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Association study of candidate genes with scrotal hernia
and cryptorchidism in pigs
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unAntia: N3ANHARNERTRUsc AR nsanANdNTUEsznd 193U wULE Follicle stimulating hormone beta
(FSHB), Insulin like -3 (INSL3), Steroidogenic factor -1 (SF-1) wadll Mullerian inhibiting substance (MIS)
fulsaldineunidunzuardumznandlugns Inesldfaategneaiuin 257 fa wilsgnsean 3 ngu Aa qnatins
1 o & e 2 d' o o d' o
(laiffugilszdfnnslignidulsaldimeougsdunzuazdnmeneuns) gnaiulsaldidaugednme wazgnaiu
T9ndnumenauny AUl 75, 82 Uaz100 Fiv ANAIAU AsadaugluuLtiuaesiu FSHB famalla PCR,
€1 INSL3, SF-1 gaenallm PCR-SSCP wasdlu MIS fenailn PCR-RFLP La¥AIATIZHANNANAUSTEMINg
sluuvBuiulsnlfineunedunsuardunneunafaads Logistic regression a1nNnMsANEIWLGNLLLLE
lu FSHB uwaz MIS Hanuduiusiuniadulsaldineungedmeuazdunznasing (P<0.05) wavelu INSL3
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ABSTRACT: This study proposed to investigate the associations between Follicle stimulating hormone beta (FSHB),
Insulin - like 3 (INSL3), Steroidogenic factor-1 (SF-1) and Mullerian inhibiting substance (MIS) genes with scrotal
hernia and cryptorchidism in pigs. A total of 257 pig blood samples were collected from 3 groups, the first group
consisted of normal pigs (parents had not occur of scrotal hernia and cryptorchidism) (n=75), the second group
composed of scrotal hernia pigs (n =82) and the third group revealed cryptorchidism symptom (n=100). The
polymorphism of FSHB gene was detected by PCR, INSL3 and SF-1 genes were analyzed by PCR-SSCP and
MIS gene was detected by PCR-RFLP. Analysis of association between pattern of genes with scrotal hernia and
cryptorchidism were performed by Logistic regression. The results revealed that the FSHB and MIS genes were
associated with scrotal hernia and cryptorchidism (P<0.05) and INSL3 gene was associated with only cryptorchidism
(P<0.05). Theses genes were involved testis differentiation and descent, the genetic mechanism important might be
controlled by interaction of genes, which are associated with scrotal hernia and cryptorchidism in pigs. Therefore,
further study on the molecular level for genes that could be developed as genetic markers in the pig industry.
Keywords: Gene, Pattern of gene, Pig, Scrotal hernia, Cryptorchism
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AnMTNBIUAY) gnasanaagnifiuiaeaietiinig
fnAEue A28 Silica-Guanidine HCl ANNATUR4
Goodwin et al. (2007) AgIAdELIARNNALELRAIE
oA ¥ v
agarose gel eletrophoresis NAMNLINIU 0.8 %

mstNUS T ugausiu FSHB, MIS, INSL3 ua
SF-1 Amawnalia Polymerase chain reaction (PCR)

st Bunndudounidue el daludingifue
mn@mﬂﬂﬁLmzqm‘iimi&ﬁ@uqqﬁmmLLmﬂ”wm
NBIUAN IuLLﬁiazﬂﬁﬁ?mﬁwm 10 lulns@ms
Usznausag Adwe AnNdnduRidue 50 wlunsu
Tulasams) U3ums 1 lulasdams, 10X PCR buffer
uaz MgCl 1Bunms 1 lalasding, 1 mM waduday
dNTPs 13u1m5 1 lulmsamns, Insiwas Forward wag
Reverseluwmazgy annuidindu 3 Alalua atnsay
114TA3am3 (Table 1) Inevinnnseanuuylinsines
pael1lsunsu “Primer 3” (www.genome.wi.mit.edu)
(Rozen and Skaletsky , 2000) luLsino coding
region 98481 Insulin like 3 (INSL3) accession

Table 1 Primer characteristics
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number X73636 (Burkhardt et al., 1994) /114914
4 @ A8 INSLO1 1, INSLO21, INSL022 Lkay INSL023
ANANAL WazEil Steroidogenic factor-1 (SF-1)
NM_001102473 (Pilon et al., 1998) S1149146 ¢ A
SF011, SF021, SF031, SF032, SF041 ez SF051
MINANGL, 0.5 ¢ilm Taqg polymerase 13N1m3
0.1 lulmsdms (RBC Biosciece) UiuiFunmedas
Sterile RO water 135704 4.9 lulasans ilels
13umsmsu 10 Tulasans Ha9sau989n1991 PCR
F4id B Initial denaturation ﬁ’qmuﬂﬁ 95 1flu
1987 5 117 antusieen 30 seu flsaazden
i Denaturation ﬁqmugﬁ 95°% 1aan 30 3
gruuyi Annealing 2a4lnsines (Table 1) 1ilu
1987 30 U7 Extension ﬁfqmmﬁ 72°% (lunan
45 3nil ua Final extension gniugil 7271 u
1987 1.30 At dsanniafaduljien th PCR
product limsagevruinuesdusaallsunsy

Gene Snap a¥ Gene Tool

Gene  Chr. Primer Seq 5’ 3 Region Ta”  Product
name (°C) size (bp)
INSL3 2 INSLO11F CAGGGGGCAGCATGTAGT Exon 1 59 245
INSLO11R GGGACAAGGTATCTGGCTAC
INSLO21F GTCCCCAGGTGAACTGCTAC Exon 2 60 267
INSLO21R  ACTGGATCCCCCTCTGGAT
INSLO22F GACTTGCTGACCCTCTGTCC Exon 2 55 268
INSLO22R TGGTATTCTGCAAAGCCAAG
INSLO23F CAAACCCTGCTTGGAGGAC Exon 2 62 158
INSLO23R CATTATGTCTGCAGGCATCTTATTT
SF-1 1 SFO11F AGGCCAGACCCATGAAGAG Coding region 65 229
SFO11R ATGTGAGCAGCCCGTAGTG
SF021F GGGACAAGGTATCTGGCTAC 58 282
SFO21R CCTTCTTTTGCTGCTTTCAGG
SFO31F CAGAGCTGCAAGATCGACAA 60 320
SFO31R CAGGGGGCAGCATGTAGT
SF032F GGCTTCAAGCTGGAAACAGG 63 300
SFO32R GTAGGGCTCCGGGTACTTCA
SFO41F CCACTGGCTGGCTACCTCTA 64 295
SF041R CGATGGAAATGAAGGTCTGG
SFO51F CTGCAGGAACCAGCCAAA 62 271
SFO51R GTGGTCAGCTCCACCTCCT
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Table 1 Primer characteristics. (cont.)
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Gene  Chr. Primer Seq 5’ 3 Region Ta”  Product
name (°C)  size (bp)
mis" 2 HMISF ~ GGACTCCACCTCTGCCTTCCTC 5 UTR 60 1,200
HMIS R GGAACTTCAGCAAGGGTGTTGG
PMIS-F CCAGCAACAGACAAATACACG Coding region 69 200
PMIS-R ~ GCTCCAGGTGCCAAACCTGC
BMIS-F CTGCGACGCCGCCGCGGAAT 59 160
BMIS-R GATGGAGGCAGGAGCTGGCTCA
SMIS-F GGATGTTTAGGGCAGCA 65 200
SMIS-R GCGGCGTCGCAGGGTCAGA
FSHB? 2 FSHb-F CCTTTAAGACATCAATGGCA Intron 67 200
FSHb-R AGTGGTTTTTCCTTCCTTTTC

"Yu et al., 2003, “Zhao et al., 1998, * annealing temperature
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Bunzuardmenadnas 1y 1 uazgiluuy
uilsitsng i 0 fmanisdimanzvinugluuy
fiu (P<0.05) wamdInHANUazuianals
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B, = anfaunu y (Intercept)

| o £ . o o
B2 Byses B, = ndutlsz@nd Regression 1asgiuuundi 1,2, ... n

i=1,2,..,14

X, X,y X, = Faudsinfinesnisdsingguuundu a1, 2, 3,..., n
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£;= ANAINUARALA AU (Random error term)
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et al., 1986)

500 bp 460 bp
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Figure 1 Patterns of FSHB gene
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#4 Figure 2

Tnausazlnswesuazusazgduuy dnng
mmqwmmmﬁiuzﬁmﬂnﬁ, zgml,ﬂuimizﬁg@u
pedumznargnadudnmenasieg i Inswe$
INSLO11 g‘ﬂLL‘]_I‘]_I INP1 (0.79, 0.15 1kax0.08)
suliuy INP2 (0.03, 0.51 uaz 0.66) hargluuy
INP3 (0.18, 0.34 waz 0.26) Insines SFO31
71Uy SP1(0.92, 0.88 ua0.87) LAY guliuL SP2
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Luuduay 1 woy selaavinliluntsmsaasey
ANUANNUANETRSEUFfenATlA SSCP azny
Sruanunudiuelduinigalaiiy 4 woy
annnsAnAREEnULAUR Bl lnsleF
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SNP 111n91 1 ALl PCR fragment
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wallm PCR ﬂi’mgLmuﬁl,ﬁumﬁﬁmmmﬂixmm
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#4 Figure 3
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wazgnaiulsadnimenaing ol siluuudana
B1 (0.55, 0.55 waz 0.59) uazgiluuudada B2
(0.45, 0.45 uaz 0.41), Inginaf PMIS gUuuLdada
M1 (0.71, 0.62 waz 0.71) waz JUuuUAaAA M2
(0.29, 0.38 Uaz 0.29), Inginas SMIS gUuuLdaRA
C1 (0.47, 0.40 uaz 0.49) waz JuuuLdana C2
(0.53, 0.60 uaz 0.51) uaz Twawas HMIS guluuy
aa8a H1 (0.50, 0.77 way 0.77) wargluuudaas
H2 (0.50, 0.23 1a%0.23) ATNATAL
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INP1 INP2 INF3  INP1 INP2 INP3 SP1 SP2 SP1

177

sP2 SFP1 SFP2 SFP3 SFP1 SFP2  SFP3

(A) INSLO11  INSLD11 model (B) SF031

Figure 2
in pigs.

M B1B1 B1B2 B2B2

500 bp
148 bp

90 bp
58 bp

(A)
M MIM1 M1M2 M2M2

500 bp

200 bp
177 bp

23 bp

(B)

Figure 3

ANANRusaasgluuuduiulsaldifauns
AUNZUATDUNSNDILAY

Ansrzilulnsimes FSHB, INSLO11, SF031,
SF041, HMIS, PMIS, BMIS way SMIS fulsna
TﬁL?{@uqqﬁmmLm:ﬁmwwmLLm\i wudn gtluuy
Sadavesiu FSHB flamuduiusiulanlfideu
QNEDIMNZUATETUNENDILAY (P<0.01), JUuLILEY

INSL3 wWupudNRusa893uuL SSCP (INP2)

SF031 model

(C) SF041 SF041 model

SSCP patterns of INSL0O11 (A), SF031 (B) and SF041(C) genes and model, respectively

M C1C1 C1C2 C2C2

500 bp

79 bp
71bp

54 bp
(@)
M H1H1 H1H2 H2H2

500 bp
484 bp

328 bp
226 bp

(D)

RFLP pattern of MIS gene and Primer BMIS (A), PMIS (B), SMIS (C) and HMIS (D)

Tulwawas INSLO11 funiniinlsadumenading
lugns (P<0.01), E1u SF-1 Ainululwaies SFO31 way
sF041 Liflannuumnsineiulugnadulsaléiden
DT UNZUATEUNENBILAY (P>0.05) YRR
UHEAINIZULLL SSCP imuludu SF-1
Tugunisfianenldinasenisiinlsaldideu
AumzLazdunenadnadlugns wazgtiuy
faaaestiu MIS Tulnaiuas HMIS Haanuduius
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fulsnldidaugedning (P<0.01) uwardnng
NBIWAY (P<0.05) Faflusumidlulneies HMIS
a¢/luLT1aed 5 Utranslated region (5 UTR) o8
wnEnisifia SNP 1iinsienaasinldifiuvie
aANNT transcription 18981 avanaliiinase
nsasuudassesllsiuunenaasidudaud
avdryrynulunisAuANNITLARAIBBNTIE Y
(Table 2)

atlafinu AIngenuNNIAnE Grindflek
et al. (2006) k1A NUAIMNANAUTIRT QTL
u?mmimiuisﬁwjﬁ 5 (P<0.00005) ﬁuqﬂi‘ﬁ'lﬂu
iBenauiiuvienesumaiu daonuaanadiiug
’Luﬁwum&ﬂm‘lﬁu‘im@ﬁ 2 gadusumnisaastiy
INSL3, CGRP wagz MIS (P<0.001) u@ﬂmﬂﬁmu
318471789 DU et al. (2009) TiANHNANINANTE
mmﬁmm@uuuimiu‘ﬂsﬁwﬁ 2 uaz 15 e
nsdnmsaulaiulaug? 2 Sezey 67 oM fu
gnarflulanld Lgauqaﬁmm RO AT e oreR
fu ELF5 waz CAT uilastalangd 2 (P<0.001)
aziidldinannmeniiiiunuarmsinenasil
nuAMHANTLSIR TR umlseguulasTu
A7 2 daduldlgaduiiduavneedsaléiden
edtumslugnafsumisaguulasiulaugf 2

nsAneEuinasdeaTulsrsumemesuads
Liwefiaolugninnden Jawansdnsild
mmmﬁmﬁm’mmuluméwﬁqwudﬂ ANEALNA
22481 MIS waz MIS receptor dana itz iuaea
aasfluu MIS Has wardsnaliinaniaasymuis
UV ONALADLALIY Fasiannaznanelure sy
Aaneviatinla visawllulsa Persistenting mullerian
duct syndrome (PMSD) luinAtne wazwudnludl
nsAdeuTTRISIME ANEUTURINLLBTUIAAN
flinauazing finasianazuounig swelling a4
NiesuAANEALNG (Hutson et al., 1997) Ad-
ham and Agoulnik (2004) WUAINTLUIUNT

LAWINEAT 39 : 171-180 (2554).

\RauTitassImzandesiasy mice fase s
aa5luu INSL3 Tun1snseiunisiaseyaeaniueaiun
ada Taeuy mice AflgUuuvATulng INSL3 wuw
homozygous fifinns deletion Lﬁm%uwud'lqmﬂ‘f
WIARN ATHANHUZUINUATENY LATWLATUNY
Aragflugactias dauny Mice Aialulniluuy
heterozygous AzlNANIZLUIUNTT swelling 184
NiweuIAaN mndnsLAazdIndmsanTias
frvFumamefiinisanevnellaesaesTum
FSH 1 denalififumiy anaunpaesdnmzas
Punngufuanag (Kumar et al., 1997) Abel et al.
(2009) $1BNNUIINITHARIBDNTDINY Mice e
1§5ugestun FSH Wl lusamaasinnsiius=iu
gaaaailan INSL3 Fsanaifluli/ldnnsuansann
w0398iu INSL3 Tnsineusaniuiuaesiuu FSH
Tnedl FSH usaauay fadu dululdsniing
ANANAUS sxud 193l uunBiuaesiiy FSHB,
fu INSL3 wazdiu Mis fulaaldideugedume
Larfumeneduad anainalnnnsialsaldidey
Qefumzuazdunsnundruauiuiiinng
Transcripts atinssundulnelunaiiiasainnis
AILIANTEY FSH %qwudmﬁaw Mice Tixnaauns
Faflunannannnnsiaue i
yenaNta LA ANIEUNNSANEA R
Tandumenesuauarldireunesums siseuii
wugnfmnuduiusiu Tneluaumeasaiidy
AunznesLAiIuREILaza N AN90g LTI
inguinal 19818 Azl Ao wAnT Ui wI
fananasae (Radmayr et al., 1999; Tomiyama
et al., 2005) Tmﬂiimiﬁﬁ@uqﬁmmumﬁmm
nasuaslugns JAranduiuiniaiugnssy aeflu
494 0.2-0.7 (Mikami and Fredeen, 1979; Liu, 2003)
3600 PRBIRUINIANHASILANL AR LED9
Insies FSHB waz HMIS Helugnaifhilsnldiden
DNBUNZUATBIUNENSIULAITINY (Table 2)
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Table 2 Results of association of gene with scrotal hernia and Cryptorchidism in pigs by logistic regression

analysis
Gene name Chr. Primer Primer P-value
name location Scrotal hernia pigs Cryptorchidism pigs
FSHB 2 FSHB Intron 0.0108 0.0003
INSL3 2 INSLO11 Exon ns 0.0090
SF-1 1 SF031 Exon ns ns
SF041 Exon ns ns
MIS 2 BMIS Exon ns ns
PMIS Exon ns ns
SMIS Exon ns ns
HMIS 5UTR 0.0130 0.0500

agu
o o ode o dd e o
N19ANEERARUTN N9 UNTTUIUANT
4 . 44 .

Was Ukl aswmuIaznITtARa UNU a8 N
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WL9NE4 FSHB, INSL3 WazMIS Ananuduwusiu
Tonl&1AaunIA Nz LALAINENOIUAY UL

o A o & = o A
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ddm a | aaea Y .
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ANANRUSLUE W FSHB, INSL3 way MIS anaiilu
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AUNENDILAIUIALLT URNANIAINNIINI UL DS
a o 2 ~ = \ = o
fugauiu TeadsinisAnEsalUfsafun1InI9a
winalnluseauluiananestuianasimunlld
Wueeamunaiugnasnluananasunisuangns

ANUBUA

nsAnEn A lEsLY g AVLLANd TN
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U YU ANI.- GARINNITTH

LANA1FDN9DY

nanlAdng. 2550. dagadurudnsludsanalng T 2550.
NINUAGRT NTTNIIUNBATUATAUNTAL, NPUNNY.
unasdiaya: http:/mwww.dld.go.th. Auile 15 Famen
2553.

Beving ussasdond, 099 aianmuuna, wesdl Flusnd,
Teyms e, @Li‘ﬂﬂmé\i LAY BANNAA LNUAANVIAN.
2542, Lﬂn@@’ﬁuﬁqmmfﬁumzﬁmﬁLﬂuimim'ﬁ'@u.
ANIAAU. 24:65-71.

Abel, M. H., D. Baban, S. Lee, H. M. Charlton, and P. J. O.
Shaughnessy. 2009. Effects of FSH on testicular
mRNA transcript levels in the hypogonadal mouse.
J. Mol. Endocrinol. 42:291-303.

Adham, I. M., and A. I. Agoulnik. 2004. Insulin-like 3
signaling in testicular descent international. Int. J.
Androl. 27:257-265.

Barrosso, A., S. Dunner, and J. Canon. 1998. Technical
Note: Detection of Bovine Kappa-Casein Variants
A, B, C, and E by Means of Polymerase Chain
Reaction-Single Strand Conformation Polymorphism
(PCR-SSCP). J. Anim. Sci. 76:1535-1538.

Burkhardt, E., I. Adham, M. Brosig, B. Gastmann, A. M. G.
Mattai, and W. Engel. 1994. Structural organization
of the porcine and human genes coding for a Leydig
cell-specific insulin-like peptide (LEY I-L) and
chromosomal localization of the human gene
(INSL3). Genomics. 20:13-19.

Cai, Q. Q., and . Touitou. 1993. Excess PCR primers may
dramatically affect SSCP efficiency. Nucl. Acids Res.
21:3909-3910.



180

Du, Z. Q., X. Zhao, N. Vukasinovic, F. Rodriguez, A. C.
Clutter, and M. F. Rothschild. 2009. Association and
Haplotype Analyses of Positional Candidate Genes
in Five Genomic Regions Linked to Scrotal Hernia in
Commercial Pig Lines. PLoS ONE. 4:1-8.

Gatphayak, K., N. Chongkasikit, R. Charoensook, W.
Laenoi, T. Vearaslip, V. Sardsud, C. Knorr, U. ter
Meulen, and B. Brenig. 2005. Present situation of
porcine hernia inguinalis/scrotalis in Thailand.
Deutscher Tropentag, Hohenheim, Germany.

Goodwin, W., L. Adrian, and H. Sibte. 2007. An Introduction
to Forensic Genetics. John Wiley & Sons Ltd, Oxford.

Grindflek, E., M. Moe, H. Taubert, H. Simianer, S. Lien,
and T. Moen. 2006. Genome-wide linkage analysis
of inguinal hernia in pigs using affected sib pairs.
BMC Genet. 7:25.

Hutson, J. M., S. Hasthorpe, and C. F. Heyns. 1997.
Anatomical and Functional Aspects of Testicular
Descent and Cryptorchidism. Endocr. Rev.18:259-
280.

Kumar, T. R., Y. Wang, N. Lu, and M. M. Matzuk. 1997.
Follicle stimulating hormone is required for ovarian
follicle maturation but not male fertility. Nat
Genet.15:201-204.

Knorr, C., H. Taeubert, U. Peters, and B. Brenig. 2004.
Characterization of two SNPs (Single Nucleotide
Polymorphisms) in the porcine INSL3 gene and
their exclusion as a common genetic basis of hernia
inguinalis in pigs. Biol. Chem. Genet. 42:11-19.

Liu, Y. 2003. Are ridgling and scrotal rupture caused
by abnormal size of inguinal canal (Poster). NSIF
Conference and USDA Industry Workshop on QTL
Mapping Des Moines, lowa.

Magee, W. T., 1951. Inheritance of scrotal hernia in swine.
J. Anim. Sci, 10:516-522.

Mikami, H. and H. T. Fredeen. 1979. A genetic study of
cryptorchidism and scrotal hernia in pigs.. Can. J.
Genet. Cytol. 1:9-19. (Abstr.)

Pinart, E., S. Sancho, M. D. Briz, S. Bonet, and N.
Garcia. 1999. Characterization of the semen quality of
postpuberal boars with spontaneous unilateral
abdominal cryptorchidism on the right side. Anim.
Reprod. Sci. 55:269-278.

Pilon, N., R. Behdjani, I. Daneau, J. G. Lussier, and D W.
Silversides. 1998. Porcine steroidogenic factor-1
gene (pSF-1) expression and analysis of embryonic
pig gonads during sexual differentiation. Endocrinol.
139:3803-3812.

LAWINEAT 39 : 171-180 (2554).

Radmayr, C., S. Corvin, M. Studen, G. Bartsch, and G.
Janetschek. 1999. Cryptorchidism, Open Processus
vaginalis, and Associated Hernia: Laparoscopic
Approach to the Internal Inguinal Ring. Eur. Urol.
36:631-634.

Rothschild, M. F., L. L. Christian, and W. Blanchard. 1988.
Evidence for multigene control of cryptorchidism in
swine.. J. Hered. 79:313-314. (Abstr.)

SAS. 1998. User’s guide: statistics. V.6.12. Cary, NC.

Rozen, S., and H. J. Skaletsky. 2000. Primer3 on the WWW
for general users and for biologist programmers. In:
Krawetz S, Misener S (eds) Bioinformatics Methods
and Protocols: Methods in Molecular Biology.
Humana Press, Totowa, NJ. 365-386.

Tomiyama, H., Y. Sasaki, J. Huynh, E. Yong, A. Ting,and J. M.
Hutson. 2005. Testicular descent, cryptorchidism
and inguinal hernia: the Melbourne perspective. J.
Ped. Urol. 111-125.

Vijayraghavan, U., R. Parker, J. Tamm,Y. limura, J. Rossi, J.
Abelson, and C. Guthrie. 1986. Mutations in conserved
intron sequences affect multiple steps in the yeast
splicing pathway, particularly assembly of the
spliceosome .The EMBO Journal. 5:1683-1695.

Wada, Y., Okada M, Fukami M, Sasagawa |, and T. Ogata.
2006. Association of cryptorchidism with Gly146Ala
polymorphism in the gene for steroidogenic factor-1.
Fertil Steril. 85:787-790.

Yu, T. P., N. G. Hopkins, S. Shoji, W. Lizhen, B. W. M.
Johannes, D. Nader, W. R. Eldon, and M. J. Alan.
2003. Genetic marker associate with scrotal hernia
in pigs. 20040126795.

Zhao X, Z.Q. Du , N. Vukasinovic N, Rodriguez F, A. C.
Clutter , and M. F. Rothschild. 2009. Association
of HOXA10, ZFPM2, and MMP2 genes with scrotal
hernias evaluated via biological candidate gene
analyses in pigs. Am J Vet Res. 70:1006-1012.

Zhao, X.,Z.Q.Du, and M. F. Rothschild. 2010. An association
study of 20 candidate genes with cryptorchidism in
Siberian Husky dogs. J. Anim. Breed. Genet. 127:327-331.

Zhao X, Z.Q.Du, N. Vukasinovic N, Rodriguez F, A. C. Clutter,
and M. F. Rothschild. 1998. FSHB subunit gene is
associated with major gene controlling litter size in
commercial pig breeds. Science in china. 41:664-668.

Zimmermann, S., S. Ttler, P. Engel, and |. M. Adham. 1997.
Mouse Leydig insulin-like (Ley I-L) gene: structure
and expression during testis and ovary development.
Mol. Reprod. Dev. 47:30-38.



