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FE: AT MBS (Canarium album)Fi3EAH S S R 7 ICEL ¥ ThRgE, KA RT-PCR HiARERE T/ 1 5 1 ICEL, w4
9 CalCE1, FH#t4r4:¥(s B2, qRT-PCR FiAHEA AR miRNA T/ Hr. 455 %8, CalCEL cDNA J551 {4 A
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I CCA FI e N H R TS T8 . CalCELl EZAEMMITE, FhF At KERIL, -3 CIREMIE T CalCEL FIA/K T iR %
2% b7t psRNAtarget T4 5 2 8, CalCEL nJ it /& miR825. miR477. miR5658. miR1436 Fll miR394 % £ AN 531 5 miRNA
PIREELIA . (A, CalCEL A RETEMN IR AE I FE R EEHRIEEH, H7TRES miRNA BT
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Cloning and Expression Analysis of the CalCE1 Gene in Canarium album
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Abstract: To understand the regulatory function of cold resistance transcription factor ICE1 in Canarium album,
one ICE1 gene, named CalCEL1, was cloned from ‘Fulan-1’ by using RT-PCR, and its bioinformatic characteristic,
expression pattern and predicted targeting miRNAs were studied. The results showed that the length of open
reading frame of CalCE1 was 1 650 bp, encoding 549 amino acids (GenBank accession No. MG459422). The
CalCE1 was an unstable and hydrophilic protein located at nucleus, with transmembrane structure, phosphorylation
sites and conserved HLH domains, and which had close relationship with ICE1 of Citrus trifoliata. Although the
codon bias level was low, AGA, AGG, TGG and CCA would be optimal codons of CalCEL. The expression of
CalCEL1 was high in flower, seed and leaf, and which was significantly up-regulated under —3°C compared with
room temperature. Additionally, CalCE1 was predicted to be targeted by several stress responsive miRNAs, such
as miR825, miR477, miR5658, miR1436 and miR394. Therefore, it was suggested that CalCE1 might play
important regulation roles in low temperature stress of C. album, and its expression might be regulated by some
stress responsive miRNAS.
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Mii[Canarium album (Lour.) Raeusch.] XX #%%
B, N RN Burseraceae) Hii J& & SR T AR KA, &
PN iy MV Fhs H X R (L4 ST A BRER, fEAREE .
7R TV =Fg WA 6 IS5 g X S5
. MBRSCEFRNMER, B52Wh. 2. 258
MG REE LA PUcRSE 2 MG, 2
IR B 25 B RIEAEY) . SR, MR HIFERE ) 22,
RIRACT-2°C I a2 0, KT -2.7CIRPR—
WAL, LT -3°C oK /A 452, Hik
I8 5 AN -3°C 72 MURE BT fiE 7K 32 1 A% BRIl S T
(=21, 7E 3 [ e A P AR X, AR AR A 1 %
VG« JUER L FEVLAN B ATAs Il X 38 e AR i o K0
BT, SEUTEMMAETARBR, B 2R
PV RS K ) B PR A R R B

CBF 15 5 % 3 i A7 A2 M A7) 26 0 Al g 2 A1 FHIK
I EL R SCHAS Tl s, A A @A IR Pl
ICEL ¥ 3¢ [H TR 45 A7 CBF3 Ja 3 T4 & X 33,
755 CBF3 KEKIA, MBS NI PrIE ot
COR LRI VAR S MBI FERE /1, MY
I AR R Pl 2 e 97 3o R A e P EL AR 61, gtk
&k, ICE1 42 HOS1 (high expression of osmotically
responsive gene 1)1, S1Z1 (SAP and Miz 1), OST1
(open stomata 1)[>191, MAPK (mitogen-activated protein
Kinase) - 12FE 2 I [l PR (arginine decarboxylase)[t3]
S22 5ATEYPUIERE IR, PR
WX 2% B R Sk R -2 — . BT, ICEL ¥k R F1F
3% (Brassica campestris)*4, Fk1-%(Pyrus ussuri-
ensis)™),  Zh (Lycopersicon esculentum)elF1 %] %)
(Vitis amurensis)MISEAE T FE I R v 1A Dy e
TEFNIEE CA REWTIT, MAERME FR WARE, A
SCUAHEME 15 B A B, 6 H 1ICEL e 5% IR 1k
T W BEAMAEMGE RS0, RE 287
CalCE1 7EZH 2488 B MYIRIGME T Rk, N
MRS P 5>+ B MR LR 2RI .

1 PRI 7

1.1 w8

DUARE £ 48 AV B} 2 e S AR B 5T P e & 1) ARG
i FFh KA 15 [Canarium album (Lour.) Raeusch.
‘Fulan-1"] A8 Kl T 2017 4 3 Hi&M, FET7 H
i B gt — S H o H 2 e o BT
-3C. 4°CHI25C Fib#E 24 h, RELHE 3 F1 4

M, B TWRAET R, R A7 T -80°C KR VKA
%M, S FEES 3k, T 2016 4F 11 H R4 15
SEAE AR L5 BN BRI AR, T 2017 4E 5
H EARAE R — R MR BETE A0 PIAR L 25, mHAndE,
R IR R Ja BRI AT

1.2 CalCE1 Taf&

KAV ZHE 2 Wi A & E.ZN.ATM Plant
RNA Kit (OMEGA bio-tek) 43 A & BRI AR « 25 i,
16 BSZARD TR RNA, 2855 BB F vk A
AT EETHAG I R AR . A RIS B
M RNA Z&JR 4, H Thermo Scientific RevertAid
First Strand cDNA Synthesis Kit i¥i%%5¢ cDNA H T
PCR ¥4 . DIk w52, it 75 i
AT NCBI BLAST 741 Lbx}, iEH CalCEL #% %[
T BERI cDNA [T 51, % FH DNAMAN #1514, |
W7 514 CalCE1-F: 5'-CTCTCTCTTTTCCCAACAA-
ACT-3', Ni#514) CalCE1-R: 5-TCTACATCATGC-
CATGGAAG-3', PCR ¥ ##i{k &l & 2xTransTaq
High Fidelity PCR SuperMix 12.5 uL, cDNA ffi
50 ng uLt, BRS04 pmol LY, A ETCEE
ddH,0 ZEZAKFL 25 ul. PCR JRNFER K. FiAetE:
95°C 4 min, A8 95°C 30's, iE-k 55°C 30s, FEfd
72°C 755, 3L 35 AMEH, ZEfH 72°C 10 min. 34
SEJE, R 1.5%35 i B v A F vk b AT H 19 4%
K, % FH EasyPure® Quick Gel Extraction Kit #4T
e W, R B 5% 7 & 3 pEASY®-TS  Zero
Cloning Kit #4L 3] Trans1-T1 B2 5400, BT
7TCIEMEIG I TR IR 12 h Ja kB e b Tk AT
PCR i, 355 BH M e 1% b s /S B AR R R
FABR A F AT o

1.3 CalCEL 4:4fs BT

KM AE B3 AT (R 1)% CalCEL #esk Al 1
WA RR . 450, SRS R BT miriE
AR mIRNA SE3EA T FUNAL 2347 o

1.4 CalCEL RiEB R

I3 R BCAN [ iR B2 A0 PE 5 B RS RNA,
A4 5 22 TransScript All-in-One First-Strand cDNA
Synthesis SuperMix for gPCR (One-Step gDNA
Removel; TransGen Biotech, Beijing)i¥i%s % cDNA
Ji T gRT-PCR X% . LAM#HE ACTB7 1 TUBS A
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# 1 CalCEL ¥ HTAWE 850t

Table 1 Bioinformatic analysis of CalCEL1 transcription factor

B

Software

FAHE AL Basical physicochemical property
{551k Signal peptide

FE AR 554 Secondary protein structure

WEER AL 55 Phosphorylation site

WA uERL Subcellular localization

<7 45438 Conserved domain

AR =4E45 ) Three dimensional protein structure
% miRNA Regulatory miRNA

FE W IFHE Codon bias

Z 4. % B MW Phylogenetic tree MEGA5.2.2

ExPAsy Protparam: http://web.expasy.org/protparam/

SignalP-4.1: http://www.cbs.dtu.dk/services/SignalP/

PredictProtein: https://www.predictprotein.org

NetPhos 2.0: http://www.cbs.dtu.dk/services/NetPhos/

PSORT Prediction: http://psortl.hgc.jp/form.html

NCBI Conserved Domin Search: https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
SWISS-MODEL.: https://www.swissmodel.expasy.org

psRNATarget: http://plantgrn.noble.org/psRNATarget/

EMBOSS: http://femboss.sourceforge.net/

P23 K18, S TransStart® Top Green gPCR Super-
Mix A &% CalCEL B IARE A AT R o
BEA R AL PR cDNA FEM AT SRR G, BEEEET
x10. x40, x<160 F1>=640 Ff S FE A T2 il br i
e, MY EBETHIEESEMIR KRR, RH
Eppendorf Realplex* %)t 7€ & PCR Ak M i b
CalCE1 [{#Hx} ik & . qRT-PCR ¥ H4FE 5 4: 94°C
A 30 s; 94°CAEME 10s, 1Bk 15s, 72°CiEf
10's, {E¥ 40 {X; 94°CLRFF 155, 60°CIRHF 155,
PLO.11 °C st THE S 94°C{REF 15 s, 2l iR
it 2k . QRT-PCR S WA % A: 2 <TransStart® Top Green
gPCR SuperMix 10 uL, Passive Reference Dye (50 <)
04 ul, E T 54% 0.2 umol L, #i47 0.5 umol L2,
5% % CalCE1-gF: 5-GGATGGAAGACAAA-
GACGATG-3'#ll CalCE1-qR: 5-TGTTGCTGCTGT-
TGATGATG-3'. K H Excel 2003 1 SPSS 19.0 i£47
ARG A e B EE T .

2 HRAI AT

2.1 CalCE1 W5 &

R RO 2 i ZE B4R 2 i B B ICEL cDNA
FP5 %514, {8 RT-PCR 75k CalCEL /7
FIFEREAT I P B0E « 3743 %) cDNA 7514 1743 bp,
Hr P53 KE (open  reading frame, ORF)KJEJy
1650 bp, % 549 NMEAEERR, HCIRE RS FFIZ& L
RT3 8 ATG Al TAG (1, 2). @it NCBI kb
%F, CalCE1 5#1(Citrus trifoliata) i) ICEL &L ¥
FIFRALLEE IR 71%, 3% B BT 3RAS 147 51 MRS CalCEL
K, GenBank E3%5 8 MG459422.

CalCEI M bp

5000
3000

2000

1 000
750
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100

1 HiME CalCEL K9 1. M: 5000 bp Plus DNA Marker,
Fig. 1 Amplification of CalCE1. M: 5 000 bp Plus DNA Marker.

2.2 CalCEL W5 B2 #T

EVME BT R R, CalCEL A7 549 1M
FER, 13N CosssHa115N7550850S27,  Jil T~ A
T84 5N 8.335 1 60.272 KD, pl 45 Hi 15 5.29,
AFase BB ey 2EMEKIE BB 1A 48.62.
73.15 A1-0.581, M CalCE1 AAFaE SRk Bt &
A, HA R (Leu) 2 E R (Sen) ST B E, 1
R EL 10.4%. HE—D TR B, CalCEL Al RExE
ML T4z, A EESIK, EF 56 MR A A (%
RIR TR AIRBERR AL 25058 3. 14 FI
394N, WRAMNEA 2 ASEN AN 1 AN B AMA N )
5 TR E , AR S A o ORAT S5 A T B
CalCE1l & ICEL 3 1 SRR ST IR e -2 - 45 g
zE Ry 48 (helix loop helix domain, HLH)F1 ACT {&5F
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B, RetEtR A A B R R M R R BN
(K 2). b4k, CalCEL f74E a-iZJiE. p-Hr &ML
FOE N 3 Fh 24544, L E 73 5 12.39%.6.01%
1 81.60%. SWISS-MODEL T3l % B} CalCE1 = 4
45 1) 5 PDB5gnj.1.B AHLLEE A 2 48.44% (1] 3). 3k
F MEGA 5.2.2 5&-T- 4R35 I HE 0 o F ] 1) 1ICEL i3F
TR M, B3 KN (Carica papaya) fl #% tk
(Juglans regia)4bh, @tk EYFRE K ICEL AT 5 4
AR (B 4), H A 1) CalCEL 5 A7 (Citrus trifo-
liata)[¥) ICEL 5456 R it , X BLHIYH A1) ICEL
EAEZ M.

K F psRNATarget il il i §& ¥ 5& CalCEL [
miRNA, 45 5.% /] CalCE1 A it 5 20 /> miRNA 1%
R < &, H P miR2938. miR6464. miR5537
A1 miR437b HE A 4 3.0, UPE 91K T 20, 72
B ] i CalCEL ) miRNA (% 2). MAEA 7
&, X miRNA %f CalCE1 fyif+E )5 2\l fg
TSR AR RIS 2 253578 10 1),

2.3 CalCEL M Wi 047

TR P /AT R I, CalCEL A U141
(ENC)FNZ 15138 MAR 1 (CA 4> H) A 51.54 F1 0.203,
R IRl 55 . 15 =47 GC & &
ALE GC &85 0.440 F1 0.445, i B Hofki i
F&H AMTHUL AT SENELT. HXE
Bt~ FE G FH 52 43 BT R B, CalCEL fi 4 14 55 3 (1)
7 (RSCU = 2.0)[FH 44, 40 7l AGA.AGG.
TTG Al CCA, W hefE A& 11, tit—
HIGUE CalCEL % hY Tl M55 (3R 3).

2.4 CalCE1 HRIEHA ST

CalCEL fEMi - H B B i F Rk, LUk
HRIE R R, HUCRFT AN, MER. 22
RS I EAT AR (B 5). BbAh, 25 RE
SHTRY, CalCEL MRIBAAEALNRB TR MR
15, BERHAREEARHL SR E RIS R
1ER .

—94 CIC
=91 TCTCTTTTCCCAACAAACTATTCTTGTTTGCTTCTCTCACTTTCTCGAGAAAACAAAGGCAGAAACCAACACACTCCCACCACCACCAAG
1 ATGCTCTCCAGAGTGAATGGCGTGGTCTGGATGGAAGACAAAGACGATGACGACTCTGCTTCATGGACCAGACACAACAACAACAACAAC
M L S R V NG V V W M E D K D D D D S A S W TIRHNNNNN
91  ATCGTCATCATCAACAGCAGCAACAACAATAACAGCAACAATAATAACAGCGTTGTAGTAGAGAACGAGGAAGAGATGGGTTCGCTTTCA
I v. I I N S§ 8 N N N NS N NNNSV V V ENEEE MG S L 8§
181 GGCTTCAAATCCATGCTTGAAGTGGAAGATGACTGGTACGTTACTGGTAATACTAGCTTGCATAACCACCAAGATATTACATTTTCGCCG
G F K S M L E V E D D W Y V T G N T S L HNHQ D 1 T F S P
271 CCAAATCTTGGCGACCCCACAACGGATAATCTGCTCTTGAACGCAGTGGATTCCTCCTCCTCTTGCTCGCCATCCTCCTCTGTTTTCAAC
P N L G D P TT D NILILULNAWV D S S S S C S P S S S V F N
361 AATCTTGACCCGTCTCAGGTACACTACTTTATGCCGCCAAAAAACACTCTTTCTTCGTTCCTTAATGTCGTTTCTAACAACAACCCTTTG
N L D P S V HY F M P P K N TL S S F L NV VS N NN P L
431 GAGCATGGCTTTGATTTTGGTGAAATGGGGTTTCTTGAGACACAAGCAACGCATGGTTTGAACAGGGAAAGTGGCGGGATTTTGAGCGGT
E H G F b F G EM GV FULETQATHGILNIRES G G TUL S G
541 TTTGATGATTTGAGTACTAATAATCAGATGAATGCTCCAACTTTGTGCTCTGATCCACAGTTTGGGACGACCCGGATGCTTCAATTGCCG
F D D L § T N N M N A P T L C S D P F G T T R M L Q L P
631 GAAAATAGTAATAATTTTGTAGGTTTTCGTGGTTTTGATGAAAATAGTGGAAATCCTCTGTTTTTAAATAGGTCTAAATTGTTAAGGCCA
E NS N NTFF V G F R G F D ENS GNUPULFL NIRSKULIL R P
721 CTTGAGACTTTGCTTCCAATGGGAGCACAACCAACTCTGTTTCAAAAGAGAGCTTTGAAGAAGAATTTGGGTGATAACGGGGCCAGTATC
L E T L L P M G A P T L F K R A L K K NUL G D N G A S 1
1 GGGGTTTTAGGTGGTCAAAGTTGTCAAATTTTGAGTGGTAGTGATAAAGGGAAGAAAGAAATGAATGAAGATAGTGATAGGAAGAGGAAA
G VL G G Q §$S C Q1 L S G S DKGIKIKIEMNEUDS DR K R K
901 ATGAGTGCTAGTGATGATTTGGAAGATGTGAGCATCGATGGCTCATGCTTGAATTATGATTCTGATGAGTTTATTGAGACTACTAAGGTC
M § A S b D L E D V S 1 D G S CL NY D S D EF 1 E T T K V
991 GAGGAAATTGGTAAAAATGGTGGGGGTAGTTCGAATGCCAATAGTACTGTAACTGGTGGAGACCAAAAGGGCAAGAAGAAGGGTTTGCCA
E E 1 G K NG G G S S N A NSTV TG G D K G K K K G L P
1081 GCCAAGAATTTGATGGCCGAGAGGCGGCGAAGGAAGAAGCTCAATGATAGACTGTACATGCTGCGGTCTGTTGTTCCAAAGATTAGCAAA
A K N L
1171 ATGGATAGAGCCTCAATTTTGGGGGATGCAATTGAGTACTTGAAGGAACTTCTTCAAAGGATCAATGACCTCCACAATGAATTGGAGTCG
R I N D L H N E L E S
1261 ACCCCTTCTGGCTCAGCACTGACACCTGCCACAAGCTTTCACCCCTTGACGCCAACTCCACCTACCTTGCACAGCCGTATCAAAGATGAA
T P S G $ A L T P A TS F H P L T P TP P T L H S R 1T K D E
1351 CTTTGCCCCAGCGCATTGCCAAGCCCAAATGGCCAACCTGCAAGGGTTGAAGTTAGGCCAAGAGAAGGAAGAGCCGTAAATATCCACATG
L ¢C P S A L P S P N G P A R VYV E V R P R E G R A V N I H M
1441 TTCTGTGGCCGCAGACCAGGCCTTTTGCTCTCCACAATGAGAGCGTTGGACAATCTTGGACTAGATATCCAGCAAGCTGTCATCAGTTGT
F_ € G R R P G L L L S T M R A L D N L G L D I Q O A V 1 S C
1531 TTCAATGGTTTTGCAATGGATATTTTCCGAGCTGAGCAATGCAAGGAAGGCCAGGATGTTCATCCTGAGCAAATTAAAACAGTACTCTTA
F N G F A M D I F R A E QO C K E G QQ D V H P E Q I K T V L L
1621 GATTCTGCCGGCTTCCATGGCATGATGTAG
D S A GF HG MM *

8

2 CalCEL1 ] cDNA JFFI AN M 2 LR 7 51 PSS AT RIZE 2 7 #7R HLH Z5#380f ACT_UUR-ACR-like.

Fig. 2 Sequences of CalCE1 and encoding amino acids. The shade and underline indicate HLH domain and ACT_UUR-ACR-like, respectively.
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2 TMZRAFHIEE CalCEL ) miRNA

Table 2 Predicted miRNAs targeting CalCE1

- e A EEx i 75 =0
MIRNA Mathematical expect UPE Alignment Inhibition type

ath-miR2938 30 1877 mRNA 21 GACCUUGGGAGAGUUUUCUAG 1 74 Cleavage
Target 1306 AAGGAACUUCUUCAAAGGAUC 1326

ptc-miR6464 30 1610 miRNA 21 UAUUAUAGGUUGUUCGUUAGU 1 U4 Cleavage
Target 1595 UAGAUAUCCAGCAAGCUGUCA 1615

rgl-miR5573 30 804 mRNA 21 AGGUAGAGUCCAGCUGAUGAG 1 FI1% Translation
Target 462 CCCGUCUCAGGUACACUACUU 482

ssp-miR437b 3.0 1529 mMRNA 21 UACAGUUUGAACAGAUUGAAA 1 4% Cleavage
Target 915 UGGUCAAAGUUGUCAAAULUU) 935

aly-miR825-3p 35 1359  miRNA 21 CAAGUACGUGGAAGAGCUCUU 1 #fi# Cleavage
Target 34 CUUCUCUCACUUUCUCGAGAA 54

agc-miR477d 35 1717  miRNA 20 AUCUUCGGAAACUUCUUCUC 1 4% Cleavage
Target 859 AAGAGAGCUUUGAAGAAGAA 878

ath-miR5658 35 1038 mRNA 21 AMAGUAGUAGUAGUAGUAGUA L 4% Cleavage
Target 177 CAACAACAUCGUCAUCAUCAA 197

cre-miR9897-3p 35 1939  mMRNA 21 CGGCUAUUCUUCCUCGGCAUU 1 #1i% Translation
Target 1502 CAAGAGAAGGAAGAGCCGUAA 1522

ghr-miR7489 35 709  mRNA 24 UGCAAGAGGACAUAACCGUUGUUA 1 H% Translation
Target 433 CCAUCCUCCUCUGUUUUCAACAAL 456

gra-miR8743c 35 1779  mMiRNA 24 UACUGGUAAAACAUUGAAAAGUAU 1 #1i% Translation
Target 731 GUAAUAAUUUUGUAGGUUULCGUG 754

gra-miR8743d 35 1779 miRNA 24 UACUGGUAAAACAUUGAAAAGUAU 1 #1i% Translation
Target 731 GUAAUAAUUUUGUAGGUUUUCGUG 754

gra-miR8743e 35 1779  miRNA 24 UACUGGUAAAACAUUGAAAAGUAU 1 #1i% Translation
Target 731 GUAAUAAUUUUGUAGGUUUUCGUG 754

gra-miR8762a 35 1514 miRNA 24 CAGUCGUUUCAAUUGUUUACAAUU 1 H14% Translation
Target 914 GUGGUCAAAGUUGUCAAAUUUUGA 937

hvu-miR1436 35 1295 miRNA 21 UGAGGGAGGCAGGGUAUUACA 1 4% Cleavage
Target 501 UCUUUCUUCGUUCCUUAAUGU 521

0sa-miR1436 35 1295 mRNA 21 UGAGGGAGGCAGGGUAUUACA 1 4% Cleavage
Target 501 UCUUUCUUCGUUCCUUAAUGU 521

pab-miR3702 35 1512 miRNA 21 CGCUUAUUCGUGGUUCUCUAA 1 4% Cleavage
Target 331 UUGCAUAACCACCAAGAUAUU 351

Stu-miR8047 35 1565 miRNA 21 CCAGAUUAAAGCUUUUUUACC 1 4% Cleavage
Target 551 GCUUUGAUUUUGGUGAAAUGG 571

ahy-miR394 40 1240  miRNA 20 CCUCCACCUGUCUUACGGUU 1 H14% Translation
Target 1105 GGGGGUAGUUCGAAUGCCAA 1124

aly-miR394a-5p 40 1240  miRNA 20 CCUCCACCUGUCUUACGGUU 1 H1¥% Translation
Target 1105 GGGGGUAGUUCGAAUGCCAA 1124

aly-miR394b-5p 40 1240 miRNA 20 CCUCCACCUGUCUUACGGUU 1 H1¥% Translation

Target

1105 GGGGGUAGUUCGAAUGCCAA 1124
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Table 3 Relative synonymous codon usage of CalCE1
5 LS BRI - = Hgs ZRE 7 = His = -
Arﬁr%ziid ﬁ&fﬁoﬂ CalCElL Arﬁr?éﬂaiid écf(?ojr: CalCEL An%r%ggaiid ?(f?oi CalCEL
Ala GCT 1.04 Gly GGT 1.55 Pro CCC 0.40
GCC 1.39 GGC 1.27 CCA 213
GCA 1.39 GGA 0.45 CCG 0.53
GCG 0.17 GGG 0.73 Ser TCT 1.26
Arg CGT 0.44 His CAT 0.83 TCC 0.84
CGC 0.22 CAC 117 TCA 0.53
CGA 0.44 lle ATT 1.50 TCG 0.63
CGG 0.67 ATC 1.50 AGT 1.47
AGA 2.00 ATA 0.00 AGC 1.26
AGG 222 Leu TTA 0.42 Thr ACT 1.78
Asn AAT 1.21 TTG 2.63 ACC 0.59
AAC 0.79 CTT 1.58 ACA 1.04
Asp GAT 1.47 CTC 0.63 ACG 0.59
GAC 0.53 CTA 0.11 Tyr TAT 0.40
Cys TGT 0.75 CTG 0.63 TAC 1.60
TGC 1.25 Lys AAA 0.81 Val GTT 1.48
Gin CAA 1.44 AAG 1.19 GTC 0.74
CAG 0.56 Phe TTT 1.36 GTA 1.04
Glu GAA 1.13 TTC 0.64 GTG 0.74
GAG 0.88 Pro CCT 0.93
3 Wik

[ 3 CalCEL [ =445+

Fig. 3 Three-dimensional structure of CalCE1

gRT-PCR Z55KH, 5 25°CXHEAHLL, 4°C 4b
H) CalCEL ik tHIUAHT i, UiH] 4°C fiRAL 2]
i} CalCEL F:AME G , IX 7] RE-SAEAR I A 2 21 5.3
FEEA S, M-3CAHE 24 h J5, CalCEL f#iAK
S BT, xR 3.8 £, Y- CIRIRIEE G
MG CalCEL JE A4 155 5 0 35 3R IA , Wi g s
I FHIPUIE R G LAGERRH LR IE B A AR

3.1 CalCE1l 2 5 MK E M ML FE

Y ICEL /& — 28 & bHLH £ 57 &5 #3511
MYC ZH s B ek LR, 8 70 40 i o A T TR & IR
A, IR G BE 5 CBF B8 T4 & X 145 &)
DL RT3 [ B3 0% CBF 13 5381209, fEHlr
J¥(Arabidopsis thaliana) ', £ 40%[1) 31 FE B L [l
FIT 46% (1) ¥4 B 5 (R 3552 ICEL 4%, $i8] ICEL /&
YIRS R R IE R CE B EH B2, AR5
S5, CalCEl &AL A K HLH {R 574544
1, H5HABYIRE ICEL AR RO KRS K R,
YA OIS T R K R 7. AEE B ¥
B, CalCEL RJfEsZ— R % miRNA 5 J5 KT
BRI AP AR A 4, Hodh O #iiE miRg25[2
miR477[221, miR5658[231, miR143624f1 miR394[25]
SR YIS A I S miIRNA, T3 miR394 B
BZ5 TR ITA a2, ]I CalCEL AlRE S
RO S5E Folh 3 2% DA O o 3 — 2P (1) QRT-PCR 2041
B, -3°CAb¥EJ5 CalCEl MRk &2 EFt, it
B J5 CalCEL A 3 i ZE 42 M 2% ik 5 31 LA
o FERN I B AR BT A, BHE CalCEL ZEANIH]
HRZE I YEFr— 8 PR IL IKP LU B R b
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H R Ricinus communis XP2511101.1 \

WA Jatropha curcas NP1306859.1

AKE Manihot esculenta XP21592727.1

e Hevea brasiliensis XP21673395.1

B Populus trichocarpa ABN58427.1

M AE Gossypium raimondii XP12489049.1 1
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Fig. 4 Phylogenetic tree of ICE1
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Fig. 5 Relative expression of CalCE1 in tissues. Different capital and small letters upon column indicate significant differences at 0.01 and 0.05 levels,

respectively. The same is following Figure.
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Fig. 6 Expression of CalCEL under low temperature stress
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