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Abstract: The complete coding sequences of three sheep genes-RITOA, RCHY 1 and RSU! were amplified using
the Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR). The sheep RHOA gene encodes a protein of
193 amino acids that shares high homology with the ras homolog gene family, member A (RHOA) proteins of
fifteen species- cattle (100%), rat (99%), human (100%), mouse (99%), chicken (99%), dog (99%0), turkey (99%),
sumatran orangutan (99%), poephila guttata (99%), Atlantic salmon (97%), green anole (96%), rainbow trout
(96%), African clawed frog (96%), zebrafish (96%) and Western clawed frog (95%). The sheep RCHY! gene
encodes a protein of 261 amino acids that shares high homology with the ring finger and CHY zinc finger
domain contaimng 1 (RCHY1) protemns of mine species-cattle (94%), giant panda (92%), pig (91 %), human (90%),
white-tufted-ear marmoset (90%), chimpanzee (90%), rabbit (89%), mouse (86%) and rat (84%). The sheep
RSUI gene encodes a protein of 277 amino acids that shares high homology with the ras suppressor protein
1 (RSU1) proteins of twelve species-cattle (99%), clumpanzee (98%), dog (99%), human (98%), giant panda
(98%), horse (98%), rabbit (98%), chucken (96%), mouse (97%), African clawed frog (94%), Western-clawed-frog
(94%) and zebrafish (91%). Finally, these three novel sheep genes were assigned to GenelDs: 100302078,
100302546 and 100302548, The phylogenetic analysis revealed that the sheep RHOA, RCHY ! and RSUI genes
all have a closer genetic relationship with the RHOA, RCHYI and RSUI genes of cattle. Tissue expression
profile analysis demonstrated that sheep RHOA, RCHYI and RSUI genes were all generally but differentially
expressed in detected tissues.
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INTRODUCTION

Ras homolog gene family, member A (RHOA)
belongs to the RhoA-like sub-family. The RhoA-like
sub-family consists of RHOA, RHOB and RHOC. Latest
researches demonstrated that RHOA promotes the
formation of stress fibers and focal adhesions, regulating
cell shape, attachment and motility (Su ef al., 2006).
RHOA 1s vital for muscle contraction i vascular smooth
muscle cells, RHOA plays a key role in cell contraction,
differentiation, migration and proliferation (Peyton et al.,
2008). RHOA activities appear to be elaborately regulated
m a tune- and space-dependent marmer to control
cytoskeletal changes (Maekawa et al., 1999, Ohta et al.,
1999; Saeki et al., 2005). Ring finger and CHY zinc finger
domain contaimng 1 (RCHY1), a member of protems
containing the ring finger and CHY zinc finger domain has
ubiquitin  ligase activity. Tt mediates E3-dependent

ubiquitination and proteasomal degradation of target
proteins including TP53, HDAC1 and CDKNI1B thus,
regulating their levels and cell cycle progression
(Wuetal,2010; Yan et al., 2010, Shloush et al., 2011).

Ras Suppressor protein 1 (RSUI) gene encodes a
protein that is involved in the ras signal transduction
pathway, growth inhibition and nerve-growth factor
induced differentiation processes as determined in mouse
and human cell line studies. In mouse, the encoded
protein was initially isolated based on its ability to inhibit
v-Ras transformation. Multiple alternatively spliced
transcript variants for this gene have been reported; one
of these vanants was found only in glioma tumors
(Chunduru et ai., 2002; Dougherty et al., 2005, 2008).

As mentioned before, RHOA, RCHYI and RSUI
genes are three genes which have important functions.
Until today, RHOA, RCHY! and RSUI genes had been
reported in human and other animals but the sheep RHOA,
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RCHY1 and RSU1I genes have not been reported yet. Tn
present experiment, the researchers will isolate the coding
sequences of sheep RHOA, RCHY! and RSU! genes
based on the coding sequence information of RHOA,
RCHY!I and RSUI genes from human or other mammals
and their highly homologous sheep ESTs sequence
information, subsequently perform secquence and tissue
expression profile analysis for these genes. These will
establish the primary foundation of understanding these
three sheep genes.

MATERIALS AND METHODS

Animals and sample preparation: Five adult Yunnan local
sheep were slaughtered. Spleen, skin, lung, fat, muscle,
heart, liver, kidney and ovary samples were collected,
frozen in liquid nitrogen and then stored at -80°C. The
total RN A was extracted using the total RNA extraction
kit (Gibco, USA). First-strand cDNA synthesis was
performed as that described by Liu et al. (2004). These
first-strand ¢cDNA samples were used to perform RT-PCR
for the isolation of sheep RHOA, RCHY I and RSUI genes
and for the tissue expression profile analysis.

Isolation of the sheep RHOA, RCHYI and RSU! genes:
The primers for sheep RHOA4 gene isolation were
designed based on the coding sequence information of
human RHOA gene and its highly homologous sheep EST
sequences: DY503081 and EE758341. Similarly, the primers
for sheep RCHY ! gene isolation were designed based on
the coding sequence information from human RCHY/
gene and its highly homologous sheep EST sequences;
DY519128 and EE754481. The primers for sheep RSUJ
gene isolation were designed based on the coding
sequence nformation from human and mouse RSUI
genes and their highly homologous sheep EST
sequences; DY493018 and FE027712. These primer
sequences and their annealing temperature for RT-PCR
reaction were shown in Table 1. The RT-PCR was
performed to isolate these three sheep genes using the
pooled ¢cDNAs from different tissues above. The 25 ul
reaction system was; 2.0 ul. ¢cDNA, 2.5 uL. 2 mM mixed
dNTPs, 2.5 ul. 10xTagq DNA polymerase buffer, 2.5 ul.
25 mM MgCl,, 2.0 uLL 10 uM forward primer, 2.0 pulL 10 uM
reverse primer, 2.0 units of Tag DNA polymerase
(1 U1 pL) and 9.5 pl. sterile water. The PCR program
initially started with a 94°C denaturation for 4 min
followed by 35 cycles of 94°C/50 sec, Ta"C/50 sec,
72°C/50 sec then 72°C extension for 10 min, finally 4°C to
terminate the reaction (Table 1).

These PCR products for sheep RHOA, RCHYI and
RSUI genes were then cloned into PMDI18-T vector
and sequenced bidirectionally with the commercial
fluorometric method. At least five independent clones
were sequenced for every gene.
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Table 1: Primers for sheep RHQA, RCHYI, RSUT and beta-actin genes and
their annealing Temperature (Ta)

Genes Primer sequence Ta/*C
RHOA Forward 5'- ATGGCTGCCATCCGGAAG-3'

Reverse: 5"TCACAAGACAAGGCACCCAG-3 61
RCHYI Forward 5'-ATGGCTTCCTCGACGCTG-3'

Reverse: 5-TCATTGCTGATCTAATGAAATTT-3 61
RSUL Forward: 5'-ATGTCCAAGTCTCTGAAA-3

Reverse: 5-TTATTTATTCTTGGCTGCC-3' 52
Beta-actin Forward: 5'-CTTGATGTCACGGACGATTT-3

Reverse: 5'- CACGGCATIGTCACCAACT-3' 56

RT-PCR for tissue expression profile analysis: RT-PCR
for tissue expression profile analysis was performed as
previously described elsewhere (Liu and Gao, 2009,
Yonggang and Shizheng, 2009; Liu, 2009). The researchers
selected the housekeeping gene beta-actin (Accession
No.: NM_001009784) as a positive control. The primers of
sheep RHOA, RCHY!I and RSUI genes which were used
to perform the RT-PCR for tissue expression profile
analysis were same as the primers for isolation RT-PCR
above. The PCR reactions were optimized for a number
of cycles to ensure product intensity within the linear
phase of amplification. The 25 uL reaction system was:
1 pl ¢cDNA (100 ng uI. ™, 5 pmoles each oligonucleotide
primer, 2.5 pL, 2mmol L™ mixed dNTPs, 2.5 uL. 10xTaq
DNA polymerase buffer, 2.5 pl. 25 mmol 17" MgCl,,
1.0 unit of Tag DNA polymerase and finally add sterile
water to volume 25 pl.. The PCR program initially started
with a 94°C denaturation for 4 min followed by 25 cycles
of 94°C/50 sec, Ta*C/50 sec, 72°C/50 sec then 72°C
extension for 10 min, finally 4°C to terminate the reaction
(Table 1).

Sequence analysis: The cDNA sequence prediction was
conducted using GenScan software (http://genes. mit.edu/
GENSCAN html). The protemn prediction and analysis
were performed using BLAST tool at the National Center
for Biotechnology Information (NCBI) server Chttp://www.
ncbinlm mh gov/BLAST) and the ClustalW software
(http:/Arww.ebi.ac.uk/clustalw).

RESULTS AND DISCUSSION

RT-PCR results for sheep RHOA, RCHYI and RSUI
genes: Through RT-PCR with pooled tissue ¢cDNAs, for
sheep RHOA, RCHY I and RSU1I genes, the resulting PCR
products were 582, 786 and 834 bp (Fig. 1).

Sequence analysis: These cDNA nucleotide sequence
analysis using the BLAST software at NCBI server
(http://www.nebinlm nith gov/BLAST) revealed that these
three genes were not homologous to any of the known
sheep genes and they were then deposited mto the
GenBank database (Accession No.: F1943984, F1937958
and FJ937963). The sequence prediction was carried out
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Fig. 1: RT-PCR results for sheep RHOA, RCHY! and RSUI genes. M: DL 2000 DNA markers; 1: PCR product for sheep
RHOA gene; 2: PCR product for sheep RCHY ! gene; 3: PCR product for sheep RSUT gene

using the GenScan software and results showed that the
582, 786 and 834 bp ¢cDNA sequences represent three
single genes which encoded 193, 261 and 277 amino acids,
respectively. Finally, these three novel sheep genes were
assigned to GenelDs; 100302078, 100302546 and
100302548,

Further BLLAST analysis of these proteins revealed
that the sheep RHOA protein has lngh homology with the
ras homolog gene family, member A (RHOA) proteins of
fifteen species-cattle (Accession No.: NP_788818; 100%),
rat (Accession No.: NP_476473; 99%), human (Accession
No.. NP 001655, 100%), mouse (Accession No.
NP _058082; 99%), chicken (Accession No.: NP_990035,
99%:), dog (Accession No.: NP_001003273; 99%), Turkey
(Accession No.: ADX97247, 99%) sumatran orangutan
(Accession No.: NP _001124755; 99%), poephila guttata
(Accession No.. ACH45076; 99%), Atlantic salmon
(Accession No.: ACI33725; 97%), green anole (Accession
No.: XP_003216698; 96%), rainbow trout (Accession No.:
NP _001158532; 96%), African clawed frog (Accession
No.. AD40671; 96%), =zebrafish (Accession No.:
NP_998515; 96%) and Western clawed frog (Accession
No.: CAIB1715; 95%) (Fig. 2).

The sheep RCHY1 protemn has high homology with
the ring finger and CHY zinc finger doman contaiing 1
(RCHY1 ) proteins of nine species-cattle (Accession No.:
NP_001077223; 94%), gilant panda (Accession No.
XP_002919200,92%), pig (AccessionNo.: NP_001090959;
91%), human (Accession No.. NP _056251; 90%),
white-tufted-ear marmoset (Accession No.:
XP_ 002745761, 90%), chimpanzee (Accession No.:

XP 517222, 90%), rabbit  (Accession  No.:
XP_ 002717057, 89%), mouse (Accession No.
NP 0808337, 86%) and rat (Accession No.

NP _001007619; 84%) (Fig. 3).
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The sheep RSUI1 protein has high homology with the
ras suppressor protein 1 (RSU1) protems of twelve
species-cattle (Accession No.. NP _001035691; 99%),
chimpanzee (Accession No.: XP_ 001151460, 98%), dog
(Accession No.: XP 535177, 99%), human (Accession
No.. NP _036557; 98%), giant panda (Accession No.

XP _002918673; 98%), horse (Accession No.:
XP 001498103, 98%), rabbit (Accession Nou:
XP 002717469, 98%), chicken (Accession No.

NP 001186520, 96%), mouse (Accession No.: NP_033131;
97%), African clawed frog (Accession No.:
NP _001085943; 94%), Westemn-clawed-frog (Accession
No.: NP_001015695; 94%0) and zebrafish (Accession No.:
XP 002666722, 91%) (Fig. 4).

Based on the results of the alignment of RHOA,
RCHY1 and RSUI proteins, three phylogenetic trees were
constructed using the Dendrogram procedure of Clustal W
software as shown in Fig. 5-7. The phylogenetic analysis
revealed that the sheep RHOA, RCHYI and RSUI genes
all have a closer genetic relationship with the RHOA,
RCHYI and RSUI genes of cattle.

Tissue expression profile: Tissue expression profile
analysis was carried out and results revealed that the
sheep RHOA, RCHYI and RSUI genes are all generally
but differentially expressed m tissues including spleen,
lung, muscle, kidney, ovary, skin, liver, heart and fat
(Fig. 8).

In the current study, the researchers firstly get the
coding sequences of sheep RHOA, RCHYI and RSUI
genes by RT-PCR. With the development of modern
bicinformatics, establishment of specific sheep NCBI EST
database
researchers can easily find the useful ESTs which were
highly homologous to the coding sequences of human

and different convenient analysis tools,
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Fig. 2: The alignment of the protein encoded by sheep RHOA gene and fifteen other kinds RHOA proteins
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DTEVRAQTPMEFSEYQNVIVDILCHNDCHGRSTVQFHILGHMEKCKLCDSYNTAQ
DIEVRAQTPMPSEYQNVIVDILCHDCHNGRSTVQFHILGHECKLCDSYNTAQ
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ALGGRRISLDQQ
AGRYEISLDQQ
LGEYRISIDQQ
LGGCRISLDQQ
LGGCRISLDQQ
LGGRERISLDHQ
LGEREVEVDQQ
LGGRTVSMDEQ
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Fig. 3: The alignment of the protein encoded by sheep RCHY I gene and nine other kinds of RCHY1 proteins
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MSKSLERIVEESREFNVPDIDMCDRGIANMLDVPGLFTILSHITQLILSHNKLTTVEFFNIA
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MSKSLERLVEESREFNQPEVDHSDRGISNMLDVNGLFILSHITQLVLSHNELTTIVEPEFNIA
MSKSLERLVEESREFNQPEVDMSDRGISHMMLDINGLFTLSHITQLVLSHNKLTTVEFFNIA
MSKSLEKLVEESREFNQPEVDMSDRGI SHNMLDVHNGLFSLSHITQLVLSHNKLTTVPANIL
MSKSLERLVEESREFNQPEVDHMSDRGISNMLDVNGLFSLSHITQLVLSHNKLTTVEANIL
MSKSLERLVEESREFNQPEVDHMSDRGI SHMLDVHNGLEFSLSHITQLVLSHNELTTVEFFNIA
MSKSLEKLVEESREFNQPEVDMSDRGISSMLDVHNGLEFSLAHITQLVLSHNKLTTVEFEFNVA
MSKSLEKLVEESREFNQTEVDMSDRGI SMMLDVHNGLFILSHITQLVLSHNEKLTTVPEFNILA
MSKSLEFMVEESREFNQPEVDMSDRGI SHMMLDVHNGLFTLSHITQLVLSHNELTTVEFFNIA
MSKSLERLVEESREFNQPEVDMSDRGI SMMLDVHNGLFTLSHITQLVLSHNELTMVEFNILA
MSKSLEKIVEESREFNQPEVDMCDRGISMMLDVPGLFILSHITQLVLSHNEKLTTVPANIL
MSKSLERIVEESRDFNLPEVDHMCDRGISHNLLDIPGLFSLSSITQLVLSHNKLSAVEFNILA
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DLENLEVLNFFNNQIEELPTQISSLOQKLEHLNLGMNRLNGLPRGFGSLPALEVLDLTYNN
DLENLEVLNFFNHQIEELPT QI SSLOKLEHLNLGMNRLNS LPRGFGSLPALEVLDLTYNHN
ELKNLEVLNFFHNNQIEELPTQISSLOKLEKHLNLGMNRLNT LPRGFGSLPALEVLDLTYNN
ELKNLEVLNFFNNQIEELPTQISSLOQKLEHLNLGMNRLNILPRGFGSLPALEVLDLTYNN
ELFNLEVLNFFNHNQIEELPT QI SSLOKLEHLNLGMNRLNT LPRGFGSLPALEVLDLTYNHN
ELKNLEVLNFFNNQIEELPTQISSLOKLEKHLNLGMNRLNT LPRGFGSLPALEVLDLTYNN
ELKNLEVLNFFNNQIEELPTQISSLOQKLEHLNLGMNRLNILPRGFGSLPALEVLDLTYNN
ELFKNLEVLNFFNNQIEELPTQISSLORKLEHLNLGMNRLNTLPRGFGSLPALEVLDLTYNN
ELKNLEVLNFFNNQIEELPTQISSLOKLEKHLNLGMNRLNT LPRGFGSLPALEVLDLTYNN
ELKNLEVLNFFNNQIEELPTQISSLOQKLEHLNLGMNRLNILPRGFGSLPALEVLDLTYNN
ELFKNLEVLNFFNNQIEELPTQISSLORKLEHLNLGMNRLNTLPRGFGSLPALEVLDLTYNN
DLENIEVLNFFHNHNQIEELPTQISSLOKLEKHLNLGMNRLNTLPRGFGSLPALEVLDLTYNHN
DLENLEVLNMFHMHNQIEELPTQISSLOKLKHLNLGMNRLSTLPRGFGSLPALEVLDLT YMHN
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LHNENSLSGNFFYLTTLRALYLSDNDFETLPFPDIGKLTELQIISLRDNDLISLFKEVGELT
MNENSLPGHNFFYLTTLRALYLSDNDFEILPPDIGKLTEKLQITISLRDNDLISLFKEIGDLT
LHENSLPGNFFYLTTLRALYLSDNDFEILFPDIGKLTELQILSLEDNDLISLFKEIGELT
LHNENSLPGNFFYLTTLRALYLSDNDFEILFPDIGKLTELQILSLRDNDLISLFKEIGELT
LESENSLPGNFFYLTTLRALYLSDNDFEILPPDIGKLTKLQILSLRDNDLISLFKEIGELT
LNESSLPGNFFYLTILRALYLSDNDFEILFPDIGKLTELQILSLEDNDLISLFEKEIGELT
LHNENSLPGNFFYLTTLRALYLSDNDFEILFPDIGKLTELQILSLRDNDLISLFKEIGELT
LNEHSLPGNFFYLTTLRALYLSDNDFEILPPDIGKLTEKLQILSLRDNDLISLFKEIGELT
LHNENSLPGNFFYLTIILRALYLSDNDFEILPADIGKLTELQILSLEDNDLISLFKEIGELT
LSENSLPGNFFYLTTLRALYLSDNDFEILFPDIGKLTELQILSLRDNDLISLFKEIGELT
LESENSLPGNFFYLTTLRALYLSDNDFEILPPDIGKLTKLQILSLRDNDLISLFKEIGELT
LHNENSLPGNFFYLTIILRALYLSDNDFEILPPDIGKLTELQILSLERDNDLISLFKEIGELT
LHNESSLPGNFFYLTTLRALYLSDNDFEILFPDIGKLAKLQILSLRDNDLISLFREIGDLT
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QLEELHIQGNRLTVLPPELGNLDLT GOKQVFEAENNPWVIPIADQFQVGVSHVFEYIRSE
QLEELHIQGNRLTVLPPELGNLDLT GQKQVFEAENNPWVIFIADQFQVGVSHVFEYIRSE
QLEELHIQGNRLIVLPPELGNLDLITGQKQIFEAENNPWVIPIADQFQLGVSHVFEYIRSE
QLEELHIQGNRLTVLPPELGNLDLTGOKQI FRAENNPWVIPIADQFQLGVSHVFEYIRSE
QLEELHIQGNRLTVLPPELGNLDLT GQKQVFEAENNPFWVIFIADQFQLGVSHVFEYIRSE
QLEELHIQGNRLIVLPPELGNLDLT GQEQVFEAENNPWVIPIADQFQLGVSHVFEYIRSE
QLEELHIQGNRLTVLPPELGNLDLT GQRQVFREAENNPWVIPIADQFQLGVSHVFEYIRSE
QLEELHIQGNRLTVLPPELGNLDLT GQKQVFEAENNPFWVIFIADQFQLGVSHVFEYIRSE
QLEELHIQGNRLTVLPPELGNLDLT GQKQVFEAENNPWVIPIADQFQLGVSHVFEYIRSE
QLEELHIQGNRLTVLPPELGNLDLT GQRQVFREAENNPWVIPIADQFQLGVSHVFEYIRSE
QLEELHIQGNRLTVLPPELGNLDLT GOKQVFEAENNPWVIPIADQFQLGVSHVFEYIRSE
QLEELHIQGNRLTVLPPELGNLDLT GQKQVFEAENNPWVIPIADQFQLGVSHVFEYIRSE
QLEELHIQGNRLTVLPPELGNLDLT GPKQVFRAENNSWVIFPIADQFQLGISHVFEYIRSE
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TYEYLYGRHMQANPE PPEENNDESER ISREFLALFNE
TYEYLYGRHMQANPE PPEENNDE SEE I SEEKPLARLKNE
TYEYLYGRHMOANPE PPEENNDESERISREFLADFINE
TYEYLYGRHMOQANPE PPEENHNDE SEE I SREFLADLFNE
TYEYLYGRAHMQANPE PPHENNDESEHEISREPLTARNE
TYEYLYGRHMOANPE PPEENHNDESEEISREFLTAFNE
TYEYLYGRHMOQANPE PPEENHNDESEEISREFLTAFNE
TYEYLYGRHMOQANPE PPEENHNDE SEE I SREFLADLFNE
TYRYLYGRHMQANPE PPREMMDESEE I SREPLTARNE
TYEYLYGRHMOANPE PPEENNDESEEISREFLALKFNER
TYEYLYGRHMOANPE PPEENNDESEEISREFLALKFNER
ITYEYLYGRHMQOANPE PPHENNDESEE I SREFLALRNE
TYRYLYGRAMOQANPEAPHENADK SEE I SEEKPLALKNE
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Fig. 4: The alignment of the protein encoded by sheep RSUT gene and twelve other kinds of RSUI proteins
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Fig. 7. The phylogenetic analysis for thirteen kinds of
RSUT genes

genes. Based on these sheep HEST sequences, the
researchers can obtain the complete coding sequences of
some novel sheep genes through the some experimental
methods such as RT-PCR. From the clone and sequence
analysis of sheep RHOA, RCHYI and RSUI genes, it
could be seen that this is an effective method to isolate
some novel sheep genes.

Through sequence analysis, the researchers found
that the encoding protein of the sheep RHOA, RCHYI and
RSU! genes are highly homologous with RHOA, RCHY1
and RSUI proteins of human and some other animals.
This implied that the RHOA4, RCHY1 and RSUI genes
were highly conserved in some species and the sheep
RHOA, RCHY! and RSUI genes will have similar
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Fig. 8 Tissue expression distribution of sheep RHOA,
RCHY! and RSUI genes. The beta-actin
expression 1s the internal control. 1: muscle; 2:
heart; 3: lung; 4: spleen; 5: skin; &: fat, 7: liver; 8:
kidney; 9: ovary

functions as the RHOA, RCHYI and RSUI genes of
human and other animals. The researchers also found that
the sheep RHOA, RCHY1 and RSU1 proteins do not show
complete 1dentity to some ammals. This implied that the
sheep RHOA, RCHYI and RSUI genes will have some
differences in functions to those of other animals.

The phylogenetic analysis revealed that the sheep
RHOA, RCHYI and RSUI genes all have a closer genetic
relationship with the RHOA, RCHY1 and RSU! genes of
cattle. This implied that we can use cattle as a model
organism to study the sheep RHOA, RCHY! and RSUI
genes or use sheep as a model orgamsm to study the
cattle RHOA, RCHY! and RSUI genes.

From the tissue distribution analysis in the
experiment, it can be seen that the sheep RHOA, RCHY ]
and RSUI genes were obviously differentially expressed
in some tissues. As the researchers did not study
functions at protein levels yet there might be many
possible reasons for differential expression of sheep
RHOA, RCHY I and RSUT genes. The suitable explanation
for this under current conditions is that at the same time
those biological activities related to the mRNA expression
of sheep RHOA, RCHY 1 and RSUI genes were presented
diversely mn different tissues.

CONCLUSION

In this study, the researchers first solated the sheep
RHOA, RCHYI and RSU! genes and performed necessary
sequence and tissue expression profile analysis. This
established the primary foundation for further insight into
these novel sheep genes.
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