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Abstract; Five FcCaM genes were cloned based on the genomic data of Ficus carica Linn. The length of
open reading frames (ORF) of the five FcCaM genes are 447-453 bp, encoding 148—150 amino acids,
containing one or three introns and distributing on four chromosomes. The theoretical relative molecular
masses of the five FecCaM proteins are 16 847.67—17 039.07, their theoretical isoelectric points are
pl 4.00 to pl 4.12, their grand averages of hydropathicity are —0.619—-0.385, their tertiary structures
are all dumbbell shapes, and all of them possess four EF-hand domains which can bind Ca*. Moreover,
the basic physicochemical properties of FcCaM1 and FcCaM2 are completely consistent. The phylogenetic
tree shows that the five FcCaMs are clustered into two branches, in which, FcCaM1 and FcCaM2 are
clustered into one branch, FcCaM3, FcCaM4, and FcCaM5 are clustered into the other branch, and
FcCaM4 and FcCaM5 are clustered into the same subbranch. The promoter cis-acting element analysis
result shows that the promoter regions of the five FcCaM genes contain various hormones, light, and
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abiotic stress response elements. The subcellular localization result shows that FcCaM1, FcCaM2, and

FcCaM5 are localized in nucleus and cytoplasm, while FcCaM3 and FcCaM4 are localized in cytoplasm.

The result of reverse-transcription quantitative real-time fluorescence PCR shows that, in general, the

relative expression levels of FcCaM1 and FcCaM?2 increase under low temperature (4 °C), drought
(PEG6000 with mass volume fraction of 30% ) , light ( continuous light after dark adaptation for 9 h) ,

and hormone ( 100 pmol - L'

abscisic acid) treatments; the relative expression levels of FcCaM3,

FcCaM4 and FcCaM5 increase under low temperature, drought, and abscisic acid treatments ( except the

expression level of FcCaM4 under abscisic acid treatment), but decrease under light treatment. In
conclusion, the sequences of FcCaM proteins from F. carica are relatively conserved, and FcCaM genes
can respond to abiotic stress (such as low temperature and drought) and light response processes, and

they are induced by abscisic acid.
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subcellular localization
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Table 1 Primer sequences used for gene cloning, subcellular localization, and reverse-transcription quantitative real-time fluorescence PCR

(RT-qPCR)
SRR SIYFHI(5'—3") Bk EA S SIYFE(5'—3") ElE/EA S SIYFEI(5'—3")
Primer name Primer sequence (5'—3") Primer name Primer sequence (5'—3") Primer name  Primer sequence (5'—3")
FEHFERE Gene cloning SEA L% {37 Subcellular localization RT-qPCR
FcCaM1-F ATGGCGGATCAGCTCACTG FcCaM1-GFP-F CACGCTCGAGATGGCGGATCAGCTCACTG qFcCaM1-F  GCCTTCAGCCTCTTCG
FcCaM1-R TCACTTCGCCATCATAACCT FcCaM1-GFP-R ATTCCTCGAGCTTCGCCATCATAACCT qFcCaM1-R  GCCTCCGTTGGGTTCT
FeCaM2-F ATGGCCGATCAGCTCACCG FeCaM2-GFP-F CACGCTCGAGATGGCCGATCAGCTCACCG qFcCaM2-F ATGGCTTCATTTCTGCT
FcCaM2-R TCACTTGGCCATCATGACT FeCaM2-GFP-R ATTCCTCGAGCTTGGCCATCATGACT qFcCaM2-R  TCTCGTCAACCTCCTCA
FcCaM3-F ATGGCAGATGTACTGAGTG FcCaM3-GFP-F CACGCTCGAGATGGCAGATGTACTGAGTG qFcCaM3-F  AGAAGCCTTTTGTCTGTTT
FeCaM3-R TCATCCAATGGTCATCATCAT FeCaM3-GFP-R ATTCCTCGAGTCCAATGGTCATCATCAT qFcCaM3-R TGACCTTATTACCGTTGC
FcCaM4-F ATGGGAGAAGTCTTGACAG FcCaM4-GFP-F CACGCTCGAGATGGGAGAAGTCTTGACAG qFcCaM4-F  GAGGCTTTCTGTCTGCTT
FcCaM4-R TCAAACAGCCAACATCATT FcCaM4-GFP-R ATTCCTCGAGAACAGCCAACATCATT qFcCaM4-R ~ GATCATGCTTTGCAGTTCT
FeCaM5-F ATGGCGGATGCATTGACGG FeCaM5-GFP-F CACGCTCGAGATGGCGGATGCATTGACGG qFcCaM5-F AGAGTTCCGAGAAGCATT
FcCaM5-R TCAGCTAAGCATCATGATT FeCaM5-GFP-R ATTCCTCGAGGCTAAGCATCATGATT qFcCaM5-R GAATTTCTTCCCCCGTGGCA
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(http: / swissmodel. expasy. org/ ) Tl 25 [ JiT (1) = 2%
25K, F) F SMART 7E £ M 3% (hitp: // smart. embl-
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FeCaM H X 19 FF 750 B 52 4E ( ORF) K B2 447 ~
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B 1 Ll cDNA BEIRHTER FeCaM ERMRESER
Fig. 1 Cloning result of FcCaM genes from Ficus carica Linn. by
using ¢cDNA as template
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Table 2 Sequence analysis on FcCaM genes from Ficus carica Linn. and basic physicochemical properties of their encoding proteins
HRG Cnen  ASEREC O NETH REMARS EISHEN TR PRB AT L AR SOFHSRK R H
HEp . ORF S . : .
Accession 1) Amino acid Intron Chromosome Theoretical relative Theoretical Grand average of
Gene ORF length AF mass s i i ici
No. number number number molecular mass isoelectric point hydropathicity
FeCaM1 PQ159139 450 149 1 13 16 847.67 pl 4.11 -0.619
FcCaM2  PQ159140 450 149 1 3 16 847.67 pl 4.11 -0.619
FcCaM3  PQ159141 453 150 3 8 16 991.98 pl 4.01 -0.385
FcCaM4  PQ159142 450 149 3 3 17 039.07 pl 4.12 -0.456
FcCaM5  PQ159143 447 148 3 10 16 894.72 pl 4.00 -0.527

Y ORF; HF /% [#)S2HE Open reading frame.
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Fig. 2 Predicted result of tertiary structures of FcCaM proteins from Ficus carica Linn.
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Fig. 3 Analysis on amino acid sequences and
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Ohashi ) LjCaM1 £ LjCaM2, 7Kg OsCaM1 % OsCaM3,
Ze it SlCaM1 % SICaM6, 32 3 ( Malus pumila Mill.)
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domains of FcCaM proteins from Ficus carica Linn.
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At $ARGIF Arabidopsis thaliana (Linn.) Heynh.; Lj: J6HE KR Lotus
corniculatus subsp. japonicus (Regel) H. Ohashi.; Os: /K& Oryza sativa
Linn.; Sl: i Solanum lycopersicum Linn.; Mp: 3F R Malus pumila
Mill.; St B B Solanum  tuberosum Linn.; Pt; BHR Populus
trichocarpa Torr. et A. Gray; Cs: &4 Citrus sinensis (Linn.) Osbeck;
Gm: K Glycine max (Linn.) Merr.; Fc: JGAESR Ficus carica Linn.;
Crein: EPAHE Chlamydomonas reinhardtii Linn.

B4 TR FeCaM ERSHAMYFEIRE K RGEHLR

Fig. 4 Phylogenetic tree of FcCaM proteins from Ficus carica Linn.
and homologous proteins from other species
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NIt ABRE . AuxRR —core , CGTCA —motif . TGACG -
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ARE MBS | LTR | TC = rich repeats, WUN —motif , AE -
box . AT1 — motif , BOX4 . G — box , GATA — motif , GT1 —
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JA B X AR IR EE W W T 2 (31) , FeCaM3
BEPA R 3l DX R FERSE To B b (17)
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B A0 E SR (B S) R &
pHellsgate—GFP 73 254 1% A< [C A 0 - 3% K2 41 Jifd 7 448
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FeCaM5-GFP filt 5 2 F BAS PR R -2 Bz 200 it ) 200
i O = A S RN = 0l (== |1
pHellsgate—FcCaM3 - GFP #1 pHellsgate —FcCaM4 - GFP
il 2R A 1 A QAR R X 7R I8 B 200 6 1 A i o
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FeCaM5 7 {0 T 4fl M 5T Al 40 i #%, 1l FeCaM3 Al
FeCaM4 5E {7 T2HE R

Table 3 Prediction of cis-acting elements in the promoter regions of FcCaM genes from Ficus carica Linn.

FER )3 DR 3 X A

MR AE F e DIRETE R Number in promoter region of different genes
Cis-acting element Functional annotation
FcCaM1 FcCaM?2 FeCaM3 FeCaM4 FcCaM5
CAAT-hox Ja 3 F X UL = AE B 744 Common cis-acting element in 30 26 42 30 46
promoter region
TATA-box e SRR -30 %0 i 3 F G/ Core promoter element around- 83 38 72 111 85
30 of transcription start
ABRE 9% g i 13 T4 Abscisic acid response element 3 3 2 1 2
AuxRR~-core A K Z MR TEF Auxin response element 1 1 1
CGTCA-motif SRATTR g W 3 TC /4 Methyl jasmonate response element 1 1 1 1
TGACG-motif SEATTR Mg W b TC 14 Methyl jasmonate response element 1 1 1 1
P-box IR BE W N TG Gibberellin response element 3 3
TCA—element KA R N o A Salicylic acid response element 2 1
ERE LM ICAF: Vinyl response element 7
ARE RS0 Anaerobic inducing element 3 2 2 2
MBS T 520 ¥ JCF Drought response element 1 1 2
LTR AR ) TC1F Low temperature response element 3 1 1 1
TC-rich repeats B FEAIE TCAFE Defense and coercion elements 1 2 1
WUN-motif i 115595 Wound induction element 2 3
AE-box S R ek Light response element 1 1 1
AT1-motif S v e Light response element 1
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#4533 Table 3 ( Continued)

TR IR PR 3 T X 0 K i

M e TIRETE R Number in promoter region of different genes
Cis-acting element Functional annotation

FeCaM1 FcCaM2 FcCaM3 FcCaM4 FeCaM5
BOX4 e 3 TT A Light response element 1 5 11 4
G—box W JC 4 Light response element 2 3 2 1 1
GATA-motif JeMi 3 JC 4 Light response element 1 2
GT1-motif S N e Light response element 2 1 1
TCT-motif S N T Light response element 1 2

FcCaM5-GFP  FcCaM4-GFP  FcCaM3-GFP FcCaM2-GFP FcCaM1-GFP pHellsgate—-GFP
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B. Bright; GFP . 230, 9¢ Y62 [ Green fluorescent protein; DAPI:
47,6 - 2Rk -2 - RS b (4f MR 2O e ) 4, 6-diamidino-2-
phenylindole (nucleus fluorescent staining) ; M ZJIALEF Merged field;
pHellsgate—GFP ; 25 2K Empty vector.

B 5 FIER FeCaM F A K LA E i
Fig. 5 Subcellular localization of FcCaM proteins from Ficus carica
Linn.

24 ERERESH

FLASTCAE R 5 4 FeCaM FER (A X 235 2 7E AR
(4 C) TR EAEFS %L 30% PEG6000) | O i
(REIE N 9 h JEFFEE IR M E (100 wmol « L7 i
TEIR)ALER 0.3.6.12 fil 24 h Y25 45R (F4) £
W1.5 A~ FeCaM FEPRFEA A A0 B 25 10 1 A1 X
2SR

fRIRMNE T, FeCaM 1 (AR 235 5t b 5 Ab B
8] ZE A58 B35 (P<0.05) T fEAL B 24 h A AT
FIE AL EE 0 h & 50 245 ; FeCaM2 WA XS 15 &
TEALFR 6 h A%, AL FE O h 1) 65% , F-AEAL B 12
F124 h WEAH ETb; FeCaM3 BYAHRT 23k il 2 Ab R
) 2K I 2 e SR A FEAL B 3 12 11 24 h AR R
B EERTAAB O b, IFAELRE 12 h A IEME,
FcCaM4 Fl FeCaM5 BYAHXT 21k 2 24 i 75 Ab PR A 0] 4iE
KT SRR = A a3, B 7E b8
6 h IR FIE(E

FEWA R, FcCaM1 F1 FeCaM2 AR X F 352
ASALFEXTES /N A3 AR AL T 12 1 3 h A EIEAE , H 2
R TAIE O hy FeCaM3 Tl FeCaMS5 (AN 235 A8
AR FAAFARL , AR I g Bt Ak B s ) B 4 52 S T v e
FEARR AR Ak B, HIG(E Y AEALBE 12 h; FeCaM4
(A RE X %0k et I A BRG] B K (8 25 0% sl AR Ak, 7 Ak B
3,12 F124 h AYARXTF A & 5 2 & FALHE 0 h, IR 7EAL
3 h KBS,

YEHBALPE R | FeCaM1 F1 FeCaM2 WIFHXT 25 15
SR I B Bt Ak B () RE K 2 S T S BRI Y AR
fbitads , FEAL TR 3 ~24 h (A Xk o 3 v T A B
0 h, HIFEAFE 12 h iKW ; FeCaM3 WA X 3235
gt A 3L [ B K 2 SRR AR T AR AR A 7R Ab
6 h FERAME, FF7EAL B 24 h AR IE(E, H W& =
TUEFE O hy FeCaM4 F1 FeCaM5 BYARX ik ik b
I Ak B o [ S0 K 222 SRR AR e R B AR b e 35, 7
LB 612 F1 24 h AT b & W E L TP 0 h,

WiVER 1S R, FeCaM1 . FeCaM3 F1 FeCaM5 1)
A 35 8 24 I A L s i) A2 K 2 S T v I BRI A AR
feta$te, 7 BIAEAL R 6 12 F1 3 h ik B IEAH ; FeCaM2
AT Feak T ZEAL B 3 h I 25 A, 22 5 B Ak B s ]
SERGZEET T, FFAEALBE 24 h iAW AE ; FeCaM4 1Y
FEIT 2305 i it Ak BB Ao 1) S K S22 S B AR T v 9 A8 1k
S TEAR T 6 h BERIAA, FFAEALBE 24 h IR B
HEZESTAHO K,
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Table 4 Variation of relative expression of FcCaM genes from Ficus carica Linn. under different treatments (X+SD)!

IR (4 °C ) Ak BHAS [ I 1] B4 AF X 2 32K o
3t Relative expression under low temperature (4 °C)

N treatment at different times
Gene

F 5 (R AT 30% PEGE000 ) AbFHAS 7] Hef 1] 1) AR Xof 2 3 3t
Relative expression under drought (PEG6000 with mass volume
fraction of 30% ) treatment at different times

0h 3h 6h 12 h

0h 3h 6 h 12 h 24 h

FcCaM1 1.00+0.03e 4.83+0.67d
FcCaM2 1.00+£0.06ab 2.84+0.15a
FcCaM3 1.00£0.12¢  6.12+0.89b

2.24+0.24c  8.70+0.35a

8.52+0.19¢ 17.38+1.26b 51.45+3.21a
0.65+£0.07b  1.58+0.06ab 1.88+0.32ab 1.00+0.07¢ 1.90+0.06a 0.99+0.14c 1.46+0.05b 0.92+0.0lc
4.67+0.66b
FcCaM4 1.00+£0.06d 2.97+0.40cd 22.33+1.29a 3.78+0.64c 10.37+0.33b
FeCaM5 1.00+0.02d 2.30+0.26d 137.51+1.45a 4.81+0.64c 21.23+0.50b

1.00+£0.07b 1.08+0.02b 1.51+0.16a 1.58+0.12a 1.06+0.13b

1.00+0.03d 1.04+0.07d 1.98+0.16c 9.48+0.48a 2.43+0.04b
1.00+0.03d 8.98+0.16a 0.80+0.07d 3.41+0.19b 2.08+0.14c
1.00+£0.07¢ 1.13+0.19¢ 1.02+0.05¢ 6.93+0.48a 1.93+0.18b

IR (g

Gene adaptation for 9 h) treatment at different times

NE 9 h JEFRFEDG IR AL SHASTR] B [a] f) A X0 38 6 dit
HE Relative expression under light ( continuous light after dark

R (100 pwmol + L™ B4R ) Ab SN [ 5] (1 AH % 5 it
Relative expression under hormone (100 pmol + L™! abscisic acid)
treatment at different times

0h 3h 6 h 12 h 24 h

0h 3h 6 h 12 h 24 h

FcCaM1 1.00+0.10d 8.22+0.60b 8.32+0.89b 16.63+0.84a 2.60+0.20c
4.64+£0.07a 2.98+0.26b
0.56+0.02¢ 11.05+1.20a
0.06+0.0lc  0.07+0.01¢
0.29+0.02b  0.28+0.01b

FcCaM2 1.00+0.05¢ 3.28+0.14b 3.24+0.08b
FcCaM3 1.00+0.08b 0.95+0.08b 0.36+0.02d
FcCaM4 1.00£0.04a 0.27+0.03b  0.06+0.01c
FcCaM5 1.00+£0.09a 0.69+0.07a 0.26+0.04b

1.00+£0.06¢c 6.70+0.24a 6.89+0.38a 2.68+0.32b 2.57+0.17b
1.00£0.03¢  0.37+0.08d 1.31+0.05bc 1.41+0.06b 2.17+0.05a
1.00+0.11c  3.71+0.25b 3.48+0.15b 4.98+0.35a 0.44+0.04d
1.00+£0.07b  0.82+0.07bc 0.62+0.03¢  0.88+0.05bc 1.39+0.03a
1.00+0.05d 4.15+0.17a 2.03+0.16b 1.61+0.05¢ 1.11+0.06d

D [ A5 o R ) NG TR R R AR A [ 5 8] 22 5 2 25 ( P<0.05) Different lowercases in the same row indicate the significant differences ( P<0.05) between

different times.

3 MLk

AW PER] 5 ANTCAE R FeCaM 3L, H 4t
HEA TR SA 4 & EF-hand 45358 ( CaM 545
ALY HB TR, FeCaMl T FeCaM2
FIRZ R 7 51 A ], {HL 4 B A S TR 971 5 4 L T
RN AR R TR R T R P A
TE TR CaM Fligrp

ARG B | S B A EE CaM 1 B Ry —41
TCAER AU TTEE 10 Flm SEAED Y CaM R R ) —
I — 2 2 S 3, R B S AR A Y
CaM AT fEH 2 NSRRI R R “ &
TFHRIL B 6N R N 2 T B9 4 A AT DA a0 A A i
mﬁlﬁ%m TCAER 5 4> FeCaM AR 4E R T 15

XL, PN FeCaM1 Fl FeCaM2 [ 2 fith 3 [K )
&R 1 ANEF, RBIER —4r 3, 1 FeCaM3 |
FcCaM4 I FeCaM5 W 4RiS 3L R &6 3 NN T,
RIETT—mr 3,

S R SR R IR 5 B R B 7R e
BN AR FeCaM FE 3 T IX SE 5
A 19 FBAE T, A5G 7 FhE R TR 12
FREREE (-5 AR OG5 ) m oo, KW FeCaM

FEH AT BES  TOAC R AR IR | T 555 2 R AR A Yy
SERVN VYA & 9742 ) VEUY

CaM & [ 3 & 9 00 A i AR R A
ARWFFEAE FeCaM 2 [ C Il & GFP, il 45 4 R
A FeCaM1 FeCaM2 Fl FeCaM5 [ ElE& & FITEAS K
ORI 2 17 200 6 11%) 400 A% R A4 i S5 v EL A B I 1
NS S WA FeCaM3 Fl FeCaM4 1 Rl4 & 1
FEAR PR 28 Bz 41 7 400 Jif 5 b B A T B s
WNAES, B HE JE AL FeCaM 25 1 £ 27 T4
JRIAZ N (B0) 4A

SE PR ) e s A Bk Tz 0 g A e 1o 3 AR
W 30 f e i 2K [ RUR R B FeCaM1 F
FeCaM2 FEARTR (4 C) . T 5 (B KR FL 4281 30%
PEG6000) IR (B5E N 9 h J5 FRek e R fig £
(100 wmol » L7'RVEHR ) ALEE 3 ~24 h A HH XT3k =
AR EE O b, P X 2 N3 P REAS i B IR 5
IR 7% R 4L B FeCaM3  FeCaM4 F1 FeCaMS5 E
TRIEA T 5240 B 3~ 24 h, FeCaM3 {ERTEFRAL T 3 ~
12 h, L Je FeCaM5 TEWVE TR AL B 3 ~ 24 h B AT 3£
R ETALEE O h, WX 3 IR AL IEAL L 3 ~
24 hLLJe FeCaM4 1ERISTRALPE 3~ 12 h BYAHR R IA
PR TAFE 0 h, Ui 3 N RE RS N AR T
EFDEIRALFE | FeCaM3 F1 FeCaM5 3852 i 5 B2 5 |
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Ak, 45 AR FeCaM FER I TERE 5 323K 50H7 9

{HAS— B2, FeCaM1 1 FeCaM2 {EGHR AR T 3 ~
24 h PARXT R A 3 S T 0 hy FeCaM3 TE54
FEALF 3~ 12 h IR T B R TAL 3 0 h (HAEGIEAL
F 24 h 23TV 5 s FeCaM4 T FeCaM5 6 IR b 3
SIS ol N I = S e ViU REE o < R D
W 5 4> FeCaM H: PR 7 HE A BRI HLA AN [R] A9
A3 1 AP0 ] — 356 A1 G068 g D A M SO 30 B 1T B A7 AE
BEEhIEE IS T . MAh, FeCaM1 5 FeCaM2 1R 4
T S IR 7 91— 3, (H A FEAITE T2 DGR
TRIRAL BT ) R GA B A A AE 22 5, AR R T
FeCaM 1 RS e it Ak Ao [0 A2 4 - 282 T, i
FeCaM2 W AHXT 2 1k 5 B Ab B B ] 28 4 258 T Je
FEA T = i 3, 3X nT BB 5% 5% 5 18 1 ol R 12 04
B LA 5 BRI R A R IS S 9T

25 FRTR , AL FeCaM ) R 515 AR5
FeCaM FERI A8 e A L L T 52 55 38 2E 9 Wy 30 ROl
e 1 S A, I A2 T R 15 .
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