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Abstract: The aim of this study was first to mvestigate the evolutionary conservatism of mir-1657 among n
different species and then to investigated a G-A polymorphism in the seed region of mature gga-mir-1657
sequence with forced PCR-RFLP using Ava I1I nuclease in six chicken populations; 178 individuals from Beijing
Fatty chicken (BF), Wenshangluhua chicken (WL), Jimingbairi chicken (JB), Siyuwugu chicken (WG) and
Langya chicken (LY) breeds. Bicinformatics analyses indicated that gga-mir-1657 gene G>A polymorphism
may alter target selection and secondary structure. The findings indicate that the 114934924 SNP may exert
profound biological effects in the formation of some special phenotype of chicken and enables functional

annotation of gga-mir-1657.
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INTRODUCTION

Mir-1657 gene was 1st reported in chicken which 1s
located in the intron 2 of the R4B38 host gene on 1
chromosome (Glazov et al., 2008). RAB3E is a member of
RAS oncogene family which encodes a small G-protein
mvolved 1n endoplasmic reticulum-related vesicle
transport, generates specific antibody and T cell
responses in melanoma patients and is highly expressed
in melanoma tissue and absent in normal tissue. Recently,
the intronic microRNAs, transcribed together with the
host gene mRNA were found may serve the mterest of its
host gene by silencing a cohort of genes that are
functionally  antagomistic to the host gene itself
(Lutter et ai., 2010). However, little 1s known about the
relationship between the target genes of gga-mir-1657
and R4B38 in chickens.

Many evidences indicated that SNPs located the
seed regions (positions 2-7 from the 5'end of the mature
microRNA) may modify various biological processes by
influencing the processing and/or target selection of
microRNAs having long ranging phenotypic effects
(Mishra et al., 2008). There 1s a rapidly growing interest
for SNPs in seed region of microRNA in genetic analyses
as several studies have suggested association between
mictoRNA-seed-SNPs  and  human  cancer risk
(Ryan et al., 2010). The previous studies demonstrated
that a G=A polymorphisms (rs1 4934924 SNP) occours in

seed regions of gga-mir-1657 gene (Liying et al., 2009).
This SNP has not been studied 1n details so far. Therefore,
the objectives of the present study were to reveal the
sequence conservation of gga-mir-1657 among different
species; elucidate the effect of the 1314934924 SNP on
pre-investigate’s secondary structure; investigate the
distribution of the G>A polymorphisms of gga-mir-1657
among six chicken populations and identify putative
target genes of gga-mir-1657.

MATERIALS AND METHODS

Samples and DNA extraction: Blood samples were taken
from 178 individuals of 5 ndigenous Chinese chicken
breeds and 1 immported chicken breed, Leghom chicken
(Table 1). DNA extraction was conducted by the phenol
extraction method.

Primer design and PCR amplification: The fragment
(210bp) of gga-mir-1657 (MI0007391 ) was amplified using
primers designed by primer 3 (http://frodo. wi.mit.edu/cgi-
bin/primer3/primer3_www.cgl) based on the chicken
sequence from mirbase. The primers were forward
S-TTCTGAAGGTGGACTTCATGG-3  and  reverse
S-CGTATCACACACCAACAATGC-3' . The PCR reaction
volume of 25 ul contamned approximately 50 ng of
genomic DNA, 1.25 mM Taq DNA polymerase, 2.5 uL of
1% PCR buffer, 1.5 mM MgC1,, 0.2 mM INTP and 10 pM
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Table 1: Chicken breeds sampled for this study

Breed (code) Sample size Location

Beijing Fatty chicken (BF) 29 Beijing
Wenshangluhua chicken (WL) 30 Shandong Wenshang
Jiningbairi chicken (JB) 29 Shandong Jining
Siyuwugu chicken (WG) 30 Beijng

Leghom chicken (LH) 30 Beijing

Langya chicken (LY) 30 Shandong Yantai

of each primer. Amplification conditions included an initial
denaturation at 94°C for 4 min followed by 35 cycles at
94°C for 30 sec, 60°C for 30 sec and 72°C for 30 sec
followed by a final extension at 72°C for 10 mm. PCR
products were detected on 3.5% agarose gel.

PCR-RFLP and genotype determination: The
gga-mir-1657 PCR product was digested was digested
with 10 units of Ava III restriction enzyme and 10 uL of
PCR product at 37°C overnight n a water bath. The
digested products were detected by electrophoresis in
3.5% agarose gel stained with Ethidium Bromide (EB). The
homozygote AA was defined when base A exists at
position 5 of seed region forming ATGCAT which could
be recognized by Ava ITT, producing fragments of 190 and
20 bp (the 20 bp could not be seen in the gel). GG was
defined when A was replaced by G which could not be
recognized by Ava III; only a 190 bp fragment appeared
on the gel The heterozygote AG was defined when G
and A existed simultaneously at the homologous
chromosome, forming fragments of 210, 190 and 20 bp
n the gel.

Secondary structure alterations of variant gga-mir-1657
precursors: The most stable secondary RNA structure
with the lowest free energy for pre-gga-mir-1657 with A>G
alleles were calculated using M-fold (Zuker, 2003).
The absolute difference of free energy for pre-gga-
mir-1657 with different alleles were used as the parameter
for the assessment of the impact on secondary structure
of pre-gga-mir-1657.

Impact of SNP on gga-mir-1657 target genes: The
chicken Umgene (NCBI) was scammed for potential
gga-mir-1657 targets using the miRanda algorithm
(Version 3.1) (Enright et al., 2003) with the default
parameters for score threshold (>130) and free energy
threshold (<-16). The predicted targets were further
filtered using more stringent criteria in which they must
contain either a match between nucleotides 2-8 of the
microRNA with the target sequence or a match between
nucleotides 2-8 of the microRNA with the target sequence
(G:U base-pairing was not tolerated).

Statistical methods: The genetic diversity of A>G located
m the seed region of gga-mir-1657 gene for each

population was estimated using Pop gene 32 software
(Yeh et al., 1999) including observed heterozygosity,
expected heterozygosity, effective number of alleles and
Shannon’s mformation index.

RESULTS AND DISSCUSION

Gene organization, comparative genomics and
secondary structure alterations of variant gga-mir-1657
precursors. According to the miRBase 13.0 (http://
microrna.sanger.ac.uk/) and Ensembl (http:/www.
ensembl.org/index html) databases, the gga-mir-1657
resides within the intron 2 of the R4B38 gene (Fig. 1). The
A>G located in the seed region of gga-mir-1657 could alter
free energy values and alter the predicted RNA secondary
structure with Mfold program (Fig. 1). Tt has previously
been shown that recogmition of the ssRNA-dsRNA
Junction and adjacent ~11 bp stem by DGCRS 1s critical for
the processing of pri-microRNA. Therefore, the SNPs
oceurring in mir-1657 may have have a larger impact on
the maturation of microRNA and have important
phenotypic  comsequences. Recently, mir-146a-SNP
(rs2910164) within the pre-miR-146a sequence reduced
both the amount of pre-miR-146a and mature miR-146a
and apparently affected the Drosha/DGCRE processing
step.

Orthologs of gga-mir-1657 were retrieved from the
Ensembl  genome using  comparative
genomics/alignments/19  amniota vertebrates pecan
option. Multiple species sequence alignment was
performed using the MultAlin program Chttp://biomfo.
genotoul fr/multalin).  Multiplealignment of lnown
(chicken) and predicted gga-mir-1657 ortholog sequences
showed a high level of conservation with Meleagris
gallopavo and a low level of conservation with
Taemopygia guttata among 3 neognath birs EPO but
absent in other species (Fig. 2).

The mir-1657 ortholog in Meleagris gallopavo

browser

showed the typical stem-loop secondary structure
(Fig. 3a) but absent in Taeniopygia guttata (Fig. 3b). So,
researchers speculated that the mir-1657 may be a
galliformes-specfic microRNA. These primate-specific
microRNA families have been considered that may
contribute to developmental novelties during evolution.
As miRNAs are involved in gene regulations, the
galliformes-specfic mir-1657 may contribute to various
biological processes and play critical roles in disease or
population disease susceptibility in chicken.

Impact of SNP on gga-mir-16357 target genes: The SNP
(rs14934924) 1s located m the crucial seed sequence of
gga-mir-1657. So, it determines its complementarity to
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Fig. 1: Gene organization the gga-mir-1637 gene and R4B38 gene

Fig. 2: Comparative genomic of the gga-mir-1657 gene
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Fig. 3. a) Secondary structure of gga-mir-1657 ortholog in Meleagris gallopavo and b) Taeniopygia guttata
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potential target genes affecting the functionality of both
isoforms. The miRanda 3.1 algorithm was utilized to
computationally identify potential targets of gga-mir-1657
i the chicken Unigene database (NCBI). A total of 54
potential gga-mir-1657 targets met the criteria and certain
selected predicted targets are shown in Table 2. The 18 of
the 54 predicted targets were not considered likely targets
for the A-type variant gga-mir-1657. Only LATSI gene
(Large Tumor Suppressor 1) seem to be common targets
for the G and A-type variant gga-mir-1657. The common
LATSI gene codes for a serine/threonine kinase that plays
a role in the progression through mitosis. Genetic studies
demonstrated that the loss of LATS] in mouse and of its
ortholog wts (warts) in Drosophila is associated with
mcereased cancer mcidence (Siam et al, 2009). So,
researchers peculated that gga-mir-1657 may serve the
interest of hosted R4B38 gene by silencing L.ATS! genes
which is functionally antagonistic to the R4AB38 gene
itself and play an role in cancer risk with its hosted R4B38
gene in galliformes.

Hardy-Weinberg equilibrium, neutral test and genetic
diversity of G>A in different populations: The profile of
gga-mir-1657 gene A>G polymorphism 1s shown in gel
photograph (Fig. 4). After digestion, the GG genotype had
210 bp band, the AG genotype had 210, 190 and 20 bp
bands and the AA genotype had a 190 bp bands.

The frequency of each genotype and allele of A>G
located in the seed regions of gga-mir-1657 is shown in
Table 3. The G allele frequency ranged from 83.33-100%.
There did not detected the A aflelic gene in WL chicken
breeds wlich 1s an old breed selected for barred plymouth
rock. Directional selection for barred plymouth rock may
result in an increase of the G allele frequency and a
decrease of the A allele frequency which was explained by
a genetic bottleneck, founder effect, inbreeding, genetic
drift and small samples.

A Chi-square (y¥*) test was performed for agreement
with Hardy-Wemberg equilibrium and the results showed
that 5 breeds were at equilibrium (p=0.05). The neutral test
with 1000 simulated samples showed that the observed
statistical values of evolutional power of each population
were all between the lower and upper boundaries of 95%
confidence mterval (Table 4). So, it could be mferred that
the A>G mutation in the seed regions gga-mir-1657 gene
might be a neutral variant linked with a hypothetical
causative mutation.

The results of genetic diversity for each population
are shown in Table 5. Heterozygosity denoted the
frequency of heterozygosis at the tested site in the
populations which was an appropriate mdex for genetic
variation in populations. In the study, the values of

Table 2: Influence of the polymorphism on target selection

Genes gea-mir-1657-A keal/mol
CENPI 3' G-TGTGTGG-TTGT-TATGTATATAT 5" -17.22
I
5' CTGTATATTAAATGTGTACATATATA ¥
HED3EB! 3 GTGTGTGG-TTG-TTATGTATATAT 5' -18.49
(=<0
5' AACTTGCCAAACTAGTACATATATC3'
HSD381 3' GTGT-GT-GGTTGT-TATGTATATAT 5-19.3
RN
5' AACATTAGCCAGTAGGTGCATATATC 3
LMXIE 3' GT-G-T-G-TGG-T-TGT-TATGTATATAT 5' -20.23
HERRR AR
5' TACCTACCTACCTACATACATACATATATA 3'
RHO 3' GTG-TGTGGT-TGTTATGTATATAT 5-15.99
I L
5' GACAACACTGTA-GATATATATATT 3'
1%h8 3' G-T-GTGT-GG-TTGT-TATGTATATAT 5" -19.43
(O A
5' CTAGCATACCCTTACACAT-CATATATA 3
KIAAO247 3 GTGTGT-GGTTIGT-TATGTATATAT 5' -15.27
(EIENIIT
5' CAGGCAGTTTATATATACATATATA 3!
2j24 3 GT-GTGT-GGTTG-TTA-T-GTATATAT 5' -17.3
(===
5' CAGTACATTITAACTGATAAACATATATG 3'
PROXT 3' GTGTGTG-GT-T-GT-TATGTATATAT 5' -14.32
Skl 2 1 OO
5' TATATATGTGTATTGCATACATATATA 3!
IGT 3 GT-GTGTGGTTGTTAT-GTATATAT 5' -14.29
SN e R
5' TAGCA-A-TAGTAA-ACCATATATA 3"
I4023 3 GTGTGTGGTTGTTATGTATATAT 5' -20.24
0 T
5' CAAATGCCAGC-ATGCATATATA 3
TLIRLI 3 GTGTGTGGTTGTTATGTATATAT §' -17.24
[ 111
5" AACATGTT-TTAGTGCATATATC 3'
D7HIIorfl4 3 GTGTGT-G-GTTGTTATGTATATAT 5 -20.15
011
5' AACACAGCTCTAT-GTACATATATA 3
MGCE3099 3 GTGTGT-GG-TTG-T-T-A-TGTATATAT §' -16.91
FEFITE DT
5' AA-ATAGCCAAATGACAGTTACATATATA 3!
PRAT 3' GTGTGTG-GTTG-T-TAT-GTATATAT 5' -15.36
el <IN
5' TATATATATAGCTAAATAGCATATATA 3
VA3 3' GTGT-G-T-GGTTGTT-ATGTATATAT 5' -14.82
(AR BRI
5' CA-AGTTATTCAGTGACTGCATATATA 3"
18hi8 3' G-T-G-TGT-GGTTGTTATGTATATAT 5' -16.23
MEEEII
5' CAAACTGTATTC-CTAGTACATATATA 3
LOC3958550 3 GTGT-GTGGT-TGT-TATGTATATAT §' -14.93
(0= A
5' CACAGAAATACACACATACATATATA 3
CAPNZ 3' GTG-T-GTGGTTGTT-AT-GTATATAT 5' -19.97
TR
5' GATGAGCTTCAGCAAGGAGCATATATA Y
LATS? 3 GTGTGTG-GT-TGT-TATGTATATAT 5' -17.6
CFef AR RN
5' TATATATACATATATATACATATATA 3
SMC2 3' GTGTG-T-G-GT-TGTTATGTATATAT 5' -17.12
RN
5' CGTACAAAAATAGAC-ATCCATATATT 3
RTNg 3 GT-GTGTGGTTGT-TATGTATATAT 5' -16.03
e[ R
5' TGTTACATTAATATATACATATATA 3"
RTNG 3' GTG-T-GTGGT-TG-TT-A-T-GTATATAT 5" -18.69

=
5' GATAATTGTTGCACAAACTTGGCATATATA 3
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Table 2: Confinued

Table2: Continued

Genes gea-mir-1657-A kcal/mol Genes gea-mir-1657-A kcal/mol
IRFY 3 GTGTGTGG-TTGTTATGTGTATAT 5 -16.44 BEDI 3 GTGTGTGGTTG-TTAT-GTATATAT 5' -14.71
szl {1 A FIEAE
5' TGTATATTGAATTTTGCACATATT 3’ 5' AA-AC-CCAACAAAAACCATATATA 3
TMEMIB 3 GTGTGTGG-TT-GTT-AT-GTGTATAT 5' -17.67 IMFI 3 G-TGT-GTGG-T-TG-T-T-ATGTATATAT 5' -18.96
sl I 1 AR
5" TGTACATCAAATTCATTACCACATATG 3 5' CTACAGTACTAAGACAATGTTACATATATA 3
ChimmMI 3 GTGTGTGGTTGT-TATGTGTATAT 5' -17.62 g5 3 GTGTGTGG-TT-GTTATGTATATAT 5' -14.07
szl I (R NIRRT
5" TGTA-GCTGATACATACACATATA 3 5' CTTATGCCAAAGC-ATGCATATATA 3'
EMB 3 GT-GTGTGGTTGTTAT-GTGTATAT 5' -17.79 LOC4I0498 3 GTGTGT-GGT-TGTTATGTATATAT 5' -14.85
[ BRI (= ===
5' CATTTCATCTATAGTGCCACATATG 3 5' CATGGATTTGTAC-ATACATATATA 3
CD3l 3 GTG-T-G-TGG-T-TGT-TATGTGTATAT 5' -14.17 VAMP2 3 GTGTGTG-GT-TGTT-A-T-GTATATAT 5' -20.58
(R A RN (HHE NN ]
5' CACTGATTACCTAAAAACA-ACACATATT 3 5' CATATGCGTATACAAGTAAGCATATATA 3
2121 3 G-TGT-GTGGT-TGT-TATGTGTATAT 5' -19.02 LOC4I6335 3 GTGTGTGEFITGTTATGTATATAT 5' -14.66
L= < I L
5" CTGCATCA-GGTGCAGGTCCACATATT ¥ 5' TA-A-ACCAGGGG-ACATATATG 3'
3373 3 GTG-TGTGGITG-TTATGTGTATAT 5' -16.32 8d24 3 GTG-TF-TGGTTGTTATGTGTATAT 5' -15.26
HRNRNEIII NFE=lez = T
5' TATGAAATC-ACTGATACACATATA 3' 5' CACTCCTGCTGTTTACACACATATA 3'
MFAFS 3 GTG-TG-TGGT-TGTTATGTGTATAT 5' -14.23 FGFBPI 3 GTGTGTGGTTGTT-A-TGTGTATAT 5' -18.37
A== O AT I
5' CACTACTATTGTAC-AT-CACATATA ¥ 5' TACAGATT-CC-ATTTGCACATATG 3'
CDIg4 3 G-TGTGTG-GI-TGT-T-ATGTGTATAT 5 -16.8 TERFI 3 GTGTGT-G-GTTGTTATGTGTATAT 5' -15.23
[l e LI (NRRIIRTII]
5" CGGTACGTGTGTGTATACTGCACATATA 3' 5' CAGA-ACCTCAAAAA-ACACATATG 3'
S5BE2 3 GT-GTGTG-G-T-TG-TT-AT-GTGTATAT 5' -19.83 SLC25429 3 GTGTGT-GG-TT-G-T-T-A-TGTGTATAT 5' -15.18
(RN (N (AT <= A
5' CATTGCTCTTTGCACAAAGTACCACATATT 3 5' CA-ACATCTGGAGTAAGAACCACACATATA 3
GLO! 3 GTGTGT-GG-TTGTTATGTGTATAT 5' -16.78 SLC25429 3 GTGTGTGGITGTTATGTGTATAT 5' 17
<M== I (=11
5' TACATATCCTTGTT-TACACATATT 3' 5' CATGTAGCAG-GA-GCACATATA '
21kil 3 G-TG-TG-TGGTTGTTATGTGTATAT 5' -19.72 LATSI 3 GTGTGT-GGT-TGTTATGTGTATAT 5' -19
(RN R[] S HRHR (11
5" CTGCTACTGCT-GCCATCCACATATA 3' 5' TATATATCTATATAG-GCACATATA 3
1.9221 3 GTG-TG-T-GGTT-G-T-T-ATGTGTATAT 5' -14.1
1z [ L Table 3: Distribution of genotypes of A>G located in the seed regions of
5" C-CTGTGATCTGGTTTCCACTACACATATA 3 . . :
gea-mir-1657 in 6 chicken breeds
EMPI 3 G-TGTGT-GGTT-GTTATGTGTATAT 5' -21.26
TRIIN genotypes Allele
. 0, 0, H 2
5' CTACTTAGCCAACCAAT-CACATATG ¥ frequency (%) frequency (%) Chi-square (4 test
PIIS 3 GTG-T-GTGGITGT-TATGTATATAT 5' -15.15
L T Breed® GG GA AA G A ¥ p-values
5" CATGAGTAGO-ATGTATGCATATATA 3 WG 8966 10.34 0 96.55 3.45 0.0566 0.8121
FGFIQ 3 GTGTGTGGT-TGT-TATGTATATAT 5' -18 WL 10000 0.00 0 100.00 0.00 - -
BN JIB 93.33 6.67 0 96.67 3.33 0.0182 0.8927
S exraroracarirsas Wome w0 mn e lwe o
SPRYI 3 GTETGTG-GTTGTT-ATGTATATAT 5' -17.09 - " : : : -
R LY 90.00 10.00 0 95.00 5.00 0.0545 0.8154
5 AGCATATGGAA- AATTACATATATT 3" *Breed codes as showed in Table 1
ESRI 3 GTGTG-T-GG-TTGTTATGTATATAT 5' -18.98
[EIRRu I AA GG GG GG GG GG AA GG GG AG AG AG M
5" CATACAAAGCAAAAAATACATATATGS
CMGAT 3 GTGTGT-GGT-TGT-TATGTATATAT 5' -16.12
L LTI
5' TATATATCTATATAGGCACATATATA 3'
18118 3 GTGTGTG-GT-TGT-TATGTATATAT 5' -16.63
(HeER AT T
5" AATATATATATATATATACATATATA 3'
33h20 3 GTGTGTG-GT-TGT-TATGTATATAT 5' -18.57
HeE RN 1T
5' TATATGTATATATATATACATATATA 3'
SETDG ¥ GTGTGTG-GT-TGT-TATGTATATAT 5' -15.76 Fig. 4. PCR-RFLP patterns of the chicken mir-1657,
R W M = Marker 50 bp ladder
5' CATGTATACATATGTATACATATATG 3'
Ace2? 3 GTFTG-TGGT-TGT--TATGTATATAT 5' -16.62

RN
5' CAAACTACTATGCATTATACATATATG Y

expected heterozygosity were all <0.5 within the 6 chicken

breeds; researchers concluded that genetic diversity was
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Table4: The Ewens-Watterson test for neutrality of A>G located in the
seed regions of gga-mir-1657 in 6 chicken breeds
F statistical value of 95% confidence interval
evolutional power

Breed®  (observed F¥) Mean SE Lower bound Upper bound
WG 0.9019 0.7849  0.0270 0.5024 0.9661
WL 1.0000 - - - -

IB 0.9334 0.7880  0.0267 0.5024 0.9661
LH 0.7222 0.7878  0.0270 0.5022 0.9672
BF 0.9019 07777 0.0278 0.5024 0.9661
LY 0.9050 0.7905 0.0267 0.5022 0.9672

*Breed codes as showed in Table 1

Table 5: Genetic diversity of A>G located in the seed regions of
gga-mir-1657 in 6 chicken breeds

Heterozygosity

Breed* Ne I P Observed Expected  Nei’s®
WG 0.1034 0.0998  0.0981 1.1088 0.2036 -0.0545
WL 0.0000 0.0000  0.0000 1.0000 0.0000 -

IB 0.0690 0.0678  0.0666 1.0713 0.1500 -0.0357
LH 0.3333 0.2825  0.2778 1.3846 04506 -0.2000
BF 0.1000 0.0966  0.0950 1.1050 0.1985 -0.0526
LY 0.1000 0.0966  0.0950 1.1050 0.1985 0.4231
Average 0.1180 0.1113  0.1110 1.1249 0.2242 -0.1159

“Breed codes as shown in Table 1, "Nei’s (1973) expected heterozygosity,
“Ne, effective number of alleles, 9, Shannon’s information index, °FIS,
Wright’s fixation index

deficient at the detected site. The effective number of
alleles and Shammon’s mformation mdex represented the
same trend as expected heterozygosity in the 6 chicken
breeds. This might be the result of the directional artificial
selection.

CONCLUSION

Findings presented in this study indicated that the
mir-1657 gene may be a galliformes-specfic micro RNA.
The 1514934924 SNP within the seed regions of
gga-mir-1657 gene maybe a functional sites which plays
an important roles in the formation of some special
phenotype mcluding cancer susceptibility. Furthermore,
the bioinformatics analysis also provides a basis for
functional annotation of gga-mir-1657 gene orthologs in
other species.
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