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0, HbCBFI 2,
ICE HbICE? PCR PR107
8 -79

1.1 8 =79  PR107 2010
1 . RNAprep Pure RNA DNase | ;
RevertAidTM First Strand ¢cDNA Synthesis Kit Ferments ; DNA
OMEGA ; Pyrobest TM DNA Polymerase PCR SYBR Premix Ex Tag II ( TliRNaseH
Plus) ; pPEASY Blunt Simple Cloning Kit ;
X DNA Invitrogen o
8-79 PRI107 10 I m
2m ( ) ( ~
)2 o o 10
4 RNA o N N N RNA
HbICE2 o
1.2 RNA cDNA RNA RNAprep Pure
RNA o Dnase [ RNA DNA ¢DNA 1
Ferments o
1.3 HbLICE2 cDNA 1 ICE  Unigene
ICE NCBI 1 o
D ICE2F: 5 TTCTCTTTATCTCACCCTTTTCTCA 35 ICE2-R: 5 AGT-
TCCAAGTTCTGCAA GACCG 3% RT-PCR cDNA . cDNA
1 pg RNA 20 pL cDNA 1 5 PCR o cD-
NA : Pyrobest DNA Polymerase(5 U ¢ wl.™') 0.25 pL 10 x Pyrobest Buffer 11 5pl. dNTP Mixture (2.5
mmol * L.™') 4 pL ICE2-F( 10 pmol » L.7") 2.5 pL ICE2-R( 10 umol * L") 2.5 wl. ¢cDNA I
50 wL. 195 C 3 min;95 C30s 60 C30s72°C2mn 32 ;72 C 10
min. 0.2% PCR pEASY-Blunt Simple Cloning
Vector Invitrogen o BLAST GenBank o
1.4 DNAMAN HbICE?2 c¢DNA NCBI
ORF Finder ( ORF) o NCBI
ICE MEGA 5.1 neighbour—joining( NJ) 1 000  bootstrap
HbICE2 ICE o ScanProsite
; SOPMA SECONDARY STRUCTURE PREDICTION METHOD
2 : KinasePhos 2.0 - PSORT
: NLStradamus : MEME motifs;
HbICE?2 GSDS o
1.5 PCR BioRad CFX PCR
o 1 pg RNA ¢cDNA 1 10 PCR o
20 plL 2 uL 10 wL 2 x SYBR Premix 10 pmol * L™ 0.6 wL(
0.3 wmol « L") : qPCRHCE2¥: 5" CGATCTTCCCTTTCCAACTACCT 3°; gPCRHCE2R:
5°CAAAAATAGCGTATTCCCTGAGC 37, PCR 195 C 305,95 C 10s 60 C 20 s 72 C 20
s 40 - 40 0 CFX manager 3.0 Cq
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HbActin7a 2hAt
1.6 T-est (P<0.05
; P <0.01 ) o
2
2.1 HbICE2 cDNA RTPCR HbICE?2
c¢DNA 1 677 bp 1 593 bp 68 bp 57 16 bp 3°
530 ( 1)
H T RAC AR OO OO OO I O g R
&2 ATGCTATCTGGACTAAATGOCACTOICTGRATOGAAGATA A ACGAAGCACGAGACTCCAAL
3 M L 8¢ 1L W T ¥ WM E P K E A B I §8 N
128 ACAMACAACAACKTTAACARTAGUIGTOTTOTEATOGAGAGCAACGCA AGAGATGGETTON
2% THNHN N I H N & V¥ Vv M E 8 K @ E M & 8
189 ATTICTAACTTCAAATCCATGOTOGATGTAGAAGACGACTEGTACGTCACTAATACTACT
4% I 8 H F K3$ M L B ¥V E DD WY ¥VT W T 7
2y ATCCATAATCATCATGATACTATCAGAGACATOA CATTITICACCAAATCTIGUTGAGCOCA
63 I B ¥ HHE P TI R P I T F & P W I & FE ¥
05 GATAKTCTCTITOCTICACTCTGTGEATTCCTCCTOTTOTTECTCACCAACCTCOTOTGTT
21 P ¥ L F L H ¥ ¥ D 5 2% % % © 5 FT &8 58 ¥
365 TICAATAATCTAGACCCTICTCACGTOCACTACTTTATSCACTCGAAGCCTACCTTIATST
1 F N N L B P 8 H ¥ H Y F M H 8 K P T L §
428 TOGCPCCTEAACGT TG TCTC TAACAACCCTTTAGAGCATGGOTTIOATTTGRGOGAAATT
121 § L LN VvV W 8 H W P E B2 o F D L &G B 1
485 GGGTIOCTIGAGAACCAGGOAACTOOTCCTACAAQAACAACAAACOOOTOGOCTTIGCTA
141 ¢ F L E WM ¢ A T A BT T T T W A 58 F L L
545 AACAGCGOCAGCTGGCGTCTTAGOCAGCTACATTGATITIAGUTCGAATAATCAAATTAGS
161 R G A G ¥ L 4G &5 Y I ODDF S OB H N g I F
0% AT TAAT T TATG OO ATC T IO T T TR A ACTACCTACATGOTOOA KATTA QUG AL
181 iSNLQ“DLE’BPETX"MLQL@E
H65 ASTGOTCCAGGCTTAACACGSATTIACOORTICTG ATGAGACGUTCACOGAATACOUTATTT
20% ¥ & P G L YT G F R G 2 D OE B2 58 & N T L OF
TReE TIRAATAZOTOCAAGTIOTTGAGOCCTOTTIREAACCTTTOUTTCAATGITHCATAGOIT
223 L ¥ R $§ K L L B P L E T F P 58 M G A O F
TR ACTITHTTTCAAAAGAGAGUAGCTTTIGAGGEAGAATT TG GEGGATTTIEA BT GGRTTO AL
241 T L F @ K R A A L B K W 1. & I L & G I E
B4% ETTGATA A AGGAAAGAGAGHE ATTGA CTOAGFTIVHGFUAL AGAGA BTG ASAG ARG BGAL AL
261 I K & K R E L T @ L & K E W B B K R E
G5 ATGGOTAACHTGGATGACATTG %J“ﬁwﬁuﬁwﬁﬂmfﬁﬁﬂﬁ CATTGATGGETOGGETTTAARTTAT
28% M G M Y D DL IOV OE DOV oS I ODOG O8O G L MY
969 GATTCTGATGAGTTAACGGAGAATACTA AL ATGHAGCGAGATTGGTAAAAATGGAGGGALT
201 D5 P E L T E N T K M E E I G E M G G MW
1029 AGCTCAAATGCAAATA GCAGTGTCACTGG UGG TGO TETTGB GCOTCAGAAGGGAAAGAAG
321 2 &5 W A N 5 5 ¥V T G U G ¥ 3 X & K K
s ALGGOGUTTOOTGUTAAGAKTTTGATGROAGAAAGRAGGOI DG AL GAAGUTOALIGET
341 K & L P & K H L M & E B B R R K K L H D
1145 GO TATACATGCTAAGETUTG TAGTTCCAAAGATAAGCALGATGGATAGGGUATCAATC
361 R L ¥ M L R 53 ¥V ¥ ¥ K I 5 ¥ M D R & 5 1
208 CITGGGGATGCAATTCAGTACTTGAAGGAACTIVIGOA A BGGATCAACGACITOOLTALT
1 L & I & 1 E Y L K EBE L L o B I W D L EBE H
HE GAATTGGAGTCAACTOUTRCAGGURITTOTT TGACTOUTACAAGTTTTCACCOTTTGACA
40 E L E &8 ¢ B P G 5 5 L T P T &8 F H P L T
fa2e COCACTOCATOAACQUTGTOCAGTOGTATOA ACGGATAL ACTOTGOULCRGQOCKTTROCA.
42% YT P & T L & &8 R T K P E L @ P 8 P L P
1389 AGTCCAAKTGGTCALACCAGUAAGIGTTGAA GTAAGAGTGAGAGAAGTAAGAGUTHTAALC
441 8 B N OO G P A R W OE ¥ R V¥V R E G R A WV ONW
1445 TICACATGTTITTOTCGOCOCAGACCTGG TOTOCTGCTO TCOACCATRAGOGOCT TGO AT
461 I H M F ¢ 6 R R P & L L L 5 T M R A L D
305 AACCTIGUCATAGATATCGAGCAAGUTGTCATCAGTTITTICAATSGTTT TGOCATGGAT
481 N L 6 I D1 E Q 4 v I 8 C F N G F A M D
1569 ATCTTOCAAGCTGAGCAAAARGGHECAGGACTTGLATCOTGAGCAANTTAGAGUAGTACTC
541 I F ¢ A BE ¢ K & @ D % H P E @ I R A& ¥V L
1629 CTGHATTCAGLAGGCTTCCATIGAANTG AT&T#-.Q&QW g agaart)
521 . b 8§ A G F H G M 1 =
1 HbICE2
Fig.1 Nucleotide and deduced amino acid sequences of HbICE2
2.2 HbICE2 HbICE2 58.02 KDa
5.95. 2 29.43% o - +19. 06%
A1.7% B - 39.81% o A —
bHLH B -
/ 276 Glu ( —3.444) ; 122
Leu (1.556) o
o o 98%
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30% 10% o
93 55 . 32 . 6
2.2 HbLICE?2 ( Jatropha curcas) JcICEL( NP _
001306859) . ( Ricinus communis) RelCEL( XP_002511101) . ( Populus trichocarpa) PHCEL( XP_

002318166) . ( Populus suaveolens) PsICE2 ( ADK91821) . ( Oryza sativa) OsMYC2 ( XP_015614012)
83.98% 82.15% 76.73% 76.36% 13.49% . - -

( bHLH) 19 KMDRASILGDAI( D/E) YLKELL ( 2) o

HbICE2

HbICE2 ( Jatropha curcas) JcICE1( NP_001306859) ( 3A) . HbICE2

motifs " motif 5 N motif9 S motifl motif7

bHLH motif7 KGKKKGLPAKNLMAERRRRKK motifl

VALY ( 3B 2) ( 30,
HbICE2 5 3 SCVVMES . F T . 5 72
JcTCE1 . - P SCSTIICS. ANJ. . T< . 74
PsICE2 TNTAAG. ... 86
PLICELl TNTARG. 86
RCTCEL . 9
OsMYC2 4
HbICE2 G. . 154
JCICEL G 157
PsTCE2 S i 168
PtICELl S. 168
RcICELl G. N, 162
OsMYC2 2 T SARARAR SWEFHHDAASA|MER WIACABEPMOCMKCSESAACT SVSKFEPPPEH G*STI.ENP 374

S
HbTCE2 e 15 3N .. 239
JCICEL . .. 242
PSICE2 G .. 256
PLTICE1 .. 256
RCICEL 3 NA a Hﬁ 247
OsMYC2 k; ) CCSS®ACQGFER ~FASNG AAFI KPE TT BN CSSSHYRNPSPAPIRARINAST TTIRP 464
HbICE2 LTQLG . G S 321
JcICELl 5. SQMG. . G 331
PsICE2 g ITQIS. S. g G 335
PtICE1 MTQTS . G 335
RcICELl LTLMG. G 337
0sMYC2 ; 554
HbICE2 411
JcICE1 420
PSICE2 424
PLICEL 424
RcICE1 427
0sMYC2 644
HbICE2 500
JCICEL 510
PsSTICE2 514
PtICElL 514
RcICEL ), 517
OsMYC2 . t A . NHPAART TP ) < 722
HbTCE2 530
JCICEL 542
PsICE2 546
PtICE1 546
RCICEL .. 549
0sMYC2 QVAVEMA. .SRVYSC 754
2  HbICE2 ICEs
| 1 S bHLH A NLS *
KMDRASILGDAI( D/E) YLKELL [ ] 7P o ReICE1( XP_002511101) ; JcICEL ( NP_001306859) ; PtICElL

( XP_002318166) ; PsICE2 ( ADK91821) ; OsMYC( XP_015614012)
Fig. 2 Blast analysis of the deduced amino acid sequences of HbICE2 against the ICEs from other plants
Box I indicates putative acidic domain; Box II the serine—rich region; the underlined bHLH domain; A the nuclear localization

sequence ( NLS) ; * the specific highly conserved amino acid motif ( KMDRASILGDAI( D/E) YLKELL) ; @ the zipper region
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( BAT14228) ; OsICE2( BAG95628) ; TalCE41( ACB69501) ; TalCE87( ACB69502) ; OsMYC( XP_015614012) ; B: HbICE2

motifs . C: HbICE2

Fig.3  Bioinformatic analysis of HbICE2

A: Phylogenetic relationship between HbICE2 and other plant ICEs; B: Motif analysis of HbICE2 protein; C: Structural fea—

tures of the HHICE2 gene
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Fig.5 Differential expression of HbICE?2 in the bark tissues of rubber tree clones PR107 and Reyan8-79
A: Cold injury of the regenerated bark of rubber clone Reyan8-79; B: Analysis of HbICE2 expression

3
. ICEs ICE-CBF/DREB1-COR o7
AtICEl  AtICE2 $10
HbICEI *  HbCBFI *' HbMT2a ® HbMAPK ** . ICE-CBF/DREB
. HbICE1
0, HbCBF1
o HbICE2  HbBICEI ( Jatropha curcas 1..) JelCEl
86.3% 83.98% . ICE-CBF/DREB
7 HbICE2 HbICEI  JcICEl o 8-79
PR107 > . HbICE2
8 -79 PR107 8 -79.
HbICE2 - HbICE2 93
HbICE2 .
E3 HOSI ( high osmotic expression) ICE1 ICE1 0 E3 SUMO
SIZ1( SAP and Mizl) ICE1 SUMO HOS1  ICEIl ICEI
wow SUMO SUMO
* . OSTI ICE1 278 Ser HOS1 ICEl ICE1
o HbMAPK1 / o
93 -114 501
*, HbMAPK1 HbICE o

1 Nakamura J Yuasa T Huong TT et al. Rice homologs of inducer of CBF expression ( OsICE) are involved in cold acclima—
tion J . Plant Biotechnology 2011 28( 3):303 -309.

2 Viswanathan C Jianhua Z Jiankang Z. Cold stress regulation of gene expression in plant J . Trends in Plant Science
2007 12( 10) : 444 -451.

3 Gonzdilez-Aguilar G A Fortiz ] Cruz R et al. Methyl jasmonate reduces chilling injury and maintains postharvest quality of
mango fruit J . Journal of Agricultural and Food Chemistry 2000 48(2): 515 -519.

4 NiuY Figueroa P Browse J. Characterization of JAZ interacting bHLH transcription factors that regulate jasmonate responses



2 : HbICE2 139

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25
26

27

28

in Arabidopsis ] . Journal Experimental Botany 2011 62(6): 2143 —2154.
Miura K Furumoto T. Cold signaling and cold response in plants J . International Journal of Molecular Sciences 2013 14
(3): 5312 -5337.
Hu Y Jiang L. Wang I et al. Jasmonate regulates the inducer of cbf expression-crepeat binding factor/dre binding factorl
cascade and freezing tolerance in Arabidopsis J . Plant Cell 2013 25(8): 2907 —2924.
Shi YT Ding Y L Yang S H. Cold Signal Transduction and its Interplay with phytohormones during cold acclimation J .
Plant and Cell Physiology 2014 56(1): 7 -15.
Chinnusamy V. Ohta M Kanrar S et al. ICE1: a regulator of cold-induced transcriptome and freezing tolerance in Arabidopsis
J . Genes and Development 2003 17(8): 1043 - 1054.
Doherty C'J Van Buskirk H A Myers S ] et al. Roles for Arabidopsis CAMTA transcription factors in cold regulated gene ex—
pression and freezing tolerance J . Plant Cell 2009 21(3): 972 -984.
Fursova O V. Pogorelko G V. Tarasov V A. Identification of ICE2 a gene involved in cold acclimation which determines
freezing tolerance in Arabidopsis thaliana J . Gene 2009 429(1/2): 98 —103.
Daniel G Z Jonathan TV Daniel C. Cold induction of Arabidopsis CBF genes involves multiple ICE( Inducer of CBF Expres—
sion) promoter elements and a cold-regulatory circuit that is desensitized by low temperature J . Plant Physiology 2003
133(2) :910 -918.
KimYS LeeM Lee]J H etal. The unified ICE-CBF pathway provides a transcriptional feedback control of freezing toler—
ance during cold acclimation in Arabidopsis ] . Plant Molecular Biology 2015 89(1/2) :187 -201.
Lee H G Seo P J. The MYB96-HHP module integrates cold and abscisic acid signaling to activate the CBF-COR pathway in
Arabidopsis ] . Plant Journal 2015 82(6):962 -77.
YuXH Juan J X Gao Z L et al. Cloning transformation of inducer of chf expressionl ( ICEI) in tomato J . Genetics
Molecular Research 2015 14(4):13131 -13143.
Liu LY Duan L S Zhang J C et al. Cucumber ( Cucumis sativus L. ) over-expressing cold-induced transcriptome regulator
ICE1 exhibits changed morphological characters and enhances chilling tolerance J . Scientia Horticulturae 2010 124(1):
29 -33.
Dong C L Zhang Z Ren ] et al. Stress—responsive genelCEI from Vitis amurensis increases cold tolerance in tobacco ] .

Plant Physiology and Biochemistry 2013 71(2):212 -217.

Wang H Zou Z Wang S et al. Global analysis of transcriptome responses and gene expression profiles to cold stress of Jat—
ropha curcas 1. '] . PLoS One 2013 8(12):e82817.
. 2009 J . 2010 33(3):16-22.
] 2013 29(25):1-5.

Deng X M Wang ] X Li Y etal. Characterization of a cold responsive HbICEI gene from rubber trees J . Trees 2017
31(1):137 - 147.
Cheng H Cai HB FuHT etal. Functional characterization of Hevea brasiliensis CRT/DRE binding factor 1 gene revealed
regulation potential in the CBF pathway of tropical perennial tree J . PLoS One 2015 10(9) :e0137634.
Peng PH Lin CH Tsai HW et al. Cold response in Phalaenopsis aphrodite and characterization of PaCBF1 and PalCEl
J . Plant and Cell Physioloy 2014 55(9):1623 -35.

LiY ChenYY YangS G etal. Cloning and characterization of HbMT2a a metallothionein gene from Hevea brasiliensis
Muell. Arg differently responds to abiotic stress and heavy metals J . Biochemical and Biophysical Research Communica—
tions 2015 461(1): 95 -101.

HbMAPKI I 2015 36(9):
1580 - 1586.

8-79 J. 2016 35(7): 1-4.

Jung ] H Park C M. HOSI-mediated activation of FLC via chromatin remodeling under cold stress J . Plant Signaling and
Behavior 2013 8( 12) : e27342.
Jung JH Lee H] Park M ] et al. Beyond ubiquitination: proteolytic and nonproteolytic roles of HOS1 ] . Trends in
Plant Science 2014 19( 8) :538 —45.
Dong C H Agarwal M Zhang Y et al. The regulator of plant cold responses HOSI1 is a RING E3 ligase that mediates the

ubiquitination and degradation of ICE1 ] . Proceedings of the National Academy of Science of the United States of America



140 2017

2006 103(21) : 8281 —8286.
29 Miura K JinJ B Lee] etal. SIZ1-mediated sumoylation of ICE1 controls CBF/DREB1A expression and freezing tolerance
in Arabidopsis ] . Plant cell 2007 19(4):1403 - 1414.
30 Mohideen I Capili A D Bilimoria P M et al. A molecular basis for phosphorylation-dependent SUMO conjugation by the
E2 UBC9 J . Nature Structural and Molecular Biology 2009 16(9) :945 -952.
31 Yanglin D Hui L Xiaoyan Z et al. OST1 kinase modulates freezing tolerance by enhancing ICE1 stability in Arabidopsis
J . Developmental Cell 2015 32(3): 278 —289.

Molecular Cloning and Expression Analysis of Hb/CE2 in Rubber
Tree ( Hevea brasiliensis Muell. Arg. )

QUAN Caihong' LI Yan® TIAN Weimin®

(1. Institute of Tropical Agriculture and Forestry Hainan University Haikou Hainan 570228 China; 2. Ministry of Agriculture Key Laboratory
of Biology and Genetic Resources of Rubber Tree /Hainan Key Laboratory for Cultivation & Physiology of Tropical Crops Rubber Research Institute
CATAS Danzhou Hainan 571737 China)

Abstract: ICE ( inducer of CBF expression) -mediated ABA-independent signal transduction plays an important
role in regulating the responses of plants to cold stress. A ¢DNA of HbICE2 ( GeneBank Accession No. :

KY406163) was cloned from the leaf samples of rubber tree clone Reyan 879 by using RT-PCR. The HbICE?2
was 1 677 base pairs ( bp) in length containing a 1 593 bp open reading frame ( ORF) . The encoded protein

HbICE2  contained 530 amino acid residues with a predicted molecular mass of 58.02 KDa and a pl of 5. 95.

The HbICE2 had a bHLH domain with a specific highly conserved amino acid motif ( KMDRASILGDAI( D/E)

YLKELL) . Real-time quantitative PCR analysis showed that HbICE2 was mainly expressed in the leaf and bark
among the samples tested. lIts expression level was significantly higher in the original bark than in the regenera—
ted bark and significantly higher in the bark of the highly cold tolerant rubber clone PR107 that in that of the
less cold tolerant clone Reyan 8-79. This suggests that HbICE2 may be crucial in regulating the cold tolerance of
the bark of the rubber tree.

Keywords: Hevea brasiliensis Muell. Arg.; HbICE2; bark; cold tolerance; real-time quantitative PCR



