phi
sinh hoc, trong khi Manes.10G129200 va Manes.
§070600 la hai gen c6 dap ting tang (41,3 lan) va
giam manh nhat (-82,3 1an) & 1a khi xt ly han.

Nghién ctiu da xdc dinh dugc 23 gen ma hoa
MRP c6 vung promoter chtia it nhit mdt yéu
to diéu hoa cis- cam ung tin hiéu hormone.
Manes.05G057700 va Manes.12G109700 la hai gen
c6 vung promoter dugc tim thdy nhiéu yéu t6 diéu
hoa cis- cam ting hormone nhit.

Nghién ctiu dd mo phong céu truc 3D cua 28
phén ti MRP. Trong d6, 25 phéan tii MRP cé nhiéu
dang xodn a- hon dang nép gip p-. Két qua da du
doan dugc 8 phan tii MRP c6 thé cu tru trén mang
do xudt hién ciu tric helix xuyén mang.

4.2. Dé nghi

Nghién ctiu nay sé ti€p tuc nhdm kiém chiing
muc d¢ biéu hién ctia 28 gen ma héa MRP trong
diéu kién stress phi sinh hoc bing phuong phép
thuc nghiém.
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Analysis of abiotic stress responses and 3D models of Methionine-rich proteins
in cassava by bioinformatics approach
Nguyen Huu Kien, Ta Thi Dieu Linh, Chu Duc Ha, Nguyen Ha My,
La Viet Hong, Le Thi Ngoc Quynh, Nguyen Quynh Anh,
Bui Thi Thu Huong, Dong Huy Gioi

Abstract

Plants need optimal environmental conditions to grow and develop, so they are also the group most affected by abiotic
stresses, such as heat, cold, salinity, drought and floods. Among them, Met-rich protein (MRP) has been known as
one of the major macromolecules that are dramatically affected by abiotic stresses. In this study, 52 genes encoding
uncharacterized MRPs in cassava (Manihot esculenta) cultivar ‘KU50” exhibited different expression patterns in
various RNA-Seq datasets, like saline stress, drought, nutrient deficiency, and polyethylene glycol 6000 treatment.
The results identified a total of 28 genes encoding MRP of unknown function but responsive expression under
at least one stress condition (|fold-change| > 2). Interestingly, Manes.18G048000 was noted as an abiotic-stresses-
responsive gene, while Manes.10G129200 and Manes.S070600 were strongly induced (by 41.3-fold) and reduced
(by -82.3-fold) in leaf tissues under drought conditions. The analysis revealed that various hormone-related cis-
regulatory elements, like abscisic acid-, jasmonic acid- and ethylene-responsive elements, were highly accumulated
in the promoter regions of 28 stress-responsive genes. The 3D modeling showed that MRPs are mostly constructed
by the a- helix and the B- pleated sheet. Taken together, our study could provide a comprehensive foundation for
turther functional characterization of stress-responsive genes.

Keywords: Methionine-rich protein, cassava, expression profiles, abiotic stress, bioinformatics
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UNG DUNG TU TRUONG TRONG THUC DAY SINH TRUONG, PHAT TRIEN
VA SINH KHOI CUA CAY TRONG

Nguyén Hiu Kién', Chu Dtic Ha>', La Viét Hong> Ha Thi Quyén?,
Nguyén Lé Khanh?, Pham Chéu Thuy? Tran Ding Khoa?,
Nguyén bang Co? Bui Dinh Td? Lé Huy Ham'?

TOM TAT
Thuc vat ludn ton tai va sinh soi trong di€u kién ti trudng (magnetic field, MF) trai dat. Tuy nhién, co ché
tac dong cta tl truong dén thuc vat dén nay van chua dugc lam sang to. Bai bao trinh bay mot cach chi tiét vé
tac dong ctia ti truong dén sinh trudng, phat trién va sinh khéi ctia cdy trong. Trong do, xti Iy MF dugc chiing
minh cé thé ting cudng hoat tinh ctia cic enzyme phan gidi gidp ting ty 1é ndy mam & hat. Xt Iy MF ciing giup
kich thich t6ng hgp sic t6 & 14, ting hiéu qua ctia quang hop va ho hip gidp cay sinh trudng va phét trién t6t
hon, dong thoi cai thién dugc kha nang chong chiu cac diéu kién ngoai canh bat thuin. Midc du vay, xu ly MF
van dit ra mot s§ cau hoi lién quan dén doc tinh va nhiing tdc ddng moi trudng. Tom lai, bai bdo nay da cung
cdp mot cai nhin toan dién vé mot gidi phdp méi trong nghién ctiu san xudt néng nghiép bén viing va than

thién v6i moi trudng.

Tu khoa: Tu trudng, cdy trong, sinh trudng, phat trién, bt lgi, tic dong

I. DPAT VAN BE

Sinh truéng va phat trién cta thuc vat ludn chiu
su tac dong nhat dinh cla tu trudng (magnetic
field, MF) trai dat. bay dugc xem la yéu t6 co ban
dé thyc vat ton tai thong qua qua trinh quang hop
dugc thuc hién nho phat tan biic xa dién tii va trao
d6i chét ndi bao nho sy thay d6i dién thé mang. Co
ché anh hudng ctia MF dén cac loai thuc vat, ndm
va vi khudn da dugc lam sdng té mot phan thong
qua mo6 hinh cong hudng ion - xyclotron (ion-
cyclotron resonance) va md hinh cap géc (radical-
pair) (Radhakrishnan, 2019). Cho dén nay, MF da
dugc tim hiéu va bat dau tht nghiém trong cac linh
vuc sinh hoc, dac biét la lién quan dén khoa hoc
nong nghiép.

Cu thé, nd luc ctia cac nha khoa hoc da dugc ghi
nhan trong viéc ching minh anh huéng cuia MF
dén sy ndy mam caa hat, thay d6i ham lugng hoc
mon, tu do kich thich tang trudng va nang suit ctia
cay trong (Maffei, 2014). Vi dy, & mtic cuong 460 MF
thich hgp c6 thé lam tang ty 1é ndy mam cta mot s6
loai hat néng san va thuc ddy qua trinh sinh trudng
cua cdy non (da Silva and Dobranszki, 2016; De
Souza et al., 2006). Tuy nhién, nhiing hiéu biét sau
sac vé anh hudng ctia MF dén sinh trudng va phat
trién ctia cac loai cay trong van con rat han ché.

bé dinh hudéng nghién ctiu nong nghiép ap
dung ky thuét lién nganh trong tuong lai, bai bao
da tém lugc mot cach toan ven nhiing thanh cong
trong viéc sti dung MF d€ kich thich quad trinh sinh
trudng va phat trién mot s6 loai ciy trong & cac giai
doan khac nhau. Dong thoi dua ra mét s6 dé xuat
nham dinh huéng ting dung MF vao cong nghé té
bao thuc vat & Viét Nam.

II. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vit liéu nghién ciu
Mot s6 tai liéu khoa hoc lién quan dén MF, cong

nghé sinh hoc thuc vét va khoa hoc nong nghiép da
dugc khai thac va tém lugc trong nghién ctiu nay.
2.2. Phuong phap nghién ciu

Tham khéo tailiéu tu dé tai, du an ctia cac don vi
nghién ctiu, cong ty, trudng dai hoc, trén Internet,
bai bao, thong tin tii hoi nghi, hoi thao trong nuéc
va qudc té. Diéu tra, khao sat thong tin tii nha quan
ly, nha nghién ctiu, doanh nghiép, cong ty theo
mau phi€u chudn bi sdn, phuong phép chuyén gia
va tu nghién ctiu. Tham khao duong 16i, chinh sach
ctia bang, Nha nu6c, BO Nong nghiép va Phaét trién
nong thon.

!'Vién Di truyén Nong nghiép, Vién Khoa hoc Nong nghiép Viét Nam

2Truong Dai hoc Cong nghé, Pai hoc Quéc gia Ha Noi
3 Truong Pai hoc Su pham Ha Noi 2
* Tac gia chinh: E-mail: hachu amser@yahoo.com
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