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Photoperiod-Specific Expression of Eyes Absent 3 Splice Variant

in the Pars Tuberalis of the Japanese Quail

Nobuhiro Nakao, Kei Nakagawa, Asuna Sasaki, Arisa Yamaguchi,

Nobumichi Tsushima and Minoru Tanaka
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The molecular mechanism underlying photoperiodic response in seasonal breeding animals such as the Japanese
quail, red jungle fowl, sheep, mouse, and hamster involves thyroid-stimulating hormone beta subunit (7SHS) mRNA
expression in the pars tuberalis stimulated by the extension in day length. Furthermore, this mechanism is regulated
by eyes absent 3 (Eya3) in mammals. Even in birds, the expression of both 7SH/5 and EYA3 is induced in the pars
tuberalis by the extension in day length; however, the relationship between the two genes is unknown. To clarify the
function of EYA3 in quail photoperiodism, in the present study, we performed mRNA structure analysis of the
Japanese quail £YA3 mRNA using reverse transcription-polymerase chain reaction (RT-PCR) and Southern blot
analysis. The results revealed that there are four types of splice variants within regions of exons 7, 8, and 9 of quail
EYA3 mRNA. Among the four splice variants of quail EYA3, the splice variant containing exon 7 was expressed in
the pars tuberalis on the first long day, when quails were transferred from the short-day condition to the long-day
condition. The results indicate that £YA3 splice variant containing exon 7 is involved in the photoperiodic response of

the pars tuberalis in the Japanese quail.
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Introduction

The seasonal change in day length results in various
physiological responses in animals and plants, and this
phenomenon is called photoperiodism. Photoperiodism in
animals involves seasonal breeding, molting, hair replace-
ment, hibernation, and migration. The molecular mechanism
underlying photoperiodic response in seasonal breeding or-
ganisms, such as the Japanese quail, red jungle fowl, sheep,
mouse, and hamster, involves expression of the thyroid-
stimulating hormone (7SH)S in the pars tuberalis (PT) stimu-
lated by the extension in day length (Nakao et al., 2008; Ono
et al., 2008; Dardente et al., 2010; Hanon et al., 2010;
Masumoto et al., 2010). TSH secreted by the PT induces the
expression of type 2 deiodinase, which is an enzyme con-
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verting thyroxine into triiodothyronine (Nakao et al., 2008).
Triiodothyronine is synthesized locally in the mediobasal hy-
pothalamus by type 2 deiodinase, which increases the se-
cretion of gonadotropin releasing hormone that then induces
the secretion of both follicle-stimulating hormone and lu-
teinizing hormone, which are involved in the development
of gonads (Yoshimura et al., 2003; Watanabe et al., 2004).
Furthermore, it is clear that the expression of TSHS mRNA
encoding TSH in the PT of mouse and sheep is regulated by
eyes absent 3 (Eya3) genes, which are transcriptional co-
activators preceding 7SHS mRNA expression (Dardente et
al., 2010; Masumoto et al., 2010). In quail, both TSHS and
EYA3 expression is induced, like in mammals, by long-day
stimulation (Nakao et al., 2008); however, the mechanism of
EYA3 protein triggering 7SHS mRNA expression in the
quail PT is unclear.

Eya is reported to be necessary for the formation of the
eyes in Drosophila melanogaster; the Eya gene family in-
cludes Eyal-Eya4 in mammals (Jemc and Rebay, 2007).
Eya3 includes two domains, namely, the Eya domain (ED)
and Eya domain 2 (ED2); in the C terminal, ED is highly
conserved among the Eya family members (Xu et al., 1997b;
Zimmerman et al., 1997). The ED interacts with sine oculis
homeobox (SIX) and dachshund (DACH) proteins (Ohto et
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al., 1999; Ikeda et al., 2002; Li et al., 2003) and has tyrosine
phosphatase activity (Li et al., 2003; Rayapureddi et al.,
2003; Tootle et al., 2003). In the N-terminal region, Eyas
have threonine phosphatase activity (Okabe et al., 2009;
Sano and Nagata, 2011). Furthermore, Eyal, Eya2, and
Eya4 that contain proline, serine, and threonine-rich (P/S/T-
rich) regions include the ED2 domain and two MAPK
phosphorylation consensus sites, which are important for the
transactivation function that the activation of the RAS/
MAPK pathway potentiates in the transcriptional output of
EYA (Xu et al., 1997a; Silver et al., 2003). Thus, the Eya
family members possess both transcriptional coactivator
function and tyrosine/threonine phosphatase function, and
they are involved in embryogenesis and organogenesis.
However, the function of quail EYA3 in the photoperiodic
response is not well understood. In the present study, to
clarify a function of Eya3 in quail photoperiodism, we per-
formed molecular structure analysis of Eya3 mRNA.

Materials and Methods

Animals and Tissue Collection

Japanese quails (4-weeks-old) were obtained from Motoki
Corporation, Saitama, Japan. The quails were maintained
under the short-day (SD) condition (6 h light and 18 h dark)
for 4 weeks, and then divided into two groups: one group was
maintained under SD conditions and the other group was
transferred to long-day (LD) conditions (20 h light and 4h
dark). Samples of the mediobasal hypothalamus including
the PT were collected at 16 h after dawn of SD or on the first
long day (1LD). From the 1LD group, the retina, heart,
spleen, lungs, liver, kidneys, testes, gall bladder, skeletal
muscle, ovaries, and skin were collected after decapitation
and stored at —80°C until further analysis. Food and water
were provided ad libitum. All procedures were conducted in
accordance with the provision for animal welfare of the
Nippon Veterinary and Life Science University (approval
number: 30S-50).
RNA Isolation and cDNA Synthesis

The total RNA from each tissue was extracted using
TRIzol (Thermo Fisher Scientific, Waltman, MA, USA) and
reverse transcribed at 50°C for 60 min with Super ScriptIII
RT (Thermo Fisher Scientific). The polymerase chain reac-
tion (PCR) for cDNA cloning of the coding region of EYA3,
and reverse transcription-PCR (RT-PCR) and Southern blot-

ting were performed with Ex 7aq (TAKARA, Tokyo, Japan).
The PCR was performed for 30 cycles at 96°C for 10s, 64°C
for 20's, 72°C for 2min 30s (cDNA cloning), 94°C for 10,
52.9C for 205, and 72°C for 1 min (RT-PCR and Southern
blotting). The sequence of primers is shown in Table 1. The
amplified ¢cDNA fragments were ligated to the pGEM-T
Easy Vector (Promega, Madison, WI, USA) and transformed
into Escherichia coli. The plasmid DNA was extracted from
the bacteria and purified using an alkaline lysis method. The
sequence of the cDNA was analyzed using the ABI PRISM
310 Genetic Analyzer (Thermo Fisher Scientific, Tokyo,
Japan) with the BigDye Terminator v3.1 sequence kit (Thermo
Fisher Scientific).
RT-PCR

PCR was performed to amplify regions from exons 6 to 10
of EYA3 mRNA under the 1LD condition. The PCR pro-
ducts from the retina, heart, spleen, lungs, liver, kidneys,
testes, gall bladder, skeletal muscle, ovaries, and skin were
separated using 1.5% agarose electrophoresis. The digital
images of electrophoresis gels were acquired using Mole-
cular Imager FX (Bio-Rad, Hercules, CA, USA).
Southern Blotting

The PCR products were separated using 1.5% agarose
electrophoresis, and then blotted onto the Hybond-N" mem-
brane (GE Healthcare, Chicago, IL, USA) after alkaline
denaturation for 16 h. The blotted membranes were fixed by
UV crosslinking. Labeling of DNA probes with alkaline
phosphatase and hybridization were performed using the
AlkPhos Direct Labelling and Detection System (GE Health-
care) according to the manufacturer’s protocol. The mem-
branes were hybridized with alkaline phosphatase-labeled
DNA fragments derived from the exon 7 region (92 bp) of
EYA3 cDNA at 55C for 16h. After washing twice with
primary wash buffer (2 M urea, 0.1% SDS, 150 mM NacCl, 1
mM MgCl,, 0.2% blocking reagent, and 50 mM phosphate
buffer; pH 7.0) at 55°C for 10 min, the membranes were
washed twice with secondary wash buffer (2M NaCl, 2 mM
MgCly, and 1M Tris-HC1 buffer; pH 9.5) at 25°C for 5 min.
After treating the membranes with CDP-Star Detection Rea-
gent (GE Healthcare), an Eya3 mRNA splice variant con-
taining exon 7 was detected using the LumiCube chemilumi-
nescence analyzer (Liponics, Inc., Tokyo Japan) and quan-
tified using JustTLC image analysis software (Sweday, Sodra
Sandby, Sweden).

Table 1. Primers used for PCR
cDNA Sequence (5" -3")
qEYA3* Forward GAATCATGGAAGAGCCACAAGATTTACCC
Reverse GTCGACGTTACAGGAAGTCTAACTCGAGGG
qEYA3** Forward ATCGGAAACAATGAGCCCTTAAC
Reverse ACAGAGGGAAAAGGAAAGC
Exon 7" Forward GGTGCACTGTGGCCAGGTAT
Reverse AACCCTGTAGTGCAGGTAAGAACAC

* Applied for cDNA cloning. ** Applied for RT-PCR Southern blot.
T Applied for labelled DNA fragment for Southern blot.
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Statistical Analysis
All data were analyzed using the Mann-Whitney U test
with the statistics software GraphPad Prism version 4  Identification of EYA3 Splice Variants in Quail
(GraphPad Software, USA). Statistical significance was set There were four splice variants (exons 6, 7, 8, 9, and 10;
at a P-value of less than 0.05. exons 6, 8, 9, and 10; exons 6, 7, and 10; and exons 6 and
10) in the domain from exons 6 to 10 of EYA3. Multiple
sequence alignments showed the exon 7 region of Eya3 is not

Results

Chicken MEEPQDLPEQPVKKAKMQESREQSLS—HVSNTEVSDQKAESSSLGSNLPMSTEIMT!TDYIPRSSNDYTSQMYSAKPVIMILSVPVSETMSIxPGQTQYQ 99
Quail MEEPQDLPEQPVKKAKMQE SREQSL STHVSSTEVSDQKPESSSLGSNLPMSTEIMTCTDYTPRSSNDYTSQMYSAKPYAHILSVPVSETMSPYPGQTQYQ 100
Quail_A7 MEEPQDL PEQPVKKAKMQE SREQSL STHVSSTEVSDQKPESSSLGSNLPMSTETMTCTDYTPRSSNDY TSQMYSAKPYAHILSVPVSETMSPYPGQTQYQ 100
Quail_A8,9 MEEPQDLPEQPVKKAKMQE SREQSL STHVSSTEVSDQKPESSSLGSNLPMSTEIMTCTDYIPRSSNDYTSQMYSAKPYAHILSVPVSETMSPYPGQTQYQ 100
Quail_A7,8,9  MEEPQDLPEQPVKKAKMQESREQSLSTHVSSTEVSDQKPESSSLGSNLPMSTEIMTCTDYIPRSSNDYTSQMYSAKPYAHILSVPVSETMSPYPGQTQYQ 100
Mouse MEEEQDLPEQPVKKAKMQEPREQTLS-QVNNPDASDEKPETSSLASNL SMSEEIMTCTDYIPRSSNDYTSQMYSAKPYAHILSVPVSET-T-YPGQTQYQ 97
Sheep MEEEQDL PEQPVKKAKMQE SGEQTLS-QVSNPEVSDQKPETSSLASNL TMSEEIMTCTDY IPRSSNDYTSQMYSAKPYAHILSVPVSET-A-YPGQTQYQ 97

-*** ******t******** *k **- * dk ok ok okkk okdkok kk ® 3

2 3 4 5 6

Chicken ALqasopyTIYPQrTQTYGLPPFGALNBGMAERoL (TP o v A M T PR R e As TTNASPVS TSSTWWNISTSAVAS TS -QEY 198
Quail ALQQSQPYTIYPQTTQTYGLPPFGALWPGMKPESGLIQTPSTSQHSVLTCTTGLTTSQPSPAHYSYSIEASTTNASPVSTSSTVWNISTSAVASIS-QEY 199
Quail_A7 ALQQSQPYTIYPQTTQTYGLPPF -~ —- - oo ASTTNASPVSTSSTVNISTSAVASIS-QEY 153
Quail_A8,9 ALQQSQPYTIYPQTTQTYGLPPFGALWPGMKPESGLIQTPSTSQHSVLTCTTGLTTSQPSPAHYSYSTE ~- - == === mm << omm oo oo 169
Quail_A7,8,9  ALQQSQPYTIYPQTTQTYGLPPF - - mmmmmmmmmm oo mmm o oo oo 123
Mouse TLQQSQPYAVYPQATQTYGLPPF- - --ASSTNASLIPTSSATANIPAAAVASISNQDY 151
Sheep TLQQSQPYAVYPQATQTYGLPPF -~ —- - = = = o= - = oo oo ASSTNASLIPTSSAIANIPTAAVSSISNQDY 151

- kK * o an

7 8

Chicken PTYTILGQSQYQTCYPSSGFGVITPADSNAE STALATATYPSEKPNAMVPTRTVQRHSSGDASTSPSL SRATASKE SDEQARKNIPGKNRGKRKADTSSS 298
Quail PTYTILGQSQYQTCYPSSGFGVITPADSNAESTALTTATYPSDKPNAMVPTRTVQRHSSGDASTSPSL SRATASKE SDEQARKNIPGKNRGKRKADTSSS 299
Quail_A7 PTYTILGQSQYQTCYPSSGFGVITPADSNAESTAL TTATYPSDKPNAMVPTRTVQRHSSGDASTSPSLSRATASKE SDEQARKNIPGKNRGKRKADTSSS 253
QUATT_AB,9 oo GDASTSPSLSRATASKESDEQARKNIPGKNRGKRKADTSSS 210
QUALL_A7,8,9  =mmmmmmmmm e e GDASTSPSLSRATASKESDEQARKNIPGKNRGKRKADTSSS 164
Mouse PTYTILGQNQYQACYPSSSFGVTGQTNSDAETTTLAATTYQTEKPSAMVPAPATQRLPS-DSSASPPLSQTTPNKDADDQARKNMTVKNRGKRKADASSS 250
Sheep PTYTILGQSQYQACYPSSSFGVTGQTNSDAENTTLAAATYQTEKPSVMVPAAATPRL SSGDPSPSPSLTQTTPSKDADDQSRKNMTGKNRGKRKADASSS 251

n S d Kk K * * * ok kkk o o o ok ok ok ook ke dkok ok -

9 10

Chicken QDSERERVFLWDLDETIIIFHSLLTGSYAQKYGKDPTLVIGSGLSMEEMIFEVADTHLFFNDLEECDQVHIEDVASDDNGQDLSNYNFSTDGFSGSGSNA 398
Quail QDSENERVFLWDLDETIIIFHSLLTGSYAQKYGKDPTLVIGSGLSMEEMIFEVADTHLFFNDLEECDQVHIEDVASDDNGQDLSNYNFSTDGFSGTGSNA 399
Quail_A7 QDSEIfERVFLWDLDETITTFHSLLTGSYAQKYGKDPTLVIGSGL SMEEMIFEVADTHLFFNDLEECDQVHIEDVASDDNGQDLSNYNFSTDGFSGTGSNA 353
Quail_A8,9 QDSEERVFLWDLDETIIIFHSLLTGSYAQKYGKDPTLVIGSGLSMEEMIFEVADTHLFFNDLEECDQVHIEDVASDDNGQDLSNYNFSTDGFSGTGSNA 310
Quail_A7,8,9  QDSEJERVFLWDLDETIIIFHSLLTGSYAQKYGKDPTLVIGSGLSMEEMIFEVADTHLFFNDLEECDQVHIEDVASDDNGQDLSNYNFSTDGFSGTGSNA 264
Mouse QDSEIERVFLWDLDETITIFHSLLTGSYAQKYGKDPTVVIGSGL TMEEMIFEVADTHLFFNDLEECDQVHVEDVASDDNGQDLSNYSFSTDGFSGSGGSQ 350
Sheep QDSEUERVFLWDLDETIIIFHSLLTGSYAQKYGKDPTVVIGSGLTMEEMIFEVADTHLFFNDLEECDQVHVEDVASDDNGQDLSNYSFSTDGFSGSGGSY 351

3 o Kk *

11 12 13 14
Chicken INHS SSVGVQGGVDWMRKLAFRYRRVRETYDKYKTNVGGL L SPQKREALQRLRTDIEVLTDSWLETALKSLLLIQSRKNCVNILITTTQLVPALAKVLLYQ 498
Quail INHSSSVGVQGGVDWMRKLAFRYRRVRETYDKYKTNVGGLL SPQKREALQRLRTDIEVLTDSWLETALKSLLLIQSRKNCVNILITTTQLVPALAKVLLY 499
Quail_a7 INHSSSVGVQGGVDWMRKLAFRYRRVRETYDKYKTNVGGL L SPQKREALQRLRTDIEVLTDSWLETALKSLLLIQSRKNCVNILITTTQLVPALAKVLLY 453
Quail_A8,9 INHSSSVGVQGGVDWMRKLAFRYRRVRETYDKYKTNVGGL L SPQKREALQRLRTDIEVLTDSWLETALKSLLLIQSRKNCVNILITTTQLVPALAKVLLY 410
Quail_A7,8,9  JINHSSSVGVQGGVDWMRKLAFRYRRVREIYDKYKTNVGGLLSPQKREALQRLRTDIEVLTDSWLETALKSLLLIQSRKNCVNILITTTQLVPALAKVLLYQ 364
Mouse SHGSSVGVQGGVDWMRKLAFRYRKVRETYDKHKSNVGGL L SPQRKEALQRLRAETEVLTDSWLGTALKSLLLIQSRKNCANVLITTTQLVPALAKVLLYQ 450
Sheep SHGS SVGVQGGVDWMRKLAFRYRKVRE IYDKHKSNVGGL L SPQRKEALQRLRAEIEVLTDSWLGTALKSLLLIQSRKNCVNVLITTTQLVPALAKVLLY 451
* * kX * *
15 16

Chicken L GEVFPIENTYSATKIGKESCFERTVSRFGKKVTYVVIGDGRDEEVAAKQHNMPFWRTTNHADLVSLHQALELDF 574
Quail LGEVFPTENTYSATKTGKESCFERTVSRFGKKVTYVVIGDGRDEE TAAKQHNMPFWRTTNHADL VSLHQALELDF 575
Quail_A7 LGEVFPIENIYSATKIGKESCFERIVSRFGKKVTYVVIGDGRDEETAAKQHNMPFWRITNHADLVSLHQALELDF| 529
Quail_48,9 L GEVFPIENIYSATKIGKESCFERTVSRFGKKVTYVVIGDGRDEETAAKQHNMPFWRTTNHADLVSLHQALELDFL 486
Quail_A7,8,9  BLGEVFPIENIYSATKIGKESCFERTVSRFGKKVTYVVIGDGRDEETAAKQHNMPFWRITNHADLVSLHQALELDFL 440
Mouse L GETFPTENIYSATKIGKESCFERTVSRFGKKVTYVVIGDGRDEE TAAKQHNMPFWRITNHGDLVSLHQALELDFL 526
Sheep L GE TFPTENTYSATKTGKESCFERTVSRFGKKVTYVVIGDGRDEE TAAKQHNMPFWRTTNHGDL VSLHQALELDFL] 527

e ok % ok £

17 18
__

Fig. 1. Comparison of amino acid sequences of Eya3 in chicken, quail, mouse, and
sheep. Asterisks indicate identical amino acids. The arrowheads indicate potential resi-
dues, Cys-56, Tyr-77, His-79, and Tyr-90, involved in the threonine-phosphatase activity
of mouse Eya3. The black circles indicate proline, serine, and threonine in exon 7. Boxed
region indicates the Eya domain (ED). Bold numbers indicate the number of exons,
referenced from the chicken ensemble database.
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Fig. 2. Expression profiles of EYA3 mRNA splice variants in quail
tissues analyzed by RT-PCR. PCR was performed to amplify regions
from exons 6 to 10 of £YA3 mRNA under the 1LD condition. a: Sche-
matic representation of the cDNA structure of £Y4A3 mRNA splice vari-
ants. Boxed region indicates the exon. The numerals in the box indicate

the number of exons.

The 627 bp, 489 bp, 360 bp, and 222 bp indicate

amplified cDNA size. The arrowheads show the position of primers
used for PCR. b: Tissue distribution of splice variants determined using
1.5% gel electrophoresis. bp indicates base pair.

present in mouse and sheep (Fig. 1). In the four Eya3 splice
variants, the ED in the C-terminal domain, and Cys-57, Tyr-
78, His-80, and Tyr-93 were well conserved in Eya3 (Fig. 1).
Tissue Distribution of EYA3 Splice Variant mRNA in Quail

Because the exon 7, 8§, and 9 regions of EYA3 mRNA were
spliced out, the level of EYA3 mRNA splice variant con-
taining exons 7, 8, and 9 in the PT, eye, heart, spleen, lungs,
liver, kidneys, gallbladder, skeletal muscle, testes, ovary, and
skin was determined using RT-PCR analysis. The splice
variants containing exons 6, 8, 9, and 10 (489 bp), lacking
exon 7, were observed in all the tissues. Furthermore, a low
expression of spliced variants of exons 7, 8, and 9 was also
observed in all the tissues. In contrast, a splice variant con-

taining exon 7 was expressed only in the PT and skeletal
muscle. Notably, the expression of a splice variant con-
taining exons 6, 7, 8, 9, and 10 was higher in the PT than in
the other tissues under the 1LD condition (Fig. 2).
Expression of EYA3 Splice Variants was Day Length-
dependent in the Quail PT

Splice variants of EYA3 in the PT under SD and 1LD
conditions determined by RT-PCR and Southern blotting
showed that a 627 bp variant containing exons 6, 7, 8, 9, and
10 and a 360 bp variant containing exons 6, 7, and 10 were
significantly elevated under the 1LD condition compared
with that under the SD condition (p<<0.01, n=5) (Fig. 3).
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Fig. 3. EYA3 mRNA containing exon 7 in the quail pars
tuberalis under the SD and 1LD conditions. PCR was
performed to amplify regions from exons 6 to 10 of EYA3
mRNA. The primer position is shown in Fig. 2 and the
probe for Southern blotting was 92bp of EYA3 exon 7.
Each bar represents the mean+SEM (n=35). The upper
panel of the graph shows the signal containing exon 7 of
EYA3 detected by chemiluminescence. SD and 1LD indi-
cate short day condition and first long day condition, re-
spectively. a: Expression of exons 6, 7, and 10 (360 bp)
under the SD and 1LD conditions. b: Expression of exons
6,7, 8,9, and 10 (627 bp) under the SD and 1LD condi-
tions. Asterisks indicate significant difference (P<<0.01).

Discussion

Here, the structural analysis of EYA3 mRNA elucidated
the function of EYA3 in the photoperiodic response of the
Japanese quail. There are four types of EYA3 mRNA splice
variants. Interestingly, exon 7, which is expressed in quail,
is not present in mouse and sheep. A splice variant of EYA3
containing exon 7 might participate in the function of the
encoded protein in the photoperiodic response of quail. In
the C-terminal of EY A3, the ED is conserved among the four
splice variants of EYA3. Residues Cys-56, Tyr-76, His-79,
and Tyr-90 in mouse Eya3 are known to be essential for the
threonine-phosphatase activity (Sano and Nagata, 2011). In
quail, residues Cys-57, Tyr-78, His-80, and Tyr-93 were well
conserved among the four splice variants of EYA3. Taken
together, the four splice variants of EYA3 have conserved
sequences that function as transcriptional coactivators and

tyrosine and threonine phosphatases; however, their func-
tions in the quail are unknown.

The tissue distribution of £YA3 mRNA including exon7
demonstrated that the expression of mRNA with exon 7
spliced out was widespread and was similar to the expression
pattern of mouse Eya3 (Zimmerman et al., 1997); however,
the variant containing exon 7 was only expressed in the PT
and skeletal muscle. In particular, the mRNA expression of
EYA3 containing exons 7, 8, and 9 in the PT has been known
to play a central role in photoperiodic control, and its ex-
pression was higher than that in the skeletal muscle. More-
over, comparative expression analysis of EYA3 in the PT
under the SD and 1LD conditions demonstrated that £YA3
including exon 7 was the splice variant of the 1LD-specific
gene. The amino acid sequence that exon 7 encodes cor-
responds to none of the domains that are necessary for the
threonine phosphatase activity of Eya3 (Sano and Nagata,
2011), and it involves ED and ED2, which are specific to the
Eya family members (Zimmerman et al., 1997). In contrast,
the amino acid sequence of exon 7 was rich in proline, serine,
and threonine, which is similar to the P/S/T-rich domain of
the Eya family members, and might be involved in the
transactivation function (Xu et al., 1997a; Silver et al.,
2003).

The photoperiodic control in mammals involves TSH,
which is regulated by Eya3 expression before TSHS ex-
pression (Dardente et al., 2010; Masumoto et al., 2010). In
quail, the peak expression of EYA3 was almost concomitant
with TSHf expression under the 1LD; EYA3 expression de-
creased after the second long day under the 2-week-long day
condition (Nakao et al., 2008). To clarify how the tran-
scriptional activity of TSHS mRNA is affected by EYA3
under different long photoperiod stimuli, it is necessary to
perform future studies on the subcellular localization of
EYA3 and TSHp based on in situ hybridization and the homo-
or/and heterotypic dimerization-driven activation of EYA3
protein.

In conclusion, we identified four types of splice variants of
Japanese quail EYA3 mRNA and showed that the splice
variants containing exon 7 were expressed in the PT by the
first long day stimulation. The exon 7 of EYA3 is considered
to be an important key element for elucidating the action of
EYAZ3 in the quail photoperiodic response. Detailed analysis
of exon 7 is important to clarify the role of EYA3 in the
photoperiodic response.
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