CHAPTER 1V

RESULTS

4.1 DNA Extraction

High molecular weight genomic DNA was located at approximately 48.5 kb,

indicating good quality of extracted genomic DNA (Fig.4.1).

48.5 kb

Figure 4.1 A 1.2% ethidium bromide stained agarose gel showing the quality of
genomic DNA extracted from the muscle of L. subviridis (lane 1 and

2). Lane M is 100 ng of undigested lambda DNA marker.
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4.2 RNA Extraction

The extracted RNA showed 28s and 18s rRNA indicating good quality of RNA
(Fig. 4.2). RNA was used for mRNA purification for RACE cDNA synthesis and as
the template for 1*' strand cDNA synthesis, which was then used as the template for
amplifying partial and full-length cDNA sequences as well as semiquantitative

RT-PCR analysis.
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Figure 4.2 A 1.2 % ethidium bromide stained agarose gel showing the quality of
RNA extracted from the liver of L. subviridis. Lane 1 — 7 is total liver
RNA of normal, 0, 0.05, 0.1, 0.5, 1 and 5 mg/kg E; treated (6 days)
mullet, respectively. Lane M1 and M2 are AHindIIl and 100 bp DNA

marker, respectively.
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4.3 Cloning and characterization of estrogen receptor (ER) genes
4.3.1 PCR amplification of estrogen receptor (ER) gene

Partial coding sequence of ER gene was amplified from 1% strand cDNA
template of the liver. DNA fragment at the size of 100 bp was obtained (Fig. 4.3).
After sequencing (see in appendix B (ER FR/59) and BLAST analysis (see in
appendix C), this PCR product was homologous with estrogen receptor alpha of

flathead mullet (Mugil cephalus) with E-value of 6e-36.

100

Figure 4.3 PCR products of ER gene separated in 1.2% agarose gel. PCR products
amplified from liver. Lane M is 100 bp markers, lane 1 is negative

control, lane 2 is positive control, and lane 3 is PCR product of ER gene.
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4.3.2 Amplification of 5' and 3' cDNA ends of ERa gene by RACE-PCR

DNA fragment at the size of 1.76 kb was obtained from 3'RACE PCR

amplification in liver (Fig. 4.4).
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Figure 4.4 3' RACE PCR products of ER gene separated in 1.2% agarose gel. PCR
products amplified from 3'RACE c¢DNA of liver (lane M1 is AHindllIl,
lane M2 is 100 bp markers and lane 1 is 3' RACE PCR product of ER).
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PCR product with a few different sizes was obtained. Band at the size of
1.76 kb which was close to an expected size was cloned. Several white colonies
were checked for the insert size by colony PCR. Some examples of colony PCR
products were shown in Fig. 4.5 A and B. Clone No.36 (insert size of 1.76 kb), 32
and 5 (insert size lower than 1.76 kb) were cultured for plasmid extraction and
sequencing (see in appendix B; 3'ER/S, 32 and 36). After BLAST analysis (see in
appendix C), it was found that 3'ER/S, 32 and 36 was homologous with estrogen
receptor alpha of European sea bas (Dicentrarchus labrax), flathead mullet (Mugil
cephalus) and thicklip grey mullet (Chelon labrosus) with E-value as 7e-101, 0.0
and 0.0, respectively. Because of ER FR/59 sequence used for designing ER F-
RACE primer was DNA binding domain which was very highly conserved region
between ERa and ERP. 3' RACE PCR product of ER gene could amplify 2
isoforms. Therefore, PCR product from 3'ER colonies with the insert size of 1.76 kb
were digested with HindlIIl (Fig. 4.6).
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Figure 4.5 A and B; Colony PCR product of 3'RACE ER separated in 1.2% agarose
gel. Lane M1 is 100 bp DNA marker, lane M2 is AHindlIll, - is
negative control, + is positive control and other lanes is

3'RACE ER colony PCR product; number of lane represent

number of clone.



63

1500
1000

500

Figure 4.6 3'ER colony PCR product insert size = 1.76 kb digested with HindlIIl.
Lane M is 100 bp DNA marker, other lanes is 3'ER colony PCR product

insert size 1.76 digested with Hindlll, No. of lane represent No. of clone.
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Result in Fig. 4.6 showed 2 different patterns; groupl was No.13 and 36 and group2
was No. 22, 30, 42, 46, 49 and 51. No. 49 was sequenced (see in appendix B).
BLAST analysis indicated it homologous with estrogen receptor alpha (Chelon
labrosus) with E-value as 3e-160. Three types of 3'end cDNA sequence of ERa
gene (3'ER/S, 32 and 36) were aligned as shown in Fig. 4.7

3'ER-5 CTTCAAGAGGAGCATCCAGGGTCACAATGACTACATGTGCCCGGCGACCARTCAGTGCAC
3'ER-36 CTTCAAGAGGAGCATCCAGGGTCACAATGACTACATGTGCCCGGCGACCAATCAGTGCAC
3'ER-32 CTTCARGAGGAGCATCCAGGGTCACAATGACTACATGTGCCCGGCGACCAATCAGTGCAC

rhhkkhkhbkhhhkh kb kb ke hdd kb ko k bk kb kb k kb bk h kb kb hdhkhhhkkh vk

3'ER-5 TATTGACAGGAATCGGAGGAAGAGCTGCCAGGCTTGCCGTCTTAGGAAGTGTTATGRAGT
3'ER-36 TATTGACAGGAATCGGAGGAAGAGCTGCCAGGCTTGCCGTCTTAGGAAGTGTTATGAAGT
3'ER-32 TATTGACAGGAATCGGAGGAAGAGCTGCCAGGCTTGCCGTCTTAGGAAGTGTTATGAAGT

Ak hk bk kb h kb bk hdhhbhdhbdd kb bk hdkhddhkdddhdhhddk ko dob ok koo ok ok ok b

3'ER-5 GGGCATGATGARAGGAGGTGTGCGCAAAGACCGGGGTCGCGTTTTGCGGCGCGACAAGCG
3'ER-36 GGGCATGATGAAAGGAGGTGTGCGCARAGACCGGGGTCGCGTTTTGCGGCGCGACAAGLG
3'ER-32 GGGCATGATGARAGGAGGTGTGCGCARAGACCGGGGTCGCGTTTTGCGGCGCGACAAGLG
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3'ER-5 GCGGGCCGGCGACAGAGACAAGGTTGCCARRGATCCAGAGCACARAGCGTCGGLGLCCCCC
3'ER-36 GCGGGCCGGCGACAGAGACAAGGTTGCCAAAGATCCAGAGCACAAAGCGTCGGCGCCCCT
3'ER-32 GCGGGCCGGCGACAGAGACAAGGTTGCCARAGATCCAGAGCACARAGCGTCGGCGCCCCC
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3'ER-5 TCAGGACGGGAGGRAGCGCAGCAGCAGC TGTAGCAGCACCGGAGGAGGAGGAGGAGGATC
3'ER-36 TCAGGACGGGAGGARGEGCAGCAGCAGCTGTAGCAGCACCGGAGGAGGAGGAGGAGGATC
3'ER-32 TCAGGACGGGAGGAAGCGCAGCAGCAGCTGTAGCAGCACCGGAGGAGGAGGAG---GATC
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3'ER-5 TTCTGTGACTAACTTGCCTCOAGACCAGGTGCTCCTCCTGCTCCAGGGAGCTGAGCCTCT
3'ER-36 TTCTGTGACTAACTTGCCTCCAGACCAGETGCTCCTCCTGCTCCAGGGAGCTGAGCCTCC
3'ER-32 TTCTGTGACTAACTTGCCTCCAGACCAGETGCTCCTCCTGCTCCAGGGAGCTGAGCCTCC

Kk khh Rk ke ko hkhh ek kb kb kb bk bk kb b kb hhh kb bk b bk ko h ke k &

3'ER-5 GATGCTTTGCTCCCGGCARAAGCTGAGCCGACCCTACACGGAGGTCACCATGATGACCCT
3'ER-36 GATGCTTTGCTCCCGGCARRAGCTGAGCCGACCCTACACGGAGGTCACCATGATGACCCT
3'ER-32 GATGCTTTGCTCCCGGCAAAAGCTGAGCCGACCCTACACGGAGGTCACCATGATGACCCT
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3'ER-5 GCTCACCAGCATGGCCGACAAGGAGCTGGTGCACATGATCGCCTGGGCCARGARGCTTCC
3'ER-36 GCTCACCAGCATGGCCGACAAGGAGCTGGTGCACATGATCGCCTGGGCCAAGAAGCTTCC
3'ER-32 GCTCACCAGCATGGCCGACAAGGAGCTGGTGCACATGATCGCCTGGGCCAAGAAGCTTCC

hhkdkhkkdhk bk kkd bk bbb bbbk hdhhhthh ik hhh kb hhddd ok kb bk kodddodod ok odeh

3'ER-5 AGGTTTCCTGCAGCTCTCCCTCCACGATCGGGTGCAGCTGCTGGAGAGCTCGTGGCTGGA
3'ER-36 AGGTTTCCTGCAGCTCTCCCTCCACGATCAGGTGCAGCTGCTGGAGAGCTCGTGGCTGGA
3'ER-32 AGGTTTGGAGAAGCAC-=- -~ CAACGA--GAGCATTTTTTCTGCA-ACCTTGTGTTTGAR

ook ok * * * * ok k * * -k * ok * ok * *
3'ER-5 GGTGCTGATGATCGGGCTCATATGGAGGTCCACCCACTGTCCTGG-————=————-==—~=
3'ER-36 GGTGCTGATGATCGGGCTCATATGGAGGTCCACCCACTGTCCTGGAARACTCATCTTCGE
3'ER-32 ARAACTG-CAGTGARACAAATTTATTTGCCTCGACACGCCGCAGG-——-———=—===—=—

ok * * ** * * o« * *
I'ER-5 e GCAGTGGG-————————=———=—-~
3'ER-36 CCAGGACCTCATACTGGACAGGAATGAAGGCGACTGCGT TGAGGGCATGGCTGAGATCTT
3'ER-32  mmmmmm e ACAGAAGAGAATCTGCAGG---—-—
-

3TER=5 e
3'ER-36 TGACATGCTCCTGGCCACCGCGTCCCGTTTCCGCATGCTCAAGCTCARACCCGAGGAGTT
ITER=32 e
3TER=5 e
3'ER-36 CGTGTGTCTCARAGCCATCATCCTGCTCAACTCTGGTGCCTTTTCTTTCTGCACCGGCAC
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GCTCATACATCACATCGGCCAATCAGGGTTCTCGGCTCAGCAGCAGTCCAGGCGGCAGGE
—————————————————————————————————————————— ATAGACH-BEC GATTAGT

LE B * ok

CCAGCTGCTCCTGCTGCTCTCCCACATCAGGCACATGAGCAACAAAGGCATGGAGCACCT
CCAGCTGCTCCTGCTGCTCTCCCACATCAGGCACATGAGCAACAAAGGCATGGAGCACCT
TTBAGAGGCGCAGCTTTGCCTGAGATTTGGAGCCGTTACAATCAAATATATGCTGCCTGT

* * * kok - * ok ok * kkkk *dk ok *

CTACAGCATGAAGTGCAAGAACAAAGTGCCTCTGTACGACCTGCTGCTGGAGATGCTGGA
CTACAGCATGAAGTGCAAGAACAAAGTGCCTCTGTACGGCCTGCTGCTGGAGATGCTGGA
ATGTGGCTGGAAGT--TATTATGGTGCTGCTCCGCTCTGAATATTGTTGTCCA!

* * ok ok ok * * * LA A N 3 * * * ke ko * * -

CGCTCACCGCCTCCACCGCCCGGACARACCGGGCCAGTTCGGGTTCCAGGTCGGCARAGA
CGCTCACCGCCTCCACCGCCCGGACARACCGGGCCAGTTCGGGTTCCAGGTCGGCARAGA
GATTGATAGGTTTTAACTTC i -

* * * * * * L 2 *

CCCTCCCCCCACCACCAACAGAGACGGCGEGGGTGCAGCCGGGGGAGGCGGTTCGGGACT
CCCTCCCCCCACCACCARCAGCGACGGCGGEGGTGCAGCCGGGGGAGGCGGTTCGGGACC

TCGAGGCAGCCACGAGAGCCEGAGCAGACCCCCCTCTGGTCCGGGCGTCCTGCAGTACGG
TCGAGGCAGCCACGAGAGCCCGAGCAGACCCCCCTCTGGTCCGGGCGTCCTGCAGTACGG

AGGCCCCAGATCTGACTGCACCCACATCTT. CAGGARGGRAGGAAGGAGCAGCAC
AGGCCCCAGATCTGACTGCACCCACATCTT GCAGGAAGGAAGGAAGGAGCAGCAC

GCGAAGGTCAAAAAATCCTTTTCATTGATGT TGCGTTTACAGAATGAAAAGGGTTTTGAG
GCGAAGGTCAAAAAATCCTTTTCATTGATGTTGCGTTTACAGAATGAARAGGGTTTTGAG

TTAATTTCATGAGAGAAT TATTTATAAATTCTGTGATTTTARAGCTGTTTAGGGAGAAGC
TTAATTTCATGAGAGAATTAT TTATAAATTCTGTGATTTTARAGCTGTTTAGGGAGARAGC

TTCCCTCGAACTGCTCCGACTCGCGTCAGTCTGAGCGTCGGTGCAGCTGATCTTACACCT
TTCCCTCGAACTGTTCCGACTCGCGTCAGTCTGAGCGTCGGTGCAGCTGATCTTACACCT

TTCATAATATCTGTGATTCAGAGTGCGTCTCTAACGGCTTTTTCGGTGTCGTTTATTACT
TTCATAATATCTGTGATTCAGAGTGCGTCTCTAACGGCTTTTTCGGTGTCGTTTATTACC

CGTGGCACTCTGTTGGTGATTTTGAAATGACGAGCAGCTAATTCTTTCCGTTTCTTTGCC
CGTGGCACTCTGTTGGTGATTTTGAAATGACGAGCAGCTAATTCTTTCCGTTTCTTTGCC

TCGACCAAAGTGCACTTCCTCTCGCATTCAAGGGGGTARAGGGCATTATTTTTACTTTTG
TCGACCAAAGTGCACTTCCTCTCGCATTCAAGGGGGTAAAGGGCATTATTTTTACTTTTG

CATTTAAAATAGGGT CGCGATARACCAGGTC
CATTTARAATAGGGT CGCGATAAACCAGGTTAARAAAGAGTAAATGATTT
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Figure 4.7 Nucleotide alignment of 3 types of 3'end of cDNA sequences of ERa
gene (3'ER/5, 32 and 36) in L. subviridis. Yellow, blue, pink and green
label are ER F-RACE primer, stop codon, polyadenylation signal and
polyA tail, respectively.

Nucleotide sequences of 3 variant transcript of ERa gene were different. 3'ER/5 and
3'ER/32 lack some region of coding sequences but 3'ER/36 have complete coding
sequence. Three variant of ERa gene contained stop codon, | polyadenylation
signal (AATAAA), and polyA tail which different in length and polyadenylation
site between variants. 3’untranslated region (3'UTR) were different in length
between variants as shown in Fig. 4.7. Three types of 3’end cDNA sequence of ERa
gene (3'ER/5, 32 and 36) were translated to amino acid sequences and aligned. DNA
binding domain showed 100 % identical in 3 variant. DNA binding domain
contained zinc finger region (red alphabet shown in Fig. 4.8) and D box (PATNQ)
(underline in Fig. 4.8 which involved in receptor dimerization. D domain showed
100 % identical in variant 5 and 36, 99.08 % similarity between variant (5 and 36)
with variant 32. Interestingly 1 amino acid residues is missed from variant 32.
Ligand binding domain was complete in variant 36 but lack 66.67 % of this domain
in variant 5 and 32. F domain was complete in variant 36 and 5 with 98.97 %

similarity but lack almost portion of this domain in variant 32 as shown in Fig. 4.8.
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PPPTTNS DGGGAAGGGGSGPRGSHESPSRPPSGEGVLOYGGPRSDCTHIL
PPPTTNRDGGGAAGGGGSGPRGSHES PSRPPSGPGVLOYGGPRSDCTHIL
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Figure 4.8 Deduced sequence of 3'ER/S, 32 and 36. Yellow label, red alphabet,

and F domain, respectively.

digested pattern were aligned and showed in Fig. 4.9 A and B

underline, non label, blue label, and grey label is DNA binding

domain, zinc finger region, D box, D domain, ligand binding domain,

Nucleotide sequences of 3'ER/36 and 49 which were similar to HindlIIl
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CTACAGCATGAAGTGCAAGAACAAAGTGCCTCTGTACGGCCTGCTGCTGGAGATGCTGGA

kW

CGCTCACCGCCTCCACCGCCCGGACAAACCGGGCCAGTTCGGGTTCCAGGTCGGCARAGA
CGCTCACCGCCTCCACCGCCCGGACAAACCGGGCCAGTTCGGGTTCCAGGTCGGCARAGA

knkhkdkbhh kbbb hbrh bbb bbb dbdhddhdddddddddkddddwdeh

CCCTCCCCCCACCCACCAACAGCGACGGCGGGGGTGCAGCCGGGGGAGGCGGTTCGGGAC
CCCTCCCCCCACC-ACCAACAGCGACGGCGGGGGTGCAGCCGGGGGAGGCGGTTCGGGAL

Hhh ke hhh kbbb hd hhhhhhbhbhhk bbb hh bbb bbb bbb bbb bbb dhhh k&
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CTCGAGGCAGCCACGAGAGCCCGAGCAGACCCCCCTCTGGTCCGGGCGTCCTGCAGTACG
CTCGAGGCAGCCACGAGAGCCCGAGCAGACCCCCCTCTGGTCCGGGCGTCCTGCAGTACG

Ehhkhk kA khhk kAR AA R Ak hkhhhkhh kb Ak A bk kb hdd kb d kb hh bbbk khkdkhrd

GAGGCCCCAGATCTGACTGCACCCACATCTT. GCAGGAAGGAAGGAAGGAGCAGCA
GAGGCCCCAGATCTGACTGCACCCACATCTT GCAGGAAGGRAAGGAAGGAGCAGCA

kkhkhhkhhkhhhkhhkhhkhkbhhkhrhhhrhhhbhhbrhbhhhhrhhhrhbhrhhhbrdhhrthhdthrkd

CGCGAAGGTCAAARAAATCCTTTTCATTGATGTTGCGTTTACAGAATGAAAAGGGTTTTG
CGCGAAGGTCAAAAAR - TCCTTTTCATTGATGTTGCGTTTACAGAATGAARAGGGTTTTG

ddkkkhkhkdhdokkdhkhdh dhhhkhk kb ok dk bk ok khrh kb dh kb krhhrbhh kb b hddd

AGTCAATTTCATGAGAGAATTATTTATAAATTCTGTGATTTTAAAGCTGTTTAGGGAGAR
AGTTAATTTCATGAGAGAATTATTTATAAATTCTGTGATTTTAAAGCTGTTTAGGGAGAA

dhkk khkhkhkhhkkhhdhk kb kb kb h bbbk bk kbbb dhhkhddhdhhddk dodkddk

GCTTCCCTCGAACTGCTCCGACTCGCGTCAGTTTGAGCGTCGGTGCAGCTGATCTTACAC
GCTTCCCTCGAACTGTTCCGACTCGCGTCAGTCTGAGCGTCGGTGCAGCTGATCTTACAC

kA hkhk kA hhhkhhhkd Fhhhdhhbhdhhdhhdd Ahhhdhhdbhhhhdhrd bbb hhh b hrk

CTTTCATAATATCTGTGATTCAGAGTGCGTCTCTAACGGCTTTTTCGGTGTCGTTTATTA
CTTTCATAATATCTGTGAT TCAGAGTGCGTCTCTAACGGCTTTTTCGGTGTCGTTTATTA
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CCCGTGGCACTCTGTTGGTGATTTTGARATGACGAGCAGCTAATTCTTTCCGTTTTTTTG
CCCGTGGCACTCTGTTGGTGAT TTTGABATGACGAGCAGCTRAATTCTTTCCGTTTCTTTG

hhkkhhhhhhhhkhdh bbbk bbbk d bbbt b bbb r kb kb h b b hh bbb dbdd dhkd

CCTCGACCARAGTGCACTTCCTCTCGCATTCAAGGGGGTARAGGGCATTATTTTTACTTT
CCTCGACCAAAGTGCACTTCCTCTCGCATTCRAGGGGGTAARGGGCATTATTTTTACTTT

Ahhkkkhkkhhkhh kA h Ak hkhkdhh ko kA kA hhhkhkhd kA k kA kb hk k&

TGCATTTAARATAGGGT CGCGATARACCAGGTTAAAARAGAGTAAATGAT
TGCATTTAAAATAGGGT CGCGATAAACCAGGTTAAAARAGAGTAAATGAT

khkhkhhkhkhkh bbb b r bk d b bbb hkhkrh bbbk dr bbbk kb kbbb rhdhbdhdkdd

TTAGTGTTTTCTTTCRAACATCAGGTATTGTGTTTACTCACAATTTAAAACTTGAGATAT
TTAGTGTTTTCTTTCRAACATCAGGTATTGTGTTTACTCACARATTTARRACTTGAGATAT

hhkkhk kb hhr kbbb bbb bbb h b bbb h bbb dhdr bbb bbb bbbk hhbdhddddddkddhdd

TT
TT -

gk kdkdkkdd ok ok k kb ok ok k ok ko ok ok ok ok ok kh

A

CTTCAAGAGGAGCATCCAGGGTCACAATGACTACATGTGCCCGGCGACCARTCAGTGCAC
CTTCAARGAGGAGCATCCAGGGTCACAATGACTACATGTGCCCGGCGACCARTCAGTGCAC

kb hkhkhhkhkhkhohhhdhhhrhdrhhhdrhhhhhrdkhhdbhhhhkhhhdbhhhhkhrh bbb rrd

TATTGACAGGAATCGGAGGAAGAGCTGCCAGGCTTGCCGTCTTAGGAAGTGTTATGAAGT
TATTGACAGGAATCGGAGGAAGAGCTGCCAGGCTTGCCGTCTTAGGAAGTGTTATGAAGT

hohkhkkhhkkhhhhh bk hdkkhhkdkhhhkkhh bk ok kkhkhhkhh kb khhkhkkkhhkhhk

GGGCATGATGABRAGGAGGTGTGCGCAAAGACCGGGGTCGCGTTTTGCGGCGCGACARGCG
GGGCATGATGAAAGGAGGTGTGCGCAAAGACCGGGGTCGCGTTTTGCGGCGCGACARGCG

Thkhhkhkdhkhhdhhhdkhdhhhhhhh bbbk kA kb h bkt kb b kb kb hkhhkdhdn

GCGGGCCGGCGACAGAGACAAGGTTGCCARAGATCCAGAGCACARAGCGTCGGLGLCCCC
GCGGGCCGGCGACAGAGACAAGGTTGCCARAGATCCAGAGCACAAAGCGTCGGCGCCCLCC

dhkhkhkhhhhhhhhhhdhhd bbbk bbbk h kb hk kb hdhhhkdhdhh kbbb bk k ke hkhdhdk kbt

TCAGGACGGGAGGAAGCGCAGCAGCAGCTGTAGCAGCACCGGAGGAGGAGGAGGAGGA - -
TCAGGACGGGAGGAAGCGCAGCAGCAGCTGTAGCAGCACCGGAGGAGGAGGAGGAGGAGG

dhkdhhkhdhhddkbdhhhdhhhkb bbb bbbt dhhd bbb bbbk hbrdhrdb b r b b hhdrd

~TCTTCTGTGACTAARCTTGCCTCCAGACCAGGTGCTCCTCCTGCTCCAGGGAGCTGAGCC
ATCTTCTGTGACTAACTTGCCTCCAGACCAGGTGCTCCTCCTGCTCCAGGGAGCTGAGCC

b kkhhkhhkhhkhkkhhhh kb hhdkh ko hhhr ok hhhhkkkkk kb b hh kb Ak kdh o hh ok

TCCGATGCTTTGCTCCCGGCAAAAGCTGAGCCGACCCTACACGGAGGTCACCATGATGAL
TCCGATGCTTTGCTCCCGGCARAAGCTGAGCCGACCCTACACGGAGGTCACCATGATGAC

R e & 3
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CCTGCTCACCAGCATGGCCGACAAGGAGCTGGTGCACATGATCGCCTGGGCCARGAAGCT
CCTGCTCACCAGCATAGCCGACAAGGAGCTGGTGCACATGATCGCCTGGGCCAARGAAGLT

Fhkhkhkhhdhhkhddd dhkhkdhh bbbk AT kA bbbk bbb bbb d bk h b ddddhdhd

TCCAGGTTTCCTGCAGCTCTCCCTCCACGATCAGGTGCAGCTGCTGGAGAGCTCGTGGCT
TCCAGGTTTCCTGCAGCTCTCCCTCCACGATCAGGTGCAGCTGCTGGAGAGCTCGTGGCT

R T T E R R R R e R R R R SRR R R R R

GGAGGTGCTGATGATCGGGCTCATATGGAGGTCCACCCACTGTCCTGGAAAACTCATCTT
GGAGGTGCTGATGATCGGGCTCATATGGAGGTCCACCCACTGTCCTGGAARACTCATCTT

B e e R R e e S S RS e e S At S St b

CGCCCAGGACCTCATACTGGACAGGAATGAAGGCGACTGCGTTGAGGGCATGGCTGAGAT
CGCCCAGGACCTCATACTGGACAGGAATGAAGGCGACTGCGTTGAGGGCATGGCTGAGAT

R R L R S S e e R L S R Sttt

CTTTGACATGCTCCTGGCCACCGCGTCCCGTTTCCGCATGCTCAAGCTCAAACCCGAGGA
CTTTGACATGCTCCTGGCCACCGCGTCCCGTTTCCGCATGCTCAAGCTCAAACCCGAGGA

khkkhkkkkk kb hk kb r kbbb rhdr bk bk bk bk rdh bk h kbbb hdhkhhkd

GTTCGTGTGTCTCAARGCCATCATCCTGCTCAACTCTGGTGCCTTTTCTTTCTGCACCGG
GTTCGTGTGTCT === = === = m == = = = oo

ok kk ok ok ok ok ok ok ok ok

CACGATGGAGCCCCTCCACGACARCGTGGCCGTGCAGAACATGCTGGACACCATCACCGA
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Figure 4.9 3'ER/36 aligned with 3'ER/49 M13F sequence (A) and M13R (B). Blue,

GCCTCGACCARAGTGCACTTCCTCTCGCATTCAAGGGGGTAAAGGGCATTATTTTTACTT

polyA tail, respectively.

7

pink and green label were stop codon, polyadenylation signal and

cDNA sequences shown 98.57 % similarity between 3'ER/49 and 3'ER/36 as shown

in Fig. 4.9 so the internal sequence of 3'ER/49 was not further sequenced.

ERa R RACE primer was designed from 3' cDNA sequence of ERa gene. A

DNA fragment at the size of 1.2 kb was obtained from 5’RACE PCR amplification
of ERa in liver (Fig.4.10). After sequencing (see in appendix B) and BLAST

analysis (see in appendix C), this PCR product was homologous with estrogen

receptor alpha of Nile tilapia (Oreochromis niloticus niloticus) with E-value of 0.0
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1000
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Figure 4.10 5RACE PCR product of ERa separated in 1.2% agarose gel. Lane M1
is AHindIll, M2 is 100 bp DNA marker and lane 1 is S’RACE PCR
product of ERa.
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4.3.3 Full length cDNA sequence of ERa

5'ERa 1.2/37 and 3'ER/36 cDNA sequences were ligated in silico and full
length ¢cDNA sequence of ERa was obtained. The sequence was translated to

deduced amino acid sequence of ERa (Fig 4.11).

gtgtccaatgagcccagctcgatgecctgtgaggtgagcggcagggacagcgagggatcaa
actgtgtctgtgtctgtgtgtgtgtgtcgecccagcagatta
M Y
-gcagagcccagcgcagagcagacagccqtgcqgaccagtcctcaaacccaggaac
K R Q S P A Qg S R QP CG PV L KPR N
agcccagcttcctcagagctggagaccctgtcoccecttegegeccctetecttcaccgege
S P A S S EL ET UL S P S R P S P S5 P R
gccecccctecggtgacatgtaccctgaagagagecgggggtctgecagggacagecactgtyg
A P L G DM Y PEES R G S A GTA ATV
gacttcctggaagggacgtacgactatgccgcccccagccctgecceccgactectetttac
D F L EGT YD YA AUP S P A PTPL Y
agccactccaccactggctactattcecgectectectggacgectcacggaccaccctetgat
S H S T TG Y Y S A P LDAMHTGUP P S§ D
ggcagccttcagtcectgggecagtgggecgaccagtectettgtgtttgtgeectecage
G $ L Q S L G S G P T S P L V F V P § 8
ccacggctcagecccttttatgcacccaccecagecaccactatctggaaaccacctegaca
P R L 8 P F M B\PRJg/W H ¥ L E T T 8§ T
ccegtctacagatccagecaccagcegetgteeagagaggagcagcagtgtggegeocge
P V Y R 5 S H OCP L)S R"E E Q ¢Q C G A R
gacgaggcgtacgcttcgggggagCtgggagctggggccgggggcttcgagatgaccaag
D E A Y A S EEL,G ANGA G G F E MT K
gaqactcgtttctgtgccgtctgcachactacgcctctgggtaccactacggggtgtgg
E TR F C A W ///DA\Y \A\SE§Es, Y H Y G V W
tcctgtgagggctgcaaggeccttcttcaagaggagecatccagggtcacaatgactacatg
S C E G C KA F/F/)K RS I Q G H N D Y M
tgcccggegaccaatcagtgcactattgacaggaatcggaggaagagetgecaggettge
cC P ATNTQOCECET I""D BR/NR REKSCOQATC
cgtcttaggaagtgttatgaagtgggcatgatgaaaggaggtgtgcgcaaagaccggggt
R L R K C Y E/VIGEMM K G G V R K D R G
cgegttttgeggogegacaageggecgggocoggecgacagagacaaggttgeccaaagatceea
R V L R R D K /R RIA G 'D R D K V A K D P
gagcacaaagcgtcggcgeccecctcaggacgggaggaagcgcagcagcagetgtageage
E H K A S A P PRl elebet K R 5 S 8 C S5 8§
accggaggaggaggaggaggatcttotgtgactaacttgecteccagaccaggtgetecte
T 6 G G GNG-G § 5V TI™N L BRMD Q V L L
ctgctccagggagectgagectocgatgetttgetececcggecadaagetgagecegacectac
L L Q G AYEL P P M LC S5 R Q. KWL S R P Y
acggaggtcaccatgatgacectgctcaccagcatggecegacaaggagctggtgecacatg
T E VT M MT L LT S M AR D'K E L V H M
atcgcctgggccaagaagcttccaggtttocctgecagetctecccteocacgatcaggtgeag
I A W A K K L PG F LQ L S LH D QV Q
ctgctggagagctcgtggctggaggtgctgatgatcgggctcatatggaggtccacceac
L L E 8 S WL EV L M I G L I W R 5 T H
tgtcctggaaaactcatcttcegecccaggacctcatactggacaggaatgaaggcgactgce
cCc P G KL I FA QDU LTIULDU RNEGTDC
gttgagggcatggctgagatctttgacatgectecectggecaccgegtecegttteecgeatg
V E G M A E I F DM LL AT A S R F R M
ctcaagctcaaacccgaggagttcgtgtgtctcaaageccatcatectgcectcaactcectggt
L K L K P E E F v ¢C L KA I I L L N S G
gecttttetttetgeaccggecacgatggagecectecacgacaacgtggeegtgecagaac
A F 8 F C T GTMEUPULHTUDI NUWVAV QN
atgctggacaccatcaccgacgcgctcatacatcacatcggccaatcagggttctegget
M L DT I TDAULTIMHUHTIUGU GQSG F S A
cagcagcagtccaggcggcaggcccagctgctcctgetgetectecccacatcaggecacatg
Q 0 QS R R QA QULIU LULTULTUL S HTIIRUHM
agcaacaaaggcatggagcacctctacagcatgaagtgcaagaacaaagtgcctectgtac
S N K GM E HUL Y S M K C KNI KV P L Y
ggcctgcectgectggagatgctggacgctcaccgectccaccgeccggacaaaccgggcecag
G L L L EMULUDW AU HU RILUHURZPDIEKFPG Q
ttcgggttccaggtcggcaaagaccctcoceoccccaccaccaacagecgacggegggggtgea
F G F Q v G KD PP PTTNSDGG G A
gccgggggaggceggttcgggacctcgaggcagccacgagagcccgagcagaccecectet
A G G G G 58 G P R G S HE S P S P RP P S
ggtccgggegtoctgecagtacggaggecceagatetgactgecacecifaontanngac
G P G VL Q ¥ G G PR S D CTHTIL
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88688862 295aaggagcageacgegaaggtcaaaaaatccttttcattgatgttgegtt
tacagaatgaaaagggttttgagttaatttcatgagagaattatttataaattectgtgat
tttaaagctgtttagggagaagcttcoctcgaactgttccgactegegtcagtctgageg
tcggtgcagctgatcttacacctttcataatatctgtgattcagagtgcgtctcetaacgg
ctttttcggtgtcgtttattacccgtggcactectgttggtgattttgaaatgacgageag
ctaattcttteccgtttetttgectecgaccaaagtgeacttecctctecgecattcaagggggt
aaagggcattatttttacttttgcatttaaaatagggtaaalBB@@tcgcgataaacca

eastttassacttaagatat o .

Figure 4.11 Full length cDNA sequence of £Ru and deduced amino acid sequence
of ERa. Blue, red alphabet, blue alphabet, pink and green labels are
ERa. full length primer, start codon, stop codon, polyadenylation signal
and polyA tail, respectively.

Result in Fig. 4.11 shows full length mRNA sequence of L. subviridis ERa at the
size of 2,512 bp which contained 5UTR, ORF and 3'UTR (contained 1
polyadenylation site) at the sizes of 114, 1,863 and 535 bp, respectively. ORF at the
size of 1,863 bp encoded deduced amino acid sequence of ERa which contained 620
amino acid residues with the molecular weight at 67.55 kDa. ERa deduced sequence
was analyzed with Prosite and SMART program. Domains and motifs found in the
sequence showed in Fig. 4.12 and table 4.1 AF1-containing modulatory domain was
found at the N-terminus in estrogen alpha-type receptors at amino acid residues
position 7-183 (E-value = 1.10e-04), Nuclear hormone receptors DNA-binding
domain found at amino acid residues position 184-243 (score = 19.144), zinc finger
region (NR C4-type) found at amino acid residues position 187-207 and 223-242,
P box directly interact with regulatory region of DNA found at amino acid residues
position 205-209, D box involved in receptor dimerization found at amino acid
residues position 224-228, and ligand binding domain of hormone receptors

(E-value = 1.94e-33) were found at amino acid residues position 353-524.
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Table 4.1 Domains, motifs, and consensus patterns of ERa

Domain Site Consensus pattern
AF1-containing modulatory 7-183 Poorly conserved region which spans the first 180
domain residues and contains the activation function |
(AF1) region (http://pfam.janelia.org/cgi-
bin/getdesc?name=0esl_recep)
DNA-binding domain 184-243 C-x(2)- C-x(1.2) - IDENAVSPHKQT] - x(5.6) -
[HNY] - [FY]-x(4)-C-x(2)-C-x(2)-F(2) - x -
R The 4 C's are zinc ligands
(http://br.expasy.org/prosite)
P box 205-209 EGCKA
(Attwood, Kroll, and Denslow, 2004)
D box 224-228 PATNQ
(Attwood, Kroll, and Denslow, 2004)
zine finger region 187-207 C-x(2)-C-x(1,2) - IDENAVSPHKQT] - x(5.6) -
(NR C4-type) ,223-242 | [HNY]-[FY]-x(4)-C-x(2)-C-x(2)-F(2)-x-
R (http://br.expasy.org/prosite)
ligand binding domain 353-523 Contained helices H3, H6, H8, and HII

surrounding the hydrophobic cavity in tertiary
structure (Menuet et al, 2002)

Mn A VKRN PASSETETT 388 R 1 YEPRABLG MY PRESRGSAGTATVDR LEGT YDYAAPS PAPTPLYSH
EEEERENEERENE TR F CAVCSDYASGYHYGVWS CEGCRAFFKRS IQGHNDYMCPATNOCT I DRNRRKSCOACRLRKC YEVGM
MKGGVRKDRGRVLRRDKRRAGDRDKVAKDPEHKASAPPODGRKRSSSCSSTGGGGGGSSVTNLPPDQVLLLLOGAEPPMLCSRQ
KLSEPYTEVTHMTL L TSMADKELVHMIAWAKK LPGFLOLSLHRGVOLLE SSWIEVLMIGLIWRS THCPGKLI FAQDLILDRNEG
SRR e SHTRANS N K GMEHL Y SMKCKNKVPLYGLLLEMLDAHRLHRPDKPGQFGFQVGKDE PPTTNS DGGGAAGGGGS
GPRGSHESPSRPPSGPGVLOYGGPRSDCTHIL

Figure 4.12 ERa of L. subviridis showed important domains and motifs. Green

label is AF1-containing modulatory domain, yellow label is nuclear

hormone receptors DNA-binding domain, underline is zinc finger
region (NR C4-type), blue alphabet is P box, red alphabet is D box and

blue label is ligand binding domain of hormone receptors. ERa

deduced sequence aligned with ERa amino acid sequences of several

fish species was shown in Fig. 4.13
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Figure 4.13 Alignment of ERa amino acid sequences of L. subviridis and other fish

species. DNA binding domain labeled with yellow containing 2 zinc
finger regions (underline), red alphabet is P box (EGCKA), and D box
(PATNQ) labeled with pink. Ligand binding domain is labeled with
blue. Pink alphabet is Helices H3, H6, H8, and H11 surrounding the

hydrophobic cavity in tertiary structure.
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Results in Fig. 4.13 showed DNA binding domain contained P box (EGCKA)
directly interact with regulatory regions of DNA, and D box (PATNQ) involved in
receptor dimerization, and ligand binding domain of L. subviridis ERa which was
highly conserved with these regions of other fish ERa. Helices H3, H6, H8, and
H11 surrounding the hydrophobic cavity in tertiary structure of L. subviridis ERa
which was highly conserved with these regions of other fish ERa. Open reading
frame (ORF) of ERa was amplified using primers designed from start and stop
codon sequences (Fig. 4.11). A DNA fragment at the size of 1.9 kb was obtained

from the amplification in L. subviridis liver (Fig. 4.14)
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Figure 4.14 PCR product of ERa ORF separated in 1.2% agarose gel. Lane M1,
M2, 1, 2, and 3 is AHindlll, 100 bp DNA marker, negative control, and
positive control and ERa ORF PCR product, respectively.
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BLAST analysis of ERa ORF indicated that it was homologous with estrogen
receptor alpha of largemouth bass (Micropterus salmoides) at the E-value of 4e-20.
Structure of full length of ERa gene which shown position of cDNA sequence of
ERa gene obtained from this study shown in Fig.4.15

Start codon Stop codon
-114 1 1,863 2,512

| )

| 1,873

Figure 4.15 Schematic representation of the full length of ERa gene. Yellow box is
partial coding sequence of ERa amplified by degenerate PCR, green
box is 3'end cDNA sequence of ERa, blue is 5'end cDNA sequence of
ERa, and purple box is full length ORF of ERa.
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4.3.4 Amplification of 5' and 3'cDNA end of ERf} by RACE-PCR

DNA fragment at the size of 850 bp was obtained from 5'RACE PCR
amplification of ERP in liver (Fig.4.16). The band was cloned. Several white
colonies were checked for the insert size by colony PCR. Colony PCR products of
5'RACE ER were shown in Fig. 4.17. Clone No.36 (insert size of 850 bp), 23 (insert
size lower than 850 bp) and 39 (insert size higher than 850 bp) were cultured for
plasmid extraction, sequencing and BLAST analysis indicated that the sequences of
5'ER/23, 36 and 39 were homologous with ERP of Micropterus salmoides with E-
value of 7e-111, 3e-145 and Se-141, respectively (see in appendix C).
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Figure 4.16 5S’RACE PCR product of ERP separated in 1.2% agarose gel. Lane M is
100 bp DNA marker, lane 1 is 5’RACE PCR product of ERp.
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Figure 4.17 colony PCR product of 5' RACE ER separated in 1.2% agarose gel.
Lane M is 100 bp DNA marker, number of lane represent number of

clone.
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Because of ER FR/59 sequence used for designing ER R-RACE primer was
DNA binding domain which was very highly conserved region between ERa and
ERB. 5' RACE PCR product of ER could amplify 2 isoforms. Therefore, S’RACE
PCR amplification of ER in liver was again which used BD Advantage 2
Polymerase Mix (Clontech). DNA fragment at size of 850 bp was obtained from
5'RACE PCR amplification in liver (Fig. 4.18).
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Figure 4.18 5’RACE PCR product of ER amplified by BD Advantage 2 Polymerase
Mix (Clontech) separated in 1.2% agarose gel. Lane M is 100 bp DNA
marker, lane 1 is S’RACE PCR product of ER amplified by BD

Advantage 2 Polymerase Mix (Clontech).
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After sequencing (see in appendix B) and BLAST analysis (see in appendix C), it
homologous with ERB (Micropterus salmoides) with E-value was 1e-138. 4 types of

5'¢cDNA end of ERP were aligned as shown in Fig. 4.19

SER~-36 2000000 seseemes—eseseeeens e T T S O T e T T T e ey e s e =
St=-ER=00~T8 ormmsrerme e e e T e R R R S e e e e e s e S e
5'=BR423 2 moomrme s e TS R T LR S e s s e e e e E
5'-ER-39 ACGCGGGGAGTGAGAGACCGAGCTCGAGAGCTCGAGGGGGGAAGAGCGGARACGTTTGAT
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51 -ER—39 TGAGTCTCAGGAGAAGTTTGTCGGAGGAGTARACGCCGGATGCGTCAGCTTGCGCGCTCA
S5'ER-36 2 = | | @ mmmmmmm e e e e s S s e cmea e ACGCG
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5'-ER-39 CACTTTCACTTTTACGCGCTCGTCCTTTTCCTTCTTCTTCTTCTTCTTCTTCTTGACGTT
5'ER-36 GGG-GARAGCGGTTGAGCCACAGAG--CCTGGACAAGAAAGTCTTCCTCCTGTTCCCGAT
5"-ER-900-14 ———mmmmm et EmR T S ACAAGAAAGTCTTCCTCCTGTTCCCGAT
BY=ER-23' = = e eeamaagem N e e — — e S e S s S e s s e mm s e
5'-ER-39 TARCGGCAGCGACGCETTCGTGGAGGATCCGGACGAACCGAGTGAAGTCCAGCAGCTGCA
5'ER-36 GTCGTGTGAGTCTTGAAGTCGGCCTCTAGTC--GGACGTGTCCACAGAAGACGATGCAGT
5'-ER-900-14 GTCGTGTGAGTCTTGAAGTCGGCCTCTAGTC--GGACGTGTCCACAGAAGACGATGCAGT
SYSBR-23 2~ 0 el e R I A O A N s it d e b e
5'-ER-39 GCAGC-TGATCCTCTGCTCCGACCTCCAGCTCAGGACGTGTCCACAGAAGACGATGCAGT
5'ER-36 AGACGAACCAGGTGCATCGTCTTATTGTCCATCACCTCCACGTTTCCTGTCCCTGACATG
5'-ER-900-14 AGACGAACCAGGTGCATCGTCTTATTGTCCATCACCTCCACGTTTCCTGTCCCTGACATG
5Y=ER-23 = memmmeomemre e A R A e S e S e o s e e e e e
5'-ER-39 AGACGAACCAGGTGCATCGTCTTATTGTCCATCACCTCCACGTTTCCTGTCCCTGACATG
5"ER-36 GCCTCGTCCCCTGGGCTGGATGCGGACCCGTTACCCCTGCTTCAGCTACAGGAGGTGGAC
5'-ER-900-14 GCCTCGTCTCCTGGGCTGGATGCGGACCCGTTACCCCTGCTTCAGCTACAGGAGGTGGAC
S B R =2 s e e - — — ——— T — —————— e
5'-ER-39 GCCTCGTCCCCTGGGCTGGATGCGGACCCGTTACCCCTGCTTCAGCTACAGGAGGTGGAC
5'ER-36 TCCAGTAAMGCCACCGAGAGGCCGAGCTCCCCAGGACTCCTGCCGGTCATGTACAGCCCT
5'-ER-900-14 TCCAGTAAAGCCACCGAGAGGCCGAGCTCCCCAGGACTCCTGCCGGTCATGTACAGCCCT
5'-ER-23 —-———ACGCGGGCACCGAGAGGCCGAGCTCCCCAGGACTCCTGCCGGTCATGTACAGCCCT
5'-ER-39 TCCAGTAAAGCCACCGAGAGGCCGAGCTCCCCAGGACTCCTGCCGGTCATGTACAGCCCT
A ok ek ok ke ok ek Rk ek ok ek ek ok ke ok kR ok ek ok ok R ke ke ko ko k&

5'ER-36 CCTGTGGGCGTGGACAGCCACACCGTCTGCATCCCTTCTCCGTACACGGACAGTAGCCAC
S'-ER-900-14 CCCGTGGGCGTGGACAGCCACACCGTCTGCATCCCTTCTCCGTACACGGACAGTAGCCAT
5'-ER-23 CCCGTGGGCGTGGACAGCCACACCGTCTGCATCCCTTCTCCGTACACGGACAGTAGCCAT
5'-ER-39 CCCGTGGGCGTGGACAGCCACACCGTCTGCATCCCTTCTCCGTACACGGACAGTAGCCAT
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5'ER-36 GACTACAGCCACGGACATGGACCTCTGACCTTCTACAGTCCGTCCATGCTCAGCTACACC
5'-ER-900-14 GACTACAGCCACGGACATGGACCTCTGACCTTCTACAGTCCGTCCATGCTCAGCTACACC
5'-ER-23 GACTACAGCCACGGACATGGACCTCTGACCTTCTACAGTCCGTCCATGCTCAGCTACACC
5'-ER-39 GACTACAGCCACGGACATGGACCTCTGACCTTCTACAGTCCGTCCATGCTCAGCTACACC
B B B o B O e e e e e R e R R

5'ER-36 CGGCCGCCCATCACTGACAGCCCATCATCTCTGTGTCCCCCTCTCAGCCCCTCTGCCTTT
5'-ER-900-14 CGGCCGCCCATCACTGACAGCCCATCATCTCTGTGTCCCCCTCTCAGCCCCTCTGCCTTT
5'-ER-23 CGGCCGCCCATCACTGACAGCCCATCATCTCTGTGTCCCCCTCTCAGCCCCTCTGCCTTT
5'-ER-39 CGGCCGCCCATCACTGACAGCCCATCATCTCTGTGTCCCCCTCTCAGCCCCTCTGCCTTT

A AR RS R S A s R R e R A S R R R R R R e R R R AR S R RS R R R R R R R R
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TGGCCGTCCCACAGTCACGCCAGCATGCCTTCGCTCACGCTGCACTGCACCCAGCCGLTG
TGGCCGTCCCACAGTCACGCCAGCATGCCTTCGCTCACGCTGCACTGCACCCAGCLCGLTG
TGGCCGTCCCACAGTCACGCCAGCATGCCTTCGCTCACGCTGCACTGCACCCAGCCGLTG
TGGCCGTCCCACAGTCACGCCAGCATGCCTTCGCTCACGCTGCACTGCACCCAGCCGCTG
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GTCTACAACGAACCCAACTCACACTCAGGCTGGCTGGAGCCCARAGTCCACAGCATCAAC
GTCTACAACGAACCCAACTCACACTCAGGCTGGCTGGAGCCCAARGTCCACAGCATCAAC
GTCTACAACGAACCCAACTCACACTCAGGCTGGCTGGAGCCCAAAGTCCACAGCATCAAC
GTCTACAACGAACCCAACTCACACTCAGGCTGGCTGGAGCCCARAGTCCACAGCATCAAC

P R R R R R R S R R S SRS Rt

CCCAGCAGCGCCGTCATCAGCTGTAACAAGCTGCTGGGGAAGAAATCGGAGGACGGAGTG
CCCAGCAGCGCCGTCATCAGCTGTAACAAGCTGCTGGGGAAGAAATCGGAGGACGGAGTG
CCCAGCAGCGCCGTCATCAGCTGTAACAAGCTGCTGGGGAAGAAATCGGAGGACGGAGTG
CCCAGCAGCGCCGTCATCAGCTGTAACAAGCTGCTGGGGAAGAAATCGGAGGACGGAGTG

R R R e e R e

GAGAGGGCGAAGGAGTCCTCGTGTTCGTCGGCAGCAGGGAAAGCCGACATGCACTTCTGC
GAGAGGGCGAAGGAGTCCTCGTGTTCGTCGGCAGCAGGGARAGCCGACATGCACTTCTGC
GAGAGGGCGAAGGAGTCCTCGTGTTCGTCGGCAGCAGGGAAAGCCGACATGCACTTCTGC
GAGAGGGCGAAGGAGTCCTCGTGTTCGTCGGCAGCAGGGAARAGCCGACATGCACTTCTGC

B R R R

GCCGTGTGCCACGACTACGCGTCCGGGTACCACTACGGCGTCTGGTCCTGTGAGGGCTGC
GCCGTGTGCCACGACTACGCGTCCGGGTACCACTACGGCGTCTGGTCCTGTGAGGGCTGC
GCCGTGTGCCACGACTACGCGTCCGGGTACCACTACGGCGTCTGGTCCTGTGAGGGCTGC
GCCGTGTGCCACGACTACGCGTCCGGGTACCACTACGGCGTCTGGTCCTGTGAGGGCTGC

D R R R R B e

AAGGCCTTCTTCAAGAGGAGCATCCAGGGTCACAATG
AAGGCCTTCTTCAAGAGGAGCATCCAGGGTCACAATG
AAGGCCTTCTTCAAGAGGAGCATCCAGGGTCACAATG
AAGGCCTTCTTCAAGAGGAGCATCCAGGGTCACAATG

B e R e

Figure 4.19 Alignments of 4 types of S'cDNA end of ERP. Red is start codon
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Results in Fig. 4.19 showed almost identical in coding sequences but differences in

5'UTR sequences of 5'cDNA ends between 4 types of ERP. Further amplification of
was conducted by RACE PCR using ERf F RACE primer designed from the
obtained 5'cDNA sequence of ERP. DNA fragments at the size of 1.3 kb and 600 bp
were obtained (Fig. 4.20). After sequencing (see in appendix B) and BLAST

analysis (see in appendix C), these PCR products were homologous with ERf of

Atlantic croaker (Micropogonias undulatus) and largemouth bass (Micropterus

salmoides) with E-value of 0.0 and 3e-32, respectively.
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Figure 4.20 3' RACE PCR product of ERP separated in 1.2 % agarose gel. Lane
MI, M2 and | are AHindIll, 100 bp DNA marker and 3' RACE PCR
product of ERp, respectively.

ERP F1-RACE primer designed from 3'ERB 1.3/33 sequence for used in 3' RACE
PCR amplification. DNA fragments at size 600 bp and large than 1.5 kb were
obtained from 3' RACE PCR amplification (Fig. 4.21).
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Figure 4.21 3' RACE PCR product of ERp separated in 1.2 % agarose gel. Lane M
and 1 are 100 bp DNA marker and 3’RACE PCR product of ERp,

respectively.

A DNA fragment at size 600 bp was cloned. After sequencing (see in appendix B)
and BLAST analysis (see in appendix C), it was homologous with estrogen receptor
beta b of Astatotilapia burtoni with E-value of 1e-26. 3' cDNA end sequences of
ERp were aligned as shown in Fig. 4.22 and 4.23
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TGACTACATTTGCCCCGCCACAAATCAGTGCACTATCGACAAGAATCGGCGTAAAAGCTG
TGGCTACATTTGCCCCGCCACARATCAGTACACTATCGGCAAGAATCGGCGTAAAAGCTG

ok kkkhhdkhhhhk ko hh ok ok hhkk kb ok khk kkkh kb hhk Ak Ak bk ok ko Rk kA ko ok ok ok &

CCAAGCCTGCCGCCTGCGGARATGCTACGAAGTGGGCGTGATGAAGGGCCTAGCTGCCAA
CCAAGCCTGCCGCCTGCGGARATGCTACGAAGTGGGCATGATGAAGTG- -TGGCG--TGA
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ACCTIMBTTGTCCTGTCCAGGGAGGCACTAGCARACTGATTGTTGTCCTTGGGGTTGATG
GGCGTGAACGCTGCAGCTATCGAGGAGCTCG-ACACCG-TCGTGGT---~GGAGTCCAGT

* * & & * & LA B B2 *hk k ok kh ok ok kk hk L

GACACACCTTCACACACCTG---TCTCTGAGTATGAACACATGGTTTGAGACARAARAAA
CTCGGGACGCCACGGGCCGGGGECTTGGTGAAGGTCGGCCCCGEGTTCTCGGGCCCAGCGGT
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CGGAACAATCCTAAAARAAARAARAAAARARAAARAARAAARRARRA —————————————
GAGATCTACCTGATGGAGGACCTGAAGAAGCCGTTCACCGAGGCCAGCATGATGATGTCC

*dk ok ok kW * A % ok ok * * *

CCATGTCTCTGTGGAGGACAGTTGTTCTCTAGTGGACGTCCCAGGCTCTGGTTGCCATGG
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TAACCCCCATATARACATGTCTAACTCTTCTTCTGGGTTCAGCCTCCAAGCTGCTGTTGT
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Figure 4.22 Alignment of 3'ERP 1.3-33 and 600/38. Blue and red alphabet shown

nucleotides which different, green, blue and yellow label is stop codon,

polyadenylation signal and polyA tail, respectively.
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Figure 4.23 Alignment of 3'ERP 600/1 and 600/38

Results in Fig. 4.22 and 4.23 showed different in nucleotide sequences of 3'cDNA

end of ERP, but we not determined additionally sequence (see in Fig. 4.23).

4.3.5 Full length cDNA sequence determination of ERpP

5'ER/36 and 3'ERB 1.3/33 c¢cDNA sequence were connected in silico and
obtained full length mRNA of ERp at size 2,098 bp which contained 5'UTR, ORF,

and 3'UTR at size 177, 1,431, and 490 bp, respectively. Domains and motifs found

in the sequence showed in Fig. 4.24 and table 4.2. ERp ORF encoded ERP

contained 476 amino acid residues with the molecular weight at 52.36 kDa which

contained A/B domain, DNA binding domain, D domain and ligand binding domain

but lack F domain. DNA binding domain was found at 178-253 with score as

17.312. Two zinc finger regions were found at 181-201 and 217-236. P box was
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found at 199-204. D box was found at 218-222. Ligand binding domain was found
at 352-476 with E-value as 6.80e-15 as shown in Fig. 4.24.

Table 4.2 Domains, motifs, and consensus patterns of ERB

Domain Site Consensus pattern
DNA-binding domain 178-253 C-x(2)-C-x(1,2) - [DENAVSPHKQT] - x(5.6) -
[HNY]-[FY]-x(4)-C-x(2)-C-x(2)-F(2)-x—
R The 4 C's are zinc ligands
(http://br.expasy.org/prosite)
P box 199-203 EGCKA
(Attwood, Kroll, and Denslow, 2004)
D box 218-222 PATNQ
(Attwood, Kroll, and Denslow, 2004)
zinc finger region 181-201, C-x(2)-C-x(1,2)- [DENAVSPHKQT] - x(5.6) -
(NR C4-type) 217-236 [HNY]-[FY]-x(4)-C-x(2)-C-x(2)-F(2) - x -
R (http://br.expasy.org/prosite)
ligand binding domain 352-476 Contained helices H3, H6, H8, and HII1
surrounding the hydrophobic cavity in tertiary
structure (Menuet et al, 2002)

acgcgggggaaagcggttgagccacagagectggacaagaaagtettectectgtteceg
atgtcgtgtgagtcttgaagtcggectctagtcggacgtgtecacagaagacgatgocagt
agacgaaccaggtgcatcgt cttattgtccatcacctccacgtttcctgtccctgac’

gcctegtccectgggectggatgeggacecgttaceeetgettcagetacaggaggtggac
A S S P GLDAUDU PL P/LE"Q L Q E_V D
tccagtaaagceccaccgagaggcecgagetecccaggactectgeeggtcatgtacagecet
S 8 K A T E R P 8§ 8 P GVkEsda~aPW M X S P
cctgtgggcgtggacagccacaccgtctgeatcecttetecgtacacggacagtageccac
P ¥V 6 ¥V DS H T V C I/PEEssP W sy, D\S 5 H
gactacagccacggacatggacctctgaccttctacagtcegtecatgctcagctacacc
DY S H GH G P L T F X TS5P ST ML 5 Y T
cggccgcccatcactgacagcecccatcatctectgtgteccectcteagecccctectgecttt
R Pp P I TD S P S%S-L €6 P P L S P SSA/F
tggccgtcccacagtcacgccagcatgocttcgectcacgectgcactgraccecagecgetg
W P S HS HA S MPNS L TLHTCTQ F L
gtctacaacgaacccaactcacactcaggetggetggageccaaagtccacageatcaac
vV Y N E P NS HS GW UL EUPIKUVYH S TIN
cccagcagcgccgtcatcagectgtaacaagcectgctggggaagaaatcggaggacggagtyg
P 8 §S A VI 8§ C N KULUL G K K S E D G V
gagagggcgaaggagtcctcgtgttegtcggcagcagggaaageccgacatgeacttetge
E R A K E S 8 (Cls/IlshfaflA(G((KON D 'BI\E-IF g
gcegtgtgecacgactacgcgtcecgggtaccactacggegtectggtectgtgagggetge
A VvV C H D Y A 58 G Y HY G V W BB CE G C
aaggccttcttcaagaggagcatccagggtcacaatggctacatttgeccegecacaaat
XK A FF KRS I Q6 HDNOG?Y I C F A TN
cagtacactatcggcaagaatcggcgtaaaagctgeccaagectgeegectgcggaaatge
@ Y T I GK NURUERIK ST COQABATCRTLTZBRIKC
tacgaagtgggcatgatgaagtgtggcgtgaggcgtgaacgctgcagctatcgaggaget
Y E vV G M M K CG V RREIRT CS Y R G A
cgacaccgtcgtggtggagtccagtctcocgggacgccacgggccggggcttggtgaaggte
R H R RG G V Q S R DATGURGTULV K V
ggccccggttctegggeccageggcatctecgacctgggacegeccectgteecegetggec
G P G S R A Q R HL DL G P PUL S P L A
tccctgecccaggcecaaccacctgcaccactcageccatgagecccggaggagttecatetee
S L P Q A NHUL HH S A M S P EETF I s
cgcatcatggaggccgagcctccagagatctacctgatggaggacctgaagaagccgtte
R I M E A E P P E I ¥ L M E DL K K P F
accgaggccagcatgatgatgtccctcacc
T E A S M M M S L T
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gctacttcact

gagaaacactgacaacacgacgcaaacgttctgatttaaatgagccaccacaggccacgc
ccacggccagaagagggcgtggcctgtggatgtgaggacaaaaaaacaaggccceccgecca
catgtgaaattattctctcattgtccatgtctctgtggaggacagttgttctctagtgga
cgtcccaggectectggttgeccatggtaacccccatataaacatgtctaactcttettetgg
gttcagcctccaagctgetgttgtcacggtgggatggacggtgtcteccaccttaaataaa
cctatagtccaccttaagtgtcaatcaaatggatcggtggctecccattggteccacttcag
cttggtaccgcccactcectgtgtectggtetecttcectttaaaagtcacttttaaattggtyg
aaaaaagttaaagaaataagggaaggataataaataaaaaaaaaaaaaaaaaaaaaaa

Figure 4.24 Full length mRNA and deduced sequence of ERP. Pink label, yellow
label, blue alphabet, red alphabet, blue label, and green label is start
codon, DNA binding domain, P box, D box, ligand binding domain,

and stop codon, respectively.

ERP sequence of L. subviridis was aligned with ERP of other fish species. The

result was shown in Fig. 4.25

AAG16711 MASSPGLDPHPLPMLOLQEVGSSKVSERPRSPGLLPAVYSPPLGMDSHTVCIPSPYTDSS
ARO39210 MASSPGLDADPLPLLOLQEVDSSKASQRPSSPGLLPAVYSPPLGMDSHTVCIPSPYTDSS
AAP72179 MASSPGLDTDPLPLLRLQEVDSSKASERPSSPGLLPAVYSPRQGMDSHTVYIPSPYTDNN
Liza subviridis MASSPGLDADPLPLLOLQEVDSSKATERPSSPGLLPVMYSPPVGVDSHTVCIPSPYTDSS
ABC6B616 MASSPGLNAEPLPMLOLOEAYSSKPSERPTSPGLLPTMYSPPLGIDSHTVCIPSPYTDSS
tttt*ti:_.tii:t:t**. WP e s ek ERK AR ok heokhdhhh dhkhhddh
AAG16711 HEYNHSHGPLTFYSPSVLSYSRPPITNSPSSLCPSLSPSAFWPSHNHPTMPSLTLHCPES
AA039210 HEYNHSHGPLTFYSPSVLSYARPPITDSPSSLCPPLSPSAFWPSHSHPNMPSLTLRCPQP
AAP72179 QEYNHGSGSVSFYSPSVLSYARPSATDS PSSLCGPLSPSAFWPPHSQPNLPSLTLRCPQP
Liza_subviridis HDYSHGHGPLTFEYSPSMLSYTRPPITDSPSSLCPPLSPSAFWPSHSHASMPSLTLHCTQP
ABC6B616 HDYNHGHGFLTFYGPSVLSYSRPPITDSPTSLCPPRSPSAFWSSHSHHNVPSLTLHCTQ
acacde e t_::*t_.t:*tt:ti' i:t*:*ﬂﬂ tttit-..'.: .:t***':ﬁ.:.
AAGl6711 IVYNEPSPHAPWLESKAHSINASSSSIIGCNKSLVKRSEEGVEDMNSSLCSSAVGKADMH
AR039210 LVYNEPSPHAHWPEPKAHSINPSSS-ILGCNKPLGKRLEEGVEGVNSSLCSSAVGKADMH
AAPT72179 LGYNESGLHAPWLESKPHNISSSSS~IIGCNKPLGKRSEEGVNGVNPSLCSSVVGKADMH
Liza_subviridis LVYNEPNSHSGWLEPKVHSINPSSA-VISCNKLLGKKSEDGVERAKESSCSSAAGKADMH
ABC6B616 LVYSEPGPHPAWLNPKAHSINPNSS-VISCNRLLGKKPDEGVEGVKSSSCSSAAGKADMH
;S S L S EE AW . T eniete ol Birhe’ © ol S o ko ok kdkkokdedk
AAGL6711 FCAVCHDYASGYHYGVWSCEGCKAFFKRSIQGHNDYI
AR039210
AAP72179
Liza_subviridis
ABC68616
AR AL LSS R R R R AR R R RS SRS RS iw.i'iitiii **.iiititﬁitttii
ARG16711 KCYEVGMMKCGVRRERCSYRGARHRRGGLOPRDPTGRGLVRVGLGSRAQRHLHLEAPLTP
ARO39210 KCYEVGMMKCGVRRERCSYRGARHRRGGLQPRDPTGRGLVRMGLGSRAQRHLHLEAPLAP
ARP72179 KCYEVGMMKCGVRRERCSYRGTRHRRGGLQPRDPTGRGLVRVGLGSRAQRHLHLEGPLTP
Liza subviridis KCYEVGMMKCGVRRERCSYRGARHRRGGVQSRDATGRGLVKVGPGSRAQRHLDLGPPLSP
ABC68616 KCYEVGMMKCGVRRERCSYRGARHRRGGLOPR--—-— GLVRIGIGSRAQRLPPIELPFSS

B P o o S wkk . ok Rk ok - ..
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LTSLPQANHVHPSAMSPEEFISRIMEAEPPEIYLMEDMKKPFTEASMMMSELT
VTPLPQMSHVHHAAMSPEEFIMRIMEAEPPEIYLMEEQKKPFTEASMMMSL
LASLPQANHLHHSAMSPEEFISRIMEAEPPEIYLMEDLKKPFTEASMMMSL
LVPVTQPN--HQSTMSPEEFISRIMEAEPPEI YLMDDLKKPFTEASMMMSL

* * cakhkhdhhkd hhd.hkdkhh bk . . hhkkkk R d bk kb bR bk ok

H6

skhkkkhdkdddd sk hkkkkokh ok hhk kA h kA Ak ko kkh kA hk wkok

HE

whkhhh . bk kb rhhdd hhkhkhhd hhk kb bbb bbb bbb dkddn

H11

STMEKRENVVL
MDHLSTMKRKNVVL
ILSTMEKRENVVL

JHLSNMKRENVVL

HI1Z

NT358GS-QPSSS~-PSSDTYSDQHQYPQPPSHLQPDSDQTGADHTTVPP
DANTSSSGSSQSSSS-PNSDSYSDLHQYPQHPSHLQP--HQTTADHNNMEA

DANTS5SSSSQTASSSPSSDTYSDGLQYPPPSFHLQPGSDIVTPHPSTNSF

LGPTDDPILDGHLDAMPLOSSPPFQSLVVPHMDTNDYIHPEQ-WSLGTGDAMRPSVEPTDY
HEPAEAPILDGHLQTLTLHSSPPFQSLVVAHIDSNDYIHQEQ-WSLDTADAGPPVEPTDY
HROAEGQILEEELHTLPLOSSPPFHSQMATHMDRNE YVHPQQUHWSMDAEDAGPSVG--SY

HEPPQEPAKDRTVGG-TFPSTPSPQTLVGSQIDSDDYI PAEH-WSLDAEDGGSSVEPVSY

ITTERVVMETALVTQP-
IVSDRVVMETALLG--~-
MTSDRGVMEGALEVAGL

IISDRVVMETTLEG——-
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Figure 4.25 Alignment of ERf} amino acid sequence of L. subviridis and other

species of fish. DNA binding domain is labeled with yellow. Two

zinc finger regions indicate with underline, red alphabet is P box, D

box is labeled with pink, ligand binding domain is labeled with blue,
and helices H3, H6, H8, H11, and H12 surrounding the hydrophobic
cavity in tertiary structure is pink alphabet.
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Results in Fig. 4.25 showed highly conserved of amino acid sequences in DNA
binding domain and ligand binding domain of fish ERP. L. subviridis ERP lack
some region of ligand binding domain, helices HI1 and HI12 surrounding the
hydrophobic cavity in tertiary structure and F domain. Structure of full length of
ERP gene which shown position of cDNA sequence of ERP gene obtained from this
study shown in Fig.4.26

Start codon stop codon

-356 1 1.431 1,921

Figure 4.26 Schematic representation of the full length of ERB gene. Green box is
5'end ¢cDNA sequence of ERB, blue box is 3'end cDNA sequence of
ERp.

4.4 Cloning and characterization of choriogenin (chg) genes
4.4.1 choriogenin L (chg-L)

Partial cDNA sequence of chg-L gene was amplified from 1* strand cDNA
templates of the fish liver. PCR products were determined by electrophoresis on
1.2% agarose (w/v) (Fig.4.27). DNA fragments at the sizes of 900 and 700 bp were
obtained from PCR amplification. PCR product at the size of 900 bp which was
close to the expected size of the product (921 bp) was eluted, reamplified, and
determined by electrophoresis on 1.2% agarose (w/v). After sequencing (see in
appendix B) and BLAST analysis (see in appendix C), the result indicated that this
PCR product was homologous with chorion protein of gilthead seabream (Sparus

aurata) with E-value of 2e-108. Further amplification was conducted by 5' and
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3'RACE PCR using F RACE primer and GW R primer designed from the obtained
partial sequence of chg-L. Two DNA fragments at the same size of 450 bp were
obtained from 5' (Fig. 4.28 A) and 3' (Fig. 4.28 B) RACE PCR amplification. After
sequencing of 2 different sizes of insert of 5' RACE PCR products of chg-L (5'L
500/12 and 18) and 3'RACE PCR product of chg-L (3'L 500/19 and 37) (see in
appendix B) and BLAST analysis, these sequence were homologous with chorion
protein of gilthead seabream (Sparus aurata), chorion protein of gilthead seabream
(Sparus aurata), choriogenin L of Javanese rice fish (Oryzias javanicus), and
choriogenin L of Javanese rice fish (Oryzias javanicus) with E-value as 3e-14,
4e-22, 1e-04, and le-04 (see details in appendix C). Two clones of 5' and 3' cDNA
ends of chg-L. were aligned as shown in Fig. 4.29 and 4.30, respectively.
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1500
1000

500

Figure 4.27 chg-1. PCR products separated in 1.2 % agarose gel. Lane M, 1, 2 and 3
are 100 bp DNA marker, negative control, positive control and chg-L

PCR product, respectively.



99

bp

1500
100

500

Figure 4.28 RACE PCR products of chg-L. 5' and 3' RACE PCR products of chg-L
are shown in (A) and (B), full length (ORF) PCR product of chg-L is
shown in (C). Lane M indicates 100 bp DNA markers, lane 1 of (A)
and (B) is the products, lane 1, 2, and 3 of (C) is negative control,

positive control and the products, respectively.



5'L500/12
5'L500/18

5'L500/12
5'L500/18

5'L500/12
5'L500/18

5'L500/12
5'L500/18

5'L500/12
5'L500/18

5'L500/12
5'L500/18

5'L500/12
5'L500/18

5'L500/12
5'L500/18

ACGCGGGGACAGCACCTTGAGAATCTCTCAGATCGCTTGTCACTGTGGAGCCATGGTGAT
ACGCGGGGACAGCACCTTGAGAATCTCTCAGATCGCTTGTCACTGTGGAGCCATGGTGAT

A S S S R RS R R R R R RS B R R R R

GAAGTGGACTGCTGCTTGCCTTGTGGCACTGGCTCTATTTGCCAGCGTCTGTGATGCTCA
GAAGTGGACTGCTGCTTGCCTTGTGGCACTGGCTCTATTTGCCAGCGTCTGTGATGCTCA

LA A S S RS e aas E e AR RS Rl R R R R )

GTGGGGAGAGTACACGCCTTCARRATATCAGAAACCTGCACCTCCTGTGAARGCAAGAGCC
GTGGGGAGAGTACACGCCTTCAAAATATCAGAAACCTGCACCTCCTGTGAAGCAAGAGCC

R e e e T

CAARCARGTGCCTCAAGACACTCAACAGCATAAGCAGACATTTGAAACACCACTTCAATG
CAAACAAGTGCCTCAAGACACTCAACAGCATAAGCAGACATTTGAAACACCACTTCAATG

R R R R e S T R ]

GACATACCCTGAACCTCCCCCGCCTGAACCTGCGCCTGARATACCATTTGAACCGCTACG
GACATACCCTGAACCTCCCCCGCCTGRAACCTGCGCCTGARATACCATTTGAACCGCTACG

hhkbkkhhkhk ko h bk khkh kb bk khdhkhkdh bk dhhhdhhhhhddddhdddddddd doddohdk

TCCTCAACCTGTTGCATCTGTTGCTGTTGAGTGCAGAGAGAATGATGCTC,
TCCTCAACCTGTTGCATCTGTTGCTGTTGAGTGCAGAGAGAATGATGCTC.

LR AR RS R R R R R S P S R R R R R R R R R R T e
R ———
AR R RS RS R S E R R

100

Figure 4.29 Alignments of 5'L500/12 and 18 sequences. Yellow label is start

codon, blue label is chg-L/D12 R2 primer, and green label is che-
L/D12 R1 primer.

From result in Fig. 4.29 found 5'L500/12 and 18 is same sequence but amplified

from different primer and shown length of S'UTR of chg-L was 52 bp. Figure 4.30

shown in 100 % identical in coding sequences and some different in 3'UTR of 2

variant of 3'cDNA end cDNA sequences of chg-L, variant 19 have longer 3'UTR

and polyA than variant 37, variant 19 contained polyadenylation signal but not

found in variant 37.
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3'L500-19 GGCTGGGGAGGTGGAGCTCATCCTAATACTCARGARAGGAAGAT CCGTGATGTGTCTARA
3'L500-37 GGCTGGGGAGGTGGAGCTCATCCTAATACTCAAGARAGGAAGATCCGTGATGTGTCTAAA
R R R R R R R R e S
3'L500-19 TCTCAAACTTTGGAATGGGAAGGTCAAATCACCGTGGGTCCCATTGACATCARAGAGAGG
3'L500-37 TCTCARACTTTGGAATGGGARGGTCAAATCACCGTGGGTCCCATTGACATCARAGAGAGG
kb hhkhkk kbbb bbb bbb d bk bbb bbb bbb d bbbk b ddddh bbb ook ko o
3'L500-19 GTACTCGCTEBBCACGGTTGTCCATGACCATCACAGCARACATTAGCCTTCATTCATTAC
3'L500-37 GTACTCGC CACGGTTGTCCATGACCATCACAGCAARACATTAGCCTTCATTCATTAC
kb hhkkdk kb kbbb bbb bbb bbbk bbb bbbk bbb bbbk b hd o d
3'L500-19 TGTCTGTATGTTATTCTCTTGCTACTTGTTGGCAGT TTGATCTACACAAGGAAGGARRAR
3'L500-37 TGTCTGTATGTTATTCTCTTGCTACTTGTTGGCAGTTTGATCTACACAAGGAAGGARAAA
A A S S S S S A S S RS SRS S e R R R R R R R R R R R
3'L500-19 GAAAACATTTACTCCATTARACACAATTGAAAAA-CTGGARAAGGATGTCATAGCTATCA
3'L500-37 GARAACATTTACTCCATTAAACACAATTGAARAAACT
Ahkhh bk h kbbb bbb bbbk bbb hrhhbdrdd Fhkdk dhid * * * * *
3'L500-19 CCTTCCCCTCGGTGTAATAAT AAATGTTACATGTGTACATG T

3'L500-37 QR - P i e i i L R R

3'1500-19 AAAAAARAARRAARARARAARAAARAARARAAAAARARRAAAAAAAA ARAAARARARRAAR

3'L500-37 m e

3'L500-19 AAARAAARAAAR

3'L500-37 = —m—mmmm— e

Figure 4.30 Alignments of 3'L500/19 and 37 sequences. Yellow label is chg-L
F-RACE primer, blue label is stop codon, blue alphabet is
polyadenylation signal and green label is polyA tail.

Full length (ORF) sequence of chg-L. were amplified by PCR using primers
designed from start and stop codon at 5' and 3’ regions of chg-L.. The product was
obtained at the size of 1.3 kb (Fig. 4.27 C). Sequencing (see in appendix B) and
BLAST analysis confirmed that this PCR product was chg-L. which was the closest
homologous with chorion ' protein of gilthead seabream (Sparus aurata) with
E-value as 7e-145 (see detail in appendix C). Chg-L deduced sequence encoded
from ORF was shown in Fig. 4.31. L. subviridis Chg-L which contained 419 amino
acid residues with molecular weight at 46.09 kDa contained signal peptide at
position 1-22, proline-rich region at position 35-86, zona pellucida (ZP) domain
(ZP_2) at position 93-353 (score = 35.841) which containing 261 amino acid
residues, 8 conserved cysteines residues, and conserved N-glycosylation site at

position 193-196 as shown in Fig. 4.31. Consensus pattern domain and motifs show
in table 4.3.
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gcttgtcactgtggagccatggtgatgaagtggactgetgettgecttgtggecactgget
M VM K WTAA ATCTLUV AIULARBA

ctatttgccagcgtctgtgatgectcagtggggagagtacacgecttcaaaatatcagaaa
L F A S vCDAOQ®WSGEYTUP S K Y Q K

gccagtggagtcaatgctgcttgtggatcetgtgattctggtttacctgatactggtget

E

A 8§ G V N A ACG S C/DysiG- L' PD T G A

ccaggtggctggggaggtggagctcatcctaatactcaagaaaggaagatccgtgatgtg

P GG WG G G A HUP N T QR-K, I,R D V
tctaaatctcaaactttggaatgggaaggtcaagtcaccgtgggtcccattgacatcaaa
S K 858 Q T L E W E G Q V-poapmmgmep' J] D I X
gagagggtactcgcttaacacggttgtccatga

E R V L A -

Figure 4.31 Chg-L deduced sequence encoded from chg-L full length sequence.

Red and blue alphabet are start and stop codon, grey highlight indicates

signal peptide, blue highlight indicates zona pellucida (ZP) domain

(ZP_2), green highlight indicates Proline-rich region, and pink

highlight indicates conserved N-glycosylation site.

Table 4.3 Domains, motifs, and consensus patterns of Chg-L

Domain Site Consensus pattern
zona pellucida (ZP) domain 93-353 [LIVMFYW] - x(7) - [STAPDNLR] - x(3) -
(ZP_2) [LIVMFYW] - x - [LIVMFYW] - x - [LIVMFY W]

-X(2) - C- [LIVMFYW] - x - [STA] - [PSLT] -
x(2,4) - [DENSG] - x - [STADNQLFM] - x(6) -
[LIVM](2) - x(3.4) - C

The 2 C's may be involved in disulfide bonds
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L. subviridis Chg-L was aligned with Chg-L of other fish species as shown in Fig.

4.32, Zona pellucida (ZP) domain of L. subviridis Chg-L was highly conserved with

this domain of other fish species. ZP domain of Chg-L contained strictly conserved

8 cysteines residues which involved in disulfide bond formation of this protein and

one N-glycosylation site. N and C terminus of Chg-L (non label) do not conserved

between species of fish.

Oryzias_sinensis
Oryzias_latipes
Liparis_atlanticus
Liza_subviridis
Oncorhynchus _mykiss

Oryzias_sinensis
Oryzias_latipes
Liparis_atlanticus
Liza_subviridis
Oncorhynchus mykiss

Oryzias_sinensis
Oryzias_ latipes
Liparis atlanticus
Liza_subviridis
Oncorhynchus mykiss

Oryzias_sinensis
Oryzias_latipes
Liparis_atlanticus
Liza_subviridis
Oncorhynchus_mykiss

Oryzias_sinensis
Oryzias_latipes
Liparis_atlanticus
Liza_subviridis
Oncorhynchus_mykiss

Oryzias_sinensis
Oryzias_latipes
Liparis_atlanticus
Liza_subviridis
Oncorhynchus_mykiss

Oryzias_sinensis
Oryzias latipes
Liparis_atlanticus
Liza_subviridis
Oncorhynchus_mykiss

Oryzias_sinensis
Oryzias_ latipes
Liparis_atlanticus
Liza_subviridis
Oncorhynchus_mykiss

-MMKFPAVCLVVLALLDGFCDAQP--FYGKP--—GPGSK-———— TPQDP-—~———=—==~

~MMKFTAVCLVVLALLDGFCDAQH--NYGKPSYPPTGSK~———~- TPQDP—=—=mm ===

MVMKYTAVCLLVLALFGTFCEAQRG-GFQKPYQKPASPKQ--~-VPYEP————————=—=—

MVMKWTAACLVALALFASVCDAQWG-EYTPSKYQKPAPP—--—- VKQEPKQV-—-—-——-~

HAHKHSVVCLVAVAHLGCLCVAQNHPPFSKPVQQPFRPNRQPPQQPQQPQQPPYQKPRIP
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---TQQ-KQLHEKELTWKYPADPQPEAKPVVPFEQRYPVPAATVA

-——QQQAKQNFEKPLTWIFPEDPQPEAAVEVPFELRYPVAAASVS
PODTQQHKQTFETPLOWTYPEPPPPEPAPEI PFEPLRPQPVASVA
PEDQTQAKQRKFETPLDWTYPLDPKPEPKIIGSSEARTPVAANSV]

* w ok * sk aw *o kx * * .k LE 2 2 0 ok
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Oryzias sinensisi = socmesStossssssosmmsaes DPSRKTREAAKTEVLEWEGDVTLGPIPIEERRV-
Oryzias_latipes = = = = ——————————————————————o DPSRKTREARKTEVLEWEGDVTLGPIPIEERRV-
Liparis atlanticus GGGGGGGGGEGEGGYNGNSGGGIYNPSRRIRDVS--~EVFEWEGDVTLGPIPIADKMVA
Liza_subviridis = = =  ----=----—e——emmemee TQERKIRDVSKSQTLEWEGQVTVGPIDIKERVLA

Oncorhynchus_mykiss =  ==--------—--cocomoo—o—— DTTKHQELVN-———— IWEGDVQLGPIFISEKVAQ

khdk ok chhE k..

Figure 4.32 Alignments of Chg-L of L. subviridis and other species of fish. Zona
pellucida (ZP) domain is labeled with green which contained 8 strictly
conserved cysteines residues (label with yellow) and 1 conserved N-

glycosylation site (label with pink).

An attempt to amplify 5'cDNA end sequence of chg-H was not successful.
Non-specific bands and smear were obtained from S'RACE PCR amplification. The
result was shown in Fig. 4.34. After sequencing (see in appendix B) and BLAST

analysis, this sequence was homologous with chorion protein (Liparis atlanticus)

with E-value as 5e-62.
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Figure 4.33 5'RACE PCR product of chg-H separated in 1.2 % agarose. Lane M1,
M2 and 1 is AHindlll, 100 bp DNA marker and S’RACE PCR product
of chg-H, respectively.
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This sequence aligned with complete 5'cDNA end sequence of chg-L as shown in
Fig. 4.34.

5'1500-12 ACGCGGGGACAGCACCTTGAGAATCTCTCAGATCGCTTGTCACTGTGGAGCCATGGTGAT
5'HL.5-10_chg=L_ === — e oo oo

5'L500-12 GAAGTGGACTGCTGCTTGCCTTGTGGCACTGGCTCTATTTGCCAGCGTCTGTGATGCTCA
SEHLCA-L0 mhg-Ds = e e e e e e e e e e e

5'L500-12 GTGGGGAGAGTACACG-CCTTCAARATATCAGAAACCTGCACCTCCTGTGAAGCAAGAGC
5'H1:5-10 chg-L . =  —~—=——mrm———— ACACGACCTTCAAAATATCCTAAACCTGCACCTCCTGTGAAGCAAGAGC

hhkdh ok hhkhkkhk ok h ok ok k ok ok ok A ek e e e e e e b ke e e o e e b e e ke e e b

5'L500-12 CCAAACAAGTGCCTCAAGACACTCAACAGCATAAGCAGACATTTGAAACACCACTTCAAT
5'H1.5-10_chg-L_ CCAAACAAGTGCCTCAAGACACTCAACAGCATAAGCAGACATTTGARACACCACTTCAAT

A A AR S A S SRS SRS ER RS RS R R R R R R R R

5'L500-12 GGACATACCCTGAACCTCCCCCGCCTGAACCTGCGCCTGAAATACCATTTGAACCGCTAC
5'H1.5-10_chg-L_ GGACATACCCTGAACCTCCCCCGCCTGAACCTGCGCCTGAAATACCATTTGAACCGCTAC

dkk bk hh kv b A bk kb kb hhhh Ak kb bk kb bk k kb rkhhh kv ok kb r kW

5'L500-12 GTCCTCAACCTGTTGCATCTGT TGCTGTTGAGTGCAGAGAGAATGATGCTCATGTGGAAG
5'H1.5-10_chg-L_ GTCCTCAACCTGTTGCATCTGTTGCTGTTGAGCGCAARAGAGAATGATGCTCATGTGGAAG

Ak hhk kb kA R A h b khk ok kh kb kb hk hkd hhkhh kb kbbb kA kA A Ak N

5'L500-12 TCAGGAGGEATATGTTT GGG~ === === === —— = — o m e
5'H1.5-10_chg-L_ TCAGGAGGGATATGITTGGGACTGGCCAGT TGGTCARTCCGAATGACCTCACCCTGGGGA
ke h kb khhh ok whok

S'L500-12 e
5'H1.5-10_chg-L_ ACTGTCCTGCTGTCGCARAGGATCCTGCAGCTCAAGTGTTGATTTTTGAAGCTGAACTGE
5'LH00-12 s
5'H1.5-10 chg-L_ ATGACTGTTTGAGCTCATTGGTGTTGACAGAAGATTCCCTGATCTGCATCTTCACTCTGA
5'L§00-12 —————————-Zomeend Tmmuen e
5'H1.5-10_chg-1_ ACTACGATCCCCGACCTCTEGGTTCCTCCCCCGTAATARGGACCGGCAGTGCAGCTGTTA
5'L500-12 = ---—meas et
5'H1.5-10_chg-L_ TTGTGEAATGCCACTACCCAAGAARGCACAATGTGAGCAGCCTTCCTCTTGARCCCCTGT
5'L500-12 e
5'H1.5-10_chg-1_ GGATCCCATACTCTGCAGTTARAGTGGCGGAGGARTTCTTGTACTTCACCTTARAACTCA
5'L500-12 e
5'H1.5-10_chg-L_ TGACTGATGACTGGCTGTATGATAGGCCAGTCATACCCGCACTACCTGGGAGACATCATT
5'L500-12 e
5'H1.5-10_chg-L_ TACATCAGGGCATTCGTCCAAGCAATTTTTCCACCTGCTCCCTCTGTGGTTACTCGTARR
5'L500-12  meeeee—ee—eeo

5'H1.5-10_chg-L_ GATGGGTGAGTAAT

Figure 4.34 alignments of 5'L. 500/12 and 5°H 1.5/10 (chg-L). Blue is start codon.
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These two sequences were high similarity but 5'H 1.5/10 (chg-L) sequence lack

overall 5'UTR and some portion of 5’end coding sequence as shown in Fig. 4.34.

5'L500-12 MVMEWTAACLVALALFASVCDAQWGEYTPSKYQKPAPPVKQEPKQVPQDTQOQHKQTFETP
5YR1.5~10, chg=l. = Sl oiidasans i TRPSKYPKPAPPVKQEPKQVPQDTQQHKQTFETP

sk dede et e e ke e e ok o e o ok e e e ok ok e ok e e e b

5'L500-12 LOWTYPEPPPPEPAPEIPFEPLRPQPVASVAVECRENDAHVEVRRDMFG-~===——=-—=~
5'H1.5-10_chg-L_ LOWTYPEPPPPEPAPEIPFEPLRPQPVASVAVERKENDAHVEVRRDMFGTGQLVNPNDLT

whkhhhk b bk h b kbbb r bbb kbbb bbbk dd kb d b dhh b bk

S'LS00-12 e e
5'H1.5-10_chg-L_ LGNCPAVAKDPAAQVLIFERELHDCLSSLVLTEDSLICIFTLNYDPRPLGSSPVIRTGSA
SIEB00-12 0 memmmemmmmmmm e
5'H1.5-10_chg-L_ AVIVECHYPRKHNVSSLPLEPLWIPYSAVKVAEEFLYFTLKLMTDDWLYDRPVIPALPGR
5'L500-12  mmmmmmmmmmmmmmeeeee o
5'H1.5-10_chg-L_ HHLHQGIRPSNFSTCSLCGYS -RWVSN

Figure 4.35 Alignments of 5'L 500/12 and 5'H 1.5/10 deduced amino acid

sequence.

Deduced amino acid sequence of 5'LL 500/12 and 5'H 1.5/10 were high similarity as
shown in Fig. 4.35.

Structure of full length of chg-L gene which shown position of nucleotide sequence

of chg-L gene obtained from this study shown in Fig. 4.36.
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Start codon stop codon
-52 1 1,260 1,559

s67 [ 1200

261 chgLDi2exon | 595

-52 5'chg-L 500/12 327

-52 5'chg-L 500/18 372

SH 1.5/10 M13F
80| 328

-18 =

Figure 4.36 Schematic representation of the full length of chg-L gene. Blue box is
partial coding sequence of chg-L, orange box is exon obtained by
GenomeWalk PCR from Dral GenomeWalk library, yellow box is
5'end cDNA sequence of chg-L, green box is 3’end cDNA sequence of
chg-L, and purple box is chg-L full length (ORF).
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4.4.2 choriogenin H (chg-H)

chg-H PCR product at the size of 750 bp was amplified from 1* strand cDNA
templates of livers as shown in Fig. 4.37 A. After sequencing (see in appendix B)
and BLAST analysis, this PCR product was homologous with zona pellucida
protein Bb of gilthead seabream (Sparus aurata) with E-value as 4e-104. S'RACE
PCR product of chg-H at the size of 900 bp and 3'RACE PCR products of chg-H at
the sizes of 700 bp and 1 kb were amplified from livers (Fig. 4.37 B and C,
respectively). 3'RACE PCR product of chg-H at size 700 bp and | kb were
sequenced and BLAST analysis found it homologous with zona pellucida protein
Bb of gilthead seabream (Sparus aurata) with E-value as 7e-62 and 2e-122,
respectively (see detail in appendix B and C).
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Figure 4.37 chg-H PCR products separated in 1.2 % agarose gel. (A) chg-H PCR
product separated in 1.2 % agarose gel Lane M, 1, 2, and 3 is 100 bp
DNA marker, negative control, positive control and chg-H PCR
product, respectively, (B) 5' RACE PCR product of chg-H separated in
1.2 % agarose gel (lane M and 1 is 100 bp DNA marker and 5' RACE
PCR product of chg-H, respectively and (C) 3' RACE PCR product of
chg-H separated in 1.2 % agarose gel (lane M and 1 is 100 bp DNA
marker and 3’RACE PCR product of chg-H, respectively.
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Two variant of 3'end cDNA sequence of chg-H were aligned as shown in Fig. 4.38.

3'chg-HB00-51
3'chg-H1.1-13

3'chg-HB00-51
3'chg-H1.1-13

3'chg-HB00-51
3'chg-H1.1-13

3'chg-H800-51
3'chg-H1.1-13

3'chg-HBOO0-51
3'chg-H1.1-13

3'chg-HB00-51
3'chg-Hl1.1-13

3'chg-H800-51
3'chg-H1.1-13

3'chg-HB00-51
3'chg-H1.1-13

3'chg-HB00-51
3'chg-H1.1-13

3'chg-H800-51
3'chg-H1.1-13

3'chg-HB800-51
3'chg-H1.1-13

3'chg-HB00-51
3'chg-H1.1-13

3'chg-H800-51
3'chg-H1.1-13

3'chg-H800-51
F'ehg-Al,1~13

3'chg-HB00-51
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CTACCCTGTGGCCAARGTATTGAGGGATCCTGTGTATGTGGAGGTTGAGCTCCTTGAAAT
CTACCCTGTGGCCAAAGTATTGAGGGATCCTGTGTATGTGGAGGTTGAGCTCCTTGAAAT

R S

GACCGATCCAGCACTTGTCCTGACTCTCGGCCGCTGTTGGACAACAACAACCCCCAATCC
GACAGATCCAGCACTTGTCCTGACTCTCGGCCGCTGTTGGACAACAACAACCCCCAATCC

khkhk khkk Rk Ak kA hkh bk bk khhr kb khk bk hkkkrd ok h kA kA kA A Ak h kb ok

TCACAGCCTGCCCCAGTGGGACATACTGGTGGACGGATGTCCATACAGGGATGATCGTTA
TCACAGCCTGCCCCAGTGGGACATACTGGTGGACGGATGTCCATACAGGGATGATCGTTA

LA E SRS SRS S SRR d R R R R R R R e e R R R

CTTGTCTGCATTGGTTCCAGTCACTGGTGTCGACCTCCCAGGTCGCTACAGACGTTTCCT
CTTGTCTGCACTGGTTCCAGTCACTGGTGTCGACCTCCCAGGTCGCTACAGACGTTTCCT

L R R s

TTTCAAAATGTTCACCTTTGTGGATCCTGCTTCATTGGAGCCCCTGAGAGAATACGTGTA
TTTCAAAATGTTCACCTTTGTGGATCCTGCTTCATTGGAGCCCCTGAGAGAATACGTGTA

R R s

CATTCACTGTAGTACAGCTGTGTGTGCTGCTGCACCAGGCCGTAACTGTGATCCATCATG
CATTCACTGTAGTACAGCTGTGTGTGCTGCTGCACCAGGCCGTARCTGTGATCCATCATG

A S SRS E R a SRR AR RS RS S R Y

CTACAGGAAARRAGAGATCTGTTGATGCCGTGGTCCAGAGAARGGATGAACCCAAGGTTGT
CTACAGGAAAAAGAGATCTGTTGATGCCGTGGTCCAGAGARAGGATGAACCCAAGGTTGT

LR R R R R R R e e Y

TGTTTCTTTTGGACCAGTGATCATGGCCGCCCCTGAGGAGCARCAGGCTGAAG G

LR R R R R e R R T TS

TG‘I‘T’I‘C'I‘TTTGGACCAGTGA'I'CATGGCCGCCCCTGAGGAGCAACAGGCTGAAG:.:.QG

CTGAGAACATTTTGARARAATATTTGGAACATAGTACAGTTGTTAGTTGTATGAAATTAA
CTGAGAACATTTTGAAGAAATATTTGGAACATAGTACAGTTGTTAGTTGTATGAAATTAA

R O R Y

AATGTCAATGTACGTATTTGTACATTTTGCAGAAAGCCCCGAGAGAACATGARRACTGCA
ARTGTCAATGTACGTATTTGTACATTTTGCAGARAGCCCCGAGAGAACATGARAACTGCA

LA S S R S AR SRR R R AR R R R R R R i R I O O S ey

TGTGTTGTAAAAACCCAACTCGCGARACGCTCATATTATARAATTTARATGAATARATAC
TGTGTTGTAAAAACCCAACTCGCGAAACGCTCATATTATAAAATT TAAATGAATAAATCC

R e T T

ATTGAAAGCT C A - —— ——————-——————————
ATTGAAAGCTTACAAGGATTTGCTTCATGATATTATTCATARGTCAGCARGCTGCCATTT
Ak kb h ko ko * * * * * *

TAATACTACAGCAAGTTACAGCACTGTATATGCCCCATGGATTCACGTGAACTATTGCAA
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3'chg-HB00-51 = = ——--mm e e
3'chg-H1.1-13 CAARAACGGGTCACTTAAAATGTTCATGCTTCTCAAATAAACTATATACGGGC NN

3'chg-H800-51 =  -——-————-

3'chg-H1.1-13 AAAAKANAA

Figure 4.38 Alignment of 3' end ¢cDNA sequence of chg-H. Green label is stop
codon, yellow label is polyadenylation signal and blue label is polyA
tail.

Fig. 4.38 has shown different in 2 nucleotides position of coding sequence between
2 variant and high similarity in 3' UTR of 2 variant but 3'chg-H 1.1-13 have 3' UTR
longer than 3'chg-H 800-51. Coding sequence of 2 variant was translated to amino
acid sequence, 2 variant were 100 % identical in amino acid sequence as shown in
Fig. 4.39.

3'Chg-H800-51 YPVAKVLRDPVYVEVELLEMTDPALVLTLGRCWTTTTPNPHSLPQWDILVDGCPYRDDRY
3'Chg-H1.1-13 YPVRAKVLRDPVYVEVELLEMTDPALVLTLGRCWTTTTPNPHSLPQWDILVDGCPYRDDRY

LR R e o S R S U S U P

3'Chg-HB00-51 LSALVPVTGVDLPGRYRRFLFEMFTFVDPASLEPLREYVYTHCSTAVCAAAPGRNCDPSC

3'Chg-H1.1-13 LSALVPVTGVDLPGRYRRFLFKMFTFVDPASLEPLREYVYIHCSTAVCAAAPGRNCDPSC
LA AR R LSRR E SRS R R R R R R S R e T Y

3'Chg-HB00-51 YRKKRSVDAVVQRKDEPKVVVSFGPVIMAAPEEQQAEE

3'Chg-H1.1-13 YRKKRSVDAVVORKDEPKVVVSFGPVIMAAPEEQQAEE

LR AR SRR AR RS RS R Sk T R O

Figure 4.39 Alignment of 3'Chg-H 800/51 and 1.1/13 deduced sequence.

Partial and 3' end cDNA sequence were ligated in silico and translated as shown in

Fig. 4.40. It contained 2 polyadenylation signals.
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agagatctgttgat
K /R 8 V D

gccgtggtccagagaaaggatgaacccaaggttgttgtttcttttggaccagtgatcatg
A V V Q R KD E P K V.VV S8 F G PV I M
gccgcccctgaggagcaacaggctgaagaatagagetgagaacattttgaagaaatattt
A A P EE Q Q A E E.-

ggaacatagtacagttgttagttgtatgaaattaaaatgtcaatgtacgtatttgtacat
tttgcagaaagccccgagagaacatgaaaactgeatgtgttgtaaaaaccecaactcgega
aacgctcatattataaaatttaaatglBBagltccattgaaagcttacaaggatttgctt
catgatattattcataagtcagcaagctgccattttaactagtaatgttagccggtygata
tgggagtggattgccttgtaattgaggggtttctgttgtcagtatttgtttattcaaaca
cacacacacatttttcagtataactaaatttagcataatactacagcaagttacagcact

gtatatgccccatggattcacgtgaactattgcaacaaaacgggtcacttaaaatgttca
fget tetcalillc: at atacoooNIIRGRE

Figure 4.40 Deduce sequence of Chg-H. Green label is ZP domain, yellow label is
stop codon, blue label is polyadenylation signal, and pink label is
polyA tail.

Partial Chg-H contained ZP domain at position 1-275 was aligned with other fish
Chg-H as shown in Fig. 4.41.

Liza subviridis = =  —=-——mmmm e

Oryzias_latipes MARHWS ITVFSALALLCSFLGTEVDAQKGNPQDPKVPYPPYYPQPKPQDPQHVSPPYYPG
Ciparis' gtlapticnys —  -—sosasseoarissuisecdedaesaous SRS s e s ia sl s s Sl L s
Ooncorhynchus_mykiss --MKWSAVCLVAVATLGWLCDAQIYLEK-~-PGWPPIQTPPSWPAQPPQ-~--~~~=-~~~~~

Liza subvirdidis & e e e e e e e e R e e S i

Oryzias_latipes KPQNPPQKPSNPQYPSYPQTPQNPQVPONPQVPONPQYPSYPONPSYPONPSYPQYPSNP
D pAEd s B A e e e e B e et e el S s S i S
Oncorhynchus mykiss FEEQPRPOR PP - o oo o 5 o . o i i i i 05 PQWPVQP

Liza_subviridis = = ———--mmmmmmmmmm e
Oryzias latipes PTSQNPSYPONPKLFQDGKPSNPQQPQVPQYPSKPQPPQNPQVPQYPSKPQPPONPQVPQ
Liparis_atlantiCu8 @  ==cmcmmmmmmmm e
Oncorhynchus mykiss R QRPAQPPQRP—=———=—————mmm e
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AAATAAMAASSAAAATVEKAETPSPATSPAGVAIVPMFGLIRSSETPKTHRIKSDTFCQI
WPAQPPQRPAQPPQRPAQPPQRPAQPPQRPAQPPOWPVHPPQWPVQPGTPLORPK-FPSD

PPPPKSCEVPRDVRVPCGVPDISPSACDAIDCCHDGQSCYFGTGAT
ILLPRVVTCQKNTRVTCGLPDISTKHCEEINCCSDGQHCFYGKAVT
TGSKQSCDVDGQHEVQCGLPDITAARHCDAINCCFDGRMCFYGKSVT

PR & & * *  h akkh ok ko kkd . . kR koedokkkok

:** i!’flﬁ:lt&*i rhkkhkhkhirk.
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ELILTDPRELTN--

Figure 4.41 L. subviridis Chg-H aligned with other fish Chg-H. Blue label is zona

pellucida (ZP) domain, conserved cysteines residues label with yellow.

ZP domain of Chg-H was conserved and contained 12 conserved cysteines residues

as shown in Fig. 4.41.
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4.5 Cloning and characterization of vitellogenin (vig) genes
4.5.1 vrg-1

Partial cDNA sequence of vig-1 at the size of 400 bp was amplified from 1*
strand cDNA templates of liver (Fig. 4.42 A) The results of sequencing (see in
appendix B) and BLAST analysis indicated its close similarity with vigl of white
mullet (Mugil curema) with E-value as 9e-114. 5' RACE PCR product at the size of
250 bp (Fig. 4.42 B) and 3' RACE PCR product at the sizes of 4.3, 1.5, 1.1, 0.6 and
0.5 kb (Fig. 4.42 C) were obtained. Only 250 bp product from 5' RACE PCR and
4.3 kb product from 3' RACE PCR were cloned and sequenced (see detail in
appendix B). The result of sequencing and BLAST analysis indicated that both
sequences were homologous with vigA of charr (Salvelinus alpinus alpinus) and vig
of red seabream (Pagrus major) with E-value as le-04 and 0.0, respectively.
Because 3'vig-1 sequence was very long, only 75% of the 4.3/51 fragment was
sequenced. Nucleotide sequence of vig-1 (in silico ligated 5', 3' end cDNA sequence
and partial coding sequence) shown in Fig. 4.43. Because internal sequence at size
950 bp not sequenced so sequence divided to 2 parts and translated to amino acid
sequence of N and C-terminus of Vig-1 as shown in Fig. 4.44 (A) and (B),
respectively. L. subviridis Vtg-1 which contained 1,550 amino acid residues with
molecular weight at 170.5 kDa which contained lipoprotein N-terminal domain
(LPD_N) at position 24-589, lipovitellin-phosvitin complex; beta-sheet shell regions
at position 616-888 and von Willebrand factor (vWF) type D domain (VWD) at
position 1,280-1,435 (Fig. 4.44). LPD_N, beta-sheet shell regions, and VWD of
L. subviridis Vtg-1 were aligned with these domains of other fish species
(Fig. 4.45 (A), (B), and (C), respectively). LPD_N, beta-sheet shell regions, and
VWD of L. subviridis Vtg-1 were highly conserved with these domains of other fish

species.
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Figure 4.42 vig-1 PCR products separated in 1.2% agarose gel. (A) vtg-1 PCR

product separated in 1.2% agarose gel, lane M, 1, 2 and 3 is 100 bp

DNA marker, negative control, positive control and vtg-1 PCR

product, respectively, (B) 5' RACE PCR of vig-1 product separated in
1.2% agarose gel. Lane M and 1 is 100 bp DNA marker and 5’RACE
PCR of wvirg-1, respectively and (C) 3' RACE PCR of vig-1 separated
in 1.2% agarose gel .Lane M1, M2 and 1 is AHindIIl, 100 bp DNA

marker and 3' RACE PCR of vig-1, respectively.
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ACGCGGGAAGCAGTGCTATCAACGCACAGTACGCGGGGACAACACCATCGTCCATGACAGCACTTGTACTTGCCCGGACACTGG
CCTTCATGGCTGGCCAGACGCAACATTTTGCCCCTGAATTTGCCGCCAGTARAACATTTGTCTACCACCTAGGAGGCATTGCTC
CCGGGGGGTCTGTCAGAGGAAGGTTTGGCGAGAGCTGGACTCAAAGTCAGCAGCAAAGTTCTCATCAGCGCTGCAGCTGAARAC
AAATACCTGCTGAAGCTTGTGGAACCTGAGCTCTATGAATACAGTGGTGTTTGGCCCAAGGATCCTTTAATCCCAGCAGCCAAG
CTGACTTCAGCCCTGGCAGCTCAGCTTGTGACTCCCATCARGTTTGAATATGCTAATGGTGTGGTAGGGAARACTGCTCGTCCCT
GAAGGAGTCTCAARCAATGGTGCTGAACATCCACAGAGGCATCCTGAATCTCCTTCAGCTCAACATCAAGAAGACTCAGAATGTA
TACGAGCTGCAGGAGGCTGGAACTCAGGGAGTGTGCARGACCCTTTATGCCATCAGTGAAGATGAARAGGGCTGAACGTATCCTT
CTGACAAAGACCAGGGACATGAACCAATGTCAGGAAAAGATCATCAAGGATATGGGGTTGGCGTATACAGAGAAATGTGCCAAG
TGTCAGCAGGATTCCAAAAACCTGAGAGGTGCAACATCATTCAATTATATCTTGAAGCCAGTTGCTAGTGGCGTCCTTATCCTG
GAGGTAGCTGTGAATGAGGTGATCCAGTTCTCACCATTTGCTGAGTTGARAGGAGCTGCTCAGATGGAARACCAAGCAATCATTG
GTCTTCCTTGAGATTCAGAGAGCCCCCATTGCACCCATTGAGGCTCAGTATATTCATCAAGGATCTCTTAAGTACGAGTTCTCC
ACTGAGCTTCTTCAGACACCCATTCAGCTAARTAARGATCAACAATGCACAGGCCCAGATCGTGGATGTCCTGAATCACCTGGTT
ATCCACAATGCGGAGAGAGTCCATGAGGATGCCCCTCTGAAGTTTTTGGAATTAATTCAGCTCCTCCGTGCAGCCCGCTTTGAR
GACCTAGAAATGACCTGGAACATACAARAGGATCCCTGCCCACAGACAGTGGATCCTGGATGCTGTCCCAGCCATTGGAAGTGC
TGCTGCTCTACGATTCATCATGGAGAAATTCCTGTCAGATGACATAACTGTTGCTGAAGCAGCTCAGGCTTGATTGCATCTGTT
CACATGGTGACAGCAGACACAGAGGCCATTAAGCTGATTAAGTCCCTGGCAGTCAATAGCARAGTAATCGACAACCCAGTTCTG
CGTGAGATTGTCCTCCTTGGGTATGGCACCATGATTTCCAAACACTGCGTTGAGT TGGCTGTCTGCCCGGCTGAGCTCATARAG
CCTATCCAGGACCTTCTTGCTGAGGCTGTCACCAAGGACGAGACAGAGGACATCATTCTGCTTCTGAAGGTTATGGGAAATGCT
GGACATCTTGCTAGCCTCAAGGCAATCACAAAGATCCTGCCCATACATGGTACTGCAGCTGCAGTTCTGCCAGTGAGAGTTCAT
GTTCAAGCAATCATGGCCCTGAGGAACATTGCARAAGAAGGAGCCCAGAATGGTCCAGGAACTGGCTCTTCAACTCTATATGGAT
AAGGTTCTTCACCCAGAGCTTCGTATGATCGCATGCATTGTGCTGTTTGAGACAATGCCTCCAATGGGTTTGGTGACAACTGTT
GCCAACATTGTARAGACTGAAGAGAATCTGCAGGTGGCAAGCTTCACTTACTCTCATATGAAATCCCTCACCAGGAGCAGTGCA
GCTATTCATGCTTCAGTTGCTGCAGCTTGCAACATTGCCGTTAAACTCTTGAGCCCAAGGCTGGACAGACTCAGCTTACGTTTC
AGCAAAGCCATCCATGTGGACGTCTACAACAATCCCTTGATGCTTGGTGCTGCTGCTGGTGCTTTCTACATCAATGATGCTGCC
ACCAACGTTCTGGAGGTTGGAGTGAGAACTGAGGGACTACAGGAGGCTCTTCTGAAGAACCCTGTGCTCATTGACAATGCTGAC
AGGATCACCAAGATGAAGCGTGTCATTAAGGCTCTCTCTCACTGGAGGTCTCTGCCCTCCACCCAACCGCTGGCCTCCGTCTAC
ATCAAGTTCTTTGGACAAGARATTGCCTTCGCTAACATTGACAAAGCCTTAATTGACCAAGCAATTGCGCTTGCTACTGGACCC
TCTGTTCAGGCATTAGGCAGAAATGCTATCAAGACTCTGCTGTCTGGTGCTTCCTTACACTTTGCTAAGCCTCTGCTCATTACT
GAGATGCGTCGCATTCTGCCAACTGCTGCTGGTCTTCCAATGGAGCTCAGTCTGTACACTGCTGCTGTGGCTGCAGCAGGTGTC
ARAGTCCAAGCAAAAACAGTACCAGCTCTGCCAGAAAACTTCCATTTCGCTCAGCTCCTARAGACAGACATACAGCTTGAGACC
GAGATCAGACCAAGTGTTGCTATGAARCACATTTGCCGTTATGGGTGTAAACACTGCTGTACTGCAAGCTGCTGTGCTATCAAAR
GCTAAACTCAACTCCCTTGTGCCAGCTAARATTGCTGCAAGACTTGACATCAATGAGGGACACTTTAAGATTGAAGCTCTTCCT
GGAACTGTGCCTGAARACACTGCAGTTGTCCATGTTGAGACACCTGCTGTTGCAA
TTACAGGTTTCAAAAAGAATCACAAGAACATGGCTCGTACTTCTCGGGGTGCCTCTGCAGTGGTTTCCAGAAGCAGGAGCAGTG
CCTCAAGCTTTGAGGCCATCTACAGAAAGAATARATT CCTAGGGAATGACGCTGCTCCTACCTTTGCCATCATCTTCCGTGCCA
TTAGAGCTGACAACATGATGCAGGGATACCAACTTGCTGCCTATTTGGACAAACCCAGTGCCAGACTCCAGATCATTCTCGCTG
CCTTAGCTGCTGACCTTGTCTTGCAATCAGAT TCTTGCACAGGATTGCACAGATGAGATGAAATTCATGGTTCTCCTGARAGAAA
GATCACATCAAGCAGAACCACATCAATGTGAAART TGCTGACATAGATATTGACCTGTACCCAAAGAACAGTGACGTGGTTGTG
ARGGTTAATGGAATGGAAATGCCCATCAGCAACCTCCCATACCAGCACCCCACAGCCAATATCCAGATCAGATCARAGGGTGAR
GGCATTGCTATGTACGCATCTAGCCATGGTCTTCATGARAGTCTACTTTGACAAGAACTCATGGAAGATTARAGTTGTGGACTGG
ATGARGGGGAAGACATGTGGACTGTGTGGARAGGCTGATGGGGAGATCAGACAGGAATACCGCACACCCARCGGACGCCTGACT
AAGAATGCAGTCAGCTTTGCTCATTCTTGGATTCTGCCAGCTGAGAGCTGCAGGGACACCACTGGGTGCCGTGTGAAGCTTGAA
TCTGTGCAGCTAGAGAAACAGGTGAACGTGCATGGTCTAGAGTCCAGATGCTACTCTGTTGAGCCTGTCCTTCGCTGTTTGCCT
GGCTGCTTCCCTCTAAAGACCACCAGTGTCACTGTTGGCTTCCACTGTCTACCTGCTGATTCCATCCAGAGTCGCCCTGAGAGT
ATAAGCAACATTTATGAAARCGGCGTGGACCTGAAGGAAACAGCAGAGGCTCACCTTGCCTGCAGCTGCACCGCTCAGTGCGCT
-’X‘AACATG'I‘CCTGTATGTTATTTTAAATAGACTGCAACTGMGCTGAAAGTCAAGCMATGGGTRCGAGCC TCCTATTGGAT
GATTACTGCACGGGTGATTATCCTTCAGCTGGCAACAAGTCATTTAACCCCARCTGATGCAATGAGTAGCTTCTCATTTCTTAA
ACATCCATGTTGAAAGACACATCCTGTGTTCATGARAAAGATGTTAGT T TGAGAAGTCAAATCATTGGCATGCATCARGCAGAG
ARAACATTTAAGGAGATTGAAGARACTACCAAAACTGGGTAACGAACTGTCTAACATTATTAAAAACTGGAAGGATAGTGGAGA
ACCATTGTCTTTGAGGAAGAAATGTGGTCARAAAAAARRATCTGATCGTGATAGGCGATCACTTARATGT TAGGTGAAATCATA
TTGAAGAAARACAAGTTTTTTATTTTTTTTGGAGGTGACTATTTTTTGGCCAGGCAGTGTATARAGGACTTTCATATGCATTTG
ATGTAAAGGGAAGCCAGTGTTATGACCATCTTGGATAATAGTATTTGAATGGTCAGATCACAGAAGAAAAACTTGAATTCAGAA
GCACTTGAATTCAGCAATACTACACAGTGTAAATAAGAGTCTAGAGTCTAAAARAGGTTTTCCTGTCATTTARATAT TTGTGAR
TACTTGATTGTTGACAACAAGAAAATTAAACACCATCTTTGTC

Figure 4.43 Full length mRNA sequence of vig-1. Yellow label is start codon, blue
label is non-sequenced sequence in 3'vl 4.3/51 insert, green label is

stop codon, and pink label is polyA tail.
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MTALVLARTLAFMAGQTQHFAP!

ATHASVAAACNIAVKLLSPRLDRLS

A

TGFKKNHKNMARTSRGASAVVSRSRSSASSFEAT YRKNKFLGNDAAPTFAIIFRATRADNMMOGYQLAAYLDKPSARLQTI ILAA
LALTLSCNQILAQDCTDEMKFMVLLEKKDHIKQNHINVKIADIDIDLY PKNSDVVVKVNGMEMPISNLPYQHPTANIQIRSKGEG
IAMYASSHGLHEVYFDENSWKIKVVDWMKGKTCGLCGKADGEIRQEYRTPNGRLTKNAVSFAHSWILPAESCRDTTGCRVKLES
VOLEKQVNVHGLESRCYSVEPVLRCLPGCFPLKTTSVTVGFHCLPADSIQSRPESTISNIYENGVDLKETAEAHLACSCTAQCA

B
Figure 4.44 N-terminus amino acid sequences of L. subviridis Vtg-1 (A) and
C-terminus amino acid sequences of L. subviridis Vig-1 (B). Blue
label is lipoprotein N-terminal domain, green label is lipovitellin-
phosvitin complex; beta-sheet shell regions and yellow label is von

Willebrand factor (vWF) type D domain.
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Figure 4.45 Alignment of lipoprotein N-terminal domain (A), lipovitellin-phosvitin

complex; beta-sheet shell regions (B), and von Willebrand factor
(vWF) type D domain (C) of fish Vtg-1. Blue label is lipoprotein N-

terminal domain, green label is lipovitellin-phosvitin complex; beta-

sheet shell regions, and yellow label is von Willebrand factor (vWF)

type D domain.

Additionally genomic sequences at 3'side of vig-1 were determined by

GenomeWalk PCR. The results of PCR product was shown in Fig. 4.46.
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Figure 4.46 3' GenomeWalk PCR product of vig-1. Lane M, D, S and H are 100 bp
markers, 3' GenomeWalk PCR product of vig-1/Dral, Sspl and Haelll,

respectively.



3'GenomeWalk PCR product of vig-1/Haelll was cloned and sequenced (2 different
size of insert) as shown in appendix B and BLAST analysis found it homologous
with vig of orange-spotted grouper (Epinephelus coioides) with E-value as 5e-40

and le-64 , respectively (see in appendix C).
4.5.2 vig-3

Partial cDNA sequence of vig-3 at the sizes of 500 bp and 1 kb was amplified
from 1* strand cDNA templates of liver (Fig. 4.47 A and B, respectively).

1500

1000 1500

1000
500

500

A B

Figure 4.47 PCR product of vtg-3 at the sizes of 500 bp (A) and 1 kb (B). Lane M is
100 bp markers, lane 1, 2, 3A, 3B are negative control, positive

control, PCR product of vtg-3 at size 500 bp and 1 kb, respectively.
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The results of sequencing and BLAST analysis indicated that both sequences were
homologous with phosvitinless vitellogenin of red seabream (Pagrus major) with
E-value as 9e-82 and 4e-120, respectively (see in appendix B and C). Resulting
band from 5' RACE PCR amplification at the size of 1.5 kb (Fig. 4.48) was cloned
and sequenced. BLAST analysis indicates that it was homologous with phosvitinless
vitellogenin of red seabream (Pagrus major) with E-value as 5e-98. New RACE
primer was designed from this sequence and used in 5' RACE PCR amplification.
The result in Fig. 4.49 showed bands at the sizes of 1.8, 1.4 and 0.9 kb. The
sequencing and BLAST analysis indicated that these bands were homologous with
phosvitinless vitellogenin of red seabream (Pagrus major) with E-value as 0.0,

le-178, and 1e-92, respectively (see in appendix B and C).
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564

Figure 4.48 5' RACE PCR product of vfg-3 separated in 1.2 % agarose gel. Lane
M1, M2 and 1 is AHindIll, 100 bp DNA marker and 5' RACE PCR

product of vig-3, respectively.
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Figure 4.49 5' RACE PCR product of vtg-3 (continued) separated in 1.2 % agarose
gel. Lane M1, M2 and 1 is AHindIIl, 100 bp DNA marker and 5’RACE
PCR product of vig-3 (continued), respectively.
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Nucleotide sequences of vig-3 (in silico ligated) divided to 2 parts (5" and 3° side
of cDNA sequence) was translated to amino acid sequence of N and C-terminus of
Vtg-3, respectively (Fig. 4.50). L. subviridis Vtg-3 contained lipoprotein N-terminal
domain (LPD_N) and lipovitellin-phosvitin complex; beta-sheet shell regions.
LPD_N and beta-sheet shell regions of L. subviridis Vtg-3 were aligned with these
domains of other fish species (Fig. 4.51 (A), (B), and (C), respectively). LPD N and
beta-sheet shell regions of L. subviridis Vtg-3 were conserved with these domains of

other fish species.

RGVSDLAFQEFNGFPGKNGFNASPRLTKRIAAQLTKPFMFEFASGHVGDIRAAAEISDTVVNIVRGILGFFQVTVKTTQRIYEL
EEVGIHGRCQSNYAMEENTETQDMTITQVVDVSNCREKAAIYRGMATAVLDRVSKQRGESVISTVRYVYTVKPTAEGGLITRAH
GLERQHFSPLNVKGGSFKMQAMKEMVLLGVSDTARAI TFGPMESKGNLVYKFVRAANI PI IMENLDNPIPKAVELIKQLAQANR
YQVDSATTEDTIKLYQLLRVMPYEGLDVMWAQLPGNEEHRRWFLDMIVEIGDARILKFLETRFKAGDVSASEALETLLLSINHL
QAIPELVEMAKVFLTMPFSKSNTFLWHTVVLAYGSLVYKHCAYYTPCPVSAVQPLLDVATESLRNNNEEDMVLALKALGNAGHP
GSIKTIMRFLPGVAANPVDLPPRVLSAAVQSMRLTAARDRHSVQGITLSLFLOKHLPAEIRMMAITILFDTNPSMALVSTVTIH
LLEERDFHVVSFVYSYLQSVARSTTPDNHFLSTACNVAVKILAPKFGRTSY

A

HPGKFASQVQVGKKIGEGFAGFKKGEVFGTDLEDFGQVQORCGVYWKANSFYSNFFIQGNLPCRFFEGLGSLGVQKAIVWQPRFE
MCVGIKFRVGFWVEYEAWRLDSEEYPLNVLLGFTYIAVKLLRSRQEKLVTKFTLKFMPTPADIQCVHAQDLRFCGRFPKKQPGE

QSQSSDSASSDRGSHQSKRDMIMGGWESTLE

PANFQEFHPSITNTTVDAGRA

Figure 4.50 N-terminus amino acid sequences (A) and C-terminus amino acid
sequences of L. subviridis Vig-3 (B). Yellow label is lipoprotein N-
terminal domain and blue label is lipovitellin-phosvitin complex;

beta-sheet shell regions.
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Figure 4.51 Alignment of lipoprotein N-terminal domain (A), lipovitellin-phosvitin

complex; beta-sheet shell regions on N-terminus (B), and C-terminus

(C) of fish Vtg-3. Yellow label is lipoprotein N-terminal domain, blue

label is lipovitellin-phosvitin complex; beta-sheet shell regions.

4.6 ERE determination

ERE of chg-L gene was determined by amplifying 5' end of gene using genome

walking technique. Genome Walk R primer designed from the DNA fragment of

chg-L 900 and used in GenomeWalk PCR amplification with Dral, Sspl, and Haelll

GenomeWalk library.
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Figure 4.52 Secondary 5' GenomeWalk PCR product of chg-L. which amplified

from Dral (A), Sspl (B), and Haelll (C) GenomeWalk library. The
products were separated in 1.5 % agarose gel. Lane M, -, D, S, and H
are 100 bp DNA marker, negative control, chg-L/Dral, Sspl, and

Haelll GenomeWalk product, respectively.
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The result of secondary PCR product was shown in Fig. 4.52. The primary PCR
products were smear. After secondary PCR amplification, the products at the sizes
of 650 (Fig. 4.52 A) and 350 bp (Fig. 4.52 B) were cloned, sequenced and BLAST
analysis (see in appendix C) found it homologous with chorion protein
(Liparis atlanticus) and choriogenin L (Oryzias latipes) with E-value as 6e-33 and
3e-12, respectively. chg-L/D12 sequence which shown exons and introns position
shown in Fig. 4.53. Exons were join and translated to amino acid sequence as shown
in Fig. 4.54.

CGACGGCCTGGGCAGGT

AATGCTGAAACTAAACAATATCTTATAATGAATCGTATATGAATATATCATCAAGG
TTTTTGGTCATCTTTGCTAG

GTGTTGACTGAAGATATGTGGCAATAA

ACAATCAAAACACAAGTAAAATAATCATCTTAATATGTAACGTAATGTGTAGCCTT
TAGCAGARATGCACCGTGAARATCTAATCTGCACATGCCAGTGGTAGACGCATGTCA
CGCTGAGGATTTCTTTAGTCTTCTGTTTTAAGCGGGTATGTCTGTCTTGTCTCTTA

GRARGCACAATGTGAGCAGCCTTCCTC

Figure 4.53 Nucleotide sequence of chg-1./D12. Blue label is exon and non label is

introns.

gttgcatctgttgctgttgagtgcagagagaatgatgctcatgtggaagtcaggagggat
Vv A 8 ¥V A ¥V BWCIARIIBIHUNMNIAVEIVAE VvV R R D
atgtttgggactggccagttggtcaatccgaatgacctcaccctggggaactgtectget
M F 6T 6 d,AIIAIYVNEKRRE IENRBR/FRCETYS © P A
gtcgcagaggatcctgecggctcaagtgttgatttttgaagectgaactgecatgactgtttg
vV A E D PAAQ V L I F EAUZETLUHUDTC L
agctcattggtggtaagtttgacagaagattccctgacctacatcttcactctgaactac
s s L vV s L TEU DS UL T Y I F T L N Y
gatccccgacctcectgggttectececcecgtagtaaggaccggecagtgecagetgttattgtg
D PR PL G S S PV V RTG S A AV I V
gaatgccactacccaaggaagcacaatgtgagcagceccttccte

E C H Y P R K H NV S S L P

Figure 4.54 Amino acid sequence translated from chg-1./D12 sequence.
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chg-1./D12 GW primer were designed from this sequence and used for amplified
further genomic sequence with GenomeWalk PCR amplification. chg-L
GenomeWalk PCR product at size 900 bp was amplified from GenomeWalk Sspl
library (Fig. 4.55). After sequenced (see in appendix B) and BLAST analysis found
it homologous with chorion protein (Sparus aurata) with E-value as 8e-14.
Additionally GenomeWalk PCR amplification of chg-L. was do again (used EXT
Tag in amplification), DNA fragment at size 1.76 kb and 900 bp were amplified
from Dral and Sspl GenomeWalk library, respectively (result shown in Fig. 4.56 A)
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Figure 4.55 Secondary 5' GenomeWalk PCR product of chg-L separated in 1.5 %
agarose gel. Lane M, -, D, S, and H is 100 bp DNA marker, negative
control, chg-L/Dral, Sspl, and Haelll GenomeWalk product,

respectively.
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Because chg-L/Dral primary PCR product was faint not enough for elution and
chg-L/Sspl may be same sequence as known sequence (chg-L D12-S4 see detail in
appendix B and C), so primary chg-L/Dral and Haelll were dilute 1:50 and used as
template in secondary PCR amplification. DNA fragments at size 1.76 kb, 700 bp,
and 300 bp were amplified from chg-L/Dral primary product as shown in lane D of
Fig. 4.56 B. DNA fragment at size 500 bp was amplified from chg-L/Haelll
primary product as shown in lane H of Fig. 4.56 B.
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Figure 4.56 Primary (A) and secondary 5' GenomeWalk PCR product of chg-L (B)
separated in 1.2 % agarose gel. Lane M1, M2, D, S, and H is AHindlIl,
100 bp DNA marker, chg-L/Dral, Sspl, and Haelll GenomeWalk

product, respectively.
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A DNA fragment at size 1.76 kb was sequenced (see in appendix B) and BLAST
analysis (see in appendix C) found it homologous with chorion protein of
Sparus aurata with E-value as 3e-34. Nucleotide sequence of chg-L D12/D20 was
shown in Fig. 4.57. The sequence contained 5' upstream region at size 1,424 bp
which contained 3 half-site EREs (GGTCA at nucleotide position -326 and -956,
and TGACC at nucleotide position -1189). The full site sequence of ERE was not

found.

ATGGTGATGAAGTGGACTGCTGCTTGCCTTGTGGCACTGGCTCTATTTGC
CAGCGTCTGTGATGCTCAGTGGGGAGAGTACACGCCTTCAAAATATCAGAAACCTGCACCTCCTGTG
AAGCAAGAGCCCARACAAGTGCCTCAAGACACTCAACAGCATAAGCAGACATTTGAARACACCACTTC
AATGGACATACCCTGAACCTCCCCCGCCTGAACCTGCGCCTGAAATACCATTTGAACCGCTACGTCC
TCAACCTGTTGCATCTGTTGCTGTTGAGTGCAGAGAGAATGATGCTCATGTGGAAGTCAGGAGGGAT
ATGTTTGGG

Figure 4.57 Nucleotide sequence of chg-L D12/D20. Red alphabet is start codon,
blue label is 5' upstream region, and yellow label is half-sites EREs.

4.7 Cloning and characterization of transcriptional intermediary factor 2 (tif2)

genes.

Partial sequence of /2 was amplified by PCR using #f2 degenerate primer
designed from conserved region in basic helix loop helix region, receptor interaction
domain, and glutamine rich region of TIF2 from fish and other vertebrate species.
PCR amplification with egg, testis, intestine, and liver 1** strand cDNA template of
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L. subviridis but overall PCR product was amplified is other genes or transcript, so
specific primer for amplification of if2 RID was designed from 1if2 cDNA sequence
of zebrafish (Danio rerio) which reported in GenBank. DNA fragment at size 700
bp was amplified from adult head and visceral organ 1* strand cDNA template of

normal Danio rerio as shown in Fig. 4.58.

Figure 4.58 Danio rerio tif2 RID PCR product separated in 1.2 % agarose gel. Lane
M, 1, 2, and 3 is 100 bp DNA marker negative control, positive

control, and Danio rerio tif2 RID PCR product, respectively
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4.8 Estrogen response of chg-L, chg-H, and vig-3 genes in liver of L. subviridis
detected by semi-quantitative RT-PCR

4.8.1 p-actin amplification

p-actin PCR product of L. subviridis at size 300 bp was amplified from liver
(used f-actin primer of Macrobrachium rosenbergii (designed by Preechaphol) in
cross-amplified) result shown in Fig. 4.59, after sequencing and BLAST analysis
(see in appendix B and C) it homologous with f-actin of swamp eel (Monopterus
albus) with E-value as le-117. Specific primer of L. subviridis p-actin was designed

and used for internal control in semi-quantitative RT-PCR analysis.

M 1 2

Figure 4.59 f-actin PCR product of L. subviridis separated in 1.2 % agarose gel.
Lane M, 1, and 2 is 100 bp DNA marker, negative control, and S-actin
PCR product, respectively.
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f-actin PCR product were amplified from liver of all sample for used as control as

shown in Fig. 4.60

M 0 00501 02505 1 5 M 5

0 0.05 0.1 02505 1

bp

1500
1000

500

1500 2
1000
500

1389

500

3 days 6 days

Figure 4.60 Liver f-actin PCR products of L. subviridis exposed with E; at dose 0-5
mg/kg for 3 and 6 days separated in 1.6 % agarose gel. Lane M is 100
bp DNA marker, No. of lane indicated dose of E; (mg/kg), left and
right panel is 3 and 6 days exposed, respectively, up, middle, and low

row is replicate 1, 2, and 3, respectively.
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Expression level of f-actin gene in liver is constitutive in all sample used in

experiment which indicated quality of template were acceptable (Fig. 4.60).

4.8.2 chg-L expression level in liver of L. subviridis after exposed with

17p-estradiol (estrogen).

chg-L PCR product were amplified from liver of L. subviridis exposed with E; at
dose 0, 0.05, 0.1, 0.25, 0.5, 1, and 5 mg/kg for 3 and 6 days, results of amplification
shown in Fig. 4.61.
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Figure 4.61 Liver chg-L. PCR products of L. subviridis exposed with E; at dose 0-5
mg/kg for 3 and 6 days separated in 1.6 % agarose gel. Lane M is 100
bp DNA marker, No. of lane indicated dose of E; (mg/kg), left and
right panel is 3 and 6 days exposed, respectively, row 1, 2, and 3 is

replicate 1, 2, and 3, respectively.
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Intensity of chg-l. band were measured and normalized with actin (ratio of
chg-L/f actin). mRNA expression level of chg-L in liver of L. subviridis increased
significantly (P < 0.05) after exposed with estrogen at dose 0.05 and 5 mg/kg for 3
days but mRNA expression level of chg-L not changed when mullets exposed with
E; at dose 0, 0.1, 0.25, 0.5, and 1 mg/kg (Fig. 4.62 A). mRNA expression level of
chg-L in liver of L. subviridis increased significantly (P < 0.05) after exposed with
estrogen at dose 5 mg/kg for 6 days but mRNA expression level of chg-L not
changed when mullets exposed with E; at dose 0, 0.05, 0.1, 0.25, 0.5, and 1 mg/kg
(Fig. 4.62 B).
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Figure 4.62 mRNA expression level of chg-L gene in liver of L. subviridis which
exposed estrogen by intraperitoneally injection at 3 days (A) at 6 days
(B).
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4.8.3 chg-H expression level in liver of L. subviridis after exposed with

17@-estradiol (estrogen).

chg-H PCR product were amplified from liver of L. subviridis exposed with E; at
dose 0, 0.05, 0.1, 0.25, 0.5, 1, and 5 mg/kg for 3 and 6 days, results of amplification
shown in Fig. 4.63.
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Figure 4.63 Liver chg-H PCR products of L. subviridis exposed with E, at dose 0-5
mg/kg for 3 and 6 days separated in 1.6 % agarose gel. Lane M is 100
bp DNA marker, No. of lane indicated dose of E; (mg/kg), left and

right panel is 3 and 6 days exposed, respectively, row 1, 2, and 3 is

replicate 1, 2, and 3, respectively.
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Intensity of chg-H band were measured and normalized with actin (ratio of
chg-H/f actin). mRNA expression level of chg-H in liver of L. subviridis increased
significantly (P < 0.05) after exposed with estrogen at dose 5 mg/kg for 3 and 6
days but do not change when mullets exposed with E; at dose 0, 0.05, 0.1, 0.25, 0.5,
and 1 mg/kg (Fig. 4.64)
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Figure 4.64 mRNA expression level of chg-H gene in liver of L. subviridis which
exposed estrogen by intraperitoneally injection at 3 days (A) at 6 days
(B).



143

4.8.4 vig-3 expression level in liver of L. subviridis after exposed with

17p-estradiol (estrogen).

vtg-3 PCR product were amplified from liver of L. subviridis exposed with E;
at dose 0, 0.05, 0.1, 0.25, 0.5, I, and 5 mg/kg for 3 and 6 days, results of
amplification shown in Fig. 4.65 A and B, respectively.
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Figure 4.65 Liver vig-3 and § actin PCR products of L. subviridis exposed with E,
at dose 0-5 mg/kg for 3 days (A) and 6 days (B) separated in 1.6 %
agarose gel. Lane M is 100 bp DNA marker, No. of lane indicated dose
of E; (mg/kg), left and right panel is vig-3 and f actin PCR products

respectively, row 1, 2, and 3 is replicate 1, 2, and 3, respectively.

Intensity of vig-3 band were measured and normalized with actin (ratio of
vig-3/f actin). mRNA expression level of vig-3 in liver of L. subviridis increased
significantly (P < 0.05) after exposed with estrogen at dose 5 mg/kg for 3 and 6
days but do not change when mullets exposed estrogen at dose 0, 0.05, 0.1, 0.25,

0.5, and 1 mg/kg. Results in Fig. 4.66 B shown mRNA expression level of vig-3 in
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liver of L. subviridis not changes after exposed estrogen at dose 0, 0.05, 0.1, 0.25,
0.5, 1, and 5 mg/kg for 6 days.
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Figure 4.66 mRNA expression level of vig-3 gene in liver of L. subviridis which
exposed estrogen by intraperitoneally injection at 3 days (A) at 6 days
(B).
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