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Abstract

Background and Objective: Follistatin (FST) is a cysteine-rich autocrine glycoprotein and plays an important role in mammalian prenatal
and postnatal development. The FST binds to and inhibits myostatin (MSTN), a potent negative regulator of skeletal muscle growth, thus
FST abundance enhances muscle growth in animals. The objective of this study was to determine cDNA sequence of quail FST and to
produce biologically active quail FST288 (qFST288) in an £scherichia coli (E. coll) expression system. Materials and Methods: Total RNA
isolated from quail ovary tissue was used in performing 3'-and 5'-RACE to determine the full-length mRNA sequence of quail FST. The
full-length quail FST cDNA consisted of 1118 bp with an open reading frame (ORF) of 1032 bp. The gFST amino acid sequence deduced
from gFST cDNA was identical to chicken FST except the sequence at 28 position. To produce recombinant gFST288 protein, Gibson
assembly cloning method was used to insert the DNA fragments of gFST288 into pMALc5x vector downstream of the maltose-binding
protein (MBP) gene and the plasmids containing the inserts were eventually transformed into shuffle £ coli strain for protein expression.
Results: Soluble expression of the qFST288 protein was achieved through the experiments and the protein could be easily purified by
the combination of amylose and heparin resin affinity chromatography. In an /n vitro reporter gene assay, MBP-qFST288 demonstrated
its capacity to suppress the activities of MSTN or activin A. Conclusion: Through cloning of quail FST cDNA, it was discovered that amino
acid sequence of quail FSTis identical to that of chicken FST. In addition, it was demonstrated that bioactive gFST288 could be produced
in £ coll
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INTRODUCTION

Muscle is an economically important tissue for
meat-producing animals because as a main component of
meat, it provides humans with high quality proteins as well as
B vitamins, Fe and Zn. In this regard, improving the efficiency
of meat-animal production is crucial to a sustainable supply of
quality proteins toincreasing human population with minimal
environmental impacts. Some studies have indicated that
enhancing skeletal muscle growth improves the efficiency of
meat-animal production viaimprovementin feed utilization'.

Myostatin (MSTN), also called as GDF-8, is a member of
the TGF-beta superfamily and acts as a negative regulator of
skeletal muscle development and growth?3, In lab animals,
inhibiting MSTN activity has shown to enhance skeletal muscle
growth in normal conditions or ameliorate muscle wasting in
atrophic disease*?. In broiler, it has been shown that /n ovo
administration of anti-MSTN antibody significantly improved
post-hatch skeletal muscle growth?, illustrating the potential
of inhibition of MSTN as a strategy to enhance muscle growth
in meat-producing animals. MSTN binds to activin type IIB
(ActRIIB) receptor to initiate its signaling cascade leading to
muscle mass regulation® and few proteins, such as MSTN
propeptide, follistatin-related protein 3 (FSTL3) and GDF
associated serum protein-1(GASP-1), have shown to complex
with MSTN and suppress its binding to its receptor'®'. In
addition to these molecules, follistatin (FST), a cysteine-rich
autocrine glycoprotein, have shown to bind to MSTN and
inhibit MSTN activity /n vitrcf. The abundance of FST or FST
fragment in muscle via transgenesis, injection of
expression plasmid, or single administration of FST gene via
adeno-associated virus delivery system significantly increases
skeletal muscle mass/strength®'>'5. Transgenic rainbow trout
overexpressing FST exhibited dramatic muscularity'®. These
data together indicate that FST would be a potential agent to
improve skeletal muscle growth of agricultural animals, as well
as, to treat skeletal muscle atrophic disorders in humans.

In bird, chicken FST cDNA was sequenced and its
expression was investigated', but limited information is
available on FST cDNA of Japanese quail (Coturnix japonica),
which belongs to the same order (Galliformes) and family
(Phasianidae) as chicken. Japanese quail is easily managed,
fastgrowing, smallin size and can produce eggs at a high rate,
thus the animal provide stable source of animal proteins in
developing countries. Information on FST cDNA sequence of
Japanese quail would potentially contribute to improving
skeletal muscle growth of Japanese quail. Therefore, the
objective of this study was to determine the full-length cDNA

of Japanese quail FST and to produce bioactive quail FST288
in £ coli to examine its future potential in quail production.
The determination of quail cDNA sequence revealed that the
amino acid sequence of quail FST was identical to that of
chicken FST. These results also show that bioactive, quail
FST288 can be produced in an £ coli system.

MATERIALS AND METHODS

Total RNA extraction and cDNA synthesis: Ovary and muscle
tissue samples from a young, female Japanese quail (Coturnix
Jjaponica) were homogenized separately in TRIzol reagent
(Invitrogen, NY, USA) and total RNA was isolated following the
manufacture’s protocol. Reverse transcription of the RNA was
performed using the M-MLV reverse transcriptase (Invitrogen,
NY, USA) and the reaction mixture was stored at-20°C for later
use.

Cloning of quail follistatin (qFST) <cDNA: For PCR
amplification of partial gFST cDNA, a forward (F1) and reverse
(R1) primer set was designed by selecting highly conserved
region of FST ¢cDNA of various avian species, including Gallus
gallus(GenBankaccession number, NM 205201), Falco cherrug
(GenBank accession number, XM005443919), Taeniopygia
guttata (GenBank accession number, XM002197254.2) and
Zonotrichia  albicollis  (GenBank accession number,
XM-0055490664) (supplementary file 1 shows clustal
analysis result). The sequences of F1 and R1 were
5'GGCATGCTCGTACTCCTGAT3' and 5'AGGAAAGCTGTAGT
CCTGGTCT3', respectively. This primer set was expected to
amplify a PCR product of 983 bp, which corresponded to
25-1008 of the chicken-equivalent FST cDNA ORF sequence.
Amplification of reverse-transcribed quail ovary RNA with the
primer set resulted in a single PCR product of smaller than
1,000 bp, but not with the reverse-transcribed quail skeletal
muscle RNA. Since the size of amplified product from ovary
RNA was close to the expected size, the amplified product was
excised from the gel, purified and inserted into pGEM-T Easy
vector (Promega, WI, USA), followed by validation of insertion
into the pGEM-T Easy vector using colony PCR. After validation
of insertion, the sequence of inserted cDNA was analyzed and
aligned against chicken sequence. The alignment revealed
more than 95% homology between the two sequences
(supplementary file 2).

The 3-end of cDNA, including poly-A tail, was cloned by
the RNA Ligase Mediated Rapid Amplification of cDNA Ends
method (First Choice® RLM-RACE Kit, Life Technologies, NY,
USA) according to the manufacturer’s instruction, using quail
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Table 1: Primer sets used in the determination of quail FST full-length cDNA sequence

Primer Sequence Region*

F1 5'-GGCATGCTCGTACTCCTGAT-3' 25-44 bp

F2 5'-ACCTCAGCAAAGAGGAGTGC-3' 143-162 bp
F3 5'-CATCCCGTGCAAAGAAAC-3' 261-278 bp
F4 5'-TGTGGGATTTTAAGGTTGGC-3' 767-786 bp
F5 5'-ATGTTAAATCAGAGGATCCA-3' 1-20 bp

F6 5'-GGGAACTGCTGGCTCCGGCA-3' 85-104 bp
R1 5'-AGGAAAGCTGTAGTCCTGGTCT-3' 987-1008 bp
R2 5'-ACATTTCTTCCCGGGTCCAC-3' 296-315 bp
R3 5'-CTCGTAGGCTAATCCAATG-3' 696-715 bp
R5 5'-TTACCACTCTAGAATGGAAG-3' 1013-1032 bp
5'-RACE outer 5'-GCTGATGGCGATGAATGAACACTG-3'

5'-RACE inner 5'-CGCGGATCCGAACACTGCGTTTGCTGGCTTTGATG-3'

3'-RACE outer 5'-GCGAGCACAGAATTAATACGACT-3'

3'-RACE inner 5'-CGCGGATCCGAATTAATACGACTCACTATAGG-3'

A forward (F1) and reverse (R1) primer set was designed by selecting highly conserved region of FST mRNA of various avian species, including Gallus gallus
(GenBank accession number, NM205201), Falco cherrug (GenBank accession number, XM005443919), 7aeniopygia guttata (GenBank accession number,
XM002197254.2) and Zonotrichia albicollis (GenBank accession number, XM-0055490664). The other primers, excluding RACE primers, F5 and R5, were based on
sequence analysis of PCR product from F1-R1 combination. F5 was based on published quail partial FST 5'-terminal cDNA sequence. R5 was based on the sequence

obtained from 3'-RACE

ovary total RNA, 3-RACE adapter and M-MLV reverse
transcriptase. Using the RT product, the first 3'-RACE PCR
was performed with the 3'-outer RACE primer plus various
forward primers (F1, F2, F3 and F4). The F2, F3 and F4 primers
(Table 1) were synthesized based on the quail partial FST
sequence obtained from the PCR product amplified with F1
and R1 combination. Six PCR products which appeared to
contain 3'-terminal regions were excised and purified,
followed by another round of PCR reaction with F4 and
3'-inner RACE primer combination, using the purified six
fragments as templates. The F4 and 3"-inner RACE primer
combination was expected to produce bigger than
267 bp PCR product. The PCR reaction yielded PCR
products of same size of 267 bp from all six templates,
strongly suggesting the amplification of 3'-terminal region.
The PCR product was purified and cloned in pGEM-T Easy
vector for sequence analysis. To determine the whole
quail FST ORF cDNA a forward primer
(F5 in Table 1) starting from the initiation codon was
synthesized based on a published quail partial FST 5'-terminal
cDNA sequence (contig-28924 at http://systemsbiology.usm.
edu/BirdGenomics/BirdGenomeAnnotation.html). A reverse
primer (R5 in Table 1) was also synthesized based on the
sequence obtained from 3'-RACE. Using the quail ovary cDNA
as a template, a PCR reaction was performed with the F5 and
R5 primer combination. The PCR yielded a single amplified
product of an expected size (1032 bp), thus the PCR product
was purified and cloned in pGEM-T Easy vector, followed by
sequence analysis.

sequence,
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To determine the 5' untranslated region of quail FST
cDNA, 5'-RACE step was carried out following the protocol
described by the manufacture (First Choice® RLM-RACE Kit,
Life Technologies, NY, USA). Few 5'-RACE PCR products were
obtained, but sequence analysis did not show any matching
to FST sequence. The entire ORF sequence of quail FST was
obtained, enough information for protein expression, thus we
did not pursue the determination of 5' untranslated region of
quail FST cDNA.

Nucleotide and amino acid sequence analysis: Translation
of the sequenced DNA into amino acid sequence was
performed using translation tool available from the ExPASY
Bioinformatics Portal. Similarity searches for the sequenced
DNA and predicted amino acid sequences were done by
Blastn and Blastx on NCBI GenBank database'®. Pair-wise
and multiple sequence alignments of the predicted quail
FST protein with the known FST proteins were analyzed
using ClustalW2',

Cloning of qFST288 into an expression vector and
transformation of expression vectors: Previously, pMALc5x
vector (New England Biolabs, MA, USA) was successfully used
in cloning for expression of bioactive chicken FST315 in an
E. coli system?®, thus the same system was used in cloning
gFST288in this study. Gibson assembly cloning method?' was
used to insert the DNA fragments of gFST288 into pMALc5x
vector separately (New England Biolabs, MA, USA). Gibson
assembly primers for FST288 fragments were commercially
synthesized: Forward 5'-gggatcgagggaaggGGGAACTGCTG
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GCTCCGG-3' and reverse 5'-catggacatatgtgaaatTTAGTTG
CAAGATCCAGAGTGCTTTAC-3',in which small capital indicates
overlap sequence part and all capital indicates primer
sequence part used for Gibson assembly cloning. The
overlapping insert was prepared by PCR amplification using
the Q5 High-Fidelity PCR kit (New England Biolabs) and qFST
full sequence cDNA as a template. The PCR product was
separated by agarose gel electrophoresis and fragment was
excised and purified before use in DNA assembly reaction with
Xmnl-linearized pMALc5x vector using Gibson Assembly®
Cloning kit (New England Biolabs). Each assembly reaction
contained approximately 100 ng of insert and 50 ng of the
expression vector and incubated at 50°C for 30 min following
the manufacturer’s protocol. After the assembly reaction, the
reaction mix was transformed into NEB 5-alpha competent
E. coli strain (New England Biolabs). After an overnight growth
at 37°C, the pMAL-c5x plasmid containing qFST288 cDNA
(PMALc5x-qFST288) was extracted using a plasmid extraction
miniprep kit (Promega) to confirm correct insertion by
colony PCR.

Cytoplasmic expression of four FST-type proteins: The
K12TB1 or Shuffle £ coli strains (New England Biolabs) were
transformed with pMALc5x-qFST288 plasmid. After
confirmation of correct insertion by colony PCR, 5 mL
Luria-Bertani (LB) (1.2% tryptone, 0.6% yeast extract and 0.8%
NaCl) medium containing 100 ug mL~" ampicillin and 0.2%
glucose were inoculated with the K12TB1 or Shuffle £ coli
harboring the pMALc5x-qFST288 and grown overnight at
37°C with vigorous shaking. Then, 5 mL of the overnight
cultures were transferred into 1 L fresh LB medium containing
ampicillinin 2 Lflask. Forthe K12TB1 culture, when the culture
reached to an optical density of 0.3-0.4A (600 nm) at 37°C,
protein expression was induced at different temperatures by
adding Isopropyl B-D-1-thiogalactopyranoside (IPTG) to afinal
concentration of 0.4 mM under vigorous shaking for different
time periods. After induction, £ coli pellet was harvested.
Each gram of the wet pellet was resuspended in 5 mL of
affinity column buffer (20 mM Tris-HCl, 200 mM NaCl, T mM
EDTA, pH 7.4) containing the Complete Mini Protease Inhibitor
cocktail tablet (Roche, Mannheim, Germany). Two microliters
of lysozyme (50 ug mL~") and 2 uL of DNase | (2500 units mL~")
were added per 1 mL column buffer. The resuspended cell
solution was lysed by sonication in short pulses of 15 sec for
10 min in ice water bath. The soluble and insoluble fractions
were prepared by centrifugation at 10,000 rpm for 20 min at
4°C.Foreachsample, the supernatants (soluble fraction) were
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collected and the same volume of column buffer was
used to resuspend the pellets (insoluble fraction). Total,
soluble and pellet fractions were analyzed by SDS-PAGE to
examine the presence of MBP-fused recombinant qFST288
(MBP-qFST288).

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE): The SDS-PAGE was performed with gels
containing 12.5% polyacrylamide and 0.1% SDS following the
procedure of Laemmli?2. Samples were mixed with 3X loading
buffer which were under reducing conditions. Before loading
the sample onto the SDS-PAGE gel, samples were boiled at
100°C for 5 min.

Amylase affinity purification of MBP-qFST288: Supernatant
cell extracts were diluted with affinity column bufferina 1:5
ratio and filtered through 0.45 pum filter, then was loaded into
an amylose resin column equilibrated with 100 mL of column
buffer. After loading, the pass-through was collected and
washed with 100 mL of column buffer. Proteins bound to
the column were then eluted with elution buffer
(column buffer with 10 mM maltose) at a flow rate of
0.5 mL min~". Five milliliter fractions were collected during
elution and the absorbance was monitored at 280 nm. After
SDS-PAGE analysis of the presence of recombinant protein in
fractions, fractions containing recombinant proteins were
pooled.

Heparin affinity purification of MBP-fused FST-type
proteins: For further purification of amylose affinity-purified
MBP-fused proteins, the pooled elutions were subjected
to heparin affinity column (Bio-Rad, CA, USA) previously
equilibrated with column buffer. The pass-through was
collected at a rate of 1 mL min~'. The column was then
washed with 100 mL of column buffer. Proteins bound to the
column were then eluted with elution buffer (column buffer
with TM NaCl). After SDS-PAGE analysis of the presence of
recombinant protein in fractions, fractions containing
recombinant proteins were pooled, followed by dialysis in
phosphate buffered saline solution.

Bioactivity test of MBP-qFST288 by pGL3-(CAGA),,
Luc-luciferase reporter system: The capacities of
MBP-gFST288 to suppress the bioactivity of three FST-binding
proteins (MSTN and activin A, all from R&D Systems) were
examined by a procedure that was used in examining the
bioactivity of MBP-fused chicken FST315%. Briefly, cells stably
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transformed with pGL3-(CAGA),, luciferase reporter
construct? were seeded in a 96 well plate for 24 h at 37°Cwith
5% CO,. The medium was replaced with 100 pL serum-free
DMEM containing T nM MSTN or activin A plus various
concentrations of MBP-qFST288, thenincubated for 24 h. After
removing the medium, Bright-Glo luminescence substrate
(Promega) was added and luminescence was measured. The
% inhibition of MSTN, GDF-11 or activin A activity was
calculated by the following formula:

{Luminwcenceat 1nM MSTN or activin A-}

o luminescence at each ligand concentration
% Inhibition = - — x100
{Luml nescence at 1 nM MSTN or activin A-}

luminescence at 0 nM MSTN or activin

The MSTN- or activin-inhibitory activity was analyzed by
regression analysis using Prism 5 program (Graphpad, C A,
USA). To examine the differences in  MSTN-or
activin - A-inhibitory capacity of these proteins, ICs
(ligand concentration inhibiting 50% of MSTN or activin A
activity) values were estimated using a non-linear regression
model defining dose response curve .The equation for the
model was as follows:

_ Bottom + (Top — bottom)
[1+107(X - LoglIC,,)]

where, Y is F/R ratio, bottom is the lowest value of F/R ratio,
top is the highest value of F/R ratio and X is Log ligand
concentration. The ICy, values were analyzed by a one-way
ANOVA (analysis of variance) using the same program.
Statistical significance was accepted at p<0.05.

RESULTS

Cloning and molecular characterization of quail FST cDNA:
The full-length quail FST (qFST) cDNA was obtained using
RACE and it consisted of 1118 bp with an open reading frame
of 1032 bp and this ¢cDNA sequence was deposited to
GenBank (accession number KJ803018.1). When the qFST
cDNA sequence was aligned against chicken sequence (Fig. 1),
it shows 98% nucleotide identity to chicken FST cDNA with 21
nucleotides being different out of 1032 nucleotides. The
sequence encodes a 343 amino acids protein. Alignment of
amino acid sequence of gFST to other avian species, including
chicken (Gallus gallus), budgerigar (Melopsittacus undulates),
saker falcon (Falco cherrug), zebrafinch (7aeniopygia guttata)
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and white-throated sparrow (Zonotrichia albicollis), showed
about 98% homology with less than 4 amino acids difference
(Fig. 2). The gFST amino acid sequence was identical to
chicken FST except the sequence at 28 position (Fig. 2). Since
the first 28 amino acid is a signal sequence and being
removed after translation to yield FST315, it isindicated that
gFST315 is identical to chicken FST315. The qFST315 also
revealed high homology to mammalian FST315 such as
human and mouse FST315 with more than 95% homology
(Fig. 2).

Cytoplasmic expression of MBP-qFST288 and affinity
purification:  Researches first examined  whether
MBP-qFST288 could be expressed in a soluble form in K12TB1
strain. The expressed MBP-qFST288 was mostly present in the
pellet fraction of cell lysate in SDS-PAGE analysis (Fig. 3),
indicating an insoluble expression of the MBP-qFST288 in
K12TB1 strain. Researchers, thus, examined the induction in
shuffle strain at different temperatures. Both induction at37°C
for 4 h and at 25°C for 8 h resulted in insoluble expression,
while induction at 4°C for 8 days resulted in a soluble
expression (Fig. 4).

The soluble fraction of cell lysate expressed at 4°C for
8 days were applied to amylose affinity chromatography and
fraction were collected and fractions were subjected to
SDS-PAGE analysis with samples being in both reduced and
non-reduced conditions (Fig. 5a). The purification appeared to
be more than 90% and in non-reduced conditions, the
MBP-gFST288 remained in the same expected size without
aggregation. The fractions containing MBP-qFST288 were
combined, then subjected to heparin affinity chromatography.
Fractions were also subjected to SDS-PAGE analysis with
samples being in both reduced and non-reduced conditions
(Fig. 5b). Further purification appeared to occur. The yield of
amylose/heparin affinity-purified MBP-qFST288 was around
7 mg L= culture.

Bioactivity of MBP-qFST288: The abilities of MBP-qFST288
to suppress MSTN and activin A were examined using
pGL3-(CAGA),, Luc-luciferase reporter assay (Fig. 6) and their
potencies were compared to commercial recombinant
human FST produced in eukaryotic cells (rhFST315/CHO, R&D
Systems). The 1Cs, value to suppress 1 nM MSTN by
MBP-qFST288 was 3.55 nM and this value was significantly
higher than that of rhFST315/CHO (0.12 nM). The IC5, value to
suppress 1 nMactivin Aby MBP-gFST288 was 1.82 nM and this
value was significantly higher than that of rhFST315/CHO
(0.18 nM).
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Q cDNA ATGITAAATCAGAGGATCCACCCGGEGCATGCTCGTACTCCTGATGITTCTCTACCACTTC 60
ch- cDNA ATGT TAAATCAGAGGAT CCACCCGGGECATGCTCGTACTCCTGATGT TTCTCTACCACTTC 60

LR R R R R R R R R R

Q cDNA  ATGGAAGAT CACACAGCGCTGGECT GGGAACT GCTGGCT CCGGECAGGCACGGAACGECCEC 120
ch- cDNA ATGGAAGATCACACAGCGCAGGCT GGGAAT TGT TGGECT CCGGCAGGCGCGGAACGECCGC 120

kkhkkhkkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhk,x *khkkhkkhkkhkhkhk,*,x **%k *khkhkhkhkhkhkhkhkhkhkh*,*x *khkhkhkhkhkhkhkk*x*%

Q cDNA  TGCCAGGT CCTCTACAAGACCGACCT CAGCAAAGAGGAGT GCTGCAAGAGCGGECCGCCTG 180
ch- cDNA TGCCAGGTCCTCTACAAGACCGACCT CAGCAAAGAGGAGT GCTGCAAGAGCGGECCGLCTG 180

ER R R R R R R R R R

Q cDNA  ACGACTTCGT GGACGGAGGAGGACGT CAACGACAACACGCTCTTTAAGTGGATGATTTTT 240
ch- cDNA ACGACCT CGT GGACGGAGGAGGACGT CAACGACAACACGCTCTTTAAGTGGATGATTTTT 240

kkhkkhkkhkk K khkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkx*x*%

Q cDNA  AATGGGGGAGCCCCTAACT GCATCCCGT GCAAAGAAACAT GTGAGAACGTGGACTGTGGA 300
ch- cDNA AATGGGGGAGCCCCTAACT GCAT CCCGT GCAAAGAAACATGTGAGAATGTGGACTGTGGA 300

khkkhkkhhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdd *hhhhhhhhhrx

Q cDNA  CCCGGGAAGAAATGTAAAAT GAACAAGAAGAACAAACCTCGGTGTGT TTGTGCTCCAGAT 360
ch- cDNA CCTGGGAAGAAAT GTAAAATGAACAAGAAGAACAAACCTCGGTGTGT TTGTGCTCCGGAT 360

khk hkhkkhkkhhkhhkhhhhhhhhhhhhkhhhhhhhkhhhhhhhhhkhdhkhhhhkhdhkhhhhkhd *k%

Q cDNA  TGCTCTAATATCACCT GGAAGGGCCCCGT GT GT GGCT TAGATGGGAAAACCTACAGGAAC 420
ch- cDNA TGCTCTAATATCACTTGGAAGGGCCCCGT GT GTGGCT TAGATGCGAAAACCTACAGGAAC 420

IR EEEEEEEEEEEENEEEEEEEEEEEEEEEEREEEEEREEREEEEEEEEEEEERERESRESEESSE]

Q cDNA  GAGIGI'GCCCTTCTCAAAGCCAGATGTAAAGAACAGCCCGAACTTGAAGT CCAGTATCAG 480
ch- cDNA GAGTGTGCCCTTCTCAAAGCCAGATGTAAAGAACAGCCCGAACT TGAAGT CCAATATCAG 480

khkhkkhkhkhhhkhhkhhhhkhhhkhhhhkhhhkhhhhkhhhkhhhhkhhhkhhkhhkhdhkhhkhkhddx *khkhk*x

Q cDNA  GGCAAGT GCAAAAAGACCT GTAGGGATGT TTTATGCCCAGGCAGCTCCACATGIGTGGTG 540
ch- cDNA GGCAAGT GCAAAAAGACCT GTAGGGATGT TTTATGCCCAGGCAGCTCCACGTGTGTGGTG 540

R EEEEEEEEEEEEEEEEEEEEEEEEEREEEERESRERESEEREREEERESEEEIEEEEEEESE]

Q cDNA  GATCAAACCAATAACGCCTACTGIGTGACATGTAATCGAATTTGCCCTGAGCCTACCTCC 600
ch- cDNA GATCAAACTAATAACGCCTACTGIGT GACATGTAATCGAATTTGCCCTGAGCCTACCTCC 600

khkhkkkhhhk hhkhhhhkhhhhhkhhkhhhhhh kb hkk ko khhkhhkhhkhhkhhkhkhkhkhkkhkhk*x

Q cDNA  CCTGAACAGTATCTCTGTGGGAATGATGGCATAACTTATGCCAGT GCCTGCCACCTGAGA 660
ch- cDNA CCTGAGCAGTATCTCTGTI GGGAATGATGGCATAACT TACGCCAGT GCCTGCCACCTGAGA 660

R R R R R R R R R R Rk R Rk

Q cDNA  AAAGCGACCTGCCTGCTGGGCAGATCCATTGGATTAGCCTACGAGGGAAAATGCATCAAA 720
ch- cDNA AAAGCGACCTGCCTGCTGGGCAGATCCAT TGGAT TAGCCTACGAGGGAAAATGCATCAAA 720

R R R

Q cDNA  GCGAAGTCCTGTGAAGATATTCAATGCAGT GCTGGGAAGAAATGCTTGTGGGATTTTAAG 780
ch- cDNA GCGAAGTCCTGTGAAGATATTCAGT GCAGT GCTGGGAAGAAATGCTTGTGGGATTTTAAG 780

R R R R R R S S R R R R R S R S R S

Q cDNA  GITGGCAGAGGT CGATGTGCCCTCTGTGATGAGCT CTGCCCTGAAAGCAAGT CAGACGAG 840
ch- cDNA GTTGGCAGAGGT CGATGTGCCCT CTGT GATGAGCTCTGCCCTGAAAGCAAGTCAGATGAG 840

R e R

Q cDNA  GCAGTCTGIGCCAGT GATAACACGACT TACCCGAGCGAGT GTGCCAT GAAGGAGGCAGCC 900
ch- cDNA GCAGTCTGTGCCAGTGATAACACAACT TATCCGAGCGAGT GTGCCATGAAAGAGGCAGCC 900

R R R R SR R R S S S S S S R S S S S kS S R Rk Sk Sk kR R R S R Sk Sk S S

Q cDNA  TGCTCCATGGGECGTGCTTCTAGAAGTAAAGCACTCTGGATCTTGCAACTCCATTAATGAA 960
ch- cDNA TGTTCCATGGGCGTGCTTCTAGAAGT AAAGCACTCTGGATCTTGCAACTCCATTAACGAA 960

kk kkkkhkhkhkhhhhhhhhhhhhkhhhkhh kb hhkhhkhkhhkkhhkhdkhhkhkhkhkhhhkd *k*

Q cDNA  GACCCAGAGGAAGAAGAGGAAGATGAAGACCAGGACTACAGCTTTCCTATATCTTCCATT 1020
ch- cDNA GACCCAGAGGAAGAAGAGGAAGATGAAGACCAGGACTACAGCTTTCCTATATCTTCCATT 1020

R R R Sk Sk Sk S S S S S S Sk R R S R S Sk Sk Sk kS R S Sk S R Sk S S kS kS S kS kS kS S o

Q cDNA  CTAGAGIGGTAA 1032
ch- cDNA CTAGAGTGGTAA 1032

kkkkkkkkkkkk

Fig. 1: Quail FST full-length cDNA (Q-cDNA) was aligned against chicken FST cDNA (ch-cDNA) using CLUSTALW

13



Int. J. Poult Sci, 17 (1):8-21, 2018

Cot ur ni x M_NQRI HPG- MLVL L MFL YHFEMEDHT AL AGNCW. RQARNGRCQVL YKTDL SKEECCKSGR 59
Gal | us MLNQRI HPG- MLVL L MFL YHFEMEDHT AQAGNCW. RQARNGRCQVL YKTDL SKEECCKSGR 59
Taeni opygia  M.NQRI HPG- M.LI LMFLCHFVEDHTVQAGNCW. RQARNGROQVL YKTDLSKEECCKSGR 59
Zonotrichia  MNQR HPG M.LI LMFLCHFVEDHTVQAGNCW. RQARNGROQVL YKTDL SKEECCKSGR 59
Mel opsi ttacus M.NQRI HPG- M.LLLMFLCHFMEDHTVQAGNCW. RQARNGROQVL YKTDL SKEECCKTGR 59

Fal co MLNQRI HPG- M_L L L MFL CHFMEDHTVQAGNCW. RQARNGRCQVL YKTDL SKEECCKTGR 59
Hono MVRARHQPGGL CLL L L L L CQFMEDRSAQAGNCW. RQAKNGRCQVL YKTEL SKEECCSTGR 60
Mis MVCARHQPGGLOLL LL LL OGFNVEDRSAQAGNCVL RQAKNGROQVL YKTEL SKEECCSTGR 60

. * :** * :**** ********* ********** * Kk k ok k ok k :**
Cot ur ni x LTTSWIEEDVNDNTLFKWW FNGGAPNCI PCKETCENVDCGPGKKCKMNKKNKPRCVCAP 119
Gal | us LTTSWIEEDVNDNTL FKWM FNGGAPNCI PCKETCENVDOGPGKKCKMNKKNKPRCVCAP 119

Taeni opygi a LTTSWIAEDVNDNTLFKWW FNGGAPNCI PCKETCENVDCGPGKKCKMNKKNKPRCVCAP 119
Zonotrichia LTTSWIAEDVNDNTLFKWV FNGGAPNCI PCKET CENVDCGPGKKCKMNKKNKPRCVCAP 119
Mel opsi ttacus LTTSWIEEDVNDNTLFKWM FNGGAPNCI PCKETCENVDCGPGKKCKMNKKNKPRCVCAP 119

Fal co LTTSWIEEDVNDNTLFKWV FNGGAPNCI PCKETCENVDCGPGKKCKMNKKNKPRCVCAP 119

Hono LSTSWIEEDVNDNTLFKWW FNGGAPNCI PCKETCENVDCGPGKKCRMNKKNKPRCVCAP 120

Mus LSTSWIEEDVNDNTLFKWW FNGGAPNCI PCKET CENVDCGPGKKCRMNKKNKPRCVCAP 120
*: *k k% ***************************************: *kkkkkkkkkkkk*k

Cot ur ni x DCSNI TWKGPVCGL DGKTYRNECAL L KARCKEQPEL EVQYQGKCKKTCRDVLCPGSSTCV 179

Gal | us DCSNI TWKGPVCGL DGKTYRNECAL L KARCKEQPEL EVQYQGKCKKTCRDVLCPGSSTCV 179

Taeni opygi a DCSNI TWKGPVCGL DGKTYRNECAL L KARCKEQPEL EVQYQGKCKKTCRDVLCPGSSTCV 179
Zonotrichia DCSNI TWKGPVCGL DGKTYRNECAL L KARCKEQPEL EVQYQGKCKKTCRDVLCPGSSTCV 179
Mel opsi ttacus DCSNI TWKGPVCGL DGKTYRNECAL L KARCKEQPEL EVQYQGKCKKTCRDVLCPGSSTCV 179

Fal co DCSNI TWKGPVCGL DGKTYRNECAL L KARCKEQPEL EVQYQGKCKKTCRDVLCPGSSTCV 179

Hono DCSNI TWKGPVCGL DGKTYRNECAL L KARCKEQPEL EVQYQGRCKKTCRDVFCPGSSTCV 180

Mus DCSNI TWKGPVCGL DGKTYRNECAL L KARCKEQPEL EVQYQGKCKKTCRDVFCPGSSTCV 180
******************************************: ********: *kkkkkkk*k

Cot ur ni x VDQTNNAYCVTCNRI CPEPTSPEQYLCGNDG TYASACHLRKATCLLGRSI GLAYEGKCI 239

Gal | us VDQTNNAYCVTCNRI CPEPTSPEQYLCGNDG TYASACHLRKATCLLGRSI GLAYECGKCI 239

Taeni opygia  VDQTNNAYCVTCNRI CPEPTSAEQYLCGNDG TYASACHLRKATCLLGRSI GLAYEGKCV 239
Zonotrichia  VDQTNNAYCVTCNRI CPEPTSPEQYLCGNDG TYASACHLRKATCLLGRSI GLAYEGKCV 239
Mel opsi ttacus VDQTNNAYCVTCNRI CPEPTSPEQYLCGNDG TYASACHLRKATCLLGRSI GLAYEGKC! 239

Fal co VDQTNNAYCVMCNRI CPEPTSPEQYLCGNDG TYASACHLRKATCLLGRSI GLAYECGKCI 239

Hono VDQTNNAYCVTCNRI CPEPASSEQYL CGNDGVTYSSACHLRKATCLLGRSI GLAYEGKCI 240

Mus VDQTNNAYCVTCNRI CPEPSSSEQYL CGNDGVTYSSACHLRKATCLLGRSI GLAYEGKCI 240
*kkkkkkkkk* ********: *. *********: **: ************************:

Cot ur ni x KAKSCEDI QCSAGKKCLWDFKVGRGRCAL CDEL CPESKSDEAVCASDNTTYPSECAMKEA 299

Gal | us KAKSCEDI QCSAGKKCLWDFKVGRGRCAL CDEL CPESKSDEAVCASDNTTYPSECAMKEA 299

Taeni opygi a KAKSCEDI QCSAGKKCLWDFKVGRGRCAL CDEL CPESKSEEAVCASDNTTYPSECAMKEA 299
Zonotrichia KAKSCEDI QCSAGKKCLWDFKVGRGRCAL CDEMCPESKSEEAVCASDNTTYPSECAMKEA 299
Mel opsi ttacus KAKSCEDI QCSAGKKCLWDFKVGRGRCAL CDEL CPESKSDEAVCASDNTTYPSECAMKEA 299

Fal co KAKSCEDI QCSAGKKCLWDFKVGRGRCAL CDEL CPESKSDEAVCASDNTTYPSECAMKEA 299

Hono KAKSCEDI QCTGGKKCLWDFKVGRGRCSL CDEL CPDSKSDEPVCASDNATYASECAMKEA 300

Mus T- KSCEDI QCGGEKKCLWDSKVGRGRCSL CDEL CPDSKSDEPVCASDNATYASECAMKEA 299
. *kkkkkk*k .******* *******:****:**:***:*.******:**.********

Cot ur ni x ACSMGVLLEVKHSGSCNSI NEDPEEEEEDEDQDYSFPI SSI LEW 343

Gal | us ACSMGVLLEVKHSGSCNSI NEDPEEEEEDEDQDYSFPI SSI LEW 343

Taeni opygia  ACSMGVLLEVKHSGSCNSI NEDPEDEEEDEDQDYSFPI SSI LEW 343
Zonotrichia  ACSMGVLLEVKHSGSCNSI NEDPEDEEEDEDQDYSFPI SSI LEW 343
Mel opsi ttacus ACSMGVLLEVKHSGSCNSI NEDPEDEDEDEDQDYSFPI SSI LEW 343

Fal co ACSMGVLLEVKHSGSCNSI NEDPEDEEEDEDQDYSFPI SSI LEW 343
Hono ACSSGVLLEVKHSGSCNS| SEDTEEEEEDEDQDYSFPI SSI LEW 344
Mus ACSSGVLLEVKHSGSCNSI SEETEEEEEEEDQDYSFPI SSI LEW 343

*k*k *kkkkkkkkkkkkkk *x- ke ke ke kkkkkhkkhkkkkkkk*k

Fig. 2: Alignment of quail FST amino acid sequence to various animal species. Amino acid sequence of quail FST (Coturnix
Japonica,accession number KJ803018.1) was aligned to those of chicken (Gallus gallus, accession number NM_205200.1),
budgerigar (Melopsittacus undulates,accession number XM_005151955.1), saker falcon (Falco cherrug, accession number
XM_005443919.1), zebra finch (7aeniopygia guttata, accession number XM_002197254.2), white-throated sparrow
(Zonotrichia albicollis,accession number, XM_005490664.1), human (Homo sapiens, accession number BC004107.2), house
mouse (Mus musculus, accession number, Z29532.1)
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Fig. 3: SDS-PAGE analysis of MBP-qFST288 expressed in K12TB1 £ coli strain at 37°C. Induced cell lysate was centrifuged at
10,000 rpm for 5 min to separate insoluble (pellet) and soluble (supernatant) fractions, then the each fraction was
subjected to 12.5% SDS-PAGE and stained with coomassie blue to examine the expression of MBP-qFST288. Asterisk

(*) indicates the MBP-qFST288
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Fig.4: SDS-PAGE analysis of MBP-qFST288 expressed in shuffle £ col/i strain at 37, 25 or 4°C. Induced cell lysate was
centrifuged at 10,000 rpm for 5 min to separate insoluble (pellet) and soluble (supernatant) fractions, then the each
fraction was subjected to 12.5% SDS-PAGE and stained with Coomassie blue to examine the expression of MBP-qFST288.
Asterisk (*) indicates the MBP-qFST288. U: Un-induced fraction, I: Induced fraction, S: Supernatant (soluble) fraction,

P: Pellet (insoluble) fraction
DISCUSSION

The quail full-length follistatin (FST) cDNA sequence has
not been available, thus in the current study, the full-length
quail FST cDNA consisting of 1118 bp was cloned with an
open reading frame of 1032 bp and sequenced the cDNA
(GenBank accession number KJ803018.1). Amino acid
sequence of quail FST shows 98% homology with other avian
species, including chicken, budgerigar, saker falcon, zebra
finch and white-throated sparrow, demonstrating a tight

15

evolutionary conservation of avian FST. It was also revealed
that the amino acid sequence of quail FST315 is the same as
the chicken FST315.

The FST is a multi-domain glycoprotein consisting of 5
domains, including N-terminal domain followed by three FST
domains (FSD1-3) and C-terminal domain 2. Three isoforms of
FST, including FST315, FST303 and FST288, have been
identified /n vivo?. The FST315 encompasses all domains and
FST288 is lacking the C-terminal domain and FST303 arises
from proteolytic cleavage of the FST315 C-terminal tail?®.
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Fig.5: SDS-PAGE analysis of MBP-qFST288 after amylose and heparin affinity purifications. MBP-qFST288 was expressed in shuffle
E. coli strain at 4°C for 8 days. Soluble fraction of cell lysate was applied to (a) Amylose affinity chromatography and
combined elutions were subjected to (b) Heparin affinity chromatography. Elutions were examined by SDS-PAGE for the
presence of qFST288 (B). Lanes 1, 2, 3 and 4 are elution fractions in reduced loading buffer and lanes 1-1, 2-1, 3-1 and 4-1

are elution fractions in non-reduced loading buffer
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Fig. 6: Inhibition of (@) MSTN or (b) Activin A activities by MBP-qFST288. The HEK293 cells stably expressing (CAGA),,-luciferase
gene construct were seeded on a 96-well culture and grown for 24 h in DMEM with 10% fetal calf serum, antibiotic and
antimycotic. Medium was removed and MSTN (1 nM) or activin A (1 nM) plus various concentrations (180-0 nM) of
MBP-gFST288in DMEM were added to each well, followed by incubation for 24 h. Medium was removed and luminescence
substrate was added, followed by luminescence measurement. The error bars represent=£SEM (n = 6)

These isoforms have shown locational compartmentalization length of C-terminal domain at FST determines the activity of
and different biological roles /n vivo®>?. The longest FST 315 the heparin binding sequence within FST domain 1 such that
isoform is found in the circulation, whereas, the shortest FST288 binds with high affinity, FST303 with medium affinity
FST288 isoform s typically foundin oron cellsand tissuesand ~ and FST315 with low affinity to cell surface heparin-sulfated
the intermediate FST303 isoform is found in gonads?’. The proteoglycans?2, This leads to a suggestion that the FST288
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isoform would be superior to the other isoforms in regulating
autocrine or paracrine-acting activin or other TGF-beta
superfamily proteins within tissues or organs® and it has been
shown that FST288 was eight to ten times more potent than
FST315 in suppressing FSH secretion in a rat anterior pituitary
cell culture®,

Recently, bioactive FST315 was produced in a soluble
form in £ coli using maltose-binding protein as a fusion
partner?, thus in this study, researchers examined whether
FST288 can be produced using the same system. The results
show that bioactive MBP-FST288 can also be produced in an
E. coli system. The yield of amylose-heparin affinity purified
MBP-FST288 (7 mg L' culture) was comparable to that of
FST315 (6 mg L~ culture)®. Like the MBP-FST315, the potency
of MBP-FST288 to suppress the activities of MSTN or activin A
was lower than human FST315 of eukaryotic cell origin.
Cleavage of MBP from MBP-FST315 had no significant effect
on its bioactivity to suppress MSTN or activin A%. It is, thus
likely that the presence of MBP as a fusion partner is not a
factor for the lower potency of MBP-FST288 as compared with
FST315 of eukaryotic cell origin. It is possible that the lack of
glycosylation and/or the amino acid sequence difference
between the quail and human FST contributed to the affinity
difference. The ICs, value of MBP-FST288 (3.55 nM) to suppress
1 nM MSTN appeared higher to be lower than that of
MBP-FST288 (8.85 nM)%, indicating that the potencies of
MBP-FST288 to suppress MSTN is higher than that of
MBP-FST315. The ICs, value of MBP-FST288 (1.82 nM)to
suppress 1 nM activin A appeared to be close to that of
MBP-FST315 (1.86 nM)%, indicating that the potencies of
MBP-FST315 and MBP-FST288 to suppress activin A are similar.

Supplement 1: CLUSTAL O (1.2.1) multiple sequence alignment

In disagreement of current result, other studies have shown
that mammalian FST288 of eukaryotic cell origin had a higher
affinity or inhibitory potency for activin A than mammalian
FST315 of eukaryotic origin?®%.

CONCLUSION

Researchers cloned the full-length quail FST cDNA and
found out that the amino acid sequence of quail FST315 is the
same as the chicken FST315. Furthermore, researchers
produced bioactive quail FST288 in an £ col/ system and the
easy availability of FST288 can contribute to examining the
future potentials of FST288 as an agent to improve skeletal
muscle growth of poultry.
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This study revealed the sequence for quail follistatin and
demonstrated its functional biological activity that can be
beneficial for further studies aimed at reducing myostatin
expression in quail.

This study will provide the demonstrated ability for
researchers to synthesize a compound that may be used to
enhance the size of quail.
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Chicken ATGTTAAATCAGAGGATCCACCCGGGCATGCTCGTACTCCTGATGTTTCTCTACCACTTC 60
Falco ATGTTAAATCAGAGAATCCACCCGGGCATGCTCTTACTCCTGATGTTTCTGTGCCACTTC 60
Zonotrichia  ATGTTAAATCAGAGAATCCACCCGGGCATGCTCTTAATCCTGATGTTTCTGTGCCACTTC 60
Taeniopygia ATGTTAAATCAGAGAATCCACCCGGGCATGCTCTTAATCCTGATGTTTCTGTGCCACTTC 60
*% *
Chicken ATGGAAGATCACACAGCGCAGGCTGGGAATTGTTGGCTCCGGCAGGCGCGGAACGGCCGC 120
Falco ATGGAAGATCACACAGTGCAGGCTGGGAACTGCTGGCTCCGGCAGGCGCGGAACGGLCGC 120
Zonotrichia  ATGGAAGATCACACAGTGCAGGCTGGGAACTGCTGGCTCCGGCAGGCGCGGAACGGGCGC 120
Taeniopygia ATGGAAGATCACACAGTGCAGGCTGGGAACTGCTGGCTCCGCCAGGCGCGGAACGGGCGC 120
*¥* *X¥
Chicken TGCCAGGTCCTCTACAAGACCGACCTCAGCAAAGAGGAGTGCTGCAAGAGCGGCCGCCTG 180
Falco TGCCAGGTCCTCTACAAAACCGACCTCAGCAAGGAGGAGTGCTGCAAGACCGGCCGLCTG 180
Zonotrichia  TGCCAGGTCCTCTACAAAACCGACCTCAGCAAGGAGGAGTGCTGCAAGAGCGGCCGCCTG 180
Taeniopygia TGCCAGGTCCTCTACAAAACCGACCTCAGCAAGGAGGAGTGCTGCAAGAGCGGCCGCCTG 180
Chicken ACGACCTCGTGGACGGAGGAGGACGTCAACGACAACACGCTCTTTAAGTGGATGATTTTT 240
Falco ACAACTTCGTGGACGGAAGAGGACGTCAACGACAACACTCTTTTTAAGTGGATGATTTTT 240
Zonotrichia  ACCACGTCCTGGACGGCGGAGGACGTCAATGACAACACGCTTTTCAAGTGGATGATTTTT 240
Taeniopygia ACCACGTCGTGGACGGCGGAGGACGTCAACGACAATACGCTTTTTAAGTGGATGATTTTT 240

KX KK KK KEXXKEKE EREEXRERHEKR KXXHR KE XK XK RRXEXXXRXERERKXK
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Supplement 1: Continue

Chicken AATGGGGGAGCCCCTAACTGCATCCCGTGCAAAGAAACATGTGAGAATGTGGACTGTGGA 300
Falco AATGGGGGAGCCCCAAACTGCATCCCGTGCAAAGAAACGTGCGAGAACGTGGACTGTGGA 300
Zonotrichia AATGGGGGAGCCCCAAACTGCATCCCGTGCAAAGAAACATGCGAGAATGTGGACTGTGGA 300
Taeniopygia AATGGGGGAGCCCCAAACTGCATCCCATGCAAAGAAACATGCGAGAATGTGGACTGTGGA 300
XK XXX XXXXXXKAKXXK
Chicken CCTGGGAAGAAATGTAAAATGAACAAGAAGAACAAACCTCGGTGTGTTTGTGCTCCGGAT 360
Falco CCCGGGAAGAAATGTAAAATGAACAAGAAGAACAAACCTCGGTGTGTTTGTGCTCCGGAT 360
Zonotrichia CCCGGGAAGAAATGTAAAATGAACAAGAAGAACAAACCTCGGTGTGTTTGTGCTCCGGAT 360
Taeniopygia CCCGGGAAGAAATGTAAAATGAACAAGAAGAACAAACCTCGGTGTGTTTGTGCTCCGGAT 360
*%
Chicken TGCTCTAATATCACTTGGAAGGGCCCCGTGTGTGGCTTAGATGGGAAAACCTACAGGAAC 420
Falco TGCTCTAATATCACTTGGAAGGGTCCCGTGTGTGGCTTAGATGGGAAAACCTACAGGAAC 420
Zonotrichia TGCTCTAATATCACTTGGAAGGGCCCCGTGTGTGGCTTAGATGGGAAAACCTACAGGAAC 420
Taeniopygia TGCTCTAATATCACTTGGAAGGGCCCCGTGTGTGGCTTAGATGGGAAAACCTACAGGAAC 420
Chicken GAGTGTGCCCTTCTCAAAGCCAGATGTAAAGAACAGCCCGAACTTGAAGTCCAATATCAG 480
Falco GAGTGTGCCCTTCTCAAAGCCAGATGTAAAGAACAGCCCGAACTTGAAGTCCAGTATCAG 480
Zonotrichia  GAGTGCGCCCTTCTCAAAGCCAGATGTAAAGAACAGCCCGAACTTGAAGTCCAGTATCAG 480
Taeniopygia GAGTGCGCCCTTCTCAAAGCCAGATGTAAAGAACAGCCTGAACTTGAAGTCCAGTATCAG 480
*XXX¥
Chicken GGCAAGTGCAAAAAGACCTGTAGGGATGTTTTATGCCCAGGCAGCTCCACGTGTGTGGTG 540
Falco GGCAAATGCAAAAAGACCTGTAGGGATGTTTTATGCCCAGGCAGCTCCACATGTGTGGTT 540
Zonotrichia  GGCAAATGCAAAAAGACCTGCAGGGATGTCTTATGCCCAGGCAGCTCCACGTGTGTGGTT 540
Taeniopygia GGCAAATGCAAAAAAACCTGCAGAGATGTCTTATGCCCAGGCAGCTCCACATGTGTGGTT 540

HXKKKR RREKXFHKR KXXHE KK RXKXK

Chicken GATCAAACTAATAACGCCTACTGTGTGACATGTAATCGAATTTGCCCTGAGCCTACCTCC

600
Falco GACCAAACTAATAATGCCTACTGTGTGATGTGTAATCGAATTTGCCCAGAGCCTACCTCC 600
Zonotrichia  GACCAAACCAACAATGCCTACTGCGTGACATGTAACCGCATTTGTCCAGAGCCTACCTCC 600
Taeniopygia GACCAAACCAACAATGCATACTGCGTGACATGTAACCGAATTTGTCCAGAGCCTACCTCC 600
Chicken CCTGAGCAGTATCTCTGTGGGAATGATGGCATAACTTACGCCAGTGCCTGCCACCTGAGA 660
Falco CCTGAACAGTATCTCTGCGGGAATGACGGCATAACTTACGCCAGTGCTTGCCACCTGAGG 660
Zonotrichia CCTGAACAGTATCTCTGCGGGAATGACGGCATAACTTACGCCAGTGCCTGCCACCTGAGG 660
Taeniopygia GCTGAACAGTATCTCTGTGGGAATGACGGCATAACTTACGCCAGTGCCTGCCACCTGAGG 660
*XXK
Chicken AAAGCGACCTGCCTGCTGGGCAGATCCATTGGATTAGCCTACGAGGGAAAATGCATCAAA 720
Falco AAAGCTACCTGCCTACTAGGCAGATCCATTGGATTAGCCTACGAAGGAAAATGCATCAAA 720
Zonotrichia  AAAGCTACCTGCCTCCTGGGAAGATCCATTGGATTAGCCTACGAAGGAAAATGCGTCAAA 720
Taeniopygia AAAGCTACCTGCCTCCTGGGAAGATCCATTGGATTAGCCTATGAAGGAAAATGTGTCAAA 720
*XXKXX *¥% K% *% XXHHH
Chicken GCGAAGTCCTGTGAAGATATTCAGTGCAGTGCTGGGAAGAAATGCTTGTGGGATTTTAAG 780
Falco GCCAAATCCTGTGAAGACATTCAATGCAGTGCTGGGAAGAAATGCTTGTGGGATTTTAAG 780
Zonotrichia GCCAAATCCTGTGAAGACATTCAATGCAGTGCTGGGAAGAAATGCTTGTGGGATTTTAAG 780
Taeniopygia GCCAAATCCTGTGAAGACATTCAATGCAGTGCTGGGAAGAAATGCTTGTGGGATTTTAAG 780
*X K¥ FRXKRK
Chicken GTTGGCAGAGGTCGATGTGCCCTCTGTGATGAGCTCTGCCCTGAAAGCAAGTCAGATGAG 840
Falco GTTGGCAGAGGTCGGTGCGCCCTCTGCGATGAGCTATGCCCTGAAAGCAAGTCAGACGAG 840
Zonotrichia  GTTGGCAGAGGTCGGTGTGCTCTCTGTGATGAGATGTGCCCTGAAAGCAAGTCAGAAGAA 840
Taeniopygia GTTGGCAGAGGTCGGTGTGCCCTCTGCGATGAGCTATGCCCTGAAAGCAAGTCAGAAGAA 840

AXEEREXRERKEEK XK XX KXXKKX * *%
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Supplement 1: Continue

Chicken
Falco
Zonotrichia
Taeniopygia

Chicken
Falco
Zonotrichia
Taeniopygia

Chicken
Falco
Zonotrichia
Taeniopygia

Chicken
Falco
Zonotrichia
Taeniopygia

GCAGTCTGTGCCAGTGATAACACAACTTATCCGAGCGAGTGTGCCATGAAAGAGGCAGCC
GCAGTCTGTGCCAGCGATAACACAACTTACCCAAGCGAGTGTGCCATGAAAGAGGCAGCC
GCAGTGTGTGCCAGCGATAACACAACTTACCCAAGCGAGTGTGCCATGAAAGAGGCAGCT
GCAGTGTGTGCCAGCGATAACACAACTTACCCAAGCGAGTGTGCCATGAAAGAGGCAGCT

HXRKK *¥

TGTTCCATGGGCGTGCTTCTAGAAGTAAAGCACTCTGGATCTTGCAACTCCATTAACGAA
TGCTCCATGGGTGTGCTTCTAGAAGTAAAGCACTCTGGATCTTGCAACTCCATTAATGAA
TGCTCCATGGGTGTGCTTCTAGAAGTTAAGCACTCTGGATCTTGCAACTCAATTAATGAA
TGCTCCATGGGTGTGCTTCTAGAAGTTAAGCACTCTGGATCTTGCAACTCAATTAATGAA

*% EXKEKX XXX

GACCCAGAGGAAGAAGAGGAAGATGAAGACCAGGACTACAGCTTTCCTATATCTTCCATT
GACCCAGAGGATGAAGAGGAAGATGAAGACCAGGACTACAGCTTTCCTATATCTTCCATT
GACCCAGAGGATGAAGAGGAAGATGAAGACCAGGACTACAGCTTTCCTATATCTTCCATT
GACCCAGAAGATGAAGAGGAAGATGAAGACCAGGACTACAGCTTTCCTATATCTTCCATT

*¥

CTAGAGTGGTAA
CTAGAGTGGTAA
CTAGAGTGGTAA
CTAGAGTGGTAA

ERKERKEREXKXK

900
900
900
900

960
960
960
960

1020
1020
1020
1020

1032
1032
1032
1032

The highlighted sequences indicate forward (F1) and reverse (R1) primers used in PCR amplification of quail FST cDNA fragment for the determination of partial quail
FST cDNA sequence

Supplement 2:

F1 primer

3
3

n

3
@
&
-
&
o
&

8
3

R1 primer

Alignment of partial quail FST cDNA sequence obtained by sequence analysis of PCR product with F1-R1 primer sets. After sequence analysis, the obtained sequence
was aligned against chicken sequence by MultAline
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