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Abstract: Rice is one of the most important crops in Asian countries such as China, Vietnam. Many
recent reports indicate that the arsenic content in rice exceeds the threshold and affects human health.
Studying of molecular mechanisms and finding the arsenic resistance genes in rice which is
extremely important and urgent. In this study, we analyzed the transcriptional changes of arsenic-
treated rice root cells during 24 hours by microarray technique. Results showed that a large number
of the differentially expressed genes (720 genes). EasyGO and Mapman softwares are powerful tools
in analyzing microarray data and classifying functional groups as well as the important metabolic
pathways in the cell. Results of microarray analysis using EasyGO showed that 74 down-regulated
genes related to cellular component, 200 up-regulated genes involved in catalytic activity, 93 up-
regulated genes involved in biological processes as responding to environmental stress, and 64
detoxification-realted genes are increased expression such as cytochrome P450, Glutathione-S-
transferase and UDP-Glycosyltransferase. Mapman's microarray analysis reaults also indicate that
numerous of arsenic-tolerance genes of rice roots. These results support for searching indicated
genes in the selection of As-tolerance rice varieties.
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Tom tat: Cay lda 1a mot trong nhiing loai lwong thuc quan trong cua cac nuéc trong khu vuc Chau
A nhu Trung Quéc, Viét Nam. Nhiéu nghién ctru gan day cho thdy ham luong Asen (As) c6 trong
gao vuot ngudng quy dinh va diéu nay gay anh huong téi siec khoe ctia con nguoi. Viéc nghién ciu
co ché phan tir va tim ra nhitng gen chong chiu As cua cay laa 1a diéu vo cling quan trong va Cap
thiét. Trong nghién ctru nay, chiing toi tién hanh phan tich nhimg thay d6i h¢ phién ma cua té bao ré
cay la sau 24 gio xtr ly voi As bang ky thuat microarray. Két qua cho thiy mot sé luong I6n cac
gen thay d6i muc d biéu hién (720 gen). Phan mém EasyGO va Mapman la nhiing cong cu dic huc
trong trong viéc phan tich s lieu microarray va phan loai cac nhom gen chirc nang ciing nhu la cac
con dudng trao dbi chat quan trong trong té bao. Két qua phan tich bang phan mém EasyGO cho
thiy 74 gen diéu hoa giam lién quan dén thanh phan té bao; sé lwong cac gen didu hoa ting gom co:
200 gen lién quan dén hoat tinh xtc tac, 93 gen lién quan dén qué trinh sinh hoc dap tng véi stress
mdi truong, va 64 gen lién quan dén kha ning khir doc As nhu Cytochrome P450, Glutathione-S-
transferase va UDP-Glycosyltransferase. Két qua phan tich microarray bang phan mém Mapman
ciing cho két qua sdu hon vé con dudng trao d6i chit lién quan dén tinh chdng chiu cua ré cay lda
v6i As. Céc két qua nay nham tim ra nhitng gen chi thi nhiam hd tro trong chon tao ra nhitng giéng
IGa c6 kha nang chdng chiu As.

Tur khoa: Asen, EasyGO, Mapman, microarray, Oryza sativa L.
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1. Mé dau

Asen (As, hay con goi la thach tin) la mot
trong nhirng chat cuc doc gay 6 nhiém moi
truong va anh husng nghiém trong dén sic khoe
con ngudi. Nhiéu nghién ctu_cho thay su 0
nhlem As trong nguén nudc tiém an rat nhiéu
mdi nguy hai do viéc tiéu thu cac san pham néng
nghiép duoc trdng trong nhitng khu vyc nhiém
As. As** 1a mot dang vo co ctia As va la cht cuc
doc @i vai té bao thuc vat gay tc ché chirc ning
noi bao, phé huy cac qué trinh trao doi chat va
gay chét té bao [1]. Nguy hiém hon ca 1a As
trong nudc ngam duoc sir dung cho tudi tiéu sé
di vao chudi thirc an thong qua su hip thu cua
dong vat va thuc vat. Lua la mot trong nhitng
lwong thuc quan trong cua nhiéu nuéc Chau A
nhu Trung Quéc, bai loan, Viét Nam... Tuy vay,
nhiéu bao co da chi ra ring ham lugng As tich
lay trong rom ra lam thirc an cho gia stc, sau do
di vao co thé nguoi thong qua chudi thire in [2].
Do d6, viéc nghién ciru co ché phan tir va tim ra
nhiing gen chéng chiu As cua cay laa la diéu v
cling quan trong va cap thiét. Nhiéu bao cao da
nghién ctru va xac dinh duoc vai tro khir doc kim
loai cia mot sé gen trong khong bao thuc vat lién
quan dén Cytochrome P450, Glutathione-S-
transferase va UDP-Glycosyltransferase [3, 4].

Trong thap Ky gan day, k¥ thuat microarray
la mot cobng cu hiru ich cho phép nghién ctu
dong thoi mirc d6 biéu hién cua hang nghin gen
trong cac mau dap ang voi nhiing bién doi cua
moi truong. Nhidu bai bao da tién hanh nghién
ctru anh huong cua As 18n hé gen biéu hién cua
thuc vat & ndng do cao [5]. Tuy nhién rat it cac
tai liu cong bd vé dap (g sém cua hé gen biéu
hién cua thuc vat dudi anh huong cua As & ndng
d6 thap. Vi vy, nham tim hiéu co ché phan tur
cua cdy lua dudi tic dong sém cua As>(trong 24
gio xu ly) véi nong do thap (5 uM), chung t6i
tién hanh phan tich hé gen biéu hién cua cay lta
bang ky thuat cDNA microarray voi kich thudc
Ién téi 44 k gen. Dong thoi, nham phan tich cac
nhom gen chirc nang co vai trd quan trong trong
qua trinh khir doc As cua ré cay lda, chung toi
tién hanh st dung phin mém EasyGO va
Mapman. Hai phan mém nay duoc sir dung pho

bién gilp cac nha nghién ciru dé dang phat hién
ra nhiing kién thuc sinh hoc quan trong va giai
quyét cac van dé nghién ciu dit ra [6]. EasyGO
dugc xem 1a phuong tién wu viét trong viéc xac
dinh cac nhdm gen churc nang c6 vai tro quan
trong trong qua trinh trao d6i chat ¢ thuc vat. He
théng ghi chi Ontology Gene (GO) cung cap
mét cach hé thdng cac thuat ngir chuyén mon vé
mo ta cac ddi twong sinh hoc va tap trung vao ba
nhém chinh la: qua trinh sinh hoc (biological
process), thanh phan té bao (cellular
component), va chirc nang phan tir (molecular
function). Phan mém Mapman la mét cong cu
dac luc va duogc str dung nhiéu trong cac nghién
cliu V& hé gen biéu hién, cho phép nguoi sir dung
c6 thé phan loai va quan sat dwoc muac do biéu
hién caa cdc nhdm gen tham gia vao cac qua
trinh sinh hoc khac nhau trong té bao thuc vat.

Nghién ctu nay cung cp nhitng bang ching
vé mtc d6 phan tir cua hé ré cay lda chiu anh
hudng cua As** va 1a co s¢ cho nhitng nghién ctru
sau hon nham tim kiém nhiing gen lién quan dén
qué trinh chdng chiu As & cy lta noi riéng va
thuc vat ndi chung.

2. Nguyén liéu va phuong phap
2.1. Nguyén li¢u

Gibng lGa Oryza sativa L.cv. TN-67 dugc
cung cap bai Phong thi nghiém Sinh hoc phan tir
thuc vat, Truong dai hoc Quéc gia Thanh Cong,
bai Loan.

2.2. Phuwong phap

Xir 1y hat 10a bang As

Hat l0a Oryza sativa L.cv. TN-67 duoc khwr
trung trong 15 phat bang Sodium hypochlorite
2.5% (Vv/v), rira lai 3 1an bang nudc cat, va dat
trong ti ¢ 37°C. Sau 3 ngay khi hat lta da nay
mam thi chuyén 15 hat sang dia petri méi véi 20
ml nudc cat, va dit trong téi & 26°C trong 3 ngay.
Khi ré cua cy lia 6 ngay tudi dat chiéu dai 3-4
cm thi dugc chuyén sang dia petri mai vai 20 ml
As®* 5uM (NaAsOz; Sigma, USA), va miu ddi
ching dugc chuyén sang dia petri véi 20 ml



18 N.T.T. Quynh et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 35, No. 3 (2019) 15-21

nudc cat. Sau 24h xur 1y, dau ré cay lta (khoang
1 cm) dugc cét va thu lai cho céc thi nghiém tiép
theo. Thi nghiém duoc tién hanh doc 1ap va lap
lai 3 lan.

Téch chiét RNA tong so va cDNA

100 mg mau ré lta (miu déi ching va mau
duoc gay nhiém véi 5 uM As®* trong 24 h) duoc
thu hoach. RNA tong sé duoc tach chiét bang kit
RNAeasy Plant Mini (QIAGEN, buc) theo
huéng dan caa nha cung cap. Nong do ARN téng
s6 duoc dinh lwong biang may NanodropND
2000 (Nanodrop Technologies, USA) véi do tinh
sach cao (OD260/280 and OD260/230 >2).

¢DNA duoc thuc hién tir 1 pg ARN tong sé
bang ImProm-Il Reverse Transcription System
(Promega, WI, USA) véi méi oligo (dT)is. Hon
hop phan Gmg duogc u ¢ 42°C trong 60 phut va
dugc st dung lam khudn cho phan tng PCR
khuéch dai cac gen nghién ctu.

Ky thugt microarray va phan tich sé liéu
microarray

Ré cay lua 6 ngay tudi duoc xu ly véi 5 uM
As® trong 24 h dugc thu hoach va tach chiét
RNA téng s6. Ky thuat microarray duoc thuc
hién tai phong thi nghiém ADN micrroaray,
Vién Sinh hoc - Taiwan vai chip ADN la Agilent
Rice Oligo microarray (44 K Agilent
Technologies, USA). Lai mau do microarray
dugc tién hanh 13p lai 3 lan theo hudng dan cua
nha cung cip. 0,8 pug cDNA tong sb duoc khuéeh
dai bang kit Fluorescent Linear Amplification
(Agilent Technologies, USA), trong d6 mau dbi
ching dugc danh dau véi Cy3-CTP, va mau thi
nghiém dugc danh dau voi Cy5-CTP (CyDye,
PerkinElmer, USA) trong 30 phat 60°C. Cac
mau nay duoc lai véi chip microarray Rice Oligo
DNA Microarray 44K RAP-DB
(G2519F#15241; Agilent Technologies, USA)
trong 17 gio véi nhiét d6 60°C. Sau do, chip
microarray dugc lam kho va dugc quét bang may
quét (Agilent Technologies, USA) & budc song
535 nm ddi véi Cy3 va bude song 625 nm dbi
vGi Cy5. Hinh anh dwoc quét va phan tich bang
phan mém xir Iy anh khai thac tinh ning 9.5.3

(Feature Extraction 9.5.3, Agilent Technologies,
USA).

S liéu dugc phan tich thong ké bang phan
mém GeneSpringGX11 (Agilent Technologies)
va Rank Products. Cac mo ta vé gen cua cay lua
dudi tac dong caa As dugc chi thich theo RAP-
DB (Rice Annotation Project Data Base:
http://rapdb.lab.nig.ac.jp) va theo TIGR Rice
Genome Annotation Resource: http://www.tigr.
org/tdb/e2kl/osal/index.shtml. Cac nhoém gen
dap ung véi As** duoc phan loai nhém chire ning
va c4c con duong trao ddi chat bang phan mém
EasyGO va Mapman.

Phan tich sé liéu

Cac s6 lidu dugc ghi nhan va xu ly bang phan
mém thong ké sinh hoc Minitab véi su sai khac
c6 y nghia (p-value <0.05).

3. Két qua va thao luin

Trong nghién ctu trude day cua chadng toi,
doc tinh cua As®* 1én sy sinh truéng cua cay lta
6 ngay tudi da duoc xac dinh véi cac nong do la
5,10, 15, 20, 25 va 50 pM. Két qua cho thiy tai
nong d6 5 UM As** chiéu dai cua ré cay Ita giam
gan 40% so voi cay dbi ching, va cay lua khong
phét trién duoc & ndng do tir 15 - 50 pM. Do do,
chung t6i di lva chon nong d6 cua As® 12 5 pM
cho céc nghién ciru sdu hon. Trong nghién ctu
nay nham xac dinh doc tinh cua As®* vai cay lda,
chlng t6i tién hanh danh gia su phat trién cua
than va ré cy lua bi xir Iy véi As®* & nong do 5
uM trong 24 gio. Két qua cho thay chiéu dai cua
than va ré cay lda bi xir ly véi As®* déu bi giam
dang ké (2,87 cm va 4,21 cm) so Véi ciy ddi
chting (3,64 cm va 4,88 cm) (Hinh 1). Hinh thai
cua than va ré cay lta cho thay khi bi gay nhiém
véi As® déu bi coi coc va phat trién kém thon so
V6i cay laa ddi chimng. Két qua nay chang to kha
ning gay doc cua As ddi vai cay lia. Nhiéu két
qua nghién ciru ciing cho thiy su phét trién cua
thuc vat bi suy giam hoic bj chét dui tac dong
cua As [7, 8].
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Hinh 1. Chiéu dai cuia than va ré cay lua dudi
tac dung cua As®* sau 24 gio.

Véi mong mudn hiéu rd co ché phan tir va
cac qua trinh trao ddi chét cua cay laa dap ng
vGi As®* trong 24 gio, ching t6i da tién hanh sir
dung k¥ thuat cDNA microarray 44 k va phan
tich hé gen biéu biéu hién cua cay lta dudi tac
dong cua As*. Két qua cho thiy mot sé luong
I6n cac gen thay d6i mirc do biéu hién (434 gen
biéu hién tang va 286 gen biéu hién giam) (Hinh
2). Két qua nghién ciu cia Huang va cs. ciing
cho thiy hé gen biéu hién cua cay lua dudi tac
dong cua As thay doi rat nhiéu [5].

endomembrane systern ~|E—— 7/

transferase activity, transferring.. ™ 8
sulfotransferase activity ™ 8

W Biéu hién ting

Biéu hi¢én giam

Hinh 2. S6 lugng cac gen diéu hoa ting va giam
¢ ré cay l0a bi anh huéng bai As®*.

_Két qua phan tich sé liéu microarray bing
phan mém EasyGO cho thay cac nhom gen c6
biéu hién giam thugc cac nhdm chirc nang phan
tor nhu hoat tinh sulfotransferase va hoat tinh
transferase; va cac nhom gen lién quan dén thanh
phan té bao (endomembrane system) chiém uu
thé hon ca (74 gen). Trong khi do, cac gen co
biéu hién tang thudc nhom gen lién quan dén qué
trinh sinh hoc nhu cac gen dap ung véi stress phi
sinh hoc (93 gen), va nhdm chic néng phan tir
gom nhiéu cac gen lién quan dén hoat tinh khu
doc As nhu: glutathione transferase (22 gen),
UDP-glycosyltransferase (23 gen), va Cytochrome
P450 (19); va hoat tinh xuc tac (200 gen) (Hinh 3).

catalytic activity 200
UDP-glycosyltransferase activity 23
oxygen binding 19
chitin binding ¢
glutathione transferase activity 22
defense response, incompatible.. b 13 L] Diéu hoa giam
secondary metabolic process 34 bicu hoa ting
jasmonic acid and ethylene-.. s 9
cellular catabolic process 28
response to heat 10
response to temperature stimulus 18

response to stress

52
50 100 150 200 250
S6 lwrgng gen

Hinh 3. Mtc do biéu hién diéu hoa ting va giam cua cac gen lién quan dén qué trinh sinh hoc.
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Két qua phan tich vé chiic ning ciia cac gen
ré cay lua dudi tac dung cua As bang phan mém
Mapman cho thay cac gen c6 biéu hién giam 1a
céc gen lién quan dén qua trinh trao doi thir cap.
Céc gen nay c¢0 vai tro quan trong trong qua trinh
sinh truéng va phét trién cua thuc vat, truc tiép
lién quan dén qué trinh sinh tong hop flavonoid
nhu phenylpropanoid va lignin [9, 10]. Két qua
nay co thé Iy giai su suy giam toc do phat trién
chiéu dai cua than va ré cay lua dudi tac dong
ciia As®* (nhu két qua da trinh bay ¢ Hinh 1).
Trong khi d6, phan 16n cac gen nhu Cytochrome
P450, Glutathione-S-transferase, UDP
Glycosyltransferase ¢ muc d6 biéu hién ting
(Hinh 4). Rét nhiéu cac bao cio d chi ra rang,
Glutathione-S-transferase (GST) cé vai tro quan
trong trong cac phan wrng oxy héa khir nhu khir
doc kim loai nang [7, 8]. Biéu nay duoc Iy giai
la ngay khi As hap thu vao thuc vat thi ham
luong GST sé& dugc san sinh ra thdng qua su tao
thanh phytochelatin (PCs) va dan dén su thay doi
nong do cac goc oxy hoa va cac enzyme chéng
oxy héa trong té bao thyc vat. Bén canh do, qua
trinh khir doc trong té bao thuc vat con co su
tham gia cta Cytochrome P450 monooxygenases
(CYPs) and UDP-glycosyltransferases (UTGS).
Marrs va cs. da chung minh GST la enzyme c6
kha ning xuc tac cho phan tng két hop cac doc
t6 v6i glutathione va chuyén nhimg hop chét nay
t61 khong bao thuc vat [3]. Do d6, ching toi co
thé khang dinh vai tro khir doc tir rat sém (24
gio) ctia CYPs, UGTs va GST khi té bao ré cay
I0a bi tac dong bai As®*. Két qua nay ciing théng
nhét véi nhiéu két qua nghién ciru khac di cong
bé trén thé gisi [5, 11, 12].

Két qua nay 1a nhimg co sé cho nhiing
nghién ctru sau hon trong viéc tim kiém céc gen
lién quan dén tinh chéng chiu As & cay lia. Tur
d6 hd trg cho céc nha khoa hoc trong céng tac
chon tao gidng lGa néi riéng va thuc vat noi
chung c6 kha ning chéng chiu dugc trong moi
truong 6 nhiém As, nham tao ra nguon lwong
thuc an toan va nang cao chét lugng cudc song.

/” ™~
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Hinh 4. Mtc d6 didu hoa cac gen lién quan dén hé
enzyme cua ré lta bi tac dong boi As®*
(mau dé va mau xanh thé hién twong img mire dg biéu
hi¢n tang va giam cua cac gen)

4. Két luan

Két qua cDNA microarray 44 k da chi ra mot
s6 lwong l6n cac gen thay dbi muc do biéu hién
cua ré cay lda khi xir Iy véi 5 uM As®*trong 24
gio (720 gen).

Ung dung phan mém EasyGO phan tich sé
licu microarray cho thay phan Ién cac gen diéu
hoa giam lién quan cha yéu dén thanh phan té
bao (74 gen). Cac gen diéu hoa ting lién quan
dén qua trinh sinh hoc dap ung voi stress moi
truong (93 gen), lién quan dén hoat tinh xdc tac
(200 gen) va cac gen lién quan dén khir doc As
(64 gen) nhu Glutathione tranferase, UDP-
glycosyltransferase va Cytochrome P450.

Két qua phan tich s liéu microarray bang
phan mém Mapman ciing khiang dinh tinh chinh
xac ciing nhu nghién ciru sdu hon vé chirc ning
ctia cac nhom gen lién quan dén tinh chdng chiu
As cua cay lua.

Loi cam on

Chdng t6i xin chan thanh cam on Phong thi
nghiém Sinh hoc phén tir thuc vat thuoc Khoa
Khoa hoc sy song, treong Pai hoc Quoc gia
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Cheng Kung, Taiwan; va Phong thi nghiém Sinh

hoc

- Truong Dai hoc Gido duc Ha noi da tao

diéu kién co s VAt chat, trang thiét bi dé hoan
thanh két qua nghién cau nay.
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