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Identification and expression analysis of calmodulin
binding protein gene in wheat

TANG Mengyao, SUN Ronghua, SUN Shuang, NIAN Haomiao,
TTAN Geng., QIN Yuxiang

(School of Biological Science and Technology, University of Jinan, Jinan 250022, China)

Abstract Calmodulin-binding proteins (CaMBPs), by virtue of their binding to calmodulin (CaM), are
involved in regulating a variety of physiological processes in plant cells, such as growth and development,
stress response, and stomatal movement. In this study, we conducted identification and expression analy-
sis of the TaCaMBP genes in hexaploid wheat (Triticum aestivum). A total of 21 members of the
TaCaMBP gene were identified from the whole wheat genome, followed by comprehensive analyses of
their gene sequences and structures, conserved protein motifs, chromosomal distributions, cis-acting ele-
ments, as well as expression patterns across 12 different tissues and under salt treatment. The results

demonstrated that these 21 TaCaMBP genes were located on 18 wheat chromosomes and exhibited se-
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quence diversity. A large number of hormone-responsive and abiotic stress responsive elements were found
in the promoter regions of the TaCaMBP genes. Members of the TaCaMBP gene family displayed tissue-
specific expression patterns in 12 different wheat tissues. Under salt treatment, the expression levels of
multiple TaCaMBP genes changed significantly, implying that they may be involved in the response of
wheat to salt stress. Collectively, the findings of this study lay a foundation for the functional study of
TaCaMBPs responding to salt stress in wheat.
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TaCaMBP FEH NG . Ja28H] BioLinux 2345 PR 0 28 1 9 703 55 i R S B M e
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FIF gff3 FERESCHRIE A E YR R 1D, 7 TBtools R 5 3+ L3iF 2 000 bp BYAESRES 741,
{5k AR 4 0 A FH 815 T4 808 % PlantCARE Chttps: //bioinformatics. psb. ugent. be /webtools/plant-
care/html/)" S AT AR FH OGO B T 5 4007, 3 F TBtools 4T I AL ST .
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6.12.24.48 h T REEMEIEE L . I TBrools #EATRIKIE 2,
1.8 TaCaMBP-01 .TaCaMBP-05 . TaCaMBP-15 kWit T 184 3% 53 Bt

DI/ e AR AR, BRI B0 A5  TEARMESSE SR 450 OGJAIN 16 h/8 h R 2542 °C i
50%~60%) T F 1/2 Hoagland %338 3% 2 Wit —.0 BT B 150 mmol/L NaCl #47 £ 4038, 43 51T 0.
0.5.3.6.12.24 h #EFT/NEHEERURE CREAE S & = A bk , =AM EYFH D A B R G A — 80 CIRATF.
fifi ] Trizol YEERICE RNA, BfiJ5 ] FastKing cDNA 5 —#5 & U & CRAD B RNA R0 cDNA, LA
/NZE TaActin FEAE RN Z:, il SYBR Green gPCR Master Mix (&35 ) 7698 %6 & # PCR {X (CFX 96
touch) E#EfT qRT-PCR., W AR : AR 95 °C 15 min; 284 95 °C 10 s;3B k 60 °C 30 s; ZEfH 60 °C 32 s,
40 MR, BEARERIEAT AR E R R 27 R AR X Rk L Il GraphPad Prism
9 FHATVER S G240 0T (¢ K3 ,* p<<0. 05 .%% p<C0. 01 % p<20, 001),

2 AR5

2.1 /NE TaCaMBP 3EPy% 5

FIH CaMBP SR PF0O7839 [ By /R B RAR Y AE /NAZ B R 20 P 84T hmmer 82 S S5 HBUIIE , e 4%
WER 21 A TaCaMBP JEF B (F D, 21 4 TaCaMBP JEF g & AT K A T 329 & 1215 &
PR 2Z 1] 5 FHX 3 B i A 34. 39 kua 2 130. 87 kua; SFHL S (pDFE 3. 75 2] 11. 52 Z [a], JE 3Lt AL PR £
FEE .
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£ 1 IME TaCaMBP EEBRRHERER
Tab. 1 Basic information of TaCaMBP gene in hexaploidy wheat

NS FEH 1D Fefk H EBAKE/aa ST/ /kua EHLA
TaCaMBP-01 TraesCS1A02G239100 1A 150664852—150666616 1215 130 877.5 3.85
TaCaMBP-02 TraesCS1B02G251300 1B 443994274—443999122 1115 120 198. 4 3.75
TaCaMBP-03 TraesCS1D02G239300 1D 77862963 — 77864929 1143 122 851 3.92
TaCaMBP-04 TraesCS2A02G270100 2A 437975377—437977623 380 39 915. 8 10. 31
TaCaMBP-05 TraesCS2B02G288800 2B 399353059—399355396 378 39 568. 4 10. 54
TaCaMBP-06 TraesCS2D02G269100 2D 94051277—94061471 329 34 394. 9 10. 94
TaCaMBP-07 TraesCS3B02G540400 3B 330751162—330752289 452 46 966. 6 8. 43
TaCaMBP-08 TraesCS3D02G485900 3D 87982462—87986634 441 45 968. 7 9.08
TaCaMBP-09 TraesCS4A02G053700 4A 45334269 — 45339256 829 90 692. 2 4.79
TaCaMBP-10 TraesCS4B02G251000 1B 517272871—517275387 838 91 473.1 4.77
TaCaMBP-11 TraesCS4D02G250900 4D 419312025—419316721 841 92 012.7 4.73
TaCaMBP-12 TraesCS5A02G074700 5A 329307188—329310778 610 66 369. 5 10. 79
TaCaMBP-13 TraesCS5A02G104600 5A 168863548 —168865504 389 42 672. 4 11. 43
TaCaMBP-14 TraesCS5B02G081100 5B 779365902—779368378 608 66 103.1 10. 75
TaCaMBP-15 TraesCS5B02G108900 5B 149329737—149331728 388 42 358 11. 52
TaCaMBP-16 TraesCS5D02G088100 5D 582700378—582702135 610 66 582. 6 10. 74
TaCaMBP-17 TraesCS5D02G116300 5D 136349190—136351231 388 42 208. 7 11.52
TaCaMBP-18 TraesCS6B02G149500 6B 93631186—93633240 349 38 080. 7 6.97
TaCaMBP-19 TraesCS6D02G111300 6D 426518618—426523264 366 39 444.5 8.22
TaCaMBP-20 TraesCS7A02G427900 7A 621017402—621019213 603 64 238.5 9. 44
TaCaMBP-21 TraesCS7B02G328100 7B 101408193—101411999 554 59 070.7 9.78
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Fig. 1 Phylogenetic tree of CaMBP genes
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2.4 JNE TaCaMBP 3EPAE bt it 4 a1 5 D B 2L 26 5 B

PO AENL T R . 21 A TaCaMBP JERAEI SR TERR 3A6A 7D A1 18 SRJfhk 1 (K 3)
LM K I TaCaMBPs 745 17 XL RN, A& 4 (a) . 5390 ) TaCaMBP-01/ TaCaMBP-02,
TaCaMBP-02/ TaCaMBP-03,TaCaMBP-01/ TaCaMBP-03,TaCaMBP-04/ TaCaMBP-05,TaCaMBP-
05/ TaCaMBP-06, TaCaMBP-04/ TaCaMBP-06, TaCaMBP-07/ TaCaMBP-08., TaCaMBP-09/
TaCaMBP-10.TaCaMBP-10/ TaCaMBP-11.TaCaMBP-09/ TaCaMBP-11.TaCaMBP-12/ TaCaMBP-
16, TaCaMBP-13/ TaCaMBP-15, TaCaMBP-14/ TaCaMBP-16, TaCaMBP-18/ TaCaMBP-19,
TaCaMBP-18/ TaCaMBP-21,TaCaMBP-19/ TaCaMBP-21,TaCaMBP-20/ TaCaMBP-21, ¥} 20 4~
B AR 20 AN SEE I A 3 = HARSE, W TaCaMBP-01, TaCaMBP-02, TaCaMBP-03, X #8645
R I/ N S AU AL Rk BE b kA2 T TaCaMBP R ER , [ 75 205K Nz i 3L
IR/ CaMBP SEREAY R EEZ g, AN HWFFE CaMBP TE4) 1] B9 kA 5 & L 757031 3k
F3/NE KRR KFEE 21 4.8 A8 4> CaMBPs BY:Al F ., 4347 7 ¥R CaMBPs 132, 45 R R W] 2 ik
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Fig.3 Chromosome location of TaCaMBP genes in wheat
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Fig. 4 Intra- and interspecific collinearity analysis of TaCaMBP genes

2.6 /NEE TaCaMBP JSEPIAEA W ALY B 3 it I~ 04635 5 Bt

F T f# TaCaMBPs H3fig , 7E ExpVIP Fl Genevestigator Puli |43 3B/ 12 FhAR [7] 20 21 fidh ab
PR e SR AU B () 36l % TaCaMBPs 47 T RISV BT i ikt dr . 452538, 21 /)
# TaCaMBPs WA TE 12 P2 R FAE R E 2R (B 6). W TaCaMBP-20, TaCaMBP-21 £
FA A2 3 58 7K ¥ AR TaCaMBP-05 7 Mt 85 v 55 3¢ 35 (0 76 W0 By 2 F0 v 119 3R 3 i R AIK
TaCaMBP-01 7€ ik BUAL 21 vp ¥ AR FR Y 238 . X FP 41 24% S v e kw8 o 8 B, 7 ik b o 2
TaCaMBP WG TEINRE bR T 50k

TE 150 mmol/L NaCl ZbFR &4 . TaCaMBPs AN[A] i 51 2 P H Fe ki 20 25 5, LIFE [ HF 4 AR
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CERE B 70 IR 22 6 5 L3k &1 7(b) IR rh i F ik B AR B, (H R A K- H 822 5%, 0 TaCaMBP-01,
TaCaMBP-02,TaCaMBP-03 ZEFIA A RS2 NaCl i 5 31k 0 = FH 7 H & s S Ra MG T

JKFE . EAKE] CaMBPs
3 #r; (b) CaMBPs
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TEH % 6 T HIEFRIEME, M TaCaMBP-04 fEMF/NE HERAE S T IHRIK BAEEH & 6 SH )T
PABOLIE = T AR E A P R IA R, XK, TaCaMBPs 7] REFEER M0 2 7 vh & FEAS [ D B s 7E PG 4>
INAE PR AR 25 5 3RIK I TaCaMBP FE AT REXS X WA /INAZ (AN [R] it 6 K 45— RE I BE
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Fig. 5 Analysis of cis-acting elements in the promoters of TaCaMBPs
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Fig. 6 Expression analysis of TaCaMBPs in different tissues based on RNA-seq data from the ExpVIP database
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Fig.7 Expression pattern analysis of TaCaMBP genes under salt stress based on RNA-seq data from the genevestigator database
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Fig. 8 Expression patterns of TaCaMBP-01, TaCaMBP-05 and TaCaMBP-15 in roots of Chinese spring wheat under salt stress
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