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TOM TAT

Tbng sb 6 gen ma héa cho cac dehydrin (DHN) da dwoc tim thay trong hé gen cla cay quyt dwong (Citrus
clementina). Nghién ctru nay hwdng téi xac dinh cac dac trwng li-hoa, cAu triic va su biéu hién clia cac DHN & loai cay
nay nhd cac phuong phap in silico. Ca 6 DHN déu c6 tinh wa nwéc cao. Chi sd béo cao clia ching goi y cac DHN clia
cay quyt duwdng thudc nhdm cac protein n dinh véi nhiét do cao. Hai gen CcIDHN1 va CclDHNG c6 ving méa héa lién
tuc trong khi bdn gen con lai cd ving mé hoa khdng lién tuc, mét vung khéng ma hdéa ngan cach hai viung ma hoéa tai
viing phan manh S. Tir 3 t&i 6 cAu tric xodn a lwdng cuwc dwoc xac dinh trong cAu tric khéng gian clia ching. Bén
canh do, cac serin c6 kha nang phosphoryl héa ciing dwoc xac dinh trong vung phan manh S. Chi cé hai gen CcIDHN1
va CcIDHN2 bidu hién & nhiéu loai mé khac nhau duéi cac didu kién khac nhau clia mai truong.

Tt khéa: Bidu hién gen, cu tric gen, Dehydrin (DHN), dac trwng cla gen, in silico.

Characterisation and Expression Survey of Dehydrin Gene Family
in Clementine (Citrus clementina)

ABSTRACT

A total of six dehydrin (DHN) genes have been found in the whole genome of Clementine (Citrus clementina).
This work aimed to study the characteristics and structure of DHN in this species. All of six DHN proteins were highly
hydrophilic. Their high aliphatic index suggested that clementine DHN might be thermostable proteins. Only two KS-
type genes, CcIDHN1 and CclDHNG, had no intron. Therefore, four others were discontinuous coding genes with an
intron which separates two exons within the S fragment. The predicted 3D modeling structure showed many
amphipathic a-helices in the secondary structure of DHN proteins. In addition, the serine phosphorylation sites also
were predicted in the S fragment region. Two clementine DHN genes, CcIDHN1 and CcIDHNZ2, expressed in many
different tissues under various environmental conditions .

Keywords: Dehydrin (DHN), gene expression, gene structure, gene charaterisation, in silico.

1. DAT VAN DE

Dehydrin (DHN) ma hoéa cac protein dugc
xép vao nhém II cha ho Late Embryogenesis
Abundant protein (LEA) (Close, 1996). Céac
protein nay déng vai tro rdt quan trong trong
viéc bao vé t& bao trudc qua trinh mat nudc
(Rorat, 2006; Hanin et al., 2011).

Khéi Iugng phan ti cia cac DHN bién d6i
trong mot pham vi rong trong khoang 9-200kD.
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Cac DHN dugc xac dinh déu c6 ai luc cao véi
nude, tinh chit nay giip ching giti duge nuéde
ngay ca trong diéu kién t& bao mat nudc manh.
Phan manh K, dic trung cho cac DHN, c6 kha
niang tao thanh ciu tric xodn ludng cuc, ciu
trdc nay git vai tro quan trong trong sy tuong
tac cuia DHN v6i cdc mang va cac protein
(Rorat, 2006; Hanin et al., 2011). Bén canh d¢,
phan manh S, c6 mit 6 cac DHN thudc phan
nhém KnS, YnSKn va SKn, cé chita cac axit



amin serine c¢6 kha ning bi phosphoryl héa. Su
phosphoryl héa nay 14 mot co ché quan trong
trong qua trinh diéu hoa su gén véi co chat ciing
nhu gin v6i mang ciia cac DHN (Hanin et al.,
2011; Yang et al., 2012).

Da c6 kha nhiéu nghién cttu duge thuc hién
dé kham pha c&u trdic va chiic ning cla céc
DHN & cac thuc vat than cé kiéu mAu nhu
Arabidopsis (Hundertmark and Hincha, 2008),
cay lia (Wang et al., 2007). Tuy nhién, cau tric
va dic diém cta DHN cta cay than gd méi chi
duge bao cao gan day 6 cdy nho (Yang et al.,
2012) va cay duong (Liu et al., 2012), nhiing cay
¢6 14 rung vao mua déng. Trong nghién ctiu nay,
ching to61 huéng t6i xac dinh c4u tric va cac dic
trung vat 1y va héa hoc cia cac DHN 4 cay quyt
duong. Pong thoi, su biéu hién cta cac gen
trong ho nay ciing budc dau duge khao sat.

2. PHUONG PHAP NGHIEN CcUU

2.1. Cac dac diém hoéa - li

Cac dic diém vat 1li, héa hoc cua cac
gen/protein nghién ctiu duge khao sat nho cac
cong cu cua ExPASy (Expert Protein Analysis
System (Gasteiger et al., 2005)).

2.2. CAu truc khong gian

C4u tric exon/intron duge x4y dung nhd
cong cu GSDS 1.0 (Guo et al., 2007).

C4u tric khong gian cua phan tu protein
duge x4y dung nhé Phyre2 (Kelley and
Sternberg, 2009).

Cao Phi Béng

2.3. Du doan cac vi tri phosphoryl héa

Du doan céac vi tri phosphoryl héa cua céc
protein bang phan mém Musite phién ban truc
tuyén (Gao et al., 2010).

2.4. Khao sat sy biéu hién gen

Su biéu hién cta cac gen dudc khao sat
bing cach dém s6 lugng EST trong cac co s6 dit
lidu ton tai trén trang web NCBI (taxid:85681)
nha chuong trinh TBLASTN.

3. KET QUA VA THAO LUAN

3.1. Pic diém cua cac dehydrin cta cay
quyt ducng

Cac DHN cua cay quyt duong c6 c6 do dai
ta 297 t61 1259 nucleotit. Kich thuée trinh tu
protein suy dién c6 kich thuéc ti 98 t6i 234 axit
amin, tuong tng véi khoi lugng phan ti ti 11,1
kD t61 26,7 kD, trong d6, CcIDHN6 c6 kich
thuéc nhé nhat (297 nucleotit, 98 amino acid),
CcIDHN5 c¢6 trinh ty gen dai nhat (1259
nucleotit) nhung CcIDHN2 c6 chiéu dai trinh tu
protein suy dién 16n nhat (234 amino acid). Cac
CcIDHN c6 diém d:zmg dién (pI) dao dong tu 5,44
téi 9,40 (Bang 1). Trong d6, bon DHN cé tinh
axit yéu (CclDHN1, CclDHN2, CclDHN4 va
CclDHN5), CcIDHN6 trung tinh, riéng
CcIDHNS c¢6 tinh kiém manh. C4 sau CcIDHN
déu c6 tinh ua nuéc cao véi cac gia tri GRAVY
nam trong pham vi tit -1,042 t6i -1,857, trong
d6 CcIDHNG c6 d6 ua nuée cao nhat. Cac chi s6
béo ctia cac DHN 6 cay quyt duong kha cao,

Bang 1. Dic diém cta cac dehydrin & cay quyt duong

A e . . Khéi lwvgng
Phan ~ Chieudai  Kichthuoc — Tp o v, Chisé  S6 Vi tri khu trd
Gen nhom gen/doan protein suy rotein su pl GRAVY béo intron i 16 b
ma héa dién(aa) P phr (kD)y dudi té bao
CcIDHN1 KS 408/408 135 14,8 6,57 -1587 43,26 0 Té bao chét
CcIDHN2  SKn 834/705 234 26,7 562 -1626 47,52 1 Té bao chét
CcIDHN3  YnSKn 646/474 158 16,6 940  -1,141 36,46 1 Nhan/Té bao chét
CclDHN4  SKn 623/543 180 20,1 543  -1,382 50,56 1 Nhan
CclDHN5  YnSKn  1259/624 208 22,0 6,15  -1,042 49,37 1 Nhan
CcIDHN6 KS 297/297 98 11,1 726  -1857 37,76 0 Nhan
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trong khoang tit 36,46 téi 50,56. Chi s6 nay dai
dién cho thé tich tuong d6i bi chiém béi cac axit
amin c¢6 chudi bén béo nhu alanine, valine,
leucine va isoleucine. Chi s6 nay thuong cao &
cac protein bén nhiét hon so véi cac protein
thuong. Céac két qua vé
CclDHN nay phu hop véi cac DHN cua cay
duong da dugc bao cao (Rorat, 2006; Hanin et
al., 2011; Liu et al., 2012).

Cac DHN cuta ciy quyt dudng cé thé khu
trd trong té& bao chit (CcIDHN1 va CclDHNZ2)
hoic trong nhan t& bao (CclDHN4, CcIDHN5 va
CcIDHNGS). Riéng CcIDHNS c6 thé khu trd hodc
trong t& bao chat hoic trong nhan té& bao.

u =R P
dac diém cua cac

3.2. Ciu truc cua cac dehydrin cta cay
quyt ducng

Xét vé cau tric exon/intron (trinh tu ma
hoéa/khéng ma héa), chi hai gen CcIDHNI1 va

. ]

CcIDHNG6 khéng c6 intron trong khi bon DHN
con lai ¢6 mot intron (CcIDHNZ2, CclDHNS,
CcIDHN4 va CclDHNS5). Cac intron ctua ca boén
gen nay déu nidm bén trong ving phan manh S
va chia cét hai exon ctia gen. Pic diém nay ciing
gip 0 cac DHN ctia cay nho (Yang et al., 2012).
C4u tric khong gian cua cac protein DHN
cua cdy Quyt duong dudc xiay dung nhd phan
mém Phyr2 phién ban truc tuyén (Hinh 2). Két
qua cho thay, cac DHN cua ciy quyt duong déu
c6 cac ciu tric xodn o ludng cuc, ciu tric rit
phd bién & cac DHN cua cac loai khac (Rorat,
2006; Hanin et al., 2011). Nho cac cdu tric xodn
a ludng cuc, cac DHN c6 kha néng tuong tac véi
cac phan tu protein khic hay cic mang sinh
hoc, tit d6 thé hién dudc chiic ning bao vé cua
ching (Rorat, 2006; Hanin et al., 2011). Trong
d6, CcIDHN4 (Hinh 2D) c6 sau cau trdc xoin a,
CcIDHN1 (Hinh 2A) va CcIDHNZ2 (Hinh 2B)

s ____________________________

COIOFE .
ol e
Criived |
|
L — Tra= GLT TrE Fraw e 1=l
AP prap—

Hinh 1. Ciu trac exon/intron cua cac dehydrin & ciy quyt dudng

(C)

Hinh 2. M6 hinh 3D c4u tric bac hai cia cac dehydrin ctia cAy quyt dudng
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¢6 nam cau tric xodn o, CcIDHNS (Hinh 2C) va
CclDHNG6 (Hinh 2F) c6 bén c&u truc xoén o, chi
riéng CcIDHN5 (Hinh 2E) ¢6 ba c&u tric xoén o.
C4u trdc bac hai cua cac DHN cua ciy quyt
dudng tuong déng véi cac DHN cua nhiéu loai
thuc vat khac da dugc bao cao (Rorat, 2006)

3.3. Cac vi tri phosphoryl hoa

Cac vi tri phosphoryl héa déu duge tim thay
trong phan ti cac protein DHN cua ciy quyt
duong (Hinh 3). Két qua phan tich vi tri
phosphoryl héa gdi ¥ ring qua trinh phosphoryl
héa cac DHN nay dién ra trén mot s6 axit amin

ColDHML MS-===========—————m -
CElDHME MS——---=—==m—m——mmmm oo
CelDHHZ MAEETKK-——----——-—--————--
CElDHM4 MADH-———————————————o——me oo

Cao Phi Bang

serine nam trong ving phan manh S. Két qua
nay phu hgp véi nhiéu két qua nghién ctu khac
vé su phosphoryl héa cac dehydrin, mdt co ché&
quan trong d6i v6i su gén co chét hay diéu hoa
lién k&t mang 6 cac DHN khac da duge ching
minh & cdy Arabidopsis va cay lda my (Hanin et
al., 2011; Yang et al., 2012).

3.4. Khao sat su biéu hién gen

Ching t6i nhan thay c6 2 trong téng s6 6
gen CcIDHN biéu hién trong mot s mé & cAy
quyt ducng, véi s6 EST dude tim thay ti 3 cho
t61 34 tuy thudc vao tung gen va moé (Hinh 4).

CelDHN3 MAHFQNQYGAVQKTSGYEDPNRQjﬁ;YGHvaKSTﬂEYGHPﬁHHTG ——————————————

CclDHNS MADLE-----—-—- IpERGNEIAL VO LTIDEYGNEMHLTGVATTKTTTATTTTH
* .

CELDHNL —— -~ — — - - - o

CelDHNE ———————————— e e

CclDHNZ2 ————————— DRGMLDFLGKKEEEKPOH-—— —-HDOGVIATEFEKVHVS- EPQPKVEEHRKE

CelDHN4 ————---—- GCEMEFDFLEKNKNEEKS)-—-——— DAAMVDVE-————————— e mmemmeee

CelDHN3 - -——-—————-— GGGFD-————-———— STGY--—-GAAPAAGTGIGGGHHG— ————————————

CelDHNS EPAPAATQVDGGGLTGGRGVHAGAPTGIETAGGAAVAATGAGGVHEHKELKQELEEERKR

CElDHN1 —-—--====——m—mmmmmmmmm e
COlDHME —————--——————————————————-=

CclDHN2 EKEEEKKPGFLDEKLHRSTSSS55555D)

CclDHN4 --TKEEKPAFVENLQQAHSNSSSSSE
CclDHN3 —-—-—------ HGLHRSGS5555555
CclDHNS EVEAE------ GEIQRS-55A55555

ED----DGQGGRE--

CclDHN1 KEE-DKHKGEHHSGDHHTTDVHHQQOYHGGEHKEGLVDKIKQQIPGVGTTDVHHQ-QQHH

CclDHN6 K-E-DEHEGEHHSGDQHTTDVHHQQOQYH

CeclDHN2 KEE-DTTVEVEKLDDVHAF--HHQEEAH-F mGFMIKEKLPG;}QKH FPEDHQWVESFEA

CelDHN4 KEE-NA---VEKNDEIAS----- AEATH-L
CclDHN3 KDERSSSAAMATTTPSGYSV--TGEGOMR
CelDHNS KDEHPQTTGFSAATTTSTT--TTATQHH

L -

CclDHN1
CclDHNG
CclDHNZ
CelDHN4
CclDHN3
CelDHNS

CclDHN1 5555050
CclDHN6 S555DSD
CclDHN2 —-—-—----
CclDHN4 —-—----
CclDHN3 -------
CclDHNS —-—----

GFLEKIEDELPGUHEKAEE-~---GAA

KEGHHRKEGLVDKIKQKIFGYGGGEGARHGEEKKKKKERKRKHEDGHE
REGEHHEEGLVDEIKQKIPGA - —-RRRHGEEKKKKKE-KKKHEDGRES

Hinh 3. Cac vi tri phosphoryl héa & cac dehydrin cua ciy quyt dudng

Ghi chi: Cac motif bao thu dic trung cua dehydrin duge déng khung, t6 nén xam, cac vi tri phosphoryl héa dugc gach chan
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S8 lugng
EST
40

30

o 7

CclDHN1 CclDHNZ2

mlL3 »Hoa =Qua OHon hdp

CclDHN3

CclDHN4 CclDHNS CclDHNG

Hinh 4. Két qua khao sat su biéu hién gen cta cac dehydrin ctia cay quyt duong

Bon gen CcIDHNS3, CcIDHN4, CcIDHNS5 va
CcIDHNG6 khéng biéu hién trong cac mé va diéu
kién thi nghiém ma t& d6 cac EST dugc phan
tich. Gitia hai gen CcIDHNI va CcIDHNZ2, gen
th@ nhat biéu hién manh hon ¢ mé 14 nhung
biéu hién yéu hon ¢ mé hoa va qua so véi gen
tht hai. Két qua tuong tu cling dugc quan sat
trong truong hop hén hgp ctia nhiéu mo6 khac
nhau trong cdy. Cac két qua nghién ctiu vé su
biéu hién cac gen DHN cua cdy quyt duong
tuong dong vé6i su biéu hién ctia nhiéu gen DHN
cla céc loai thuc vat khac da duge bio cdo nhu &
cay dai mach, cay thudc 14 va ciy ca chua (Rorat
et al., 2004; Rorat, 2006).

4. KET LUAN

Trong cong trinh nay ching t61 da xac dinh
cac d#ic trung cua sau gen DHN § cay quyt
dudng. Cac DHN nay c6 kich thude phan ti nho,
khu trd trong nhan hoéc t& bao chat. T4t ca cac
DHN cua ciy quyt dudng c6 ai luc nuéec manh.
Hai DHN phan nhém KS (CcIDHN1 va
CclDHNG6) khong c6 intron trong khi bén DHN
con lai ¢6 mot intron nidm trong ving méa hoéa
phan manh S. T4t ca 6 DHN nghién ciiu déu co
cac cdu tric xodn o ludng cuc gitp ching gin
dugc v6i cac protein khac hoéc véi cac mang
sinh hoc @& thuc hién chiic ning bao vé. Nhiéu
vi tri phosphoryl héa dugc tim thay tai cac axit
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amin serin trong ving phan manh S cua cac
DHN cua ciy quyt duong. Chi hai CcIDHN1 va
CcIDHN2 biéu hién manh trong cac mé 14 va mo
hoa, qua ctia cdy quyt duong. Khong phat hién
dudc su hién dién cua ciac EST tuong ting véi
bon DHN con lai trong cAc mé trén trong diéu
kién thi nghiém. Nhiing két qua nay c6 y nghia
quan trong, cung cap cac thong tin vé dic trung
va su biéu hién ctia mot ho gen tham gia vao su
bao vé té& bao cua cay quyt dudng.

LOI CAM ON

Cong trinh nay dudc hoan thanh véi su hd
trg kinh phi tu chuong trinh nghién ctu khoa
hoc c¢d ban cua Truong Dai hoc Hung Vuong.
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