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Cloning and Expression Analysis of a LIM-Domain Protein Gene
from Cotton Gossypium hirsuturm L.

LUO Ming XIAO Yue-Hua HOU lLei LUO Xiao-Ying LI De-Mou PEI Yan®
Biotechnology Research Center — Southwest Agricultural University — Chongging 400716  China

Abstract LIM-domain protein plays an important role in various cellular processes including construction of cytoskeleton tran-
scription control and signal transduction. Based on cotton fiber EST database and contig analysis the coding region of a cotton LIM-
domain protein gene GhLIMI  was obtained by RT-PCR from 4DPA  day post anthesis ovule with fiber. The cloned fragment of
848 bp contains an open reading frame of 570 bp coding for a polypeptide of 189 amino acids. It was demonstrated that the de-
duced GhLIM1 protein was highly homologous to the LIM-domain protein of sunflower Helianthus annuus —tobacco  Nicotiana
tabacum and Arabidopsis thaliana . Two intact LIM-domains with the conserved sequence of a double zinc-finger structure C-X2-
CX17 ~ 19-H-X2-C-X2-C-X2-C-X16 ~ 24-C-X2-H were found in the GhLIMI protein. RT-PCR and Northern blot analysis
showed that GhLIMI gene expressed in root shoot tip hypocotyls bud leaf anther ovule and fiber 4DPA 12DPA 18DPA .
However it was preferentially expressed in the shoot tip fiber and ovule. It was proposed that the express of GhLIMI gene is related
to cotton fiber development.
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DNA
CTAB " RNA
RNA
65C CTAB 2% CTAB 2%
PVP 100 mmol/L. Tris-HCl pH8.0 0.5 g/L. Spermide

CTAB

2.0 mol/LL NaCl 2% 15 ml 65C 3

min : 24:1 2 1/4 10
mol/L LiCl 4C 10 000 rpm/min 4°C
20 min 500 pl SSTE :
25:24:1 2 1/10 3 mol/L NaAc
2.5 30 min
12 000 rpm/min 4°C 20 min 70%
1 200 ¢l DEPC
1.3 cDNA
TakaRa cDNA cDNA
RNA 20 pg RNA
1.4 LIM EST

GenBank LIM
NCBI http // www. ncbi. nlm. nih. gov/blast

Protein Conservation Domain

BLASTN Gen-
Bank EST
EST
1.5 cDNA
EST DNA STAR
Seqman EST EST
1
EST PCR LIM-1 5'-CATAGATC-
CAGACCTTCTTCTTCTTC-3' LIM-2  5'-CTCTCCG-
TTTGTTTGAGGCTTTGGTA-3’ 142 4DPA
cDNA cDNA
PCR 94°C 5 min 94°C 1
min 56°C 45 s 72°C 1.5 min 40
72°C 5 min
PUCm-T
1.6 cDNA
GhLIM1
DDBJ http // www ddbj.
nig. ac. jp DNA STAR
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2 GhLIM1 LIM
2.1 LM EST N- 9
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30 C- LIM
CAGCGKPIYDREVVRRALDKVWHPECFRCAVCGKPLG- -(-X2-C-X17 ~ 19-H-X2-C-X2-
PGDFFEKDGKLYCKHDYYKLFG C-X2-C-X16 ~ 24-C-X2-H- 2 GhLIMI
CAGCGKPIYDREVVRRALDKVWHPECFRCAVCGKPLG- LIM LIM
PGDFFEKDGKLYCKHDYYKLFG H Cys
EST 11 2 LIM
EST 4 Gly
11 EST ) -C-X2-C-X17-C-X2-H-
10  EST Gly H C 2
1058 bp 1 ORF 249 :
818 1 2.5 LIM Southern
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ORF
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348 St St + Eco
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145 714 189 DNA ChLIMI
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CS: cccacttcctcttttacactcocttcatttttggtotttgaaaccccataagoccttttcactoctttttatacte
tcattttacgtttwtwycttottwetttcatagatccaggsctkottottottottmktottctatcaaagttaatat
AS: catagatccaggccttcttcttcttcttcttcttctatcaaagttaatat
CS:aggcaaatataagagaagaaatcgaattaaagttgatoygtggaactagrtmaagancagtacgatttgttttgatce
AS:aggcaaatataagagaagaaatcgaattaaagtctatctgtggaactagataaagaacagtacgatttgttttgatce
CS:aaagyacattckagccatgtcgtttayyggtacycarcagaaatgcaaggettgtsagaagacygtttatcowgtyga
AS:aaagcacattcgagccatgtcgtttattggtacccaacagaaatgcaaggettgtgagaagactgtttatccagttiga
AAS: M S F I 6GTQ Q K CKACEIKTVYZPVE

CS: acttttgtckgowgatggrriyccttaccataartcttgcttcaartgoagtcattgcaaagggacactaaagtteg
AS: acttttgtctgcagatggagttccttaccataaatcttgctccaagtgcagtcattgcaaagggacactaaagtte
AAS: L L S ADGVZPYHIKT ST CSIKTGCSHTEGCIKTGTTLEKIL

CS: gstaattactcctcratggaaggtgtystttaytgcaagcctcatttcgagcaactmttcaaggagwoggegkaay
AS: gctaattactcctcaatggaaggtgttetttactgecaagoctcatttcgagcaactcttcaaggagacggegtaac
AAS: ANY S SMEGV LY CKUPHTFET GLTFIKTETTGN

CS: ttcaacaagaatttccartcryctgcaaagkcagctgagaagttaactccogagotgacragatcacowagcaa
AS: ttcaacaaggatttccaattgtctgcaaaggcagctgagaagttaactcccgagatgacgagatcaccaagcaa
AAS: F N KD F QL SAKAAEIKULTPEMTR RS SUPSHK

CS: agctgccagcatgttttcygggacaswmgaaaaatgygotacttgtggmaaaactgewtatccactygagaagg
AS: agctgccagcatgttttetgggacagtcgaaaaatgtgctacttgtggcaaaactgcatatccacttgagaagg
AAS: A A S MF S GTVEIKT CATZGCGIKTAYZPLTETEKYV
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CS: taacrgtrgaaggacagtcktaccacaartcatgtttcaartgetctcatrgtggotgoyctwtaastccatcaaat686
AS: taacagtagaaggacagtcttacctcaaatcatgtttcaagtgctctcatggtggctegctetttgagtccatcaaatb82

AAS: T VEGQ SYLKSGCF KU CSHGGSCSL SP SN

CS: tatgcagcacttgaaggcattttgtactgecaaacatcacttytcccarctyttyaaggagaaaggaagctacaatce
AS: tatgcagcacttgaaggcattttgtactgcaaacatcacttttcccagetcttcaaggagaaaggaagctacaate
AAS: Y AAL EG I LY CKH HHTFSOGQLTFIKTEIKTGS SYN

CS: atcttatcaaatctgcatcaatcaagegtaccgetgecatcegttoctgaaggttgaatacctatgtcatgttctte
AS: atcttatcaaatccgcatcaatcaagegtgecgetgeatcegttoctgaagettgaatacctatttcatgttotte
AAS: H L I KS A S I KRAAASVZPEA
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763
658
m

838
734
189

CS: gtctattcccatgtttgecggtgtgttttegtattgatttctttgatttatgcccaggaggggaaccgggaagaaaga 916
AS: gtctattcccatgtttgeecggtgogttttogtattgatttettggatttatgctogggageggaactggaaagaaaga 812
CS: actcgggtttctctcogtitgtttgaggotttggtatttgattgatctaagtagaagtgaatgttgtaacangactct 994

AS: actcgggtttctctcogtttgtttgaggetttggta
CS: ctgtgcaagaattttttgcaattcaaaattggetcotttcgaattaa

1
s=G6 Ck=G Tm=A Cy=C Tr=G A w=A T DNASTAR
(O] AS AAS

Fig.1 co-alignment of the sequences of consensus amplified fragment and deduced amino acid.

In consensus sequences s=Gor C k=GorT m=AorC y=CorT r=Gor A w=A or T DNA STAR

CS consensus sequences AS amplified fragment sequences AAS amino acid sequences.
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LIM GhLIMI 179
NtWL IM2 M-SF 1GTQQRK 9
GhL IM1 M-SF IGTQQK 9
AtWL IM2 M-SFTGTQQK 9
AtPL IM2 M-SFTGTLDK 9 N-terminus
HaPLIM2  M-AFGGTIDK 9
NtWL 1M1 M-AFAGTTQK 9
HaWL IM1 M-AFAGTTQK 9
AtWL IM1 M-AFAGTTQK 9
NtPL M1 M-TFAGTTGK 9
HaPLIMla  MKSFTGTTOK 10
CRP1 MPNWGGG-KK 9
NtWL IM2 CKACEKTVYPVELLSADGVNYHKSCFKCSHCKGTLKLSNFSSMEGVLYCKPH 61
GhL IM1 CKACEKTVYPVELLSADGVPYHKSCSKCSHCKGTLKLANYSSMEGVLYCKPH 61
AtWL IM2 CRACEKTVYPVELLSADG | SYHKACFKCSHCKSRLQLSNYSSMEGVVYCRPH 61
AtPLIM2  CKACDKTVYVMDLLTLEGNTYHKSCFRCTHCKGTLVTSNYSSMDGVLYCKPH 81
HaPL 1M2 CNACDKTVHFVDLMTVDNV | YHKKCFKCTHCKGTLVMSNYSSMDGVLYCMPH 61
NtWL IM1 CMACDKTAYLVDKLTADNR | YHKACFRCHHCKGTLKLGNYNSFEGVLYCRPH 61 Lim
HaWL IM1 CMACDKTVYLVDKL TADNRVFHKACFRCHHCNGTLKLSNYNSFEGVLYCRPH 61
AtWL 1M1 CMACDKTVYLVDKL TADNRVYHKACFRCHHCKGTLKLSNYNSFEGVLYCRPH 61
NtPL IM1 CSACEKTVYLVDRLAADNR | YHKACFRCYHCKSTLKLSNFNSFEGV | YCRPH 61
HaPLIM1a  CTVCEKTVYLVDKLVANQRVYHKAGCFRCHHCNSTLKLSNFNSFDGVVYCRHH 62
CRP1 CGVCQKAVYFAEEVQCEGSSFHKSCFLCMVCKKNLDSTTVAVHGDELYCKSC 61
* k ¥k ok * A
NtWL IM2 FEQLFKESG———————NFNKNFQ-SPA-K-S—AEKL TPEL TRSPSKAAGMFSGTQEK 107
GhL IM1 FEQLFKETG———— ——NFNKDFQLSA——K—-A~-AEKL TPEMTRSPSKAASMFSGTVEK 107
AtWL iM2 HEQLFKESG——————~ SFSKNFQ-SPA-KPL-TQKPTPELNRTPSRLAGMFSGTQDK 108
AtPLIM2 FEQLFKESG-- —NYSKNFQAG-—KT-——EKPNDHLTRTPSKLSSFFSGTQDK 105
HaPL {M2 FEQLFKETG—— ~NYSKNFRTS——-KLN-———RDNSTAQLPNKFSYFFSGTLDK 104 spacer
NtWL IM1 FDQLFKQTG— —SLDKSFEGTP——K1VKPQKP | DSGKPQVAKVTSMFGGTREK 109
HaWL 1M1 FDQLFKKTG ~—SLDKSFEGTP—K | VKQPKT | DGEKPMANKVSSMFVGTKDK 109
AtWLIM1 FDONFKRTG———————SLEKSFEGPT——K | GKPDRPLEGERPAGTKVSNMFGGTREK 109
NtPL IM1 FDQLFKRTG-———-———SLDKSFEGTP—KVTKPEKPVDNENGSGSKVSSLFAGTREK 109
HaPLIM1a  FDQLFKRTG——————SLEKSFDGTP—KF—KPERTFSQETQSANRLSSFFEGTRDK 109
CRP1 FGKKYGPKGYGYGMGAGTLSTDKGESLG | KYEEGQSHRP-TNPNASRMAQKVGGS-DG 117
NtWLIM2  CATCGKTAYPLEKVTVENQSYHKTCFKCSHGGCSLSPSNYAALNG | LYCKPH 159
GhL IM1 CATCGKTAYPLEKVTVEGQSYHKSCFKCSHGGCSLSPSNYAALEG | LYCKHH 159
AtWLIM2  CATCTKTVYPIEKVTVFSQCYHKSCFRCVHGGCPL THSSYAALNGNLYCRHH 160
AtPLIM2  CATCKKTVYPLEKVTMEQESYHKTCFRCTHSGSPLTHSSYASLNGVLYCKVH 157
HaPLiM2  CRICEKTVYF | DKNTMEGESYHKQCFRCVHGGCPL THSSYAALNGNL YCRHH 156 L1M2
NtWLIM1  CFGCKKTVYPTEKVSVNGTPYHKSCFKCSHGGCV | SPSNY | AHEGRLYCKHH 161
HaWLIM1  GLGCKNTVYPTEKVSVNGTAYHKSCFKCSHGGCT | SPSNY { AHEGHL YCRHH 161
AtWLIM1  CVGCDKTVYPLEKVSVNQTLYHKSCFKCTRGGCTLSPSNY | AHEGKLYCKHH 161
NtPLIM1  CVGCTKTVYPIEKVSVNGTAYHKACFKCSHGGCT | SPSNY | AHEGRL YCKHH 161
HaPLIM1a CNACAK!VYPIERVKVDGTAYHRACFKCCHGGCT | SPSNY | AHEGRLYCKHH 161
CRPt CPRCGQAVYAAEKV TGAGKSWHKSCFRCAKCGKSLESTTLADKDGETYCKGC 169
* % * % *xA A *
NtWLIM2  FSQLFKEKGSYNHL | KSASMKRPAATVPDS 189
GhL 1M1 FSQLFKEKGSYNHL IKSAS | KRAAASVPEA 189
AtWLIM2  FAQLFKEKGSYNHL | KSAS | KRATAAATAAAAAVAAVPES~~———————————— 200
AtPLIM2  FNQLFLEKGSYNHVHQAAANHRRSASSGGASPPSDDHKPDDTAS | PEAKEDDAAP 212
HaPLIM2  FAQLFLEKGTLSHVLKAAADRKKNT | PDHQAEAEKVPLPEQESEVEKALEPQQEN 211 C-terminus
NtWLIMt  HIGQL |KEKGNLSKLEGDHEMNSTTTTEVTAES 193
HaWLIM1  HTQL | KEKGNLSGLEGERSARVGETAP 188
AtWLIM1  HIGL IKEKGNLSQLEGGGENAAKDKVVAA 190
NtPLIM1  HIGLFKEKGNYSQLESDHETDPALSTQSLT 191
HaPLIM1a HIQLFKKKGNYSQLEVEETVAAPAESETQNTETQNAETQNADTGNADTQNTETQN 216
CRP1 YAKNFGPKGFGFGQGAGAL | HSQ 192
NtWL IM2 188
GhL 1M1 189
AtWL M2 200
AtPLIM2 EAAGEEEPEPVVES——~—~~———————— 226
HaPL [M2 OVEKVAETEVESKLDTTEEVDDEQESETV 240
NWLIMT 193
HaWL | M1 188
AtWLIM1 180
NtPL 1M1 191
HaPLIM1a GSV 219
CRP1 192
. 2 LM CRP1
LIM 4 N- LIM C- "ot
" A LIM CAT LM

aligned separately.The' * " indicate the zinc ligands while the two black triangles mark putative ligands in the second zinc finger of the

second LIM domain in the plant protein and the open triangle mark the last zine ligands in the second zinc finger of every LIM domain.

Fig.2 Alignment of the LIM domain sequences of plant and animal' s CRP1

To facilitate comparison the individual domains of the protein N-terminal two LIM domains spacer and C-terminal regions are
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Fig.3 Phylogenetic relationships between the various plant LIM proteins as well as CRP1
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Fig.4 Genomic Southern blot analysis of Gossypium

hirsuturm DNA probed with the coding region and Fig.5 Expression of GhLIMI gene as revealed by

partial 5’ 3’ flanking sequence of GhLIMI ¢cDNA RT-PCR analysis in cotton
Genomic DNA 25 g was digested using the indicated restriction 1 root 2 hypocotyle 3 anther 4 leaf 5 4DPA day post anthesis
enzymes. Separated on a 0.7% agarose gel and transferred ovule with fiber 6 marker ROCHE 7 12DPA fiber 8 18DPA
to a nylon membrane. H Hindlll PE Pst | + EcoR | fiber 9 G. arboreum’ s 12DPA fiber 10 G. barbadense’ s 18DPA
EB EcoRV + BamH1 D Dral . fiber. The positions of GhLIMI fragment and LRR fragment are
indicated by the arrows. The cotton LRR gene is regarded as
12DPA an intro-marker in the experiment.
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Eliasson F- F-actin
WLIM1 WLIM2
PLIMI  PLIM2 ® Mundel HaWLIM1
. LIM
GhWLIM2 LIM
GhLIM1 0
Southern DNA
GhLIM1
LIM
1 2 3 4 5 6 7 8 LIM
ST T
L .4 A4 LAd -
rliNA
A 4« A A
05 LI 04 01 05 07 07 07 rato RNA
6 GhLIM1 Northern
® onea RNA 16S  28S
142 4DPA 12DPA 12DPA
RNA40 pg 1%
Southern
1 2 3 4 5 142 O0DPA 15
6 142 4DPA 7 12DPA 15
8 12DPA rRNA
RNA
20
Fig.6 Northern blot analysis of total RNA from
different tissues of Gossypium hirsuturm hybridized LRR
to the radiolabelled coding region and partial 5' 3’ Leucine Rich Repeat GhLRR-RL
flanking sequence of GhLIMI c¢cDNA
1 root 2 shoot tip 3 leaf 4 bud 5 ODPA day post anthesis
ovule of Xuzhoul42 mutant 6 4DPA ovule with fiber 7 12DPA 24
fiber 8 12DPA ovule.rRNA shows the total RNA loading control RNA
stained with ethidium bromide.
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