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Cloning and Expression Analysis of CBL1 and CBL3 Genes in Lily
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Abstract: To explore the molecular mechanism of lily in response to salt stress LICBL1 and LICBL3 genes
were isolated from lily cultivar ‘White Heaven’ .LICBL1 composed of 213 amino acid residues was expressed in
plasma membrane while LICBL3 composed of 223 amino acid residues was expressed in plasma membrane cy-
toplasm and nucleus.The qPCR results showed that LICBL1 and LICBL3 transcripts were detected in root bulb
and leaf and were induced by salt stress of which LICBL] transcript was up-regulated more significantly.These
data indicated that LICBL1 might be correlated to salt stress—response in lily.
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Ca™* o
Ca™ Ca™
Ca™ : ( calmodulin CaM) B
( calcineurin B-like proteins CBL) ( calcium—dependent protein kinase CDPK) ' .
CBL CIPK( CBL~interacting protein kinase) CBL-CIPK
o 10 CBL
25  CIPK CBL1.CBLA.CBL10 CIPK24 H
( L.longiflorum Hybrids) ¢ *( ‘White Heaven’)
CBL CBL CBL
CBL o
1
1.1
¢ (L. longiflorum cv. ‘White Heaven’)
22 C 16 h/d. (Allium cepa) o
() 1. DNA .
1.2
1.2.1 CBL RNA
RNA. cDNA Takara Reverse Transcriptase M—MLV( RNase H)
AP,
(1) LICBL1 o 5 : TaKaRa 57=Full RACE kit o
CBL1 SPR1 SPR2
5’ PCR o 5’'RACE Outer primer  SPRI 194 C
5min;94 °C 30 s 62 C 30 s 72 C 1 min 30 ;72 °C 10 min., I nL
5 RACE Inner primer  SPR2 194 °C 5min; 94 °C 30 s 60 °C 30 s 72 °C 1 min
33 272 °C 10 min.
( Open Reading Frame ORF) : DNAMAN 5
NCBI( http: //www.ncbi.nlm.nih.gov/) ORF ORF
SPF1 SPR3 PrimeSTAR® HS DNA Polymerase ORF
o 198 °C 5 min;98 C 10s 60 C 15s 72 °C 50 s 33 ;72 °C 10 mins,
PCR 10 /1. pUM =T
DH;, Amp PCR
(2) LICBL3 o NCBI ( Arabidopsis thaliana) AtCBL3 ~ mRNA
BLAST ( Expressed Sequence Tag EST) .
NCBI ORF Finder ORF. SPF2
( ) SPR4( ) PrimeSTAR® HS DNA ORF
PCR 298 °C 5 min 98 C 10s 60 °C 155 72 C 1 min 33 272 °C 10 min.
1.2.2 LICBL1 LICBL3 Primer Premier 5 ORF
7 EXPASY ( https: //www. expasy. org/tools/) ProtParam. SMART. SignalP . TMHMM .
PSORT.NetPhos PSMP( http: //plantsp.genomics.purdue.edu /myrist. html)
i DNAMAN 5 i MEGAS 0

1.2.3 LICBL1 LICBL3 DNAMAN 5 LICBL1 ORF
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pSAT6-GFP Hindll  Psil SPF3
SPR5 PCR o pSAT6-GFP PCR
T4 pSAT6-LICBL1-GFP o
pSAT6-LICBL3-GFP HindIl  Pstl
SPF4( ) SPR6( ) o ’ MS
24 h 24 h ( Nikon Eclipse TE2000-E)
EZ-C1 o
1.2.4 LICBL1 LICBL3 N ¢ ’
LICBL1.LICBL3 : (22 C) . o
LICBL1.LICBL3 : (22 ) 20 mL 100 mmol /L NaCl
0.1.3.6 12 h o
-80 C RNA. PCR
( quantitative real-time PCR qPCR) LICBL1 qFl  qR1 LICBL3
qf2  qR2 18S rRNA 185qF  18SqR. Takara
SYBR Premix Ex Taq"™ kit Applied Biosystems Prism 7300 PCR .
PCR 195 °C 10s 95 C 5s 60 C 31 s 40 ;95 C 15 s 60 C
I min 95°C 15s 1 o 3 . praact o Excel
1 PCR
Tab.1 Primers applied in PCR
Primer Sequence
AP GCTGTCAACGATACGCTACGTAACGGCATGACAGTGT 4
5'RACE outer primer CGCGGATCCACAGCCTACTGATGATCAGTCGATG
SPR1 CAATGACGCCCTTGTGCTTGACATC
5’RACE inner primer CATGGCTACATGCTGACAGCCTA
SPR2 CAAAGCAAGCTGAAACTCCTCCTTG
SPF1 ATGGGCTGCCTTCCGTCGAA
SPR3 TCAAGTCGCAATATCATCTACCTCGG
SPF2 CCGCTTGGTGCTGTCATTGGAGAG
SPR4 CAGATAAACAGAACAGCAGAGGCAT
SPF3 CCCAAGCTTATGGGCTGCCTTCCGTCGAAG
SPR5 AACTGCAGAGTCGCAATATCATCTACCTCGG
SPF4 CCCAAGCTTATGTTGCAGTGGCTCAGGCAT
SPR6 AACTGCAGGGAATCGTCAACTTGGGAGTG
qkl GTGAATCAGGATGGGAAGATAGAC
qR1 CATGATTACCAGCGTTCACGG
qk2 GTCTTGTATTGCGACATCCTTCTC
qR2 GTTCAAATCTCTTGCGATGCTTC
18SqF AGTTGGTGGAGCGATTTGTCT
185qR CCTGTTATTGCCTCAAACTTCC

Underline represents enzyme cleavage site

2.1 LICBL1  LICBL3
NCBI BLAST LICBL1( GenBank JQ911694)
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LICBL3( GenBank

CBL1

JQ713001) .

1 a); LICBL3 ORF

a
ATGGGOTGCCTTCCGTCGAAGGECTAGAAGGCAGTTCCCCGGGTACCGAGGACCCGGTGOTT
M G ¢C L P $ K AR RQF A G Y E D P V L
CTTTCTTCTCAGACAGCTTTCAGCGTTAGCGAAGTTGAGGCACTTTTTGAGCTTTTTAAG
L s S Q T A I 8 VvV 5 1 VoL Al | TR I K
AGCATCAGCAGITCCTTGG T TGATGA TGGGC TGATAAACAAGGAGGAGT TTICAGCTIGCT
S 1 S §$ S L V DD G L I N K E E F Q L A
TTGTTTAAAAACAGGAAAAAGGAAAATCTCTTTGCAAACAGGATATTCGACCTGTTTGAT
L T K NR K KL N LT A NR T T DIL TF D
GICAAGCACAAGGGCGTCA T TGAT T TTGG IGATT T TG ICCGGIC TCTCAATG T T TCAT
vV K H K GV 1 D F GDFV R SL NV F H
CCAAATGCTCCACATGAAGATAAAGTCAACTTTTCATTCAAGCTCTATGATTTGGATGGC
N A P I E D K VM N F S F K LY D L D G
ACAGGCTTCATTGAAAGGAATGAGGTCAAGCAGATGCTAATTGCACTTCTTTGTGAATCA
T G F I B R N E V K QO M L 1 A L L C E §
GACATGAGATTATCTGATGAGACTATTGAGTTAATACTTGATAAGACATTTTTGGAAGCT
D M R L 5 D K [ ol I LD K ToF LoEA

672 bp

GACGTGAATCAGGATGGGAAGATACGACAAAACAGAATGGGAAAACTTTGTTTCTCGTAAT

D v N Q D G K I D K T E W E N F V. § R N
CCATCATTATTGAAGATAATGACACTTTCTTATCTCAGGGATATAACGACAACATTCCCA
rs L L K I M TU1L1 5 Y L R D1 T TTTFT
AGTTTCOTGTTCAATTCCGAGGTAGATGATATTGCOGACTTGA
S0 Vol L von n 1 A T *

a.LICBL1

LICBL1

ORF 213

223 (

642 bp
1 b),
b

ATGTTGCAGTGGCTCAGGCATTTAGGCGCTGCCCTGGTTAAGTGOTGTGATCTTGACTTGAAC

M L Q W L R HL G A AL V K CCCCDILDTL N

AAGCAGCCGAAGGGCCTCGAAGATCCTGAACTCTTAGCTAGAGAAACAGTGTTTAGTGTGAGT
K Q P K G L 1 D P L L 1 A R 1 T V 1 5 VS

GAAATAGAAGCAT TG TATGAGC TATT TAAGAAGATCAGCAGIGCIG I TG T TGATGACGGGG LG
E 1 E A L Y E L F K K I S §$ AV VD D GV
ATCAACAAGGAAGATTTTCAGTTTGCACTATTCAAGACTAACAAAAAGGAGAGCTTATTTGCT
I ~N K r DT QT A L T K TN K K T S L T A

GACCOGGIGTTTGACTTATTIGATACAAAACACAATGGAATTCTCGGAT T TGAGGAG T TGCA
DR Y FDLFDTKHNGTILGTFE E F A

CGTGCTCTCTCCGTCTITCATCCTAACGCGCCCATTGATGAGAAAATCGAGTTTTCTTTCCAA
R A S V FE 1PN A P D kK I E F S F Q

CTATATGATCTCAAACAGCAAGGATTCATTGAAAGACAAGAGGTGAAACAAATGGTAGTGGCT
L Y DL K Q Q G F I E R Q@ E V K Q M V V¥V A
ACTCTTGCTGAGTCGGGAATGAATCTAACGGATGAAGTCATAGAAAGTATCATAGACAAGACA
LA LS G M N L I noKov I K 8 I I oK I
TTTCGAGGAAGCTGATACAAAACATCGACGGAAAAATCCGATAAGGAAGAGTGGUGCAGTCTTIGTA
F E E A D T K H D G K 1 D K E E W R § L V
TTGCGACATCCTTCTCTTTTGAAGAACATCACCOCTCCAATATCTCAAGGACATAACCACCACA
L R H T $ LL KXNMTTLU®QYTLIEKTDTITTT

TTCCCGAGCTTCGTTTTTCACTCCCAAGTTGACGATTCCTGA

FP S TV I H S Q VvV D n s o »

b.LICBL3

a.The open reading frame of LICBL1 and the predicted amino acid sequences;

b.The open reading frame of LICBL3 and the predicted amino acid sequences

1 CBL
Fig.1
LICBL1
ProtParam
24.41 ku N
Ci162H 1506 N20s O340 ¢
SignalP LICBL1
LICBL3
LICBL3 N o
NetPhos
LICBL3
CBL

LICBL3
LICBL1

25.67 ku
LICBL3

( Tyr) 12

LICBL3 4

LICBL1

The open reading frame of lily CBL genes and the predicted amino acid sequences

213
- LICBL3 223

TMHMM
PSORT LICBL1
13 (Ser) .5 ( Thr)
(Ser) .7 ( Thr)

o SMART

CBL

C 1 1()2H 1709 N279 0334 Sﬁ

Ll-

Ll-

EF ( EF=hand motif) (
CBL Ca®™
LICBL1 EF1 EF2
EF  ( noncanonical EF—hand) EF

LICaM1 LICBL3 4 EF EF 0

PFPF  ( PFPF motif) -
Phe Ser CIPK ( 2. LICBL3

PSMP  LICBL1 N 1 ( N—Myristoylation motif) (

LICBL1 o

N-myristoylation

CBL1 2) . EF

LICaM3 ’ EF
CaZ+

LICBL1 2

Ca™ ( ca—
nonical EF—hand)
CaZ+

2 EF o
LICBL3 C 1

Ll-

CBL1
( Phe=Pro)

motif EF1 EF2 EF3 EF4 PFPF motif
TICBI.I MGCLPSK SLV INKEE BVKHKEVIDIAGD [BLDGT] ER VN DK PSLLKN S| RDITTTEPSEV
LICBL3 AVV 'VIINKED ITKHNETLGREE BLKO ER TK ' KIIDK PSLLK ADITTTFPSEV
T.ICaM3 DKD TTKE IBADCNETIDIPE BKDQ SAA VDI INY e

Ll Lilium longiflorum; LICBL1: AFU36090; LICBL3: AFI41211; LICaM3: AFA89863
2 CBL CaM
Fig.2 Alignment of the amino acid sequences of LICBL1 LICBL3 and LICaM3
CBL1.LICBL3
MEGA 5

LICBLI1

AtCBLI-AtCBLI0 CBL

CBL3.
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1 CBLI.CBL4.CBL5. 85— FaCBL3 (XP_010928051)
CBL8.CBL9; CBL2.CBL3.CBL6.CBL7.CBL10 BaehDs GRRR00ss0 1)
A0CBL3 (XP_020264340)
Il : LICBL1 A LICBL3 (AFI41211)

( Elaeis guineensis) EgCBL1.
( Phoenix dactylifera) PACBL1

( 3) 92%. LICBL3
( Asparagus officinalis)
AoCBL3 ( 3)
92% .
LICBL1 Ll-
CBL3 CBL1 CBIL3
2.3 LICBL1 LICBL3

pSAT6-LICBL1 - GFP
24 h
24 h
o pSAT6-GFP

pSAT6 - LICBL3 - GFP

~

OsCBL3 (ABAS4178)
00—l B3 (ADO86824)
VVCBL3 (ACQ83557)
AtCBLG (Atdg16350)

AtCBL2 (At5255990)
L _— AtCBL3 (At4g26570)
50 AtCBL7 (At4g26560)
AtCBLI10 (At4g33000)
90 AtCBLA4 (At5224270)
81 !—: AICBLS (At1g64480)
L AwBLs (At4g01420)
99 —— OsCBL1 (ABA54176)

Ll

L TaCBL1 (AOO86822)

- 98 AtCBLI (At4gl7615)
L AtCBLY (At5g47100)

70 VvCBL1 (NP_001267901)
= A LICBLI (AFU36090)
91 PACBL1 (XP_008794878)
96 EgCBL1 (XP_010919807)
o Eg: o Pd: : Ao:
; Os: ; Ta: » Vve At

The numbers at the node of the figure is credibility. Eg: Elaeis

guineensis; Pd: Phoenix dactylifera; Ao: Asparagus officinalis; Ll: Lili—

um longiflorum; Os: Oryza sativa, Ta: Triticum aestivum; Vv: Vitis

vinifera; At: Arabidopsis thaliana

~

pSAT6 -LICBL3 -GFP
pSAT6-LICBL1-GFP

( 4. LICBL3 .
LICBLI .
2.4 LICBL1 LICBL3
qPCR LICBL1  LICBL3
. LICBLI
( 5Sa)o
LICBL3
( P<0.05) 3h

35S:: 35S::LICBL1-GFP 35S8::LICBL3-GFP

4 LICBL1

LICBL3
Fig.4  Subcellular localization of LICBLI and

LICBL3 in onion epidermal cells

3

LICBL1.LICBL3 CBL
Fig.3 Phylogenetic relationship of LICBLI
LICBL3 with other plant CBLs

. (22C)  LICBLI.LICBI3
. LICBL3
1~12h LICBL1
6 h 6.33 (P<0.05);
1~3h
310 ( 5b).

b *

315 SLICBLY 7rai(CBi1
73 BLICBL3 gt milCBL3
Hi a5 5
He ™5 4
3
b A
o L5 3
Zz 1 2
=05 1
~  ol= 0
W 01 3 6 12
Root Bulb Leat  AbFRNF[E)/h Treatment time
a.LICBL1 LICBL3 N N b, LICBL1
LICBL3 NaCl * 0h
P<0.05

a.The expression of LICBL] and LICBL3 in root bulb and leaf; b.
The expression of LICBL1 and LICBL3 in leaf treated with 100 mM
NaCl at different time * represent significant correlation at 0.05 level
5 LICBL1  LICBL3
Fig.5 Expression pattern of LICBL1 and LICBL3 in lily
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JERF3
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MDA
17 o
S6PDH . JERF3 APX " (LIA23 "
CBL . CBL CIPK
Ca’* —~CBL-CIPK
* . CBL . . CBL 10
LICBL1  LICBL3 LICBL2  LICBIA( )
CBL . CBL N C
EF EF 12 . CaM EF
( DXD( N) XD( N) ('S) GXI( V) D(N) ( S) XXE) CBL EF
CBL 10 AtCBL1I  AtCBL9 2 EF AtCBL6. AtCBL7 .
AtCBL8  AtCBLIO EF AtCBL2.AtCBL3.AtCBL4  AtCBLS
EF b LICBLI  LICBL3 EF LICBLI1
2 EF 2 EF LICBL3 4 EF EF
. EF CBL Ca™
Ca™ . LICBLI LICBL3 C PFPF P.M.L.F.P F
P F S CIPK CBL
CIPK CBL-CIPK . N
CBL | N MGCXXSK/T
. MGCXXSK/T
CBL
?, LICBLI N
1 LICBLI1 I
AtCBLI  AtCBL9 AT || N .
. LICBL3 I LICBL3 .
II AtCBL3 o, 1l AtCBI2
AtCBL6 AtCBLI10 AtCBL7 .
0, CBL o
CBLs  CIPKs CBL-CIPK
Ca™ CBL CIPK
2 CBL4-CIPK24-S0S1 *  CBLI0-CIPK24-NHX ¢
o ZmCBIL9. NsylCBL10 PeCBL6
2%, AtCBLI AtCIPK24 AtCBL1 AtCIPK23
AKTI K* AtCBLI1 2,
AmCBL1 . CaCl, AmCBLI1 7,
PbCBL1 PbCBL1 .,
0sCBL1. 0sCBL3 PeCBL1 . PeCBL3 w30 LICBLl  Li-
CBL3 . LICBL3 (1~3h) LICBLI
1~12 h LICBL1 LICBL3.
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