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Abstract \

To elucida amh andfox?2 in sex differentiation othe teleost fish
Schzothorqg,u Il length cDNAs wereloned from the mature testischovary
by@&apid phfication of cDNA endéRACE), andtheir relative mMRNA expression
levels among tissues and temperature groups were determined by quantitative
reattime PCR (RTIPCR). The completamh and foxI2 cDNAs of S. kozloviwere
2060 bp and 1750 bp, which encoded 68 amino acidsand 306 anno acids
respectivelyTheamhwas only expressed the gonad, while foxl2 was expressed in

the gills, brainandgonads bothexhibiting relatively high tissue specificitf.heamh
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exhibited sexspecific expression pattelin the gonads No sex differacesof the
foxI2 expression were observed the brain and gonal but significant sex
differences were found in the gillslo significant differences were found fime foxI2
expression not only fronthe larvd to the juvenile stagebut also among diffent

temperature groups. Howeveignificant differencesn the expression le aimh

*

stage (190 dph)out alsobetweenthe 18°C and 10C group;:;f\ s

suggested thaamh plays an importantrole in male s iffe

werefound not onlyfrom the larvd (12~63days post hatchingjth enile
T

his result
tiation @&. kozlovi

during the early developmental stabat no simi r% was fourfdr foxI2.
Introduction

Schizothorax (Racoma) sky (Cypriniformes: Cyprinidae) isn

encemic and economida@f the upper Yangtze Rivepreferring cold and

running water envir anly distributed on theelatively low altitude areaf

the Tibetan P d Yunnauizhou PlateayWu 1989; Yue 2000; Wt al
2010 @Iy characterized with large mature age, low fecundity, earlier
females than males, and no heteromorplicchromosomgZou 2009;
Chen 2013)The requirement of temperature is aboveClfdr the reproduction o8.
kozlovi(Zou 2009; Cher2013) Due tothe influence®f overfishing, water pollution
hydropower statioandglobal climate changenost habitats and spawning grounds of

S. kozloviare destroyedind its ecological stability is vulnerab{gou 2009; Chen



2013) Previous study shweed that temperature effectsould biassex ratioof S.
kozloviin the laboratorysuchas the feminization induced by low temperature )0
and the masculinization induced by high tempera{@6C) (Unpublished data by
authors,He et al 2016). Along with temperature changetheir populationsnay be

more threatened.However, the sex determination system artle Qhanism

more
*

underlying sex differentiatiomf S. kozloviis not yet understoo@ﬂn
detailed knowledge about the mechanism underlgeng diff N irS. kozlovi
is important for the conservation of its wild resource 5

Temperature effects on the sex determi remtiation which usually lead

to the biased sex ratiof populationshave bee ely reported on more thanisb f

speciegConover and Kynard 1981; arez and Piferrer 2008; Baroillet al

2009; Shen and Wang 30 o%\tiated gonad in fish is commonly thought to
have double potentia wer testis development or ovary development. How does
temperaturereg onad development directions closely related to the
expresso&ﬁerentiaﬂqﬂlmed genes irthe reciprocal links between
different genetic module@Mei and Gui 2014)The sex differentiatiomelated genes
mainly belong ¢ two groups, one is the genes involved in ovarian differentiation
includingcypl19a foxI2, er, fst, hsd3b, star, etc;another is the genes involved in testis
differentiation includingdmrtl, sox9, amh, cypllb, dax1, tbxla, thxtb(Shen and
Wang 2014 Diaz and Piferrer 2015Among these genefxl2, a forkhead domain

transcription factor, has been confirmed its pivotal role in the development and
3



maintenance of female sexual characteristics from mamtuo teleost§Schmidtet al

2004; Valenzuela Z1B; Li et al. 2014; Shen and Wang 201Anti-mullerian hormone

gene émh, bel onging to the trans#tbor mfi asgi Igyr,owt
responsible for the regression of Millerian ducts during male fetal development in
mammals, birds and reptiles, and [@agn importantole in testisdifferegiiation in

*

teleost fish specigfReyet al 2003; Fernandinet al 2008; ljiri et aI@; en and
Wang 2014)In generalglevated temperatures increase th % on ofralated
2;.?

genes such aamh dmrtl or arb after the thermosengitivee in the teleost fish
species with temeraturesex determinatignw il@reasing he expression of

femalerelated genessuch ascypl9a 4foxI2, esr2, or erlfDiaz and Piferrer

2015) However, the expression p And levelsof these genes may variate

between fish species diffe ia@dession analysis af series ofyenes involved

*
in sex differentiation wws veryimportantfor decipheringhe mechanism of

sex diﬁerentiatiO@
knowledge of sex differentiatioglated genes i5. kozlovis

kr%e or the studies aboutypl19atypl9bby the authorgHe et al. 2016 a,

b). In this studygenesamhandfoxI2 of S. kozloviwere focused orin order to probe
into the influences ocdAmhandfoxI2 on the sex differentiatioof S. kozloviduring the
early developmental stagethermosensitive period for sex differentiatiprthe
complete cDNA othese Wwo genes werecloned by RACEmethod and hen RTPCR

was used for detecting tihetissue and developmental stagspecific expression
4



patterrs and decipheringtemperature effects on theexpression levslin the larvae

stage
Materials and methods

Experimental fishand sample collection

One female and one male of sexually matureS. kozlovibein i EQgene

cloningwere obtained thm Wujiang River in the upgr Yangtz

at 12 days post hatctg (dph) from the breeding b@ economic fishes in
rt

Lijiang City, YunnanProvince of China, were tra

sirLarvae

y air to Wuhan Culturing
Plant of Yangtze River Fisheries Resear%ﬁ]t&e culure temperature of fish

beforel12 dph in the breeding base yWaSyaround T%. After transportation, fish at

12 dph were acclimated in thre%rent temperature gralg€( 14°C, 18°¢for

*
24 h in three ind eﬂ circulating aquaculture systemis Witconical

polypropylene tanks % er: 800 mm, water volume: 300 L) and then cultured until

63 dph. A aII the fish were exposed to the natural temperature changes.
re group had thpseallels Two individuals from eaclparalkel were

collec t each sampling timE2(dph,31 dph, 63 dphand 190 dph Theneach two

individuals werepooled as one sampfer detectingmRNA expression analysigll

the fish from 12 dph to 63 dph were in the larval stages, while fish at 190 ayphowe

the juvenile stages.

Varioustissue (gill,muscle,brain, heart, liver, spleen, kidneypnad samples
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from anotherten youngindividuals (51 :5ll )were collected fodetecting theissue

and sexspecific MRNA expression pattesnof genesamh and fod2. Larvae from
different temperature grougsix individuals per temperature grgupere collected
for revealing the possible temperature effectsh@mRNA expressiorevels of these

two genesGonads from two adult females and two adult males were fagéa situ

hybridization of these two genes.
2
RNA isolation andcDNA synthesis q\

Total RNA was extractednd cDNA was sy@ according to the method

describedn Heet al. 2016 a ¢ S

Cloning andsequence analysis

Full-length cDNAs of& and foxl2 of S. kozloviwere amplified by
*

scribedn He et al 2016 a Degenerate and gene

RACE according to t r‘rN
specific primer nd foxI2 were listed in Table 1Multiple sequences

S
alignmenti @@Mo genes were performed by DNAMAN softwar, tlzen
pb@c ee was constructed withyesian Inferencmethod byMrBayes 3.2.2
(Huelsenbeck and Ronquist 2001). Prior to analyses, Modeltest 3.06 (Posada and
Crandall 1998) was used to determine the most appropriate protein substitution
models wih Akaike Information Criterion (AIC). In Bayesian analyses, two
independent searches were conducted for each dataset. Four simultaneous Markov

chains were run for 6 million generations sampling every 100 generations using two
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independent analyses in paealruns. The first 6000 trees with ngtationary log
likelihood values represented 'btim and were ignored. Posterior probabilities (PP)

of phylogenetic inferences were determined from remaining trees.

Relative realtime PCR

Gene specific primers famhfoxI2 and internal control ger@ac@ 1)

were designed for relative retiine PCR to reveal their exp ia sorder to
validate the stability of theb-actin gene expression Ssampmandard
curves of gened-actin, amh and foxI2 based erlal dilutions of their
recombinant plasmidsere constructedt sth correlation coefficientsRf)
of three standard curve$-actin, am d foxI2) were 0.999, 0.986 an@.997,
respectively, andmplification effi ree pairs of primers dliesethree genes

Iﬁx&pairs of primerme the requirements of RFCR.

this studgrerandomlychosenfor detecting the copies of

were above 90%. im

Then, eleven sampl
b-actin. The re oed that therewere no significant differences of copies of
b-acti %g cDNA among different samplé8 > 0.05) In a word, the
expréssiop’ ofb-actin in S. kozloviwas stable, and suitable for reference gene in

RT-PCR.
The relative reatime PCR procedure and thepeession level calculations were
both according to the method described indtlal. 2016 a All of the gene expression

levels were presented in mean + standard e@aeway ANOVA with Duncands



multiple comparison tesind KruskalWallis testwere usedto reveal the differences

of relative expression levels aimhandfoxI2 amongdifferent groupsBefore doing

the ANOVA analysis, the homogeneity test was done. When the homogeneity test
showed that the data were with the heteragty of variance, the KskalWallis test

was then chosen for the expression analysis among different gi@igagicance

level was set d@® < 0.05.
2
In situ hybridization c‘\

The amh and foxl2 RNA probes ofS. kozﬁ&symhesizedusing the

digoxigenin (DIG) RNA labelling Kit (TAARA F. HoffmanfLa Roche).

The amhandfoxI2 expression plasmi ere constructed by ligating each cDNA in
the pGM-T Vector.Gonads from a females and two males were fixdehi
fixing solution overnigh?, rated in graded ethanotfl embedded in paraffin.

Seri al 4 ~ thick sections were prepared

t he sec@ns were treat ed Avftar dehydrdtionang / ml pr
grad t@e sections were prehybridized at 42 °C fan8l then hybridized

with IGHabeled sense or antisense RNA probes at 42 °C overnight. The hybridized
sections were washaaice with a 2xSSPE buffer at 42 °C for 15 min and twice with

a 0.2xSSPE buffer at 57 °C for 30 mifihe washed sections were bledkwith

blocking buffer at 23 °C for 40 min, and then were incubated withCAGAP Fab

fragments(F. HoffmannLa Roche)for 2 h. After finishing immune reactions, the



sections were washed at 23 °C in 1xBlocking buffer for 15 min and three times in
BSA washing buffer for 15 min. At last, the sectionere colored inTNM-50/NBT

for 3~5 h in thedark and then washed three times in TE buffer for 5.mAfter
dehydration in graded ethanol and xylene, the sections were photographed in
Olympus microscope. :

Resuls . O

Cloning and characterizationof amh and foxI2 \

The completecDNA sequence oamh (Ger@gcession n&KX610686
from S. kozloviwas 2060 bp, with an ope%ding frame (ORF) d¥07 bp, a
5 @intranslated region (UTR) dfL b n-dTRaf 38 6p figure1a). The ORF
of Amhencodes a polypeptide @ino acids with predicted molecular weight of
62.8 KDa. The am ezﬁ ino acids contained the characteristic AMH_N
(Anti-Mullerian hor % terminal region) superfamily and the characteristic
TGF_beta (Tgan ng growth factor beta like domain) superfamily.
The,completecDNA sequence ofoxI2 (GenBank accession n&X610687)
from S™Kozloviwas 1750 bp, with an open reading frame (ORF) @21 bp, a
5 @intranslated region (UTR) ak6b p a n-dTRaf 7@ bp (figure 1b). The ORF
of foxl2 encodes a polypeptide 806 amino acids with predicted molecular weight of
34.2KDa. Thefoxl2 deduced amino acids contained the characteristic FH (rea#

protein) superfamily.



Multiple sequences alignmentral phylogenetic analysis

Compared with other animals, the percent identity of the dedaicddamino
acids ofS. kozloviwererelatively low (2644%), except for cyprinid fish (688%).
Bayesian Inferencphylogeny showed that the dedu@dhamino acids of. kozlovi
clustered closest to the cyprinid fish, next to Perciformeiﬁﬂerost@, and
finally to sturgeon and other vertebratégure 2a).

Compared with other animals, the percent |dent|ty% dmdﬁiammo

acids ofS. kozloviwererelatively high (6598%). The entity édxI2 amino

acids betweers. kozloviand cyprinid fishes&r |ghest {@®0), which was

proved byBayesian Inferencghylog ic tre€figlre 2b).

Tissue and developmental stag@ pres®ns of amh and foxI2

Theamhwase & thegonad, but no expressiontime gills, muscle,
spleens, livers, kidn rts and brain. Significant sex differermeehexpression
in the gonadgwa d (ANOVA < 0.05)(figure 3a) such as thexpression levels

in the téstes ovarieere 775.52 + 252.21 and 1.75 + 0.38, respectidigfox|2
was e ssed itmegills, brainand gonadsbut no expression ithe muscle, splees)
livers, kidneys and heas There were no significant sex difeaces offoxI2
expression in the gills and braiANOVA, P > 0.05), but significant sex difference
was foundn thegonadq4ANOVA, P < 0.() (figure J).

As shown irfigure 4a, the expressiolevelsof amhsignificantly increased from
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thelarvd (12~63 gbh) tothejuvenile stage (190 dph)(ANOVA, P < 0.06), while no
significant differencesrom 12 dph to 63 dpfANOVA, P > 0.05)(figure 4a) There
were no significant differences offoxl2 expression levels between any two

developmental stagéKruskalWallis test,P > 0.05)(figure 4b).

Expressionlocation of amh and foxI2by ISH

The fixed sections of gonads from adult female and M@ere subjected to

hematoxylin and eosin stainindigure 5a and d) as Well% tu hybridization

(figures bb/c/eff). The foxl2 was detected in the c@ adcytes andjranulosa
h

cells in the adult ovaryof S. kozlovi(figureﬂ

Sertoli cells around germline cells t dult testis(figure 5b). No signals were

asamh was localizedin the

observed in the gaas wherfoxI nse RNA probe was usdj(gres5c and

0 .{g,

Temperature effects xpressionsanfh andfoxl2

As sh infigure 6a, significant difference of the expression levelsanfih
was, espeeially found between thee@&nd the 10C groypsat 31 dph(ANOVA, P <
0.05) However, there were no changes tfe expression levels dbx2 among
different temperaturgroupsduring thewholelarvd stage ofS. kozlov(ANOVA, P >

0.05)(figure 6b)

Discussion
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Expression profiles ofoxI2 in S. kotovi

Difference and consistence both egtsin the fox2 tissue expression db.
kozloviwhen comparing with otherertebratesThe present study revealed thax|2
was expressed in the gill, gonadd brainof S. kozloviThistissue expression pattern

is similar with half-smooth tongue soleCfynoglossus semilaeyi€Dong WR011)
sablefish Anoplopoma fimbrig(Smithet al. 2013)and northem sa banna

argus (Wanget al 2015) Actually, in most mammals, bir@bxmis mainly
expressed irtheovary, but a small amount thetestis(v&et

2013; Wanget al 2015) However, the highe@% sion level i®. kozlovivas

n
. 2004; Ashideet al

found inthe gill, an organ unique to atic fish; whictay indicate a possiblaew
function of foxl2 in vertebrate eyl oreover, therewas no significant sex
differences of the foxI2 expré§sio ein the gill and brain, which is similar with
protogynous wrass &s trimaculatys(Kobayashiet al 2010) As of yet
there is no clear@l lon for this pattern.

X u ly considered to bee promoter gene and key regulatory fagtor
the'@uaiandevelopment ofnost vertebrate@Oshimaet al 2008) It is involved not
only in the earlydifferentiation of ovarybu alsoin the maintenance of adult ovarian
function (Nakamotaet al 2006) For examplefoxI2 is involved in the early ovarian
differentiation of many teleost fish, such as sablefrstrthern snakeheaahd Nile

tilapia (Oreochromis niloticus(Liu et al. 2013; Smithet al 2013; Wanget al 2015)

12



It usually influences their sex determination through different ways, such as an
aromatase way and 80X way. However, no significant differences ofoxI|2
expressionsn S. kozloviwere foundnot only from the larval to the juvenile stags,
but also among different temperature groulissugges that foxl2 may not play

important roles in the sex differentiation ®f kozlovduring the early de pmental

stage O

Response ofamh expressionto development ancterrpec: ing the early

developmental stagef S. kozlovi Q

Compared withfoxl2 gene in the @ dy, the deduced amino acid
sequence ofjieneamhin S. kozloviis least similar to Amh sequences in other
species. This low level of identi@ Arsequencess not altogether surprising

given that this has béerep@gted in some other studi€gVesternet al 1999;

RodriguezMari et al ithet al. 2013) Tissue distribution analyses famh

in adultS. kozlo%/ed predominant expressionttie testis but very low level in
theo @etectable level in any rgomadal tissugeswvhichis similar as seen
in sevieral Species of teleostsch azebrafish(Danio rerio), Nile tilapia Squalius sp.
and sablefistiiRodriguezMari et al. 2005; Jiri et al 2008; Palat al. 2008; Smithet

al. 2013) But it is different with theamhexpression pattern in other fish species, i.e.
no sexually dimorphiexpression inthe gonadis observedn medaka Qryzias latipey
(Kluver et al 2007) and amhis not detected irthe gonads ofdult femalesin

13



Japanese floundePéralichthys olivaceys(Yoshinaga et al. 2004f-urthermore, the
localization ofamhexpressioris reported in granulosa cells of early follicles in the
ovary, and in the Sertoli cells arad early germline cells in immature and adult testes
of several fishes, such as zebrafiSlgualius sp.and rainbow trou{Oncorhynchus

mykis$ (RodriguezMari et al. 2005; Palat al 2008; Vizziancet al 2008; aet al

*

Both its tissueexpression patterand its localization patter:N n important

role foramhin the male sex differentiation & kozlovi

TheamhmRNA wasexpressed in the Iars@)z @i at 12dph, which hal

vated ihe juvenilesat 190 ¢hh

2011) Theamhexpression irgonads ofS. kozlovishows similar Ioc@o attern.
&

undifferentiated gonad3hen it wassignifican

relative tothelarvae, showing more t d higher levelslt is similar withamh

MRNA expression imever&cies such #kapia, Japanese floundeand
*

rainbow trout(Yoshin N 04; Baronret al 2005; ljiri et al 2008) In fact,

elevatedamhlevelssi gonadsith ongoing juvenile developmeatea common

feature in fi

ing an involvement in male sex diffetiation (Pfennig et al.
eoVer, the undifferentiated gonadssually show low levels ofamh
expression in both prospective sexdgeleost fish However, elationship between
amhexpression and gonad development in teleostgishll unclearAnd the onsebf
amh expression between sexes 9f kozloviis also unknown. Only in medakat
sugges that the contact between somatic gonadal precursor cells and B@Cs

prerequisite for somati@mhexpressior{Nakamura et al. 2006; Kluver et al. 2007
14



In addition, an upegulation of amh expression is also with
temperaturenduced masculinization in Japanase flounder, Nile tilapia and pejerrey
(Kitano et al 2007; Fernandinaet al 2008; Poonlaphdechat al 2013) and a

downregulation is accompanig with estrogeninduced feminization in fathead

minnow (Pimephales promelagFilby et al 2007) However,an interesﬂchings

*

thatonly a downregulation ofamhexpression at 31pt in the 18°¢ found
during the larval stage &. kozlovi conparing withthe 10°C ;(N [

ous studies
by authors revealed that histological gonadal differegtiati Zloviappeaged at

60 dphin the 18°C temperature groujpie et al @Actually, low temperature

(10°C) could result in the feminizaticand hi mperature (26°C) could result in

the masculinization of. kozlov,i but ased sevatio were found inthe 18°C
group (Unpublished data . In recent years, the -degutation ofamh
expression correlate |Nonset of meiaséfound in some fish species such as
medaka(Morina 007) and Japanese flound€¥oshinagaet al 2004)
ThereforeQ gest thahe downregulation ofamh expressionn S. kozlovi
c beWelated wittboth the meiosisand the temperate. But whether theamh
expression during the larval stage @&. kozlovi is correlated with the

temperaturenduced masculinization or feminization notis worth further studying

In conclusion, bth amh andfox2 in the present study were isolated fr@n

kozlovi Theamhwas only expressed the gonadswhile foxI2 was expressed ithe

15



gills, brain and gonads both presenting relatively high tissue specificity. No
significant differences were found in thex|2 expression not only from the larvae to
juvenile stages but also among different temperature groups. However, significant
differences of the expression levelsaofihwere found not only from the larval to the
juvenile stages, but also betwethie 18°C and 10C groupsat 31 dph It indigates an
importart role of amhin the male sex differentiation @&. kozlov@; early

2

developmental stage.
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Table 1 Primers designed for cloning and expressi@ambfandfox2 of S. kozlovi

Primer name  Sequence (5'3) Usage

amhP AMRCAGDCBGTDTGYATTTC Fragment PCR
CMCYBARGAACYTYTKCAGCTCACA

amh5-P1 CCGAAGCTCAGACACA 5 RACE PCR

amh5-P2 GGGTTTCGGCTTGTTTTC 5'RACE PCR

amh5-P3 AGTTTAAGGTGAACGTGGGC 5'RACE PCR

amh3-P1 GAGAAAGGTAGATGGCAGCAATGTGTCA 3'RACE PCR

amh3-P2 TCTCTGACCGTGATGAGCAAAGGACA 3'RA R

amhRT-PCR  AAACAAGCCGAAACCCAGTG rRe'at' i A
GTCCTTTGCTCATCACGGTC ¢ @

b-actinRT-PCR TAGCCTCTCTCGGTCAGGAT 6 atve

reattime PCR

ACACTGTGCCCATCTACGAG

foxd2-P GARAAGCGYCTBACKCTGT Fragment PCR
ATRCCGTTRTAAGWGTTC

foxl2-5-P1 CTTGATGAAGCACTCGA 5'RACE PCR

fox|2-5-P2 CAGGTTGTGTC TGCT 5'RACE PCR

fox|2-5-P3 TCTGCCATCCTTT TTC 5'RACE PCR

fox|2-3-P1 CCTCCTGTCA AGTGGGAACTT 3'RACE PCR

fox|2-3-P2 GCCGTCCTC TCCGTACTCG 3'RACE PCR

fox|22RT-PCR  CGCCPAT ATACCTCC Relative

reattime PCR

GAT &GGCTCATTCCG

&

S
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Figure Captions

Figure 1 Nucleotide and eéduced amino acid sequenceswih (@) andfoxI2 (b) of S.

kozlovi The upper sequence indicates the nucleotides and the lower shows the amino
acids.The polyA signal is shaded in gray; the terminal aataaa signahderlined

the start codon ATG is bgldhe stop codon is indicated by as asterisk; lowercase

i ndi c-aatneddUBR)dhe regions oT GF_beta superfamilgam d Rerkhead

2
(FH) superfamily(foxl2) are shown in solidine box r

1 aatcagagaag

12 ATGCTCTTCCACGCAAGATTTTGGCTGGTGCTGTTGC TGACTGTGGCGACTGGGTTATATGGTGCCAGCGTAGGACACGAAGAGCAGGAT
1 M L F H A RFW L V L L L 1T VoA G LY G A S V G H E E Q D
102 AACAGCCCGAAGGTTACCCAACTATCAGGATGGAACGGAGATGAGCAAGAAGTTGCAGATATGGTACACGTACCCCGCAGTGCCATTGAA
31 NS P K VT QL 8§ GW N G DE Q E V A DM VH V P RS A I E
192 CAGCCGATTGATCCATCTGCCCATTCAACACATTCCACTGAAGACGTGCCATGTGATGAAGAGCAACTAGCTCACAGTCGTGCCATGGAT
6l Q p I D P SA H STH S T E D V PC D E E Q LA H S RA M D
282 GACTTCCTGTCAGCCCTGAACAGGGAGAGTGAACTGGGGAGGATGGATTCCCAGCGGTTCGGAATATGTTCATCTGGAATTTCGGGTTTG
91 D F L S A L NR E S E LG R M D SQ R F G 1 € S§ S G I § G L
372 CAGATTTCACATCTAGTACAGAGTTTGGACCAAAAACGAAGTGGCCTAAAGGGTGTCCATGCCACAAAAGTAGATATTTGGGATGCTGAG
IZ17 0 I § HL V Q S LD Q K R 8 G LK G VH A T K V DI W DA E

462 AAGGAAGGAGAGATGACTTTAACCCTCACATTCCCAAGGCATGCTCAACCAACCAGCCCAGCCTCTGTGACGCTCCTGTTCAGTGTCGAT
15 K E G EMT L T LT F P R H AQ P T § P A S VT L L FS§ V D
552 TCCATGAAAGGAGATGGTTTGAGAGTGAAATTCAACAGTCATCCCATCCATCCAAATACACAGACGGTTTGCATTTCTGAGGCTACACGT

g1 §s MK GG b 6 LR V K FN § H P I H P NT Q T VC I §8 E A T R
642 TTCCTGGTCCTTACAGCAGGACAAAATCATGCCCACGTTCACCTTAAACTAAGTGTAACAATTGAGACATGGAAAGATGAAAACAAGCCG
210F L VL T A G Q N H AH VH LK L § V T T ET W KD E N K P
732 AAACCCAGTGTGTCTGAGCTTCGGGACGTGTTGATGAGAAAGGTAGATGGCAGCAATGTGTCAATGAGGCCGATCTTAGTTTTCCTCTCT
241 K P § V SE L R D VL MR K V D G SN V § MR P I L V FL §
822 GACCGTGATGAGCAAAGGACACCACACTTAAAATATCACGGAAATCCACTGGATGAGAAACTCCCATCCAGAACTTATCTTTTCCTCTGC
271 b R DE Q R T P H L KY H GN P L D E K LP S8 R T Y L F L C

912 GAGCTGCAGAAGTTCTTGAGTGACGTCCTTCCTCAGAAAGAGGGACCAACGTCTCAGCAAGGTGCAAACAGTGTCTC TTTGGATGCTCTG
301 E L Q K F LS DV LP Q K EGUPTS QQ GA NS V SL DA L
1002 CATTCCCTTCCACCTCTCAGCCTTGGACTGTCATCCACAGAGTCCCTGCTATCAGGACTGGTGAATTCCTCCATGCTGACTGTATTTGTC

33 H S LP P LS LG L S ST ESLL S GTULVNTGSSML T VF V
1092 TTCCCTGAGAGGCAGCAAGGCCTGCAGACTCACAGAGTGGAGGTGACACTAGATTCTCCTCTGCTCTCTGTGCTCAGAATGAGAGTGGAT
% F P E R QQ G L Q THR V E VT LD S P LL S VL RMR V D
1182 GAAGCCATGGCTCAGGTGAAACAGCAGGAGGCGGGGCAAAAGGTGACTGACAGGCTTCAGAAACTGAGTAAACTAAGTGGCCTTTCTCCA
399 E A MA QV K Q Q E A G QK V T DR L © K L S K LS G L §P
1272 GAAGGAGAGGACAATGAAGCAGTCGCTAAGGACCACAAAGAGGCCCAGTACCGGTCTGTTTTGCTTCTGAAGGCCCTGCAGATGGTACTC
21 E G E D N E A VA K DH K E A Q YR $§ VL L LK AL QM V L
1362 GGTACCTGGGAGGTGGAAAGAGCTCAGAGAGCAGCCAGAGCGGATGAAGATGGCCCATCAGTGTCCAGTCAGTGTCGGCTTCAGAGCTTG
451 G TW E V E R AQ R A A R AD E D G P § VS 8 0Q[CR Lo s 1]
1452 TCCGTGTCCTTGAGGAAGTTCTTACTTGAGCCCTCTAAAGTCAACATCAACAACTGTGAGGGAGAGTGTAAATTCCCCCTAACCGGCAGC
41 [ vV s 1 R K F LL E P S8 KV N T NN CE G E C K F P LT G 3
1542 AACAACAACCACGCCATCCTCCTGAACAGCCATATTCAGAGCGGCGAGCCCATCAATCGC CTCTGCTGCGTACCGGTGGAGTTTGAC

si [N N N H A 1L . N S H 1 O 8§ G E P 1 N R L ¢ ¢ v p v B ¥ p
1632 GACCTGAGTGTGATCGAGCTGGAGAGCGAGAGCACCAAAATCTCCTTCAAGACCAATGTGGTAGCGACCAAGTGTGAATGTCGCTGA
s41 [D L S vV 1 FE 1L E S F S T K 1 S8 F K T NV vV AT K C E CR] *
1719  tgeccteettttge gcatgggtatatageaacat: aaC geatttatttrtgc acaaagclttaggtrtt gal at;

1869 cataaacicattigaagigtaaatiagglaatiagggggatat It at gt il i geclglgleagaata
2019 C
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Figure 2 Phylogenetic trebased oramino acj guéfices afnh(a) andfoxI2 (b) of

it ogal attittiattgctate tiggcicgg) stecgca

ATGATGGCCACCTACCCAGGCCCCGAGGATAATGGCATGATACTCATGGACACTACCTTGAGCTCAGCGGAGAAAGACCGAACAAAAGAG

MM AT Y P G P E DN G MI LM DT T L 8 8§ A E K DR T K E
GAA/\CCCCTCCCGAGAAGGGACCGGACAAATCCGACCCGACCCA/\AA/\CCN:CGTACTCCTACGTGGCGTTAATCGCGATGGC:’\ATCCGC
E T P K G P DK S D P T QIK P P Y S YV A L 1T A MA T K|
GAGAGCTCCGAGAAGCCTCTCACGCTGTCCGGCATCTA(‘CAGTACATCATCAGTAAGTTTC('TTTCTACGAGAAGAACAAAAAAGGATGG
[E S § F K R L T L S G 1 ¥ QY 1 I S K FP F YE K N K K G W]
CAGAACAGCATCCGACACAACCTGTCACTCAACGAGTGCTTCATCAAGGTGCCTCTGGAGGGCGGCGGCGAGCGAAAGGGCAACTACTGG
[ N § T R H N L S§ L N E C F1 K ¥V P L E G GG E R K G NY W

ACCCTGOGACCCGGCATGCGAGOGATATGTTCGAAAAGGGCAACTACCGGCGACGGCGACGCATGAAGAGACCGTTCAGGCCTCCACCGACC
[T plpA C EDMTFETIKGNY R R RTI RTRMTE KT RTPFRP PP T
CATTTCCAGCCTGGCAAATCTCTCTTCGGCGGTGACGGGTACGGTTACCTCTCCCCGCCCAAATACCTGCAGTCAGGGTTTATCAATAAC
H FQ P G K S L F GG D G Y G Y L S P P K Y L Q@ § G F I NN
TCGTGGCCTCCTGCGCCTATGCCCTATACCTCCTGTCAGATGAGCAGTGGGAACTTAAGTCCCGTTAACGTGAAAGGC TTGTCCGCGCCG
S wpPp P A PM PY T S CQ MS S GN L § P VN V K GL § A P
TCCTCGTACAATCCGTACTCGCGGGCGCAGAGCACATGTCTCCCGGGCATGGTGAACACTTACAACGGAATGAGCCACCATCATCTCCAC
S § YN P ¥YS R A Q § T C LP G MV N T YN G MS H H HL H
CATCACACGCACCCTCATGCGCTCCCGCACGCGCAGCAGCTGAGTCCCGCCACGGCTGCAGCCCCTCCGGTGTCCACCGGTAACGGAACA
H HT H P HA L P HA Q Q L S PA T A A AP P V ST G N G T
GGOGCTGCAGTTTGCTTGCTCGCGTCAACCCGCAGAACTCTCCATGATGCACTGCTCGTACTGGGACCACGAGAGCAAACACTCCGCGCTA
G L Q FA CS R Q PA E LS MM HC S YW DH E S K H § A L

CACGCGCGGATTGATATATAGctepg, taacattctt; -aagglecald ataaaaticlgct; tgatana
H A R 1 D T *
titactgg: gtggaageacgggctitctgg g tgcctgatgeagog: goagaatcgtggacatttatgttct gaatgtatataaacagtticaaac
gocagattgaaget: ot cealiciggeaaigeeiciggagigaagiatigegticigaaceetittiiic iigaat
caglggageletggecaggtatacaaacegaagigtacacacctglgtittggect taatggictcatatagy, g
tittcaatcttttittctttt taataaacacttgtgaac

S. kozlovand other organisms basedBayesian Inferencemethod.

x&
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Figure 3 Relative mRNA expression levels (mean + standard errar;) of amh(a)

andfoxlI2 (b) in different tissues db. kozloviSignificant differences betwedemales

and malesreindicatedwith anasterisk (*) P < 0.05).
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Figure 4 RelativemRNA expressi Man * standard errar = 6) of amh(a)

&eand juvenileduring different ages Significant

ages are indicated with an asterisk () < 0.05).

andfoxI2 (b) in the S. k
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