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Abstract Sz
Calcineurin B-like proteins (CBLs) are a subfamily of SLussn S b Km G5 sbelilns 5l S

calcium sensors that play a role in_ various plant cell sl iUy K Olgee o5 w3y (CBLS) B opypeJiSas
processes and molecular functions. In sesame

(Sesamum indicum), in silico analysis of the CBL gene
family was performed to identify CBL proteins
involved in calcium signaling. Using their orthologic
relationships with Arabidopsis homolog genes, the nine
SiCBL genes were identified and subdivided into six
groups: SiCBL1, SiCBL2, SiCBL3, SiCBL4, SiCBLS,
SiCBL10. The molecular weight of SiCBL proteins
ranged from 24.4 to 37.9 kDa, the Isoelectric acid pH
range, the instability index ranged from 33.99 to 47.46
percent, the aliphatic index ranged from 80.29 to 10.89,
and the GRAVY ranged from -0.420 to 0.061.
Prediction of post-translational modifications revealed
that palmitoylation motif was observed in all siCBL,
however majority of them did not have myristoylaton
motif. In term of gene structure, 11% of SiCBL genes
had nine exons, 11% had eight exons and 77% had
seven exons. The RNA-seq pattern of the SiCBL
subfamily under PEG treatment revealed that, whereas
members of this gene family had generally similar
expression patterns in both susceptible and tolerant
cultivars, due to functional Convergence, each member
of this gene family had a distinct expression pattern.
Future research on the expression of SiCBL and SiCIPK
gene family genes under various abiotic conditions
could aid in understanding the mechanism of
expression control of SOS-related genes.

Keywords: Calcium sensor, CBL, Gene family, PEG,
Sesame.

E-mail: sdklkr@ymail.com

S gl Ses 5 (S5 sbeanlp Sl olee s 450
55 oS o 1SS ) 5 S e ) SRE LS slad sk
85 0ol .23 8 513 ) 5y se S olS 53 CBL 5 esl sl 5
b Syl bl ab oS s S Sl s o83 s SICBL
SICBLL 55, 05,5 (id B 55 ¢ sdolyl dis olS (glal
sapaib SICBL10, SiCBL8 SiCBL4 SiCBL3 SiCBL2
YVA ) Y8/8 e3gamme 53 SICBL lacysisn JsSe 035 L
YR (L et sl a0 PH e gt 05305 LS
GRAVY ;1vUAd A SOl Lasls 5 oy £V/E I
a5l e Ol S R e eite /0T I /8 ed gees 5o
wr 2 Opdisall cisse o ol CBL O ass, Jip
BL Ll 81 S I s bl edalie amS oS CBL laoss
SLOS oy WV (55 st cwy 5 50 Loy Ol s e A 5
Aoz W 05581 i gl asns VY 581 & lls SICBL
oal 5l 5 RNA-SEQ (o 81 Lo 5 a2 . La g 0581 a5yl
33 53 eslgls opl glasl 4 31 sl 0l PEG L s SICBL
S a s dadls glalie Cond 4 Ol S Jae 5 b o5
Oy S e Shee G s 55 eslgls nl slasl S
S5 038l 05 Ol eSS Dladllan sy la) 5 (63 4 aee
Sl s il o) 6 b i e SICIPK  SiCBL
SOS s b Lo o (sa03 0l Sladed ol S 3 il e ST

Al ke

PEG CBL s « 5 o3l 5t oundS S 15005 (SO 319

5 ablS JLoS s 2 gto oy *



Oeed bwg Mlg e aedS plo (et al., 2017
1) 3l b b,y CBL sl sy EF-hand’
1S 1as CBL opels 151 Jlail s (splis b
Silgi e 45 ode EF-hand s ks (el
Nagae et ) sip3 Jate el (i o 2 551
.(al., 2003; Sanchez-Barrena et al., 2005
!y CBL-CIPK sly JGsl 5 cél,y 4
gty 5 BLIG gyl olS ) 5L oyt
dw Jols 295 &S 0 ol SOS jowe cais
5 AtCIPK24 (SOS2) AtCBL4 (SOS3) .
wsle Na'TH' (SOS1) sl cules
.(Kim et al., 2007; Monihan et al., 2016)
bl ajg, b a9 jb 3 ABA S
O S o5 Mle ajpd Sl S S e
s GMOJIE 4 pmie Had gled 5 (e
5 (SOS) Toyph 4 Comls G JiSpw
Sgs &S 358 00 (ROS) T b 13uS| (sladiss
S & 5wl gy slaygs (sl
Kim et al.,, 2007; ) s,ls o o 1) odjue
o5 & Jess sl s (Monihan et al., 2016
Jos WCBL L ol ,3 AtCIPK24 5 «(5)5
P e (S5 e > SOSL &S Jb > )8
g0 Jld CBL10-CIPK24 Ly casdgios
.(Kim et al., 2007; Monihan et al., 2016)
oSeags Ul S 4 sl clids
b oleMbl CBL/ CIPK (slay5 (slawolio
Sy Saichilrn 5 (S oSles o)y
s JolS5 logas CBL/ CIPK oolgls
e LS > CBL-CIPK Sl
Yu et al, ) osds «&l)) oo LS b s

1. Elongation factor (EF) hand domains
2. Salt Overly Sensitive (SOS)
3. Reactive oxygen species

%3

400

odlgls ;I Sesamum indicum _ole b L sous
P gy il pyiae I SSPedaliacea
IS g 2900 Cguime A8l dawgi (glaygdS
bug & cul 2y glaab Gl ()5 a8
Jlo Beer o asu,l oS ond Al s
Rahimi et al., ) swy o olwgdin > i
LS asbe dlusy il (alS xS (2020
Olesds g odd Bl Siddes ¢ Sid 3ble
Roul et ) cool ous adls seq) oals sl
o oS dles jl afy, slaals L(al., 2017
A o LSS 1y o I3 0,80 ey S
2 By 4 dlu olS ol Al )3 39250 (425, ke
Rahimi et al., ) uib o &> (55 doyd B+ 2gd>
oly o p bl M S (2020
Cae CadS b g b O e 39008 ((55lS
» yol cpl &5 (Esfandiari, 2001) cul ()Ll
ok ol Ol @ 2y b3l cla
&S > o i b awyp ol &8l D903 Lo
395 5 S Ll & J B Joss olS (ol
cd¥s a5 &5 (Silva et al., 2016) sad o oLis
2 0l ol Glapusle JolSS g 929

dlor (SS9 (6)9 ot b axrlse
&S cuwl oyl A amd s cladsy
Gle swlp K plyed pls SIS
dixie () oS oo 4 U asln B 1) 4blS
A Johs elol slasnli g e gl
ool elbosias Jlis! 5 beany da U (5l b
Saled 1y 1)l J1,8 Jolo calisee slalie o oS
» (Dodd et al., 2010) sl oo o
Saogn qealS oSl (S (slaases
Joe e slaJsslse plicds prals @ Juae
b Joho edS” laply ol pboss 9 03503
Sy @ 1) ely (pl g sl <l
Lietal., 2016; Yin ) uus’ o Jite Cusdpobs



AR e JouS ol »CBL 55 DJ|95‘$ LSLACI Lé.ulA)yv‘}u = UI)K"‘“ 9&ys

5 olbs e Jdle [Expasy-Prosite oKL
aby > (Sigrist et al., 2012) si oy
http://meme-) MEME
ol cblis slacasse (SUite.org/tools/meme/
Bailey et ) s ololis wld s slajyel)l b
Slyss b by solls oo iw (al., 2009
Myristoylaton 4 palmitoylation a5 ;I
5 CSSPalm 30,8l py (opS8e b cuiyay
http:// mendel.imp.ac.at/myristate/ ) PlantsP

.cé,8 &yso (SUPLpredictor.htm

SICBL (Stijehd kuly) 9 (5 jbdbw (plwlus
GSDS aby jl eolewwl b sous” ely; olS
http://gsds.chi.pku. ) 55 Bl olls
ey 5l (Huetal., 2014) c.é 5 plx! (edu.cn/
SeSey s Jlg adyen i, ClustalW
» bl Kojeld <y 9 3,5 odlawl CBL
ol pml by aleea Jlail by, (el
NS Veee L (Felsenstein, 1985) oyl

5 oy MEGA 6.0 (Sjsld Jljdle s Lawys
(Tamura etal., 2013)

SICBL ¢yl 555! (o 2
el Vg e 55 ol by Lbgy adlas
Mao et ) 35l walys byl 3,815 Syl oge
o5 0l Sl Ly yeaie cpay (al, 2012
TEX-1 s 4 Josxio doxS o8, 53, SICBL
3590 PEG Jlog cos VEN-1 s &y oluos
sy pd (Song et al., 2020) cé 8 )5 oy p
Jslne 42 5555 55 o slitin o SlnacpalS oS
Jiz (PEG) -6000 sS85 oyl b AV~ gols
IS5 aw b adyy sladiges (spglaen coles
8 Oygo Celo Wl S (SoSols
L Sl oo )3 laasals 435 cul S5 4 p5Y
60 (59 klps »» 9 Hoagland )ikl Jeloxe

CBL-CIPK (sla pSloS i bige 45 (2014
g ol pe il gla il 4zl clebas
(35855 ol 5D gy (ghke dlge Sl (gla )Ll
5 0dlgl oSlewipl wyp g lolid Helalea
13 1S LS o odlgls ol g5 cslael CBL

W85 B gwip 2y90 (o955 0y

b 95 9 3o

CBL _gj 0dlgls slasl olwls

2068 oLS CBL g5 o5l

slogs CDS! 5 iy « 095 Sl Cunss
NCBI ps5 oSl 5l woeS )5 ppudls Suo
Ab by (/https://www.ncbi.nim.nih.gov)
olS > CBL Slger sl (alolid (sl
5 ol ugn laly Ll (SICBL) sous
olS lgicas (ALCBL) LWE syl olS CBL
ol 3l ool b aebl 3 g cél > Tair colw 1 Jae
BLASTP )3l b (sgmine QUETY (lgisar Jlgs
CdS Cygo oS olS gy Jlg > Local
ol ) e (55 ol cpl lagme
G O slows  p golad
s Prosite dnterProScan Pfam Hmmscan
Hulo et ) 6,5 )5 aub 5,90 5 oy SMART
al., 2006; Jones et al., 2014; Letunic et al.,
JoNse 159 (2018; El-Gebali et al., 2019
CBL oy "Up) K pSllgsl dlaii 4 (kDa)
oL 40 dg>50 ProtParam ,liél 5 (05,8 L
https://web.expasy.org/ ) Expasy  sleMbl
Gasteiger et al., ) .i awbxe (protparam/
SN b oSayn (Jobuigy (bl (2005
https://wolfpsort. ) WoLF PSORT 4.l
» (Horton et al., 2007) s _sw i (hgC.jp/

4 Transcription factor
2 Isoelectric point


https://web.expasy.org/protparam/
https://web.expasy.org/protparam/
https://wolfpsort.hgc.jp/
https://wolfpsort.hgc.jp/

g SICBLAL1 sbpy; wals b AY/
oy XL AICBL4 5 4 SICBL4.2
oy OY 5 VO Slued b cuiyay ATS5G24270
(s yiwd S AtCBL8 45 4, SICBL8 5 caliio
5 Moy FYIF lued 4 L AT1G64480
o5 4 SICBL10.2 , SIiCBL10.1 (b
b w4y ATAG33000 o yiwd 35 L AtCBL10
Al o cals bl aopd £V 5 A Slaen
slayi & cul Cllas oyl 5l (S i Olllas
(Li et al., 2016) ;lxesl ;> CBL osis slolis
g e b (Zhang etal., 2014) LIS wae g
ool 9 (Jiang et al, 2020)

AL e 222 0> (Kolukisaoglu et al., 2004)

olyod 4 SICBL dugy sWomed  olwlini
el (stlronnioa jud (olss (il

Iopsl omes polaidl bolol oy
5 Prosite nterProScan Pfam Hmmscan
& wyp D90 sl yi ded o i SMART
dy90 sy den il 3l CBL g5 edlgils
ojloss 4 cuwiya EF-hand s (sl owyp
oL ¢ ;5> IPRO02048 4 PF13499  wywd
S bld & Jg Mags INterProScan 4 Pfam
ol o s olwlis EF-hand  yees
2 () Jos) 105 esalin  Jglaie pols calises
sodly o5 4 dogi b (g9 U gley ) s
Oy Ollllae b awolie (Jg 33,5 0 g (e
Pl o5 ey oLt umgga] )
s EF-handl e Lo9m.‘> 323> (sl yued
(Arab et al., 2021) xsg.

Sl oy 55 pmol photons m? sec

L GEO DataSets o550 ;1 ¢ yisloj! o] RNASeq

Uit ) g g 35) GSE148340 oo s 35
bl ol o 5 Boj sl 8 05 ol pmle
S B ep 290 WS sy ol o
ol ©olds U1 coles y> (Song et al., 2020)
&) Joges > LOG2FC gty SICBL ela;

WA3,5

o g o
SICBL 53 oslgsls oy lwlis
S s ly g Pcwdl gyl aous
Wi odlasiwl
b)) 5l o= (Kolukisaoglu et al., 2004)

esmasil]  CBL  odlgls

J CBL odlgls osolobis gy la
9 Pfam. SMART (Hmmscan  slaolSol 5,0
Olaebl § (6,5 sl Jlg Bl 5 InterProScan
ol Gidoen woyp b EF-hANd (03 3925
et 0f & il sbos b ey
A5 olls xS ol CBL wdlgls glacl
ab p» CBL g odlglh (clacl ()80l

O 18 Opgo mgdaly] peon b (Sidgen
3 o bl 4 ST Ssdy (g0 LAl L S o0
P Seeer o) oled ol n o g)lSe)led
bl 3 0g s Slsn (lie g gl
3 L AICBLL 5 & SICBLL 55 «.sglsan ol
oy Vor Slusod donyo b ATAGLTB15 s jiusd
o> 3 |, AICBL2 o5 & SICBL2 5
s oy 1Y Slusods 43 b AT5G55990
s, ACBL3 5 & SICBL3.2 , SICBL3.1
5 TAD ot b o 5ty ATAG2B570 _us g

1. Identity



2568 olS 3 CBL 55 odlgls (5 0ss ool (sla ped Slooguas ) Jod>

NCBI > (o yiwd 58

PRV S S NN

ScanPro ; : " ; ; e )
Domain EF- mo;ogy with arabidopsis Acccession no. in NCBI O3 b
hand (Fraed /- ATgno. XP XM GenelD: Gene Name
Identity%
—eee- 100% AT4G17615 XP_011070295.1 XM_011071993.2  LOC105155990 SiCBL1
R T 90.7% AT5G55990 XP_011097725.1 XM_011099423.2  LOC105176573 SiCBL2
. L L 85% AT4G26570 XP_011086290.1 XM _011087988.2 LOC105168067 SiCBL3.1
R L 82% AT4G26570  XP_011095876.1 XM _011097574.2  LOC105175214 SiCBL3.2
. L' 75% AT5G24270  XP_011075992.1 XM_011077690.2  LOC105160359 SiCBL4.1
. B 53% AT5G24270  XP_011082286.1 XM_011083984.2 LOC105165108 SiCBL4.2
— e 62.6% AT1G64480  XP_011082293.1 XM_011083991.2 LOC105165110 SiCBLS
L 69% AT4G33000 XP_020550565.1 XM_020694906.1  LOC105164672 SiCBL10.1
. . L 60.7% AT4G33000 XP_020548281.1 XM_020692622.1 LOC105176211 SiCBL10.2
. Calcium hinding protein superfamily
i)
' 3
0 50 100 150 200 250 300 350
(-

SicBL2

t

SicBL1

ﬁ

SICBL3.1

SICBL4 2

SiCBLS

SiCBL10D

SICBL4 1

SICBL3.2

SICBL10.T

W

3bo 350

o
ol
o
=
o
o
o
|
o
o
|
on
=]

EF-hand_7

EF-hand_5

EF-hand_1

EF-hand_B

EF-hand_8

AouS 3 CBL 55 oolgsls o EF-hand (gla ped ioles (©) cpumdS (slo,Sus 0dlgls ol cpued (yioles (&) ) s



S g cpyuim 9 SICBLA2 4 SICBL10.1
s SICBL 8 4 cuja bl =8l
ol slosyn Jsb )b sl SICBL10.2
aeliel YYY JI (SICBL4.2) YV- jl odlgls
dbis aely g i gl LS (SICBL10.1)
b SICBL8,> ¥/00 jl b pigy opl S usllgsl
Cul ol D usie SICBL10L j» o/M4

Om > Bodisn aberd 5 (g Clogad
2ol ol 5 JsSse ((Suilon s
(55 03l (Slunllio (g Ml go LS 5 Jobo
Yl g55 5 Slo «Me ilisks cloaisS 5 CBL
WY jl a8 55 (JoSUge (159 pa3ls )3 LSy ol
S (Bloed 03)l) SICBLT 5 iy ol
g3 yeita (3264) PECBL1-4 5 -ygills oS A-/31D
3 IS g Pl s SogiSllgp) Lasls
d¢ wmae SICBL1 » Ve/VY PI b SICBL7
calises glaaisS w)p o .(Jiang et al., 2020)
ol Shogad 3 2Vl cald oA
GVl Suscblis 4 & 15 oalie Wy,

(Luetal, 2017) 55,8 youis oy ol 3,5kes

P w2yl g @y g buidge el
SICBL (gla iy

O g oadcbls bcagse bl
plos EF-hand (sla yed )3 lacasse ol Cuxdse
J33le s 5l odlizl b a5uS olS CBL (clayiiay
g oMbl & x5 )5 501 5,50 MEME
VS o el STy g oud olulid cagse V-
b Motif-1 &jgods a5 cal oad ol lis
S mig bad (5,li%66 Motif-10
ol Ly « SICBL slaguiign » dacise
(@l =y JSs) bg

1. Localization

)LQ? S99 )‘1 uSl> JRE i oy
Kim et ) uswginly] oalS > EF-hand casse

(Kolukisaoglu et al., 2004) z,, {al., 2000
Ma et al., ) Jals 4 (Zhang et al., 2014) 15§
Ooledy ol 0399 undlS” e JUal g (2019
Geed 9> S)ldle | Siie gy ool ;%0
Gy Sy 0kl 365 35 o o> o & gy
.(Kolukisaoglu et al., 2004) .l .. EF-hand
o5 ooyl glacl EF-hand (sla ped o)y o
laonSsn don () JS3) oS oS > CBL
EF- cped 039 EF-hand7 4> sl )> SICBL
»a SICBL  lagyusg, 81 handl
wdg d9>90 SICBL10.2 SiCBL4.2 SiCBL1
owed 90 b SICBL10.L &gy &S Syso o
5 SICBL1 (glayysgy .aib o EF-handl
5 o EF-hand5 s> l)s SICBL10.2
o> by SICBLAL 5 SICBL8 (clayisgp
oed )y SICBLL (455, .ausl o EF-hand8
Sy &S Canl 34 p5Y il o o» EF-hand6
b e EF-hand7 e (ol)ls L5 SICBL4.2
CBL (lainSon (olosdsSijd Cluogad
INse is (PL) xon Sy Jsb Jolds souS
(P) S ySszl ks (MW) 5l b s
o2ls (HP) Sl Lawsis (NC) s
(355 ol 3285 )3 gwp 090 (1) ()l
Y¥/¥ o3gi0 ;5 SICBL (sl pSgp (J5d50 (59
SoySlgnl PH edgime gl oS YV/A I
9 oy YVI¥S B ¥YA glubl (sl o gal
» GRAVY ¢ V-5/A b A+/vA Solad] jasls
(Y Jos) 59 gusio /o8N JI —+/FV+ odgizee
OSgn dgdee 02> ¥ oo > &5 jbplen
@iy 1y JeSse 59 cpyuiw SICBL10.1
b x5 e 5 SICBLB & (S b st
iy olassl SICBL10.L 4 cuto (S psIl b

copa Soladl asls S g e



vy .-\?US oS »CBL 55 bJ|95L'> LgLo.Gl 05’0%99-"54 = ul)&ojb 9&ys
1S olS 3 CBL 55 odlgls Sluoguas .Y Jgds
g
el <
c s a E x % = B
£ 3 5 g g a3 = n 2 o
£ g : 38 42 41Ef 38 3¢ 38 32 _§
2 2 < N2 = 2 5 2 52 = < 2 c %3 BS
2 2 x {_11‘3 3 8 3= 3z ] w9 R 3L
= > © 52 28 28 & 5 E 34 E g
= = v 8 \3 = 3 B 3 = — z
< = 2 < £ 2 g
=
3MGCFHSTSRR 2MGCFHSTSR 0185 494 91.97 4152 24439 7 8 213 SiCBL1
4 MVQCLEGIKHL
12 LEGIKHLCAAVLQCC )
18 LCAAVLQCCELDRQS R -0.245 484 92.71 45.10 25.874 7 8 225 SICBL2
19 CAAVLQCCELDRQSR
4 MVQCLDGVKHL
18 LLSTVINCCESDINK 7 MVQCLDGVKHLLST -0.263 473 90.13 3990 25954 7 8 226 SiCBL3.1
19 LSTVINCCESDINKQ
5 MMVQCLDGVKHL
19 LLSSVVNCCDSDINK 8 MMVQCLDGVKHLLSS -0.297 4.90 88.69 3591 27.858 7 8 244 SICBL3.2
20 LSSVVNCCDSDINKQ
15 AFPIPMGCFHSKSRR 0120 4.9 94.80 4290 25931 7 8 225  SiCBL4.1
3MGCLCTKERR )
5 MGCLCTKERRIF 2 MGCLCTKER 0420 458 80.29 4710 2479 7 8 210 SiCBL4.2
7 MRSIANCFCLSKAK )
9 RSIANCFCLSKAKNP _ 0113 455 97.53 4746 24977 6 7 219 SiCBL8
2 MCVVESIDS )
56 AVSGCEDCRKLSNSK e 0.061 5.19 106.89 44.99 37.959 7 8 331 SiCBL10.1
21 LKFAEKLCAAVFPII
44 AFSGCFECRKLSRGT e -0.021 5.06 98.21 33.99 30.651 8 9 268 SiCBL10.2

98 DGLIHKGCMKVVAGD

Sy oo ¢ 55 0dlgld S 40 oddcdadlre (slagSl o
2SS g oo 3 L 355 5 i (L
b alde S

5> s Tommallaally o gl o0
(@lul ply JE o @yl e sl
S Lo g plio g iy oelald ¢ lody S0
sl w)p (Mohanta et al., 2017) b
2 opmdigianye ol g amde ol
eSeyw Jy sy b (Wang et al., 2007)
S den ) orMigill isge CBL
S| aS Jle 3 i saalie S ol CBL
Ogpodhgiun o ige 816 CBL (slagyisy
BREATY

SICBL3.1  SICBLL  (sbayysisy,
Ggge Sy b SICBL42 , SICBL3.2

1. N-myristoylation
2. Palmitolyation

il e gy s Jls b
HNGVIDFEEFVRSLSVFHPNAPLEDKI
DFSFKLYDLRQTGFIERZEVKQM,;
IIDKTFEEADTKKDGKIDKEEWKSLV
VRHPSLLKNMTLPYLKDIT;
PGFEEPEVLARZTVFSVSEVEALYELF

KKJSSSIIDDGLINKEEFQLALF;
VVATLAESDMNLSDD.

, SICBL32 SICBL31 by,

SICBLA.2 4 SICBLA.L SICBL1 (sl yssy
SICBL10.1 gy il oo ¥ 5 A (lancisige 1315
sl S8 53l Jlossl e layb  (slalie aSge
El) Silyssp g6 (el (Sodon 9 Jsge
casse 3935 500 wyleas (Gebali et al., 2019



casge 3 L ol Adb e o MSgidll Cadge ¥ bl SICBL2 (4559, sl o (ygmmsY gians o
YL Slgld b SICBL (glagubigy ) (ygmoMbgnall SICBL3.1 (slagydigy omdisiall e
Gy e Vel Wlge < spie sialie  idge 4w (sl SICBL102 5 SICBL3.2
b g opl ol Olodas )3 dea i 1 Ly Sl yois SICBL8 SICBLA.2 (sla iy «ygmwMdgially

(Zhang et al., 2014) 5 cpmlisiall Gidge 5 o> SICBL1O0.L ,

<SS b SICBLA.L1 4 SICBL1 (sl y&sy

@

| D A EEDE T8
u | SR
m [ )
~ | @D BED8 8 0 e
M ( )
[ =) ——
.
SiCBL8
m
‘ n (ﬁ'_
SICBEL3 1.
(- IONe
G u L J
@G M (22
SiCBL2¢ 1 1
<= - D8
C S
SiCBL10.
SicBL10.1 n g A
iCBL10. U [ )—
5

3
0 50 100 150 200 250 300 350

=
2
=
e

!

lllllllllllllllllllllllllllllllllllllllllllll

o | AORTEsEADwscDok DugEla VB SLUMITLG LhRLT v

» ekl L LR S D bl ==
+ ibeloElopelsle

--------

- 4F $Fgess

..........

o poRyFOLFD

...........

- HVOCLRGYK LusalaCl
o rSOLRFAEKOAAVR v Ao eALAFASCORSORKLSS

9. lMGCEc§ 7.2-003

0. JTsy}}’(gsl.F 4.2€-001

-

inles (©) - Bigy gy ond plulid (clacasge (W) CBL g n sla JIg 5 e (sooins 9 cinige jJUTY S



Yo e JouS ol »CBL 55 DJ|95‘$ LgLo.Cl @L’)a&v‘w = UI)K"‘“ 9&ys

LCBL ,iS) yluat JLsi] b9, 4 MEGA 6.0
SIS Gps 4 oAl el )i Adgs 90 4
ACBL o (claSlsi,l L &)sloee ;5 bSICBL
daly (o (1 JS) a8 ganail OSCBL 4
WouS olS Aw (Saifeld CEp (igdeess
Slogs 3l S 4 b Gl @y g Gueisie)]
SICBL1I01 by 4es 3 CBL
sl AtCPK10 , OsCBL10.SICBL10.2
5 AICPK3 4 OsCBL3.SICBL3.2 SiCBL3.1
S 5> AtCPKL 4 OSCBLLSICBLL (slay;
ALCPKS ; OSCBLB.SICBLS (sla; 5 ;oS
, OSCBLASICBLA2 SICBLA1 oy s
13 45 GySilad S 5 on 4 o355 AICPKA
aaly b oaoaion opl wdd odb olis () G
2 Slssan bl <559
5 oslogs! ke pull Y USs
5 OSCBL ALCBL slayy; cygyiil slajls o s
Glb; dan Cusd oa5 o lis SICBL
56 sl s> SICBL 5 OsCBL AtCBL
o Slme o9l odgl) Wil o g S
56 sl by & SICBL102 sea (el
hls 2208 olS CBL (slapyj (Bl eldliso yho
i ¢ Jgone pobody Ml oo Sy B (950l
5 15 s )" S Mol B a2 > Woyg ]
5 Jsl 4598595 om) 136 ((Jlsie 545" 99 om2) O
Py 9 p9> WolSe () 2 56 o (09 St pgd
Kaur et al., 2016; ) 5,5 o &ja0 (95 <SS
Gluslio zols wyp ,» (Kaur et al., 2017
2 b S glag afles plgie pSuog]
5 @r 2 &l Sedsen slapj 3Sles ol
Ladan Moghdam, ) 5,8 sw i (gl

1. Splicing phase

Ol pis a8ly ;5 MGCXXS [ T el ke
5 O Ygye loedlanll Lol sl
&S 03905 (5 Sdlauly (S-acylation) ysuwMsgnally
5 1y CBLICIPK (o Sk olosye oSl
axs (Zhang et al., 2014) 55l o Soe Jolo
gy gy Ciige Am3 0 (LS (el Claiod
dtg JooS g g (Siliwgen > SOS3 (g
sl 0y S Bl QLS > (6)9d 15
P ONA Loy gpdljind & Cpgo (o
AICBLA- Sl gjlo i case SOSI
4 4 01 plewdly SLiE Epglma > AICIPK24
Ma ) 3900 (659 & Joob (Il canw 295 g
[(etal., 2020

SeHjokd buly 9 (I L (Lol
ol Syl —(yiS1 il Jlod 4je )
8oy W S 05 eanlie souS olS CBL 5
Can g 095) cuin gl SICBL (el
whls SICBL (slayys doyd VY dgds g5
wlagi 2o W g ol G g 93 can
sl e gyl Cutn g 9551 & (gl SICBL
AICBL (cloy; doys £ &S casl S5 4 p3Y
slyi Ao Yeodgs eyl can gl
Glor 2oy Vo g eyl i gl AtCBL
oy > il oo eyl Cuda glls AtCBL
(koS odlgls 5l el VO S5 lisle glawslds
oS odg gyl cadm (elyls (3 VAY 5I) W s 00
o Sascbls o caals e LSS W
b e LCBL S5 adlgls o (glisls o5
3L gl 5 b (QLCBL jpas o sz o
Ssyia) 486 L (59l Ve dlas L PeCBL1.4)
Jiang et al., ) >4 4> L6 55 (HVCBLG.2)
2 06 (SeBiold 83 a5 ol 2 (2020
aliyy 31 03lil b (upmginl) 9 @y obS 93 S



adlos b5 )5 Ly 3y90 PEG e cow
xS o8y 3 SICBL g5 odsls Sy bbgy
1> SICBLA.2 5 SICBL3.2 (clay; jl 48 sb ol
Sl Sl > i oanlie Sy oS 08) 93
Sslize ol SICBL10.1 4 SICBL8 (clay;
S 4 Jootle S 08) 3 3 odnlide
Lials SICBL10.1 4 SICBL8 laj TEX-1
VEN-1 48, » & Jb » wlob ol 1) b
s SICBL1 (glay; Dgb e 0bd olo Liliel
L TEX-1 S8 4 Jastio o8, ,» SICBL10.2
sy o S I el Gl gpie Gud
SiCBL4.1 4 SICBLS8: SiCBL3.1 SiCBL2
Mg 55 & ap2)5 tnlie sy ol il
&5 b ] ol (el dSles g 25
o) ol Olass o6 4 s |, CBL-CIPK
by cul e JiS cogon il o b

(Lanetal., 2011) cusly

\td

Gyons I B e o sl cldlles (2020
alise sl 5 CBL-CIPK Kl
s Jle Glgieds cwl oad bas LS
jlg e3g oad cblis 55 @y )5 SOS Sluyely
Martinez-) cuwsl by lolie 5,Ske
ol (gilwailwer 5 .(Atienza et al., 2007
;| Populus euphratica L5 ;| PeSOS1
039 lay95  AtSOSL 5 L (lalie 5 Slas
PN AICBLA Syoen 5 L 5 (Wu etal., 2007)

Wang ) o)l il (gy90 (iS5 & Jood )0 «yd
(etal., 2007

o3y 95,3 SICBL g5 0dlgls slas! by 3L

Joodlo 9 owlwe
JCBL (55 eolgls Sl ol gy o
Jooio douS 18 90 50 JouS RNA-seq slaosls
VEN-1 S5 4 wlus g TEX-1 St 4

ACBL2 e AR —
AtCELG - 008 -
SiCBL2 -
SICBL3.1 e L L e o e e
SICBL32 P PP —
0sCBL3 e PP AP — —— |
| AICBL3 e QR —
_E 0sCBL2 e P — P e
ACBLT BV
L (cBLS e =
— 0:CBLIO = Pl A o i
| AICEL10 - —@ 48—
SiCBL10.1 @ i N~ =
—E SICBL10.2 ~ A — A —
OsCBLY P
— ACBLO e (R
AtCBL1 e L - —
E SiCBL1 =
0sCBL1 42 @ —
SICBL42 e L k4 & £ 4 ale
s PR YA
SiCBLS G 5 aie v o B
— = tami
ACBL4 e PR —
1 ACELS e PP A=
0sCBL4 AR
OsCBLS IR & £ i & A0 A
0sCBLS8 (L il Ll i ]
0BT
1kb 1.4285714285714kk
Legend:
&5 = upstream’ downstream == Intren 01 2:infron phase



Yy e JouS ol »CBL 55 DJ|95‘$ LgLo.Cl @L’)a&v‘w = UI)K"‘“ 9&ys

By 9 BB Luwwganl)l wases” 15 CBL 55 odlgils (slael Sis5eld o 5 (5 bl jJUT Y s

9 JolSS sy jo galS yiss ACCIPK 9 AcCBL
WS e bl okjp lis 4 W gl
L (Y+V5) ohKea 4 Liu (Aslam et al., 1998)
CBL- 55 odlgls RT-gPCR Ul ;I eolicul
&S Wdged (¢S ot walidwe sl i » CIPK
gl ©laddas ;> SMCBL17 4 SMCBL7 (sl 3
Ol s 4 g Lkl <8 jldo 05 e 5 4
SMCBL7- 5 55 a5 L3503 dlogininy i ) aliieo
o ol > wSleS S LB > SMCBL17
Gui>s o (Liu et al., 2016) .S o ids sl
5 CSCBL-CsCIPK calizee (slay5 Joles (6,555
o e JuSidd G5 )3 ralS JiSew JUis]
CsCBL1-CsCIPK1 s oyl o e85 8
9 CsCBL1-CsCIPK6 CsCBL1-CsCIPK3
2B 5 JwSis 4 &l ,» CsCBL1-CsCIPK9
(Shu et al., 2020)
CBL-aSud o)l oyl slogigfy (o)
slasl Sligen 5 olais!l Jols Sl CIPK
sl oyl .abb o CIPK 5 CBL sdlgls calises
I, CIPK 4 CBL lagys j» "1 dgng ;500

VEN-1

S r e ol i Oldlas )y
a5 ) gesly 5 CBLICIPK 5 aSuis el

ole slagsll jlisged 9 oy calizee oo L
ol 56T (L et al., 2009) 5555 (¢ 3sloso
S dmde ol poin Sudls S5 e o
bodgalpe o dlime by ole gskw
ol GielS Ly Gl o sl
> » & (Rabbani et al., 2003) s -
S5l (ol (57 e b9 0f pela b 3)lse
Aglawe et ) 5,5 o Joobs i byls 4 olS
alllas 01 (S5 3lge 4y Jpuas ca (al., 2012
oo pdbolinl gyl sy ol sl
5 0dlgls pd ond sdmlive by £oil sy o Yol
wosats o) g5l 3935 iy Ylas| SICBL
ol 5 opl ol Sledlal (5 glate

e (s $2,Shae pSeogis ool il
ol Ol 3 (S Jo e 3 9 plete als
S CBL-CIPK 55 &b glacl
Ly, wyp 9 RNA-seq 3JUl .(Evrard, 2013)
b bagj cnl & o oo L5 (55 5l 5 (S35okd
S S & Gl ) (5T Sl S B e
soof ol gl g Clasele A e ] (18
bty & Amde ki Lubl] CBL-CIPK

TEX-1
50

—— 100 v v —
‘b ’1. \ \ "\. \ \ WP
\ Q,\/\ \E& $\) (ﬁ’\)%\; Qc&\;’) \ %\'\ $\EJ$\P‘$\; C&\%\) Q Qa\?)
) $5$ 3305 S 59%0 $$C c,\

Genes

Genes



(PEG) s i cov SICBL 55 edlgsls RNA-SEq (slaodly by (663 ¥ IS5

1. Redundancy

logas (25 & gl cloflgile 5 laoSles
oS 15 CBL / CIPK s b Lispe slage,

u.lmfv Sldllas .b)siudo r‘,ml)_e oS L5~’~9)|3/ €9
cos SICIPK 4 SICBL 35 odlgls slasyj oo

g S e 5 ciliee () b S
b o5 odlgls 9o opl slael Molsi 0gos Sp> j3
o b baiye (g3 ol Sledals Loguas K0S,

5L e SOS

Sl Sl
9 (£5yaiS pole oKiily Jbo culos b allds oyl

ipgi b b I LB s gl b mile
Cogleo | dlawginly g Lal N=VFe o2V o)las &

Dod oo (S10)08 ¢ (6l Sulow oRily img}

REFERENCES

Arab, M., Najafi Zarrini, H.,
Nematzadeh, G., & Hashemi-petroudi,
S. H. (2021). Comparative study of
cis-regulatory  elements in  the
promoter regions of calcineurin B-like
genes  (CBLs) of  Aeluropus,
Arabidopsis and rice plants. Crop
Biotechnology, 10(34), 93-112.

Aslam, M., Fakher, B., Jakada, B. H.,
Zhao, L., Cao, S., Cheng, Y., & Qin, Y.
(2019). Genome-wide identification and
expression profiling of CBL-CIPK gene
family in pineapple (Ananas comosus)
and the role of AcCBL1 in abiotic and
biotic stress response. Biomolecules,
9(7), 293.

Bailey, T. L., Boden, M., Buske, F. A.,
Frith, M., Grant, C. E., Clementi, L.,
... & Noble, W. S. (2009). MEME
SUITE: tools for motif discovery and
searching. Nucleic acids
research, 37(suppl_2), W202-W208.

Dodd, A. N., Kudla, J., & Sanders, D.

L MeCIPK23 5 ol ool alis dsbuls

J cyl$> MeCBL9 5 MeCBLL by
b3 el o3l 5 Gty ol 9 351 el oo S e
D9 e 4yl LS 3 (s Fuly Lol el
O hgals A adalia GlSen g gl (BdoS )
e 5 5 »» b MECBLL/9 |, MeCIPK23 3
(Zhao et al., 2019) 3955 o (5slow 4 ol 4
SMCIPK24 5 SMCBLA 5 55 _ulolis oy ke

DP9 A (wSgn Jlie S sy D eolbredl
Sy o 0i eselie b5 agze Y2H

il gladisS > g 08les (g5 Sl
(Lietal., 2016) cwl alS

oo 555 opl 3 el 5155 SICBL (gla s
LWls gy 1) (dane; @yl cleMbl )

(2010). The language of calcium
signaling. Annual review of plant
biology, 61, 593-620.

El-Gebali, S., Mistry, J., Bateman, A.,
Eddy, S. R., Luciani, A., Potter, S. C.,
... & Finn, R. D. (2019). The Pfam
protein  families  database in
2019. Nucleic Acids research, 47(D1),
D427-D432.

Esfandiari, G. (2001). Stress factors and
their relation with general health in
students of Kurdistan university of
medical sciences in year 1999. Scientific
Journal of Kurdistan University of
Medical Sciences, 5(2), 17-21.

Evrard, A. (2013). Cell type-specific
transcriptional responses of plants to
salinity. Ph.D. Thesis. Autralian
Center for plant functional genomics
Adelaide.405 pages.

Felsenstein, J. (1985). Confidence limits
on phylogenies: an approach using the
bootstrap. Evolution, 39(4), 783-791.



ya e JouS ol »CBL 55 DJ|95‘$ LgLo.Cl Lé.ulﬁ)}ll‘}u = ul)&&.ﬁ 9&ys

Gasteiger, E., Hoogland, C., Gattiker, A.,
Wilkins, M. R., Appel, R. D., &
Bairoch, A (2005). Protein
identification and analysis tools on the
ExXPASy  server. The  Proteomics
Protocols Handbook, 571-607.

Horton, P., Park, K. J.,, Obayashi, T.,
Fujita, N., Harada, H., Adams-Collier,
C. J, & Nakai, K. (2007). WoLF
PSORT: protein localization predictor.
Nucleic Acids Research, 35(suppl_2),
W585-W587.

Hu, B., Jin, J., Guo, A. Y., Zhang, H., Luo,
J., & Gao, G. (2015). GSDS 2.0: an
upgraded gene feature visualization
server. Bioinformatics,31(8),1296-1297.

Hulo, N., Bairoch, A., Bulliard, V.,
Cerutti, L., De Castro, E., Langendijk-
Genevaux, P. S., ... & Sigrist, C. J.
(2006). The PROSITE database.
Nucleic Acids Research, 34(suppl_1),
D227-D230.

Jiang, M., Zhao, C., Zhao, M., Li, Y., &
Wen, G. (2020). Phylogeny and
evolution of Calcineurin B-Like (CBL)
gene family in grass and functional
analyses of rice CBLs. Journal of Plant
Biology, 63(2), 117-130.

Jones, P., Binns, D., Chang, H. Y., Fraser,
M., Li, W., McAnulla, C., ... & Hunter,
S. (2014). InterProScan 5: genome-scale
protein function classification.
Bioinformatics, 30(9), 1236-1240.

Kaur, A. Pati, P. K, Pati, A. M, &
Nagpal, A. K. (2017). In-silico analysis
of cis-acting regulatory elements of
pathogenesis-related proteins of
Arabidopsis  thaliana and  Oryza
sativa. PloS One, 12(9), e0184523.

Kaur, G., & Pati, P. K. (2016). Analysis
of cis-acting regulatory elements of
Respiratory burst oxidase homolog
(Rboh) gene families in Arabidopsis
and rice provides clues for their
diverse functions. Computational
Biology and Chemistry, 62, 104-118.

Kim, B. G., Waadt, R., Cheong, Y. H,,
Pandey, G. K., Dominguez-Solis, J.
R., Schiiltke, S., ... & Luan, S. (2007).

The calcium sensor CBL10 mediates
salt tolerance by regulating ion
homeostasis in Arabidopsis. The Plant
Journal, 52(3), 473-484.

Kim, K. N., Cheong, Y. H., Gupta, R., &
Luan, S. (2000). Interaction specificity
of Arabidopsis calcineurin  B-like
calcium sensors and their target kinases.
Plant Physiology, 124(4), 1844-1853.

Kolukisaoglu, U., Weinl, S., Blazevic,
D., Batistic, O., & Kudla, J. (2004).
Calcium sensors and their interacting
protein kinases: genomics of the
Arabidopsis and rice CBL-CIPK
signaling networks. Plant Physiology,
134(1), 43-58.

Ladan Moghdam, A. (2020). Genome
wide bioinformatics analysis BES1
gene family in Vitis vinifera L. Crop
Biotechnology, 10(30), 71-86.

Lan, W.Z., Lee, S.C., Che, Y. F,, Jiang, Y.
Q., & Luan, S. (2011). Mechanistic
analysis of AKT1 regulation by the
CBL-CIPK-PP2CA interactions.
Molecular Plant, 4(3), 527-536.

Letunic, 1., & Bork, P. (2018). 20 years
of the SMART protein domain
annotation  resource. Nucleic  Acids
Research, 46(D1), D493-D496.

Li, J.,, Jiang, M. M., Ren, L., Liu, Y., &
Chen, H. Y. (2016). Identification and
characterization of CBL and CIPK
gene families in eggplant (Solanum
melongena L.). Molecular Genetics
and Genomics, 291(4), 1769-1781.

Li, R., Zhang, J., Wei, J.,, Wang, H.,
Wang, Y., & Ma, R. (2009). Functions
and mechanisms of the CBL-CIPK
signaling system in plant response to
abiotic stress. Progress in Natural
Science, 19(6), 667-676.

Liu, H., Che, Z., Zeng, X., Zhou, X,
Sitoe, H. M., Wang, H., & Yu, D.
(2016). Genome-wide analysis of
calcium-dependent protein kinases and
their expression patterns in response to
herbivore and wounding stresses in
soybean. Functional & Integrative
Genomics, 16(5), 481-493.



Lu, T., Zhang, G., Sun, L., Wang, J., &
Hao, F. (2017). Genome-wide
identification of CBL family and
expression analysis of CBLs in
response to potassium deficiency in
cotton. PeerJ, 5, e3653.

Ma, X., Gai, W. X., Qiao, Y. M., Ali, M.,
Wei, A. M., Luo, D. X,, ... & Gong, Z.
H. (2019). Identification of CBL and
CIPK gene families and functional
characterization of CaCIPK1 under
Phytophthora capsici in  pepper
(Capsicum annuum L.). BMC
Genomics, 20(1), 1-18.

Ma, X., Li, Q. H,, Yu, Y. N,, Qiao, Y. M.,
Haqg, S. U., & Gong, Z. H. (2020). The
CBL-CIPK pathway in plant response
to stress signals. International Journal
of Molecular Sciences, 21(16), 5668.

Mao, D., & Chen, C. (2012). Colinearity
and similar expression pattern of rice
DREB1s reveal their functional
conservation in the cold-responsive
pathway.

Martinez-Atienza, J., Jiang, X,
Garciadeblas, B., Mendoza, I., Zhu, J.
K., Pardo, J. M., & Quintero, F. J.
(2007). Conservation of the salt overly
sensitive  pathway in rice. Plant
Physiology, 143(2), 1001-1012.

Mohanta, T. K., Kumar, P., & Bae, H.
(2017). Genomics and evolutionary
aspect of calcium signaling event in
calmodulin ~ and  calmodulin-like
proteins in  plants. BMC  Plant
Biology, 17(1), 1-19.

Monihan, S.M., Magness, C.A., Yadegari,
R., Smith, S.E., & Schumaker, K. S.
(2016). Arabidopsis CALCINEURIN
B-LIKE10 functions independently of
the SOS pathway during reproductive
development in saline conditions. Plant
Physiology, 171(1), 369-379.

Nagae, M., Nozawa, A., Koizumi, N.,
Sano, H., Hashimoto, H., Sato, M., &
Shimizu, T. (2003). The crystal
structure of the novel calcium-binding
protein AtCBL2 from Arabidopsis
thaliana. Journal of Biological
Chemistry, 278(43), 42240-42246.

Rahimi, M., & Gharachorloo, M. (2020).
Determination of Some Antinutritional
Factors and Heavy Metals in Sesame
Oil, Raw and Peeled Sesame (Sesamum
indicum L.) Seed of two Varieties
Cultivated in Iran. Food Science and
Technology, 17(98), 169-181.

Roul, B., Mishra, B. K., & Prusty, N.
(2017). Natural effect of micronutrient
on growth and growth parameter of
sesame oilseed crop. Pharmacognosy
and Phytochemistry, 6, 1926-1928.

Sanchez-Barrena, M. J., Martinez-Ripoll,
M., Zhu, J. K., & Albert, A. (2005).
The structure of the Arabidopsis
thaliana SOS3: molecular mechanism
of sensing calcium for salt stress
response. Journal of Molecular
Biology, 345(5), 1253-1264.

Shu, B., Cai, D., Zhang, F., Zhang, D. J.,
Liu, C. Y., Wu, Q. S., & Luo, C.
(2020). Identifying citrus CBL and
CIPK gene families and their
expressions in response to drought and
arbuscular mycorrhizal fungi
colonization. Biol. Plant, 64, 773-783.

Sigrist, C. J., De Castro, E., Cerutti, L.,
Cuche, B. A., Hulo, N., Bridge, A, ... &
Xenarios, 1. (2012). New and continuing
developments at PROSITE. Nucleic
Acids Research, 41(D1), D344-D347.

Silva, R. T. D., Oliveira, A. B. D., Lopes,
M. D. F. D. Q., Guimarédes, M. D. A., &
Dutra, A. S. (2016). Physiological
quality of sesame seeds produced from
plants subjected to water stress. Revista
Ciéncia Agrondmica, 47, 643-648.

Song, Q., Joshi, M., Wang, S., Johnson, C.
D., & Joshi, V. (2021). Comparative
analysis of root transcriptome profiles of
sesame (Sesamum indicum L.) in
response to osmotic stress. Journal of
Plant Growth Regulation, 40(4), 1787-
1801.

Tamura, K., Stecher, G., Peterson, D.,
Filipski, A., & Kumar, S. (2013).
MEGAG6: molecular evolutionary
genetics  analysis  version  6.0.
Molecular Biology and Evolution,
30(12), 2725-2729.



) e JouS ol »CBL 55 DJ|95‘$ LgLo.Cl Lé.ulﬁ)}ll‘}u = ul)&&.ﬁ 9&ys

Wang, M., Gu, D., Liu, T., Wang, Z., Guo,
X., Hou, W., ... & Wang, G. (2007).
Overexpression of a putative maize
calcineurin B-like protein in
Arabidopsis confers salt tolerance. Plant
Molecular Biology, 65(6), 733-746.

Wu, Y., Ding, N., Zhao, X., Zhao, M.,
Chang, Z., Liu, J., & Zhang, L. (2007).
Molecular characterization of
PeSOS1: the putative Na+/H+
antiporter of Populus Euphratica.
Plant molecular Biology, 65(1), 1-11.

Yin, X., Wang, Q., Chen, Q., Xiang, N.,
Yang, Y. & Yang, Y. (2017).
Genome-wide identification  and
functional analysis of the calcineurin
B-like protein and calcineurin B-like
protein-interacting protein kinase gene
families in turnip (Brassica rapa var.

rapa). Frontiers in plant science, 8,
1191.

Yu, Q., An, L., & Li, W. (2014). The
CBL-CIPK network mediates different
signaling pathways in plants. Plant Cell
Reports, 33(2), 203-214.

Zhang, H., Yang, B., Liu, W. Z,, Li, H,,
Wang, L., Wang, B., ... & Jiang, Y. Q.
(2014). Identification and
characterization of CBL and CIPK gene
families in canola (Brassica napus
L.). BMC Plant Biology, 14(1), 1-24.

Zhao, J., Yu, A, Du, Y., Wang, G., Li,
Y., Zhao, G., ... & Wang, Y. (2019).
Foxtail millet (Setaria italica (L.) P.
Beauv) CIPKSs are responsive to ABA
and abiotic stresses. PLoS
One, 14(11), e0225091.



