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Abstract: [Objective] This paper aims to investigate the important founction of CaM-like proteins in
Chinese jujube in resistance to cold stress and identify the key ZjCML, which could provide theoretical basis
for cold breeding in Chinese jujube by using them. [Method] Through using bioinformatics technology, the
number and related structural information of CML in Chinese jujube were analyzed comprehensively in the
current study. And then, we used RNA-seq and real-time fluorescence quantitative PCR technology to
analyze its expression pattern in response to low temperature stress, laying a foundation for screening key

cold resistance genes. [Result] A total of 23 ZjCML genes were identified in Chinese jujube genome. All of
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them distributed unevenly on 12 chromosomes. In addition, ZjCML can be divided into 12 subgroups, and

protein interaction network prediction showed that 16 ZjCML existed in the network and they had mutual

interaction relationships. Moreover, RNA-seq analysis showed that the expression patterns of ZjCML13 and

ZjCML6 in response to cold stress between ‘Dongzao’ and its autotetraploids were significantly different.

The expression level of ZjCML13 in response to cold stress in ‘Dongzao’ was significantly higher than that

in its autotetraploid at 6 and 24 h. External CaCl, and melatonin treatments could significantly induce the

expression of ZjCMLI13 in autotetraploids ‘Dongzao’ under cold stress at 6 and 24 h, indicating that it

may regulate cold resistance of autotetraploid

‘Dongzao’ by inducing the expression of ZjCML13.

[Conclusion] The ZjCML gene family have specific characteristics and expression patterns, ZjCML13

might play important role in regulation of cold difference between ‘Dongzao’ and its autotetraploids.

Key words: Chinese jujube; CaM-like protein (CML); gene family; cold resistance; expression analysis

55 F (Ca? OME N G518, EEMAEKKE
w8 T S5 B A T R R I A . 0
AT, M40 PR Ca* (55 1 Jadl Ca®
J 52 4 B 52 R B B U 45 3 2R (calmodulin,
CaM) FIZE45 1 25 (1 (CaM-like protein, CML) j& 3= %
M ZREAZ —, £ CP G sk P A H
FIRE. CML 5 CaM ZEERFHLUEADT 1695,
Y CML S5 2B A4 A Ca')a, AT HMES
KA, RIE 5 T AEAE S, A5 Ca® Kb
MRIAT T ORI B, [ 22 54 afmaE 49
Jol i S5 A ) 2 R

CML fEFE & AAAE, FEHN G IT (Arabidopsis
thaliana)V. 7K §8 (Oryza sativa)™. & #h (Solanum
lycopersicum) P\, K & (Glycine max>!'". K A 3
(Brassica rapa ssp. pekinensis ', /N 2% 5 il 1 ==
(Phalaenopsis equestris)F1 2k F F it (Dendrobium
officinale)"., & JK(Cucumis melon)" V25 L K 41 1 7y
5 % 52 3] 50 32, 52. 68+ 79. 60 F 54 N~ CML 5K ji%
BN, Z R 5 PR 51 1) EF-hand Z5#438, 7EHE 4
N IS SR E K FEE TR . R T,
SDS-PAG it #% # 2 5l 73 7 %L W] AtCML20 7] &5
Ca¥4h &, I RIE ArCML20 AT 3% PR P12,
Y ArCML20 % 3] Ca™ Juk U B IT Il T 7
JiiE e U H e I AR R ArCML9 W] DA 58 H )
£ T e p sz v, 3 AR SR R AKE K
HU, i CML24 2 5 %% — FE L Ca® ' R IR,
e . ABA. H B8 K& £ e U, 75K FE it 72k
OsCML16 {EARIR T SR pie N B m Rk, 7
5 OsERD2 HAE", TEZ5W (Camellia sinensis) H it
FRI, CsCML16+ CsCML18-2 1 CsCMLA2 7F #h
8T RE FERIAYS, HE (Vitis vinifera) PR
Bl: VaCML21v2 {EFURE I i 204 ] 18 o A 36
FIJEHKE Rl DREB1A Fl DREB2A 1335, M4 m H
PrEEVEN, T (Ziziphus jujuba) ™ CML & K 5K jif

B BRVREALE AN ) BE v AN 4 o

AN R 2R Rhamnaceae ) & ( Ziziphus ) FEYI,
A 3R E HE ) A 5 R 2 —, A8 3R E AR
J7 e A6 T7 2 ZRARIR S W UK, 48 H R AU A R
AN TE R BE AR A =, P T R BB R R SR T .
H FT, ER B FE 1 T TH A AT A AR R R AN [F] AR
TRF it At A BN 5 A AR AL R B 1 DU e 25 7
TH], % 2R H0 TP 1 73 T LRI L DY AR 5
BRI & PG BT B M2 A CML &
FIERA , BAR T8 CML PR 55 1% 7 0 8 R 25
P AR . B A e AL IR ST A5 IR (S B OF
TR 5y CML 78 i B R AE < & 4 (Ziziphus jujuba
‘Dongzao’) A H: [F] Y5 DU A% A4 e S ARG I P aE, DA
fE Ca® FIHR R AL BT R IA RV, B AE 1240 S B
PUFE CML B[R, Jyidt— P 347 8 CML FK IR )
RERIE S LA R A AN 25

1 AR 7 ik

1.1 iRIedfR

IS AR R < 43 T H B AKOK AL R TS 5 1
FRPO 54, AT dh 2% 2 5 2 A R ITEA A
MG, FF RN 13.3 °C, FERFF/KE 568 mm,
B K — 3 A EHI AR T 2006 473 7 54
FIERRS —En A L, 7 AR e A K H et
ANFE G5 R ABFFET 2021 4 5 H 19 HfEZ%
TR H PR AT R SR A, R R AR D 3 AN,
TSP 2D R AR 3 R, T UK G S B A [ S
55 % T AR TP K R [ ok < & 20 [R) R U £ 44
ALAE 3 A4, 35 3 4, 4 HEAT 100 umol/L &
L5 1 100 pmol/L R FE R AL PR /5, (KR (4 COAL B
0. 6 124 h, J5REM v, AT EES, RIFT
—80 °C, F T )54 RNA $EHUAE CML K EF R &
KT . LIRS 3 A AR B i A (O AR Xt R, A=
Y EE N 3 K.



60 b mw # kK % R

545 4%

1.2 R FHE
1.2.1 & CML 3B Rkt % % Fo B AR 547

N IRAF A CML FREE R 7 41, ££ TAIR 2
7 51 B ¥R 2 (https://www.arabidopsis.org/) F %
ARG CVAIR 50 4% CML TR, Wi 7E NCBI 3
& % (https://www.ncbi.nlm.nih.gov/ )£ 1T blastp Eb Xt
R, W12 CML B 5 (% & 5 A dwtd 7
Yo SG, BEATHIEEAS Pfam. cd-search. InterProscan
HAE BidrEE AT, 51 A & EF-hand 4514
B CML F:IH, %657 EF-hand 45 #4380 5 A 8
N CML 2 R R % o 313 1 A1 B AE 28 43 B A
ExPASy(http://web.expasy.org/protparam/) X} %5 7l Hi
[ 434 CML = DR S5 B R 3 AT 56 FL AL R IR AL
BAER T2 EIA R
122 R CML FA#&m A F &R Tz, KB F
T 2 R AL TR M 257

12l MG2C 7££& ¥ (http://mg2c.iask.in/mg2c
v2.00%: i Gt 4 € iz &1, 32 | GSDS 1E 25 3 1
(http://gsds.gao-lab.org/ )ik 17 3k K] 45 #4) 73 4, %
Cell-Ploc2.0Chttp://www.csbio.sjtu.edu.cn/bioinf/Cell-
Ploc-2/)7E £ Tl il 5 E B M. 48 i 5 7, o J5 16 H
Thtools A<Hh T B0 B R 45 M E AT 20 Hr H 2 Y
123 R CML F#abk 5 R F0Hr

FIH MEME 728 TR P00 7 Hr & CML 1k
BRI R 737, SO E N DR 3R 7 5/ 56 1
BN 6, I KON 50, RAFIEEFEH N 5, HAh S 4%
BIMEWE .
1.24 & CML %% 2 %K F 4

8] MEGA-X H1f] ClustaW 25 L p 75, &
1] CML £ [JPF1HT 2 /75 Hex, H Max Iterations
ZHRE Ty 100, A S HEZIREA R E . R0
1% (neighbor-joining, NJ), bootstrap 1 % & A 1 000,
R HEALAR o
1.2.5 & CML F#4% % 0 & & ZAETRM 57

F| H STRING % ## J (https://string-db.org/) %
FraRAS 1 23 N8 CML 3R A 2 52 7 91 147 B
VEILZEAR T 43 B, LAHOL A I () AH 5% [B8 77 10 4 9
S,
126 & CML F s A A0 B FUR w1k vh
FAKIR M8 RNA-seq & ik 547

) P A R R 2H A < 2% 8 I H [ 058 Y i Ak e 7 A1
T oy 3 BT P 2 S SR POV 3 AT ZiCMILs 5705 B R 1
KA, F|H Tbtools X LA log, (FPKM ) #) & #4
B, DU R A [ BE R [ R i
1.2.7 & CML Rk B F R8T

5%, FIH RNA Easy Fast f8474H 41 RNA i

P2 AR 7] 0« & A0 S L TR E DY 5 A4 ob L AT
RNA #2HL, 2 [ S e sl m) & vt B kAT, ROV 2%
4 9: 42 °C 15 min, 95 °C 3 min, 4 C {f4%. =4
20 C f#f7.

DA Actin BERAE NS 5L, @ik NCBI AR
F R 7 TR R S (R 1D, BT 5L 9
5E & PCR(GRT-PCRO 7T, 2544 4: 95 °C 15 min,
40 MIEFR 959C 5 s+ 50~60°C 30 s, 72°C 20, 4 °C
RAE o iR ZRAN: 2 x SuperReal PreMix Plus 10 pL,
ddH,0 8.2 puL, E 514 0.4 uL, cDNA 1 pL, 5
Ja R F 2788 VR AT R A R - SR

R 1 ERATEE PCR 3R
Tab. 1 Primers used in qRT-PCR

FER 2K 51¥FHI(5—3"
Gene name Primer sequence (5'-3")
ML F: AGCACATGAAGCCCGAACC
J R: CGGACCCAACATCCACCTC
JCML F: GGGGTGTAGTAGGAAAGGCT
v R: TTCCTTGAGATGACCTCCGC
J— F: TAGCCTTGGGACTATCCGCT
J R: CGCCAGTGACCAAGACAACT
JCMLA F: TGCTGAAGAGGAGCTTCGAG
J R: CCATCACCATCCAAATCAGCTT
JOMLS F: CGAAGGTTCGGTCCGTGAAA
J R: TTGCTTTCTGGGCTGCAAAA
. F: AACGGCAAGTCTGTAGACGA
ZjCML6 R: CAATGTGTCCGTCGCCATTC
. F: CGTGACCGCATTTTCAAGCG
ZjCMLT R: GGCCATCATACGACTCACCT
ZiCMLS F: TTGCAGGTTCAATGGCGAAG
J R: GCTGACTTTGCCATCACAGA
ZCMLY F: TCTGTGGGAAAACCATGCCT
4 R: ATGAAACCGTCGCCGTTGAT
. F: AGGAGGACATGAGAGAGGCTT
ZjCML10 R: GTTGACCATCCCATCACCGT
. F: AGCTGAAAGAGGCATTCCGA
ZjCMLI1 R: GGTTAGCTTCTCACCGAGGTT
ZioMLL2 F: ACAAGGATGGAAGTGGTGCAA
R: TCTCACCAAGATCCTTTGCCA
. F: ACCAAGAATCAACAGCGGCA
ZjCML13 R: TACTCACCGACCGATCCGAA
. F: GATTCAGACGGCTTCATT
ZjCML14 R: TCTATTGTCCCATTTCCA
JCMLLS F: ATCCCAAGACAGGCAAAGCTC
J R: GATGCCCTTGTATTCGTGCTG
ZCMLIG F: ATGGAGACGGGAAGATATCGC
4 R: CCAAACCAAGCAACCCATCTC
. F: GCCAGCGAAAACGACAACAA
ZjCML1T R: CGGTGGCATGTTGACCTAGA
. F: TCATGGAGGTTTTCCGGTCG
ZjCMLI8 R: CGACAGCTCACGGTATGTCA
. F: CTCCATACACAGAGGACCAGC
ZjCML19 R: GCCTCCTTGATCATCCCTGTC
. F: TCGACAAGAACAGAGACGGC
ZjCML20 R: GTCCCTCATTTCCGGGTCTT
. F: CGCCATGATGTTGAGCGAAG
ZjCML21 R: GCCGTGATTTTCCCATCGTG
. F: AGAGGTTTGACCGTGACAGG
ZjCML22 R: ACTTGGACACCAGCAAATCCA
. F: TCGGGACCATAACGGACTCA
ZjCML23 R: ACAGATCGGATCATGCGTCG
o F: AGCCTTCCTGCCAACGAGT
ZjActin

R: TTGCTTCTCACCCTTGATGC
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MR LA G A B 2 A AR O B2 D

4N ZiCML ~ ZjCML23(3% 2) o &5 HT] R: ZjCMLs
FE R Gt X 7 511 (CDS) 44 255 ~ 807 bp, 7
FAK N 84 ~ 268 aa, 47T &N 9.34 ~29.25 kDa, &
&S AT 4.07 ~ 6.62 210 o ZiCML 3 R 5 Rk
4 EF-hand &5 #3808 1 ~ 5, Z5H38AN408 4 1)
ZjCML HE A% . 5340, W40 o 500 2t & 30«
ZjCML Z R 8 9 32 B0 A 5 40 ML 41 o VR
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Tab. 2 Basic information of CML gene family in Chinese jujube

PLERT SR cpsk i EF-hand HEREE HT= s
HERNLFR  HEEERS TELL EouiS - ¥ H Number  Molecular .~ =" V.40 A e Ar
. CDS . Isoelectric .
Gene name Gene ID Chromosome Genomic total lenath/b Number of of amino mass/ oint Subcellular location
location length/bp gt/bp EF-hand acid/aa kDa p
4 TN
ZjCML1 LOC107420771 1 962 444 147 16.52 4.73 AL, i
: Cell membrane and vacuole
4 %
ZjCML2 LOC107417331 1 1325 582 193 21.71 5.17 Al
Cell nucleus
MARAE. 41 %
ZjCML3  LOC107409684 2 1250 777 258 28.86 6.16 AL, Atz
Cell membrane and nucleus
AR 20 B 5T
ZjCML4 LOC107413144 3 846 483 160 18.10 4.12 Cell membrane and
cytoplasm
21 fifu fi5
ZjCML5 LOC107415541 4 1014 642 213 24.62 4.72 AR
Cell membrane
. W
ZjCML6  LOC107416249 4 562 459 152 16.68 4.80
Vacuole
21 it Ji5
ZjCML7 LOC107416258 4 667 255 84 93.44 445 AR
Cell membrane
. Wt
ZjCML8 LOC107418957 5 782 486 161 17.45 4.14
Vacuole
I
ZjCML9  LOC107421107 6 1158 507 168 19.01 433 AR
Cell membrane
) 4 i
ZjCML10 LOC107422102 7 1214 729 242 27.62 493
Cell membrane
AR 2 B 5
ZjCML11 LOC107423403 7 952 450 149 16.84 4.11 Cell membrane and
cytoplasm
) 4 i
ZjCML12 LOC107424787 8 889 516 171 19.44 4.88
Cell membrane
ZjCML13 LOC107424831 8 856 573 190 21.34 4.82 AR
Cell membrane
ZH BRI 40 A
ZjCML14 LOC107425895 9 887 447 148 16.77 4.07 Cell membrane and
cytoplasm
ZjCML15 LOC107427067 9 1294 561 186 21.34 6.62 AR
Cell membrane
. 4 i
ZjCML16 LOC107427847 9 580 423 140 15.56 430
Cell membrane
ZjCML17 LOC107429242 10 1224 606 201 22.19 4.50 AR
Cell membrane
. Wt
ZjCML18 LOC107429541 10 721 480 159 17.65 434
: Vacuole
. it
ZjCML19 LOC107431195 11 1286 492 163 18.02 4.57
Vacuole
ZjCML20 LOC107431392 11 1219 645 214 23.89 434 AR
: Cell membrane
4 %
ZjCML21 LOC107431644 12 1192 693 230 25.22 4.74 Al
Cell nucleus
4 %
ZjCML22 LOC107431634 12 1166 807 268 29.24 6.59 Al
Cell nucleus
. Wt
ZjCML23 LOC107434111 930 507 168 18.60 4.37

Vacuole
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Fig. 3  Gene structure of CML family in Chinese jujube
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Fig. 4 Phylogenetic tree of CML protein in Chinese

jujube and Arabidopsis thaliana

AN KA M 1 ~3 4 ZjCML, 2 ~9 4> AtCML,
HARA W2 5 A B A s i YR, B R
i . HoH ZjCML9. ZjCML10 fil ZjCML20 A 11 ¥
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