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Isolation and Characterization of a Blue Copper Protein Gene
(GhBCP1) Associated with Cotton Fiber Development

TIAN Qin', LI Yan-jun', GUO Fang', ZHANG Xin-yu', WANG Hai-yun®, SUN Jie'

(‘College of Agriculture, Shihezi University/The Key Oasis Eco-Agriculture Laboratory of Xinjiang Production and Construction
Group, Shihezi 832003, Xinjiang; 2Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101)

Abstract: [Objective] The aim of this study was to isolate the cDNA sequence of the gene GhBCP1, and to probe the
functions of the gene by characterizing it’s expression patterns in different tissues and developing fibers. [Method] The full-length
c¢DNA sequence of GhBCP1 was cloned by Fluorescence differential display (FDD) technique and rapid amplification of the cDNA
ends (RACE). Bioinformatics methods were used to analyze the cDNA and the encoded amino acid sequence, and fluorescence real
time quantitative PCR method was used to study the expression pattern of the gene in different tissues. [Result] A full-length
c¢DNA that is specifically expressed in cotton fiber cells was cloned. The gene was designated GhBCP1 (GeneBank accession:
EF222282). The cloned cDNA was 721bp in length which encoded a peptide of 176 amino acids. Blast analysis indicated that this
gene encoded a blue copper protein. Southern blot analysis showed that the upland cotton genome contains two copies of the gene.
Real-time PCR analysis indicated that GhBCP1 was specifically expressed in fiber cells and its transcripts were more abundant at the
transition between the elongation and secondary cell wall synthesis stages. [Conclusion] The results showed that GhBCP1 may
play a role at the onset of the secondary cell wall synthesis in developing cotton fiber cells.
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], RETLE ) B A TR A F R DRI, DALk
Iy BRI LR AT Y B A L D R A 4R T
HLEIF ARG CAT ARFFTEERET H 1992 4F John %
IR B AR YRR RIA AL E6 Lok, O&H
B A HRACLT YR S sl e 08 AT Y B sk A
Pl e B0, R ) I L IR A R s AR R B AR
JIHMEE TR dfliot, Mledr gk gt a b
TR IE ek, H AR B 4808 I LRI A 2D
o WA USRI AR T AW YA
NG, — BRI SR N BT
P R AGIE 5 1), BRI R R IR I
DIaedtA . AT S Y AHF5UF H mRNA
PN Won (FDD) BRI BT 4EA R K & B
ZE PRI FE, BT T 20 NMEM LT 4E R B A FBY BAL
PR RIS T, FRA LR R I 16 AN 2 TEAAE
SINER/C N A €8 AISITPS J NS
— ANt 75 4 8 4 (blue copper protein) #&[X] GhBCP1
P HN AR FAE AT, itk — P AR 4T
YER B M D) RE B E Sl
1 MRERE
11 b
.11 RIEAE WAL R RS (Gossypium
hirsutum L.) fif TM-1, i B AR A4 BRIt
Pt = 4k 2005 FEREF T AR AR 2 B i e
B, AT W A AR AT R HE . AR R AL T A6
REERAR OIS, 1% 3. 64 9. 12, 15, 18, 21. 24,
27. 30 DPA JFLJERED KEME, KE 3 DPA
AR HEEREURER, e Fe m#E - i, FEHET A
RER b RIBCET e e, o VR S AR AE T--80°C UK
o

TM-1 Bl F 2R ML, 0.1% 27K K 10 min,
LR R T MS Bigrdkr, 15 28—30°C ks
FEARTEEFE 2 A, Al RIREh R, fEE R
MR ERAE,  BRMPRH e A P3G, R T
-80°C VK4, JHAE RNA F1 DNA [F2HL
1.1.2 @M. kKX Escherichia coli 4k
Topl0 458 fx Sl A 2 A0V fiSe e = A7 . T4
RN FDD 3R H Beckman A 7]; RACE ik
# &K H SMART™ RACE ¢cDNA Amplification Kit;
pGEM-T easy vector Al Radom Primer DNA Labeling
Kit 4T Promega; JE JEJE Hybond-N 1T Amersham
3] Superscript III RT ¥4 51 Invitrogen 2\ 7] 72

&h; PCR BT~ TaKaRa 24 ) 5 JEUR Pk [ 47 3 **P-dCTP
W TP RE A s 5 R BRI A D) T MBL AWl 5t
BRI, CsCl & AMRESCO A )77 4, ik
20 B 7= Sy dr 4l
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1.2.1 A87% DNA #n RNA (H42 B HU 1 g Mdent Jr,
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FRTEZH 2R RNA (3 HCR H S0 5/ et U R ITGE
RN,
.22 RAEZERET
7o
1.2.3  CcDNA K3 /F 7| 6y Phat 3% (5-RACE) &
2 % GhBCP1 ¢ M 514, spl: 5'-CAC AAT GAC
CAG CCA CAC CA-3'; sp2: 5-TGC CCA GCC AGA
GGC GTC CA-3', %I RACE {7 & it I T #E
39 BN IR RO S R T-8fk b, D) s e
JE M o
1.2.4 G2 PCR
1.2.4.1 5|4kt Aird s &L 76 GhBCP1
FEH P4 3-UTR Wit 514, RT1: 5-CGG CGG
TAC TCA CTA CTT-3', RT2: 5-AGC ACT GCC TCT
ATC CTG-3', HWH B 289 bp. H Ubiquitin (Ubi)
AbE, 514)5E Ubi-up: 5'-CAG ATC TTC GTC AAA
ACC CT-3'#1 Ubi-dn: 5-GAC TCC TTC TGG ATG
TTG TA-3', HH B 200 bp. #% GhBCP1 cDNA
() JFCRL AN 25 5 14 Ubi-up AT Ubi-dn PCR 14 2= 1) it
W5y FA/E GhBCPL Rl A bR DR AR VE PRI AR
a3 AT 10 fE R BERRRE, MRE 6 ANMBREE, 1A
HEAT SER 2 598t PCR A, MEAMBAIE 2 IRER . I
JE R CT {8 AR AR i r bRt il 2k
1.2.4.2 RHEEPRIRAZFufiELIE 25 uL %k
5E T PCR £ &% 2 X PCR buffer 10 uL, 20X EvaGreen
Yokl 0.6 L, LRSI (10 pmol-L™) 4% 0.4 pL,
Hot Start Taq ¥ 0.2 pL, AR 2 pL, KEAZEK 11.4
uLo A SmartCycler I %¢J% 2 5 PCR {479 14,
SR A 95°C 1208 95°C 15s; 55°C 30s; 72°C 30
s, 45 MEIN, S5 CURHGENME; G455 AT %
i 2 234t

R IR 5 9 GhBCP1 1 UbiquitinCT 1E,
BrFEdh 3 X PCR B4, WOLPIME, fabritE th 4ot
HoE g R, iR SR IEE Y
(G FRUEZE . 8 ] Microsoft Excel A Ab BRI .
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1.2.5 Southern & 20 pg HifeLK4] DNA H
BamH I Al EcoR I 2 FiERHITE N UINEE 2 V)5, 1%
DEIRRE &k ik, #5238 el (HyBond-N',
Amersham) |, 65°C TiZ%2Z 2 h Ji7, FH| Primer-o-gene
Labeling System (Promega) #ricdid7#, X GhBCP1
144K cDNA #A7HRIC, HAE Southern Z8ATHRE!,
Church 28428 16 h JGYERE, o

1.2.6 DNA JFZME 5 24 DNA J¥4Id Azl
Gy, IS TE L fE NCBI BLAST 37, ORF
JOR AR X HTiE i DNAMAN Al Motifscan 254
PE5E R

2 %R

2.1 GHBCPT &4 cDNA BYSEEFAFE TS
PL9. 21 M1 27 DPA [MIRREF4E kbRl FIH P
ZE S BRI B e b T 1 AN A A R [

JEI cDNA F B, il 5-RACE 3k15 5541, Hie
554 K4 721 bp (K cDNA J#41, ¥4 4 GhBCP1
(GenBank %35 : EF222282) . /il DNAStar #/F
ful¥) EditSeq FEF M s BRI )71, S4B K
HIJTF I SEAE  (openreading frame, ORF) 4 528 bp,
il & 176 MEIERR (K 1), ¥ ORF ##uf & 3L R
FEol, S adE 11 AR, 12 MR EIER,
75 ML, 73 MK IEE SRR . [FI7E NCBI
K4 3l Chttp://www.ncbi.nlm.nih.gov/blast ) %} #% 1 12
P47 BLASTx 40#1, LAfiE ORF &7 1EM
H Espasy pUMw F&pnf Ha LR e 7T T — 24
PR T, LSS5 AT pI=5.11, 4> T Mw=17.99
kD.

F# NCBI CDS (http: //www.ncbi.nlm.gov/structure/
cdd) F3 T R IZHE A R 28 LR P H1I7E 35— 115 b 1
MUK #EZE (plantacyanin) RSP X 4K

1 GATCACAAAATTCTCCTCACTCTCATTTCAAAGTGTTTCTCCACCTAGTCTCTTCCACAA

61

21
121

41
181

6l
241

81
301
101
361
121
421
141
481
161
541
181
601
661
721

GAAAATGGCAAGCTCAAGTGTGGGAATGGCCTGTCTTGGGCTAGTTTTATGCATGGTGGT
M A 8§ §$ §$ V 6 M A C L 6L VL C H V V
TGTGCCAAGCTTGGCCACGGTTTACAATGTTGGTGACGCCTCTGGCTGGGCAACCGGTGT
v P S L A TV YNV G D A 5 G W A T G V
CGATTTTAGTAGTTGGGCTAGCGACAAGACCTTCAAAGTTGGAGATTCCCTCGTTTTCAA
D F $ S W A $ D K T F KV 6D S L VvV F N
TTACCCAACAAGCCATACGGTGGAGGAGGTAAGTTCTAGCGATTACAGTGCATGTACGGT
Y P T 8 H TV EE VWV S 8§ S D Y 8 A C T V
GGGGAAAGCAATCTCGACGGATAGCACCGGAGCCACCACCATCAATCTGAAGACCGGCGG
G K A I 8 T D 8 T G A T T I N L K T G G
TACTCACTACTTCATTTGTGGTGTGGCTGGTCATTGTGAGAACGGCATGAAGCTTGCGGT
T H ¥ F I ¢ 6 VvV A G H ¢ E N G M K L A V
CAAAGTGGAGTCTTCTTCTTCTTCATCTTCCACTGATAAACCATCAACCACTTCACCATC
K v Es$S $§$ s $ s $ s T D K P S T T S P 8§
TACTACTACGACGACTAAGATCCCGGATTCATCTTCTTCATGGAGTCTTTCACCGGTTCT
T T T T T K I P D 8 8§ 8 § W 8§ L 8§ P V L
GGCTTTTGTTACAACTTGGGTCGCATTGTGCGTGATGATGGTTGTTTCATAAGCTTTTGG
A F VvV T T W V A L C V M M V VvV § *
TGGCTAAAATGGTGGTTGGCTTGGCCAGGATAGAGGCAGTGCTTTGTTTGTATTGAGGAT
TATTGCTTTTATTTTATGAATGAGAACCTTACTTGTTCTGTTTTCAAAARAAAAAARAAAAAAR
A

*RONEALERS FUALE * indicating the position of termination codon

Bl 1 6rBCPT HIE £ cDNA R 51| R 3 E R R EESF 5

Fig. 1
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GhBCP1 L ey O iE 1) 7 AN & (T2
R 2 EFHILE . WE 2 s, GhBCP1 Ffltle
TACEPERE NG —, 5H Y5 Cu BT46
(1) 4 MRFEIERIRIE: | AR (Cys) « 1A

The full length cDNA sequence of GhBCP1 and its deduced amino acid sequence

EEE (Met) 2 NHEE (His) -
2.3 GhBCPT B Southern 223X 5 4fF

T Wi GhBCPL TEMALIE K2 b i 20 Ai,
TM-1 [{J5EK 2] DNA Fi% cDNA 581 N 35 T AN &4 1)
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cDNA FRiCEREF AT, THU H W58 45 R 7R I ko
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Q41001
NM_105882.2
EU974428.1
EU962639.1
AJ307662.1
AY350710.1
2CBP_A
GhBCPI

Q41001
NM_105882.2
EU974428.1
EU962639.1
AJ307662.1
AY350710.1
2CBP_A
GhBCPI

VGDTSGWVIGG-DYSTWASDKTFAVGDSLVFNYGAG
V----EWSLGR-DYSSLATGKSFAVGDTIVFNYGA-GHTVDEVSES 68
VGDASGWTTTG-DYATWASGKKFKVGDSLEFKYAGG.
VGDSQGWTTTGVDYSSWASRNTFVVGDTLVENYVS
VGDTSGWSSGV-DYVTWAKSKTFSVGDSLVEFQYSM-
VGDTSGWDISS-DLESWTLGKRFSVGDVIMFQY-SSTHSVYEVAKD 74
VGGSGGWTENT---ESWPKGKRFRAGDILLENYNPS
VGDASGWATGV-DFSSWASDKTFKVGDSLVENYPT-SHTVEEVSSS 72

DYKSCTSGNSISTDSTGATTIPLKKAGEKHYFI
DYRSCTLGNAISSDSSGTTSIALKTPGPHYFI
DYAACSSSNALSTDSAGATTVILKTAGKHYFI
GYDACSGANALSDDDTGSTTITLQTPGTHYFI
DYSACSASNSIQSYSDONTKIALTKPGTRYFI
NFQSCNSTDPIRTFTNGNTTVALSKPGDGFFL
GFSTCNTPAGAKVYTSGRDQIKLPK-GQSYFI
DYSACTVGRAISTDSTGATTINLKTGGTHYFI

TVDEVKES 73

TVDEVSAA 74
TVTEVSKA o4
TVAEVSSA 73

NVVVVNQG 48

STGGMKLS 119
CTGGMEKLS 114
CSSGMKLA 120
CASGMKLA 119
CSGGMEKLA 119
CFAGMRLQ 120
CQSGMKIA 92
CENGMKLA 118

Q41001: i WEATAE; NM_105882.2: FFIF UM 1; EU974428. EU962639: L KUMME; AJ307662: FEWEME A AY350710: H 5w
HE; 2BCP_A: 3)REHHE H; GhBCPL: Ai{Liitit H. PN R 5 ME 746 M aE LRk

Q41001: Blue copper protein in pea; NM_105882: Blue copper protein in Arabidopsis; EU974428. EU962639: Blue copper protein in Zea mays; AJ307662:
Blue copper protein in rice; AY350710: Blue copper protein in Brassica olecacea; 2BCP_A: Blue copper protein in cucumber; GhBCP1: Blue copper protein in

cotton. Amino acids involved in copper binding are shaded

2 187k GhBCP1 EESHERIBREANE EFT Lt
Fig. 2 The multiple sequence alignment of GhBCP1 and homologous proteins

WA 2 AT (K3, RUIMERERA &%
BRI 2 A8 DL,

B: JH BamH I f§); E: HJ EcoR I gVl
B: Digested by BamH [ ; E: Digested by ECoR |

B 3 #RIEEE BT GhBCPT #T1E] Southern blotting 4
#
Fig. 3 The southern-blotting analysis of GhBCP1 gene copy
number in Gossypium hirsutum L. genomic DNA
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BRI, DG ZE SN GhBPL ] fiE 5 Ik AR RE A )
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3 it

WCE MR LT iR, A EZEENEN
JTOE k5 4 B T A RAT A E AT S RE . WA R
CRA 1) B—2RKEHA C? g aBmER, HE
600 nm A — e KR I S €0 Bl 2 i 75 441,
TWH S 4 MR TIN5 855 IR SRR : 2 4 Hiss
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4R Met T A (O ZE BRI, 21 Leu 5 Phe!,
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Fig. 4 The expression level of GhBCP1 gene in various tissues of cotton plant and in different developmental stages of cotton fiber
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