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Sex Determination Systems Based on PCR for Salmonids Reared in Ukraine
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Aims. To analyse highly conserved male-specific sequences in Y chromosome of salmonid species and de-
velop the conventional polymerase chain reaction (PCR) for rapid identification of fish sex. Methods. DNA
sequence analysis, phylogenetic analysis, DNA extraction, primers design, PCR and sequencing were used.
Results. Using the data from NCBI GenBank, all available sequences of male-specific Y-chromosome genes
(sdY) in salmonid species were analyzed for specific oligonucleotide primer design. The PCR assay for rapid
identification of males in rainbow trout Onchorhynchus mykiss, brown trout Sa/mo trutta, huchen Hucho hucho
and grayling Thymallus thymallus was developed. The length of PCR products was in the range of 200-800
base pairs (bp). The specificity of the amplified fragments was tested by sequencing of PCR products. All PCR
products corresponded to the areas of the Y chromosome where the sdY loci are located. The comparison of the
amplified DNAs revealed high identity (95-99 %) between the sequences of the rainbow trout, the brown trout,
the huchen, and the grayling. The highest identity rates were noted among one specific genus and the percent-
age of homology was approximately 99 % as shown for rainbow trout O. mykiss. Conclusions. The sex of the
mentioned above fish species can be readily determined by the PCR assay which allows performing simple
identification of “neomales” in the indirect feminization method via the hormonal sex reversal. The assay can
be classified as express diagnostics, because the data analysis and the delivery of the generated results to the
fish-farming site can be accomplished within a day.
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sex reversal.

INTRODUCTION

Monosex populations of fish are desirable in aquacul-
ture for a variety of reasons. The male grows faster in
some species and the female — in other species. In this
case, the monosex culture of the faster-growing sex can
increase the production and the sexual dimorphism in
growth occurs in most cultured fish [1]. The males of
some species of salmonids can become sexually ma-
ture early, at a sub-optimal market size. To alleviate
this problem, all-female strains have been developed in
some countries and now make up the bulk of produc-
tion of those species worldwide [2, 3].

Salmonids possess an XY genetic sex determination
system which is highly stable, allowing for pure popu-
lations of XX individuals for the production purposes.
The females of salmonids grow faster than the males
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so the breeding of all-female populations is very ben-
eficial for fish producers. All-female populations of sal-
monids can be obtained via the hormonal sex reversal
by the indirect feminization method [4]. The principal
step of this method is to identify and discard genotypic
males, because only “neomales” (phenotypic males
with XX genotype) must be used in the next crosses
with native females to get 100 % all-female stock. The
two types of males have been distinguished from one
another as follows:

1) test-crossing each individual with regular females,
and retaining those which yield only female progeny
(which takes many years to accomplish);

2) using distinguishing characteristics (i.e. lack of a
spermduct) that exist between XX and XY males (in-
ducing this characteristic requires long-term dietary
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treatments with androgen and is not always reliable);

3) the identification of hermaphrodite gonads, which
is strongly indicative of an XX genetic background
(but only occurs in a small proportion of sex-reversed
fish and thus is also unreliable);

4) the use of Y-chromosomal DNA markers which
can distinguish males of XX and XY genotype (which
is very reliable), thus the conventional PCR can be
used [5, 6].

The rainbow trout (O. mykiss), the brown trout
(S. trutta), the huchen (H. hucho) and the grayling
(T. thymallus) are the most popular species of salmo-
nids in Ukraine. Due to their high food value and sim-
plicity of breeding, these fishes are wide-spread and
basic objects of fish-farming. Recent research with
sex-determining sequences in 15 different species of
salmonids revealed a highly conserved and male-spe-
cific Y-chromosome gene sdY [7]. Based on the wide
conservation of sdY as a male-specific Y-chromosome
gene, efficient and easy molecular sexing techniques
can be developed. Therefore, the aims of our research
were to identify the sdY locus in the mentioned above
salmonid species and develop the PCR technique for
rapid fish sex determination.

MATERIALS AND METHODS

DNA extraction. Forty fins from sex-maturated rain-
bow trout, brown trout, huchen and grayling (n = 5 of
each sex and species) were independently homogeni-
zated in PBS (137 mM NacCl, 2.7 mM KCI, 10 mM
Na,HPO,, 2 mM KH,PO,, pH 7.4). Genomic DNA was
extracted using a 25:24:1 phenol:chloroform:isoamyl
alcohol (IAA) mixture, followed by ethanol pre-
cipitation [8]. Briefly, the fin homogenates were in-
cubated with proteinase K in the presence of lysis
buffer (10 mM Tris-HCI, 0.1 M EDTA, 0.5 % (w/v)
SDS, pH 8.0) for 2 h at 37 °C and then treated with
phenol:chloroform:IAA mixture. In order to separate
organic solvents and water-dissolved DNA, the mixture
was centrifuged at 13,000 g for 5 min. A 0.1 volume
of 3 M sodium acetate and 2.5 volumes of cold 95 %
ethanol were added to the aqueous phase. The mixture
was incubated for 1 h at 20 °C for DNA precipitation,
followed by the centrifugation at 13,000 g. The super-
natant was removed and the pellet was washed with
cold 70 % ethanol and then air-dried. The nuclease-free
water was added and resuspended for DNA dissolv-
ing. The DNA concentrations were determined by the
spectrophotometer (APEL PD-303 UV, Japan) and the
samples were stored at —20 °C until use.
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Primers design. We selected four primer pairs in the
sexually dimorphic Y-chromosome locus (sdY) for
conventional PCR technique. For this purpose we used
all the available nucleotide sequences of salmonids in
NCBI (www.ncbi.nim.nih.gov). The selected oligonu-
cleotides were tested for possible secondary structure
and self-complementarity using Vector NTI 10 soft-
ware (INVITROGEN, USA) and the on-line service
BLAST (www.ncbi.nim.nih.gov/blast). All the oligo-
nucleotides were synthesized commercially by Meta-
bion (Germany).

PCR assay. The reagents used for PCR amplification
were obtained from ThermoScientific (USA). Each 25
pl of the reaction mixture (prepared on ice) contained
the DNA sample, 12.5 pl of DreamTaq PCR Master
Mix, 20 pmol of each oligonucleotide primer and dis-
tilled water up to total volume. A PeqStar (PEQLAB,
Germany) thermocycler was used for PCR as follows,
Cycle 1: 95 °C for 2 min; Cycles 2 to 30 : 95 °C for
1 min, 60 °C for 1 min, and 72 °C for 1 min; Cycle
31 : 72 °C for 5 min. The PCR mixture containing no
DNA template was used as the control. After the PCR
all products were transferred to 2.0 % agarose gel, elec-
trophoresed, and the DNA was visualized by ethidium
bromide staining.

Sequencing. Each fragment of the amplified DNA for
different species was taken for sequencing. The Silica
Bead DNA Extraction Kit (7ThermoScientific, USA)
was used for the extraction of DNA from agarose gel.
The sequencing was performed on a 3130 Genetic Ana-
lyzer and analyzed using BLASTN, Vector NTI 10 and
MEGA software version 5.2.

RESULTS AND DISCUSSION

All the available nucleotide sequences of sdY locus
were analysed using BLASTN and MEGA software.
The comparison of sdY sequences in salmonids re-
vealed the high identity of 95-99 % within Onchorhyn-
chus, Salmo, Hucho, Thymallus, Salvelinus genera and
others (Fig. 1).

Our results showed that the selected oligonucleotide
primers for sdY locus amplified the same products
for all the tested salmonid species. The PCR products
were 800 bp long for the rainbow trout, approximately
500 bp for the huchen, the fragment for the grayling
was about 600 bp and the product in 200 bp was that of
the brown trout (Fig. 2).

The cross amplification was performed in order to es-
tablish the specificity of primers. The specific primers
for the rainbow trout and brown trout and also their
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Fig. 1. The phylogenetic three of sdY locus of salmonid species, generated by means of a neighbor-joining algorithm in

MEGA software version 5.2

DNA samples were used in simple PCR. It was shown
that specific oligonucleotides for the brown trout did
not amplify PCR products with DNA of the rainbow
trout and vice versa there were no products in the reac-
tion of the rainbow trout specific primers and the brown
trout DNA (Fig. 3).

The specificity of the amplified fragments was tested
by sequencing of PCR products. It was shown that the
sequences of amplified fragments corresponded to the
areas of the Y chromosome where the sdY loci were
located. The comparison of the amplified sdY locus se-
quences of the investigated fish revealed high identity
of 95-99 % between the samples of O. mykiss, S. trut-
ta, H. hucho and T. thymallus. The highest identity rates
were noted within certain genera and the percentage of
homology was approximately 99 % as shown for rain-
bow trout O. mykiss in Fig. 4.

All the salmonid species investigated up to date have
been characterized using the male heterogametic sex
determination system. However, as these species do not
share any Y-chromosome conserved synteny, there re-
mains a debate on whether they share a common master
sex-determining gene. Yano et al. traced the extent of
conservation and evolution of the master sex-determin-
ing genes sdY in 15 different salmonid species [7]. Us-
ing MEGA software and BLASTN we showed that the
sdY sequence is highly conserved in all salmonids and
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Fig. 2. The amplification of the rainbow trout (a), the
huchen (b) and the grayling (c) genomic DNA by PCR, in-
corporating the selected primers: m — male, f — female, line
M — Quick Load 100 bp DNA ladder (BioLabs, UK). The
positive control of DNA (beta-actin gene) and no DNA tem-
plate as a negative control were used in the amplification re-
spectively (not indicated)
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Fig. 3. The cross amplification of sdY locus fragments from
the DNA samples of the rainbow and brown trout using spe-
cies-specific oligonucleotide primers: 1, 2 and 3, 4 — males
and females of rainbow trout O. mykiss; m — male (») and
f — female of brown trout S. frutta, line M — Quick Load
100 bp DNA ladder (BioLabs, UK).

that sdY is a male-specific Y-chromosome gene for the
majority of these species. These findings demonstrate
that most salmonids share a conserved sex-determining
locus and also strongly suggest that sdY may be this
conserved master sex-determining gene. Therefore,
these data may be of great interest for further study of
these economically and environmentally important fish
species.

Thus, as a result of primer selection, the PCR meth-
ods for rapid diagnostics of fish sex in the rainbow trout,
the huchen, the grayling, and the brown trout were de-
veloped. The discarding of genotypic males and selec-
tion of “neomales” are very important moments in the
indirect feminization method via the hormonal sex re-
versal (EU Directive 96/22/CE, dated April 29, 1996).
In order to get 100% all-female stock, only “neomales”
must be selected for subsequent crossing with regular
females.

Some salmonid species demonstrate moderate to
high levels of early sexual maturation, at a sub-optimal
market size. The development of all-female strains of
these species could be a significant benefit for the aqua-
culture industry as it would allow preventing the losses
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arising from early maturation of males [9]. The preco-
cious maturation of salmonid species (usually one year
for males and two years for females) induces great vari-
ability in flesh quality, as well as high male mortality
due to the Saprolegnia fungus and low rates of resis-
tance to infectious hematopoietic necrosis virus (IHN)
and to viral haemorrhagic septicaemia (VHS) [10].
Several authors have underlined the potential interest
of farming immature all-female or sterile all-female
salmonid populations to solve these problems and to
achieve bigger sizes, more adapted for the fillet market
and with a better feed conversion index [11]. The farm-
ing of sterile fish is also advocated by FAO to prevent
genetic interaction from the escaped farmed genotypes
with wild populations, in the interests of sustainable
aquaculture [12].

In addition to the benefits of monosex strains derived
from elimination of sexual maturity, all-female strains
also allow for the enhanced roe production which can
be of benefit if appropriate markets have been devel-
oped. Thus, for the huchen, the use of monosex female
strains has allowed for a doubling in the roe production
from the same number of production animals previ-
ously used in the mixed sex culture.

Consequently, based on the wide conservation of sdY
as a male-specific Y-chromosome gene, we selected ef-
ficient primers for easy molecular sex selection tech-
niques such as conventional PCR. Our results showed
that selected oligonucleotide primers for the sdY locus
amplified the same products for all the tested salmo-
nid species. The PCR products were 800 bp long for
the rainbow trout, 500 bp for the huchen, 600 bp for
the grayling, and 200 bp for the brown trout. The sdY
primers used for amplification yielded no products in

Sockeye salmon (Oncorhynchus nerka)
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72

Chum salmon (Oncorhynchus keta)
Coho salmon (Oncorhynchus kisutch)

Chinook salmon (Oncorhynchus tshawytscha)

‘LRainbow trout (Oncorhynchus mykiss)
99 L Gila trout (Oncorhynchus gilae)

0.01

Cutthroat trout (Oncorhynchus clarkii)

Fig. 4. The analysis of the amplified product sequences of sdY locus in rainbow trout O. mykiss (Ishhan fish farm, Chernivtsi
region, Western Ukraine) and its comparison with the identical fragments from other members of Onchorhynchus genus. The
tree was generated by means of a neighbor-joining algorithm in MEGA software version 5.2
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genetic females, whereas single fragments were pro-
duced in the males of the tested species. The specificity
of the amplified fragments was tested by sequencing of
PCR products. It was shown that the sequences of the
amplified fragments corresponded to the areas of the
Y chromosome where the sdY loci were located. The
comparison of the amplified DNA revealed high iden-
tity of 95-99 % between the sequences of O. mykiss,
S. trutta, H. hucho and T. thymallus.

The investigations on the sex-linked DNA-markers
will be continued in our future research due to its ur-
gency for biotechnology and step-by-step transition to
all-female strains of salmonid aquaculture in Ukraine.

CONCLUSIONS

The PCR diagnostics for sex determination in rain-
bow trout O. mykiss, brown trout S. frutta, huchen
H. hucho and grayling T. thymallus were developed.
The sex genotype can be readily determined by con-
ventional PCR diagnostics which can be performed us-
ing crude tissue (fins) or blood as source of DNA. The
assay can be classified as express diagnostics, because
the data analysis and the delivery of the generated re-
sults to the fish-farming site can be accomplished with-
in a day. The application of simple PCR-based diag-
nostics allows distinguishing regular XY males from
masculinized XX males, facilitating the development
and maintenance of monosex, all-female strains.
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CucreMu BU3HAYEHHS CTATi y JIoOcOCeBMX BUIB pud
Yxpainu MeTo10M MoJTiMePa3HOi JAHIIOTOBOI peaKirii
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IactutyT pubnoro rocnonapctea, HAAH
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Merta. IIpoananizyBaru nocninosrocti JIHK crareBocrie-
IU(IYHUX MapKepiB JIOCOCEBUX BHJIB pUO Ta pO3POOHUTH
eKCIIpec-/1iarHOCTHKY CTaTl y paiayxHoi Qopemi O. my-
kiss, crpymkoBoi Qopeni S. trutta, KyHAWCHKOTO JOCO-
csi H. hucho Ta xapiyca eBpomeiicekoro 1. thymallus.
Metonu. Ananiz JIHK-mocmigoBHOCTEH, (iIOreHETHIHUN
aHaji3, miadip cneuudiyHUX OJIrOHYKICOTHAHUX Ipaii-
MepiB, BuaiteHus JIHK, momimepasna naHijforoBa peax-
uii (IIJIP), peaxuis cexBeHyBaHHs. Pesyabrarm. 3a na-
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HUMH aHaji3y crareBocnenudigaux iokyciB (sdY) mo-
COCEBHX BHIIB pHO MiAiOpaHO OJTOHYKICOTHIHI Tpaiime-
PH 1T eKCIIpec-AiarHOCTHUKU CaMIliB y paiayxHoi ¢operi,
CTPYMKOBOI (hoperni, ITyHaWCHKOTO JIOCOCS Ta Xapiyca €Bpo-
neiicekoro. Po3mipu mpomykTiB amrnridikarii CTaHOBHIN
Bix 200 mo 800 map myxmeotunis. CrnenudivHicTh peakmii
amIuTi(hikarlii mepeBipeHo aHaIi30M HyKJICOTHAHOTO CKIIAIy
ammutikoHiB. Yci mpoxyktu IIJIP BigmoBimamm mimsaii Y
XpOMOCOMH, Jie 3HaxousAThes Jiokycu sdY. IlopiBHsuibHE
BHUBYCHHSI HYKJICOTHIHHX IOCIIIOBHOCTEH amrnTi(ikoBaHUX
(parmenTiB Ta Jokycy sdY paiimyxHoi doperni, cTpyMKoBOl
doperni, TyHAWCHKOrO JIOCOCS Ta Xapiyca €BPOICHCHKOTO
3aCBIAYMIIO BUCOKHH CTYIiHb 1ICHTUUHOCTI, SIKUI CTAHOBHUTH
95-99 %. MaxkcumaipHy inentnunicts JIHK-mociizoBHOC-
Teit — 99 % — crocTepiraiy NpH JOCIIKEHHI CIKBEHCIB Of1-
HOTO poxy, Hampukiaan Onchorhynchus. BucHoBku. 3a
JIOTIOMOT'010 TiiOpaHuX crenudiyHuX OJIrOHYKICOTHIHIX
npaiiMepiB cTaTh paiiayxkHOi Qoperi, cTpyMKoBOi (ope-
JIi, TyHAHCBHKOTO JIOCOCS Ta Xapiyca €BpOICHCHKOTO MOXKE
Oyt BuU3HaueHa MeronoMm TtpamunidiHoro IIJIP. Ile no-
3BOJISIE 1IEHTH(IKYBaTH CaMIiB-pPEBEPCAHTIB IIiJ 4ac Mpo-
1ecy ropMoHaibHOi peBepcii crari y pub. [lanuii meron
HAJISKUTD JI0 EKCITPeC-1iarHOCTHKH, OCKUIBKU aHalli3 TaHUX
I TpelCTaBIeHHs PEe3yJbTaTiB 10 PUOHOTO TOCIOAAPCTBA
MOXKJIMBE YIPOIOBXK OHI€T T0OH.

Karouosi ciioBa: inentudikanis crari, [IJIP, THK-mapkepu,
JococeBi pubu YKpaiHu, TOpMOHAJIBFHA PEBEPCisl.

CucreMsl onpeeseHns M0Ja Yy JIOCOCEBBIX BHI0B PbI0
YKpauHbl METOAOM MOJTUMEPA3HON LEeNHON peaKkunu

1O. I1. Pynp, Y. U. I'purmmasx
e-mail: rud_yuriy@ifr.com.ua

WucTutyT peidHOTO X03stiicTBa, HAAH
V. O6yxoBckas, 135, Kues, Ykpanna, 03164

Heaw. [Tpoananusuposars nocienosarensHocty JJHK momo-
crienupHUIECKUX MapKepoB JIOCOCEBBIX BHJOB PbIO W pas-
paboTarh 3KCHpPECcC-AMArHOCTHKY ToJia Y paayXHOH (o-
penu O. mykiss, pydseBoii dopenu S. trutta, nyHAHCKOTO
nococst H. hucho u xapuyca espomneiickoro 7. thymallus.
Metonpl. Ananmuz JIHK-mocnenoBarensHOCTEH, (uioreHe-
TUYECKUH aHanm3, Mojdop CHEHUPHYECKHX OJIMTOHYKIICO-
TUJHBIX TIpaiiMepoB, Beiaenenne JIHK, momimepasHas nen-
Hast peakiuu (ITHP), peakuus cexBenupoBanusi. Pedynbrarsl.
[To manHBIM aHanmu3a nosnocnenuduyeckux JokycoB (sdY)
JIOCOCEBBIX BHJOB DbIO TO00paHbl OJUTOHYKJICOTHIHBIC
npaiiMepbl Ul 9KCIpecc-IUarHOCTUKU CaMLOB Y PajykK-
HOM (openy, pydbeBoil Qopenn, AyHAHCKOTO JIOCOCS |
xapHuyca eBponelckoro. Pasmepsl npomykroB aMrumguka-
uuu coctaBisuin ot 200 mo 800 map nyxieorunon. Cre-
U(QUIHOCTh peakuusl aMIUIM(UKaIUK TPOBEpEeHa aHalu-
30M HYKJICOTHIHOTO COCTaBa aMIUIMKOHOB. Bce MpoOmyKThI
[P orBeuanu ywactky Y XpPOMOCOMBI, [J€ HaXOAATCS
nokycel sdY. CpaBHUTEIbHOE H3yUCHHE HYKICOTHIHBIX
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MTOCITEIOBATEIEHOCTEH aMIUTH(UITIPOBAHHBIX (ParMEeHTOB
n nokycoB sdY pamyxHOU openu, pydpeBoil Qoperm,
JTlyHalCKOTO JIOCOCS U Xapuyca €BpPONEHCKOI0 BBISIBUIO BbI-
COKYIO CTENeHb WACHTUYHOCTH, COCTABISIONLYI0 95—99 %.
Makcumansayto uaeHtuuHocts JHK-nocnenosarenbHoc-
Teit — 99 % — HabmromamM MpH MCCIETOBaHUN CHKBEHCOB
omHOrO poma, Hampumep Onchorhynchus. BeiBoabl. C
MTOMOIIBI0 TTOAOOPAHHBIX CHEMU(PUISCKUX OIUTOHYKIICO-
THJIHBIX TPAiMEpPOB I0J PayKHOH (opesu, pyubeBoi (o-
penu, AYHaWCKOro JIOCOCS M Xapuyca €BpPONEHCKOro Mo-
JKET OBITh OmpeneneH MeToaoM TpaaunuonHo [P Oto
IIO3BOJIACT I/IIIGHTI/Iq)I/IHI/IpOBaTB CaMIIOB-pPEBEPCAHTOB BO
BpeMsi Tpollecca TOPMOHAIbHOW pEeBEpCHH Mojia y phIO.
JlaHHBII MeTOJl MPHUHAIICKUT K SKCIPECC-IAUarHOCTUKE,
IOCKOJIBKY aHaJIn3 IaHHBIX W BO3BpAIICHUC PE3YJILTATOB
B PBIOHOE XO3SHCTBO OCYIIECTBISIOTCSI Ha IPOTSHKEHUH
OJHUX CYTOK.

KaroueBbie ciaoBa: wnentuduxanus noma, [TLP, mapke-
pst JIHK, nococeBble pbiObI YKpanHbI, TOPMOHAJIBHAS pe-
BEpCHSL.
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