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Abstract: The full-length cDNA sequence of one goat gene RHOA was amplified using the rapid amplification
of cDNA ends (RACE) method based on one goat EST sequence which was highly homologous to the coding
sequence of human RHOA gene. Sequence prediction analysis revealed that the open reading frame of this gene
encodes a protein of 193 amino acids that shares high homology with the ras homolog gene family, member A
(RHOA) of nine species human (100%), cattle (100%), sheep (100%), rat (99%), mouse (99%), chicken (99%), dog
(99%), turkey (99%) and green anole (99%) so that it can be defined as goat RHOA gene. This novel goat gene
was then deposited mto NCBI database. Phylogenetic analysis revealed that the goat RHOA gene has a closer
genetic relationshup with the RHOA genes of human, cattle and sheep. Tissue expression analysis indicated that
the goat RHOA gene is generally and differentially expressed in detected tissues including spleen, muscle, skin,
kidney, ung, liver, fat and heart. This experiment established the primary foundation for further research on the

goat RHOA gene.
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INTRODUCTION

Ras homolog gene family, member A(RHOA) 15 a
member of RhoA-like subfamily. The RhoA subfamily
consists of RHOA, RHOB and RHOC. RHOA promotes
the formation of stress fibers and focal adhesions,
regulating cell shape, attachment and motility (Su et al.,
2006). RHOA is vital for muscle contraction for in vascular
smooth muscle cells, REIOA plays a key role in cell
contraction, differentiation, migration and proliferation
(Peyton et al., 2008).

Recent researches demonstrated that RHOA 1s also
mvolved in a lot of important biological processes such as
GTP catabolic process, actin cytoskeleton orgamzation,
cell morphogenesis, cell-matrix adhesion, positive
regulation of actin filament polymerization, negative
regulation of neuron differentiation (Kobayashi et al.,
2004; Beqaj et al., 2002, Gavard et al., 2004; Pixley et al.,
2005; Ridley and Hall, 1992).

As mentioned before RHOA gene is an important
gene which has many biological functions. Until today,
RHOA gene has been reported m cattle, human, mouse, rat
and other ammals. The goat RHOA4 gene has not been
reported. In the present experiment, researchers will clone
the full-length cDNA sequence of goat RHOA gene and

further do necessary sequence analysis and tissue
expression analysis. These will establish the primary
foundation of understanding this goat gene.

MATERIALS AND METHODS

Animals and sample preparation: Two adult Fujian local
goat were slaughtered. Spleen, muscle, skin, kidney, lung,
liver, fat and heart samples were collected, frozen in liquid
nitrogen and then stored at -80°C. The total RNA was
extracted using the Total RNA Extraction Kit (Gibeo,
USA). These RNA samples were used to perform RACE
PCR and tissue expression profile analysis.

5'- and 3'-RACE: About 5'- and 3'-RACE were performed
to isolate the full-length cDNA for goat RHOA gene as the
instructions of SMART™ RACE cDNA Amplification Kit
(Clontech, UUSA). For the goat RHOA gene, the Gene-
Specific Primers (GSPs) were designed based on one goat
EST sequence whose sequence is highly homologous to
the coding sequence of human RHOA gene: EV435966.
The Gene-Specific Primers (G SPs) were: 5'- RACE GSP: 5'-
CAAGGCACCCAGATTTTTTCTTCCC-3,3-RACE GSP:
57- GAGGTTTTTGAAATGGCCACGAGAG. About -3'
RACE touchdown PCRs were carried out with 5 cycles of
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94°C/30 sec and 72°C/3 min, followed by 5 cycles of 94°C
/30 sec, 70°C/30 sec and 72°C/3 min, finally with 30 cycles
of 94°C/30 sec, 67°C/30 sec, 72°C/3 min to terminate
reaction. The RACE PCR products were then cloned mto
pMD18-T vector (TaKaRa, Dalian, China) and sequenced
bidirectionally with the commercial flucrometric method.

RT-PCR for tissue expression profile analysis: RT-PCR
for tissue expression profile analysis was performed as
previously described elsewhere (Liu and Gao, 2009a, b;
Liu, 2009). Researchers selected the housekeeping gene
PB-actin (Accession No.: AF481159) was performed as a
positive control.

The p-actin gene primers used were: 35'-
TGGCATTGTCATGGACTC-3' (Forward primer 1) and 5'-
CCGTGGTGGTGAAGCT-3' (Reverse prumer 1). The PCR
product 1s 164 bp in length. The followng RHOA gene
specific primers were used to perform the RT-PCR
for tissue expression profile analysis: 5°- AGGACCAGTT
CCCAGAGG-3 (Forwardprimer 2) and 5'- AAGACAAGGC
ACCCAGAT-3' (Reverse primer 2). The PCR product is
499 bp in length.

The 25 pl reaction system was: 2 pL. cDNA (100 ng),
5 pmoles each oligonucleotide primer (forward and reverse
primer lor forward and reverse primer 2), 2.5 pl. 2 mmol 1™
mixed dNTPs, 2.5 uL. 10xTaq DNA polymerase buffer,
2.5 pL 25 mmel L™ MgCL, 1.0 units of Tag DNA
polymerase and finally add sterile water to volume 25 L.
The PCR program imtially started with a 94°C denaturation
for 4 min, followed by 30 cycles of 94°C/50 sec, 56°C/50
sec, 72°C/50 sec then 72°C extension for 10 min, finally
4°C to terminate the reaction.

Sequence analysis: The cDNA sequence prediction was
conducted using GenScan The protein
prediction and analysis were performed using the
Conserved Domain Architechure Retrieval Tool of BLAST
at the National Center for Biotechnology Information
(NCBI) server (http://www.ncbinlm. nih gov/BLAST) and
the ClustalW software (http://www.ebi.ac.uk/clustalw).

software.

RESULTS AND DISCUSSION

RACE results for goat RHOA gene: Through 5'-RACE,
one PCR product of 797 bp was obtained. The 3'-RACE
product was 709 bp. These products were then cloned to
T-vector and sequenced. Taken together, a 1436-bp
cDNA complete sequence was finally obtained (Fig. 1).

Sequence analysis: The nucleotide sequence analysis
using the BLAST software at NCBI server (http://www.
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Fig. 1: RACE results for goat RAHOA gene. M, DL.2000
DNA markers 1, 3'-RACE product for RHOA gene;
2, 3'-RACE product for RHOA gene

ncbi.nlm.nih.gov/BLAST) revealed that this gene was not
homologous to any of the known goat genes and it
was then deposited into the GenBank database
{(Accession No.: JQ407045). The sequence prediction was
carried out using the GenScan software. An open reading
frame encoding 193 amine acids was found in the 1436 bp
cDNA sequence.

Further BLAST analysis of this protein revealed that
this protein has high homology with the ras homolog
gene family, member A (RHOA) of nine species human
(Accession No.: NP_001655; 100%), cattle (Accession
No.. NP _ 788818, 100%), sheep (Accession No.
NP 001155347; 100%), rat (Accession No.: NP_476473,
99%), mouse (Accession No.: NP_058082; 99%), chicken
(Accession No.: NP_990035; 99%), dog (Accession No.:
P24406, 99%), turkey (Accession No.: ADX97247; 99%)
and green anole (Accession No.: XP 003217600, 99%).
The complete ¢cDNA sequence of tlus gene and the
encoded amino acids were shown in Fig. 2. From the
sequencing and structural results described, this gene can
be defined as the goat RHOA gene.

Based on the results of the alignment of different
species of RHOA (Fig. 3) a phylogenetic tree was
constructed using the ClustalW software (http:/www.
ebi.ac.uk/clustalw) as shown in Fig. 4. The phylogenetic
tree analysis revealed that the goat RHOA gene has a
closer genetic relationship with the RHOA genes of
human, cattle and sheep than with those of rat, mouse,
chicken, dog, turkey and green anole.

Tissue expression profile: The RT-PCR analysis of the
tissue expression profile was carried out using the tissue
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GLUECTCCCCGCCCGTCFCTCTCCE TGO TTFIC TCGTTAGTCAGCCGCCGCCTCCTCAGCCFECCEFC T GTAGTC TIC GAGCT
TECEACTCGAGGACAAGCGTCCTCEGLEL EEAGAGGCCGEACTCGEAGTCFTCGCOTEAGT GLCTT TCATCTHAGAA GT TC
AGGECACTTT G TAGAACTTOTO U TATACAGFECGTGEGT CTTECAGCACAT TTGTAAGCAAT GECTGUCATCC FALGALL

M 4 &4 I R K K
CTGGTEATTGTT GoAGAT GEAGCCTOT GOCAAGACTIGCTTEC T CATTGT CTTTAGCAL G CACCAG TTCCCAGAGG T GTAT
L ¥ I1I ¥ 6 D ¢ & C ¢ K T C L L I ¥ F &8 K D F P E W ¥V

GTCCCTACGGTGTT TEAGAL CTATGT GGCAGATATTHRAMG T GEATEEAMDL GUAGE TAGAGTTGECTTTGT GoGACACAGET
¥y p T ¥W F EH ¥ ¥ A I I E VWY D 6 E Q v E L A L W D T A
GOEFCAGGAAGATTATGATCOGCTT GAGG COTCTCTOCTACCCGBATACCGACGT TATAC TEATGT GTTTC TCCATT GACAG T
Qg E L ¥ ) KL E P L &8 ¥ P LD T DI ¥ I L M CF 5 I I &
COTGATAGT TTAGALAL CATCCCAGAMN ANTGHACTCCGHAAGTCALAGCATTTCTGTCCCAACGT GCCCATCATCCTGETT
P D 5 L E H I K w T prp E Y KE HF C P B ¥ P I 1 L ¥V
GoOEAMCALGAMGEATCTTCEAAMCGACGAGCACACAAGGUEE AL CTHOUCAAGAT CAAGCA GEAGLCAG TAMAACEC
¥ K E DD L E ¥ D EHTREE ETL A EMEKEOQE P ¥V K P
GAAGANGELAGAGATATGECALL CAGGATTGGTGLTTTTOGG TACAT GEAGTGT TCAGCA ML GACCALAGATGGAG T
EE & R P M & ¥ E I ¢ A F 6 ¥ M E C 5 A K T E D & W
AGGEAGGTTTT THAMATGOCCACGA FAGCTGETCTGLAMAGCCAGACG TOOGAL GAAAMAMTCTGEGTHCCTTCTCTTR

E E ¥ F E M & T R &4 4 L 4 E E O+ K K K &8 & °© L %W L
TEAMACCCCTHO THREAMGEACAGECCTCATGEFET TAATTTTRAAG TGO T TTTAT TAATC TTAG TG TATHAT TAC THEECTTT
*

TTCATTTATCTATAATTTACC TAMGATTACAMATCAGAAGT CATCTTGC TAC CAGTATTTAFAAGE CAAC CATGATTATTAAT A

TETCCAMCCCACCTCACCCACCAGGGTCCTIC TEACAC TEC TTTTAMCAGC CCTCCT TTGCACTCCCACCTEACACAC CAGE
COCTAMTTCALGEAATTTC TTAACTTCTTGC TTCTIT CTAGAMMGAGA AN CT GTTEETAMC TTTTG T FAATTAMGC TETALL T

ACTTTATAMCTAMCATGTCC TETC TG TCATC TATCAGC THC AA GG TACTC TGO T CAGTCACCAL TTCAGAGC TTTACTCC TTTT
AACAGATTTCATTGGLATAGC TCTEAGT GEC TATCCAGTIT TTTCAAAA TG TG TCAGC CAGAMAGHFLCCAMGTCCACGLAG
CTOT GO TAALNGTTACAGTTIC TG TG T TICATG TTAGTTACC TTATASTTAC TETO TAATTAGTGC COC TTAATCTATG TTACC AL
A0 0 TANATATATCTAD COC GEALAL A0 L0000 0000 00000 0,000 0000

Fig. 2. The complete ¢cDNA sequence and encoded amino acids of goat RHOA gene (GenBank Accession No.:

TQ407045). ATG, start codon;, TAG, stop codon. *Indicates the stop codon
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Fig. 3. The alignment of the protein encoded by RHOA gene from goat and nine other kinds of RHOA proteins from
human, cattle, sheep, rat, mouse, chicken, dog, turkey and green anole

cDNAs as the templates and results indicated that the
goat RHOA gene is generally and differentially expressed
1n detected tissues including spleen, muscle, skin, kidney,
lung, liver, fat and heart (Fig. 5).

Through sequence analysis, researchers found that
the encoding protein of goat RHOA gene is highly
homologous with RHOA proteins of human, mouse and
other mammals. This implied that the RHOA genes were
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highly conserved in some mammals and the goat RHOA
gene will have similar functions as the RHOA genes of
human, mouse and other mammals. Researcher also found
that the goat RHOA protein does not show complete
identity to mouse or other mammals.

This implied that goat RHOA gene will have some
differences m functions to those RAOA genes from
mouse or other mammals. From phylogenetic analysis,
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Fig. 4: The phylogenetic tree for ten kinds of RHOA from
goat, human, cattle, sheep, rat, mouse, chicken,
dog, turkey and green anole
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Fig. 5: Tissue expression profile analysis of the goat
RHOA gene on the agarose gel of 1% stamed with
ethidium bromide. The p-actin expression is the
control (1, skin; 2, kidney; 3, spleen; 4, heart; 5,
fat; 6, lung; 7, liver; 8, muscle)

researchers found that goat RH(OA4 gene has a closer
genetic relationship with the RHOA genes of human,
cattle and sheep, this implied that we can use humarn,
cattle and sheep as model organisms to study the goat
RHOA gene. From the tissue distribution analysis in the
research, it can be seen that the goat RHOA gene was
obviously differentially expressed in some tissues. As
researcher did not study functions at protein levels yet,
there might be many possible reasons for differential
expression of goat RHOA gene. The suitable explanation
for this under current conditions is that at the same time
those biological activities related to the mRINA expression
of goat RHOA gene were presented diversely in different
tissues.

CONCLUSION

In this study, researchers first isolated the goat
RHOA gene and performed necessary sequence analysis
and tissue transcription profile analysis. This established
the primary foundation for further msight mto this novel
goat gene.
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