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Abstract

Project Code: MRG5580026

Project Title: Porcine sperm sexing by using polyclonal antibody bind specifically to Y-sperm

membrane specific antigen

Investigator: Dr.Tuempong Wongtawan, Faculty of Veterinary Science, Mahidol University.

E-mail Address: tuempong.wan@mabhidol.edu

Project Period: 2 years

This research project contains 3 main experiments; the overall objective was to develop
novel technique for separation porcine X and Y sperm. The specific objective were; 1) to
develop new fast and effective technique to identify sex of sperm 2) to investigate effect of
cryopreservation to survival of X and Y sperm and 3) to develop technique using polyclonal

antibody to separate porcine X and Y sperm.

Fresh and frozen-thawed semen were used. Real-time PCR technique was used to
identify sex of sperm. Sperm swim-up technique was performed to select strongly survived
sperm. Cryomedia and thawing extenders were compared to investigate whether they had
effect on X and Y sperm. Rabbit polyclonal antibody against DBY antigen was used to

investigate the ability to separate X and Y sperm.

The results revealed that we could develop novel fast and effective technique to identify
sex of sperm by using single sperm real-time PCR together with melt curve analysis which
gave high specificity and sensitivity. We found that cryomedia and thawing extender affected
survival of X and Y sperm and could be used to separate X and Y sperm. We were also able to
produce rabbit serum contain polyclonal antibody against DBY antigen, and it was able to
separate X and Y sperm inn vitro. Surprisingly rabbit serum without antibody against DBY

antigen also could be used to separate X and Y sperm in vitro.



Vi

In summary, we could separate porcine X and Y sperm using cryopreservation,
polyclonal antibody and rabbit serum in vitro. However, these techniques will need to tested
and optimized to use with in vitro fertilization or conventional artificial insemination, and to

investigate whether these techniques will work in vivo and field study.

Keywords : Pig Sperm Sexing



HADWTNIRY
UNW

myvawinaluladdamivusninadiagdiuiionuddnydegaamnsmwdgaadanau  lugns

v

ﬁgmLWﬂLﬁyu”nﬁﬁmqaﬂ’jm”’sN mmmmmhmsmsmm‘hmmwmaaqnnﬁmlmﬁm:mﬂﬁmi

u

a o ¢ A A a X ) & ~ o A A o (% @ ad
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ldwanangandanisldiaias high-speed flow cytometry (Johnson et al., 1989) FIaaInULNINA L4
¥ 1 o 6 a . dg v o ] a a
andININNT 90% ludainanugaiia (Seidel, 2009) maluladflinannsanuuwandrsvasdianm &

\8ula (DNA) sewinsagaunag (Y Sperm) uazinwendle (X Sperm) athalsf@mnaluladdminusninads

@ A v o

afﬁ‘[@m high-speed flow cytometry %8 INTaINNOWALDENT LT mmsnLLUﬂLWﬂﬁaaqﬁvl@Tﬂfmz 12—

v
a L o

20 SUA7 6o TU W32 A2 MEABRINAUNININNAYTZIE 10% HRIANLATEI (Johnson and Welch,

q

a

1999; Rath et al., 2009). Gﬁwﬁaqaﬁl,mﬂvlﬁwi’m:ﬁa:mmmméﬁw{ulﬂui"s (2 FUG AaMINFNLALN
Witn39) ua Livmanzandnivlugns stwzﬂ%mméﬁaqﬁﬁlﬁ’lummauqﬂsﬂ%wﬁﬂﬁmﬂﬁa 50-100
8auA2 (Vazquez et al., 2009) ﬁdLLfl'a’]ﬁ]LLﬁ/ﬂymu%T]ﬁmmm”’Jaq?ﬂ@ /1% laparoscopy (0.3-1-10x10° sperm)
LL(ﬂ'ﬁ'mﬂumﬂﬁﬂﬁvl,ajmmz’Luma*ﬁwmlﬁ'Luqmm%mm (Vazquez et al., 2008) LLaxLﬁaﬁ’lﬁaaqﬁﬁshu
MIUSNLWATNLTLDY (sex-sorted frozen sperm) fiauﬁw"l,ﬂleLﬁwwmwﬁﬂﬁ@haqﬁéauuamﬁuvl,ﬂ
wa= A9t saunTLINANAREA (Bathgate et al. 2008) wonaniesaudildann IVF 1o9 sex-
sorted frozen sperm uazinlusoenAliasiasisuii (Bathgate et al., 2007) iaRananudrazifiwls
TIMIUBNLNAGIY high-speed flow cytometry s‘i’a"l,aimm:auﬁ'vqmmﬁﬂssuqﬂﬂuﬂ?ﬁ;ﬁu wazdnduaas
Wawnaiagugunld

A { A v & o a v . ° '
aninaluladnibfineeunianuide nsusniwadiagdein antibody Mid1wIzea male

o

. { o ope . & ' . A
surface antigen fl sperm membrane 81%3IU Male specific antigen HHa1938N3 H-Y antigen b3

uaszpavasls@unnuinnluwadaas uazlisududaaduiudfiotlu Y chromosome
N (Ellis et al., 2011) ludaaz1in male specific antigens fiwudnansaa lauwn male enhanced
antigens 1 (MEA 1) llaz 2 (MEA 2), sex determining region Y (SRY) (Utsumi and lIritani, 1993)

ez DEAD (Asp-Glu-Ala-Asp) box polypeptide 3, Y-linked (DBY) (Vogt et al., 2002)

Tugreusn 9lafinnunensnalunnsuda Monoclonal antibodies da SRY (Utsumi and
Iritani, 1993) wan bl bavir lU 1468 nasannuunAin1IHAa polyclonal antibody ¢ia H-Y antigen lag

& whole male cells or cell lysates Lﬂu@]”’miz@u (Hendriksen et al., 1993; Hendriksen et al.,



1996; Veerhuis et al., 1994) udf LiUszauaNu&SIUNTUanWe (Horng and Huang, 2003;

Hendriksen et al., 1993; Hendriksen et al., 1996; Veerhuis et al., 1994).

\{io3iATuni Mahammadi et al. (2011) wuﬁuﬁ&awaﬁlﬂumﬂwﬂLWﬂ@”’saqﬁvl@T waz e
2anNwUY peptide #11IUY rabbit-based polyclonal antiserum LLag antibody ﬁlvl,ﬁ@mﬁau%
Fuwnzriudagdway Toduaanile polyclonal antibody Aasikazgnnit monoclonal antibody
LAZTRINNIONAR laluazynNAalugaiawalng ud MINAALAazA3IANETANVLANA1IT
114

[
o o

muu’l,umsmaaaﬁmﬁi’mqﬂs:m@Tﬁﬁlzw‘”@um polyclonal antibody specific for porcine
Y-spermatozoa lunszdzinathldlglunmsueniwadiagians lasdidonitinmneassfiacd
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1.1 Qﬂﬂizﬁﬂﬂﬂ'ﬁﬂﬂﬂadﬂ 1

° Lﬁan@Nu’]mﬂﬁﬂﬂ’ﬁLLﬂﬂLWﬂaqﬁﬁi’mﬁ’m’i’]mﬂﬁﬂ FISH a2 WinegnINmnaia whole

semen PCR

Aaa
1.2 95N INAaaY
1.2.1 AAINA[DI UATAIDELNS

lunanasasitld gnsany 1-3 3 mnvhiuinsans ludimiauasdgn tivdletaianann

o

gNIUWUTHAY (Landrace x Large white) saguazdaiiioatinen: 5 i

U

‘Dg' ¥ ) ~ Qs Qs U 1 d Qs Qq:
81 autuganngnIanuWus Duroc 3 @ laulds waaa da gnantidd (Twnimue o
naaa) MR SLTLIILUUNALARNUWNILEY (Wongtawan et al., 2006, Kaeoket et al., 2012). A3
NARDIBHIBNNINNTHITUIDINNAULAIIUMIFATNARDIVEI AUSHAIUNNLATRAS

N INeapNAas (FVS-ACUC)
1.2.2 N138AIBE19L1ADA B UAZNTINN conventional PCR

snadldua aniaauszdiagd (maeiwas) lauld Azupure DNA purification kit
(BIOTEC, Pathum Thani, Thailand) 1o 2x Taq Master Mix (Vivantis, Selangor Darul Ehsan,
Malaysia) (Cat.no.PLMM01) \Na¥ih Conventional PCR waz @389 PTC-200 Thermal cycle (MJ

Research, Quebec, Canada) L‘ﬁia‘ﬁﬁ PCR

PCR reaction 1/3znauals 25 uL Master Mix, 1 uL forward primer (10 pM), 1 pL (10
LM) reverse primer, 2 uL dL8ula28968819 Waz 25 UL of DEPC water lisunsu PCR filéa
pre-denaturation ‘le' 94°C w281 2 w17, denaturation ‘ﬁ 94°C 1wtaan 2 3w, annealing “71'
60°C 1lwaan 30 Fufis, extension 7 72°C 1lwiaan 15 3wf Tasvnvianua cycles waz final

extension N1 71°C 1OWIA1 7 WN



YNMInaaasdn 3 A39 PCR products 7164111 load T 2% agarose gel 1Wavh
electrophoresis WRIMNBUHDURALOWLE G128 Gel Red dye (Biotium, California, USA) LLR:E&BG@

PCR ¢e UV light fitn3a9 Gel Doc Sysem (Bio-Rad, California, USA).
1.2.3 PCR Primers

&9 MNTLUBITNNN Sigma-Aldrich (St. Louis, MO, USA) lag primer sequences ﬁumﬂgﬂ
panuUUULAZlTNILEY .(Rubes et al., 1999, Parrilla et al., 2003, Choi et al., 2009, Mohammadi

etal, 2011)

Chromosome 1, product size fa 244 bp.

. Forward primer: 5° GTTGCACTTTCACGGACGCAGC 3’

. Reverse primer: 5° CTAGCCCATTGCTCGCCATAGC 3’

Chromosome Y, product size fa 377 bp

. Forward primer: 5° AATCCACCATACCTCATGGACC 3’

. Reverse primer: 5° TTTCTCCTGTATCCTCCTGC 3’
1.2.4 NILAIYN Wazeas Single cell

Single sperm cells L&z single white blood cells QﬂLﬁUI@]Ul“ﬁ mouth pipette LLiﬂLé&lﬁad
Wwisulasazaiualaenal®idaansli 0.1% Poly vinyl alcohol (PVA) (Sigma-Aldrich, St. Louis,
MO, USA) Tu Phosphate buffer saline (PBS)(PAA, GE Health Care, Velizy-Villacoublay, France)
ARNUTUTY 1,500 cell/mL W&3 N 5 ml maamiazmﬂﬁﬁlfﬁaa{agjﬁ]:gﬂmmlu 10 cm petri
dish (Sterilin, Newport, U.K.) Laz#84618naa4 inverted microscope (Olympus, Tokyo, Japan) 1
fNa9T8"E 400X magnification 1T URIB&36A8 mouth pipette %é’omﬂifuméﬁaqﬁﬁa”u"l,@“l,ﬁm

q

11l% 200 pL PCR (Axygen®, Corning, CA, USA) (ﬂ%mmmawaommﬁlﬁaﬂﬂazﬁﬂizmm 1

ML)

The single cell ﬁ]::gﬂziaillu 5 uL of lysis buffer (Usznau'luéae 200mM KOH (Sigma-
Aldrich, St. Louis, MO, USA) 8z 50mM DTT (Vivantis, Selangor Darul Ehsan, Malaysia)) LLag

incubated 71 65 °C LO®IIAT 10 min RAINNTW KA 5 ML 183 neutralising buffer a9t lunaaa



naaed (Usznavludls 90omM Tris-Cl, pH8.3 (Promega, Madison, W1, USA), 300mM KCl

(Sigma-Aldrich, St. Louis, MO, USA), .8z 200mM HCI (Merck Millipore, Billerica, MA, USA))
1.2.5 Single cell SYBR® green real-time PCR

1 KAPA SYBR®Fast gPCR Master Mix (2x) Universal (KAPA Biosystem, Woburn, MA USA)
(Cat.no.KK4600) lae) PCR reaction Usznauliee 12.5 yL Master Mix, 0.4 pL forward primer

(10 uM) and 0.4 pL (10 uM) reverse primer Laz#1 0.7 uL

11/5un35% Real-time PCR reaction Ysznau'luéns auf 1, Pre-denaturation (95 °C 1
= < A . P’ a . A a . °
“IN); VN 2, cycling, 95 °C 5 IW N (denaturation), 58 °C 20 I1UIN (annealing), 111 35 cycles;
& 4 & A a &
YUN 3, final extension, 72 °C 3 mﬁ; YUN 4, post PCR Melt setting, DWANNITRIVNINN 72 °C
o a X a o a a A ad & I
Lﬂu 99 °C I@EILW&J“IJ%Y]G& 1°C LL@zﬁ]z‘VtEﬁ!@Wlﬂ 15 IUIN Luaqm%n“mu 1 2367 AILLIN RAIIN

& a a AL
uu“q@nﬂ 4 IWIN Iunﬂe] 1 23 NVY

PCR platform fltha Rotor gene 6000 (Qiagen, Hilden, Germany) AN PCR
Lz and melt curve analysis lagld Rotor gene software 6.1 (Qiagen, Hilden, Germany) Laas

ADLINNITATID 3 AT WIBNNY
1.2.6 A1 (Sensitivity) LLaz ATNDUNL (Specificity) 209INARA

anuh iuanusnTaveanafianlsinaunsaasiaaadlagngn positive batrinls

Tuane? anudiwnz 1uanuannsnzednatailtingINnInaIIaea88190 negative ba

o

wils lasdigasduimasii
o o l A e o bt 1 a g &

A = SmualatinaTiadu positive / SuInerataidu positive NIRaA

AMUINUNIL = SIUIUABENINATINAIN negative / WIBAIBE19NLTU negative NIRUA

ANMURULARIVEINTTATIA (Failure of PCR reaction) = S14I1uaA188197N1032312891 negative PCR

/ Inar0e19NLd% positive control NIRNA
A A '
lagdganluin

® Fluorescence signal 183 PCR positive products 289719 chromosome 1 LLag

v X
chromosome Y 2z@a3UhnNan 25 cycles



® Positive melt peak of chromosome 1 a:ﬁaaagjﬂi:mm 88-90 °C

® Positive threshold (—dF/dT unit) 983 melt peak U883 chromosome 1 ﬁ]:ﬁaogdﬂ’i’] 0.4
unit

® Positive melt peak 189 chromosome Y 9z8¢3:#319 85-87 °C

® Positive threshold (—dF/dT unit) 983 melt peak ¥83y chromosome Y ﬁlzﬁa\‘ig\‘m’i’l 1 unit

1.3 HANIINA[DI
1.3.1 Validation 284 primer Tag conventional PCR

I GLaula NNLTARLNALAaA21I LWBYINANT validate PCR primers HANNINARBINLIN

primer N MRANNTILNZ6D chromosome 1 (Eﬂﬁ 1, W0 1) 38 chromosome Y (Eﬂﬁ 1, upn

v
<o o '

2) product U84 chromosome 1 %Lﬁ]ammamwam"’a@muﬁﬂ T product 2V a-d

v

chromosome Y 1zl38UAM88199890% (FUN 1, WA 5-6)

U

g > L% . a (= a 3’ ¥ l&
wananiesld primers Iumimnﬂimmmaqﬁlﬁnﬂmlﬁa (whole semen samples) 3

22019 X WAz Y Sperm Wan13I@3I13NL bands NI31LA1s6@a chromosome 1 & chromosome Y

(FUN 1, U0 3 uaz 7)

uddlald Conventional PCR 1ia¥inn150333 single cell KANINARBINALATI IUWLLAE
a w { a L3 Q 4 A v 1
nenudsstasaaalfouidnsanaldld Taq polymerases #28u 9 TIgarnafinuin KAPA

® o
SYBR DNA polymerase 8101306333WU chromosome 1 LR chromosome Y luseau single cell



g'ﬂﬁ 1 Conventional PCR LN8613232 chromosome 1 (Ch1) wae chromosome Y (ChY). L = DNA
Ladder, M=male white blood cell samples, F=female white blood cell samples, S=semen
samples Lz B=blank. Lo 1-4, chromosome 1 detection. LaIN 5-8, chromosome Y

detection. W7 9-12, both chromosome 1 LAz Y detection (duplex PCR).

1.3.2 NMIATIVNALBAALAL LY tnAA real-time PCR Wag melt curve analysis

17 Giauie vassadidaiiansnangniaay uazdilisluniinaass iNemansmzved
fluorescence pattern a4 PCR products 91nN1311 real-time PCR Lz AN 8%a9 PCR melt W&
NMINARDILFAIANHULANI1ZVBY PCR product, nonspecific products (Eﬂﬁ 2A) az post PCR

melt (3171 28)

MURRINNMIANWI A8 1UTUNTY melt curve analysis AanBUNIINYE melt peak 2z
URAIAILD negative derivative (—dF/dT) (gﬂ‘ﬁl 2C) melt peak ﬁ?uﬁa melting temperature V83 9]
L1LE ﬁﬁﬂﬁlﬁ@mmmwadﬁ fluorescence t ﬁ;@]ifu double stranded DNA 2zUgNaanaNNHh
tszanmh 50% (Ririe et al., 1997) HaMINaRoIuaasliFiuin melt peak U84 chromosome Y
agjﬁQM%nﬂﬁimd’m 85-87 °C umizfl melt peak 289 chromosome 1 8321119 88- 90 °C (g‘ﬂ‘ﬁ'
2C) §1%3U nonspecific products ifuﬁ’mlmyjﬁ]:lﬂu primer dimer, (Brownie et al., 1997) Gaazd
melt peak 1N 80 °C (gﬂ‘ﬁ' 2C) Fernlisnanansousnsiueanain PCR product tedannanme
289nTNT fluorescence (Ell‘ﬁl 2A) 1laz post PCR melt curve (31.]“7‘1' 2B) wanaNii fluorescence
signal ¥a4J primer dimer &Tﬂifuﬁﬁ'{imm\hu 30 PCR cycles TUusr uas exponential curve Anaz

X e A
Iuldgu (U 2A).



gﬂ‘ﬁ 2 ANBULANIZVBY chromosome 1 (Ch1) W8z chromosome Y (ChY) MYNRRINNNITN

v

SYBR® green simplex real-time PCR W&z melt curve analysis Gﬁaﬂﬁdﬁlﬁ'ﬁmﬁa@maaqmﬁaa
Lae no template control (NTC) Ell(A) Fluorescence pattern 2983 PCR product luseningnsvi
PCR Ell(B) Fluorescence pattern 284 PCR product 3:%#319n13%11 PCR product melt gll(C) Wn
NIMWYBY melt curve analysis B9z UDNE NI WIZTILARENTIW NS1 uaz NS2 wanais
nonspecific PCR products %30 primer dimer 370 NTC Iml‘ﬁl NP1 fia @ﬁasmﬁﬁ nonspecific

products $1INNN luunee NP2 A ¢1881974 nonspecific products tudSunmuwitas



1.3.3 N13711 Duplex PCR

2Tad284n15%1N duplex PCR @8 u&13150@333 chromosome 1 Waz chromosome Y 'l
v @ s o ' o o ° & o Aa . &
wiannulunitsalatng smnsunIvi duplex PCR #43c@83L@d primer 119 chromosome 1 LLRs

chromosome Y 84W3aNN

o g a

Tunsnasasitsnls Lﬁmﬁa@mnmam&amauam’smeﬁmﬁasm \fial% conventional
PCR L8 electrophoresis lunsasia nuin duplex conventional PCR RWTDLLNLNARIBENS L6
lagdnagsaneaigazuaadidu 2 DNA band @91i band w89 chromosome 1 Ua2 chromosome
Y luwmedi dresnsfinnanaadeazd ue 1 DNA band 91w chromosome 1 (gﬂﬁ' 1, upIN -

12).

Wan SYBR® green real-time duplex PCR W31 florescence pattern 984 PCR Q=i

ANBUTVB chromosome 1 Wae chromosome Y Aikandnslug9vih PCR (gﬂﬁ 3A) ud ldanunT

v A o A [ °

wenldidmatniikdudagniadnionasainyi post PCR melt (U7 3B) wananit melt peaks

2

£ o

U Qs v ] { é o ] {
GallanumazafonwioAe aghn 88-89°C Taiduduniivas chromosome 1 peak (U7 3C)

[
o o

o ® . . ' o '
@d1N1TN1 SYBR green real-time duplex PCR ez melt curve analysis ldaunsauaneiating

(3 o o A

ag}” UeLdgaanaNNw e
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3111 3 anBULIan1zVad Fluorescence 184 PCR product produced 1asn13¥in SYBR® green

¥ o

duplex real-time PCR W&z melt curve analysis éﬁazho‘ﬁ'slfﬁamaﬁﬁﬁmﬁa@m'smnqﬂié‘sa a7

\g wazno template control (NTC) g'ﬂ(A) Fluorescence pattern 484 PCR product 3¥%319n13%11
PCR g‘ﬂ(B) Fluorescence pattern 284 PCR product 32%374 PCR product melt gﬂ(C) Melt curve
analysis 789 real-time duplex PCR u@dl#iAwin melt peak v83datsa g uazaudn ANy M

AR
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1.3.4 Method sensitivity LLae specificity 289 single cell PCR

v
= a

sl,umsmaaquﬁ olav¥innisnamaum sensitivity uae specificity 284inaia 1NaATIIN
chromosome 1 Waz chromosome Y 4326y single cell Namsmaaagmmmlu gﬂﬁ 4

(chromosome 1) uaz U1 5 (chromosome Y) laalddatnudaiianuiduin 200 ias

NANNINARBINLIN §1%TL chromosome 1 lu@28e197 positive @373NWU 198 LIRS LAz
@779 LWL 2 LTAR §IUA8E149 negative AT hiwuaz lsias A91L &1L chromosome 1.

Sensitivity LYINAL 99% Wae specificity LYiNA1L 100%.

&M%IU chromosome Y ¢188197 positive 9332438 196 LIRS A3 LNLAD 4 LURE &%
@8tn97 negative @379 1AilaavneI8ENT GIRU sensitivity TUMNAL 97.5% uaz specificity

WiINAY 100%.
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31]“7; 4 Sensitivity LLaz specificity Y83 SYBR® green real-time PCR L8z melt curve analysis
§1IVUNIINTIIW chromosome 1 31(A-C) Positive samples 31(D-F) Negative samples 3tl(A
and D) PCR fluorescence pattern 321314 PCR reaction las PCR products ﬁ]:"ﬁuﬁau 25 cycles
mmz‘ﬁ nonspecific product (NP) ﬁ]:ifuﬂﬁdmn 30 cycles gﬂ(B and E) post PCR melt
fluorescence pattern g'ﬂ(C and F) melt curve analysis 1ag melt peak U84 PCR products fﬂ:agj
7749 88-90 °C WA threshold W8 df/dt unit W89 melt curve LNNU 0.4 §1WIL melt peak Va4
primer dimer agl;@;nﬂ’j’l 80 °C NP1 flasatefs nonspecific products luﬂ%mmgo Twwme

NP2 1Jualae19ni nonspecific products "o
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gﬂﬁ 5 Sensitivity LLRs specificity 283 SYBR® green real time PCR 283 N1301333 chromosome
Y 3U(A-C) Positive samples 31J(D-F) Negative samples 31(A and D) PCR fluorescence pattern
3211319 PCR reaction lag PCR product Iz uniamn 25 cycles Tuvmed nonspecific product e
WRIIN 30 cycles B and E fa post PCR melt fluorescence pattern C wae F fa melt curve
analysis 1@t melt peak 284 PCR products 920¢3:WIN 85-87 °C UAz threshold U3 df/dt unit

a ] a
of melt ¥AULNINY 1
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1.3.5 Single sperm real-time PCR Lﬁam'amwcalaq%

lummnujuds dadiuves X uaz Y sperm luigaazagfiszano 50:50 inaiduns
NAFOUANNLNUGNITIN single sperm $1UIU 400 GAINATIA LAl 200 67 7399

chromosome 1 Wazan 200 A2 @339 Y chromosome

o Aa o o ' = ' g n
NANTINARBINY @853 190 @7 positive @B chromosome 1 TILRAII sensitivity VB
inaiiafiAa 95% (FUN 6) MWIL sex ratio Wuagil 52% F1MTU Y sperm (n=104) 31 AaL1IN
= ' A A . A o & ) o [
v negative Atia3Ldu X sperm 9379138 48% (n=96) TIANNATY leniwdlalnaifsany
A w uqz/ = Wd‘ U a 21, s Aa o ‘V
noeg) anindaduldldneldinafiaftluntsasianadiogd dmil fluorescence pattern uaz

melt curve analysis QﬂLLamﬁgﬂﬁ 6.



gﬂﬁ 6 Sex identification madf:%%a lagld semen samples lagld single sperm SYBR® green
real-time PCR Eﬂ(A-C) Chromosome Y detection Eﬂ(D-F) Chromosome 1 detection PS fa
positive sample (Sperm Y) NS fa negative samples (Sperm X) NSP ﬁanegative sample ‘ﬁlﬁ
nonspecific products (Sperm X) NSW fa negative sample ‘ﬁvl,aiﬁ nonspecific products (Sperm

X).

15
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1.4 mﬁmﬁ:ﬁuaxa‘gﬂ AANIINA[DI

IINMINABBILEAS MALAKIN 1nATka SYBR® green real-time PCR 2UNU melt curve
. a dl = ] o o . ‘:§
analysis Lﬂumﬂuﬂm'mm’; LRSI N ﬁ']&l']iﬂi“lﬂ%ﬂ'ﬁ@li')ﬁ]L‘Wﬂluiz@u single cell TIRINIID

Ifldnudaiiann uazaaegd inafiaiidl sensitivity specificity g9 udfidnnssuinaizasnis

'
o

, 4 . A 4 a v
€319 (failure percentage) @1 TIUTETNIH 3% GINTT INARANILABNTILITBUILET LT
conventional single bovine sperm PCR (10%) (Wang et al, 2011) wazlnfiAssnumaila FISH

(2%) (Parilla et al, 2003).

o = o ) { o : @
U1 ikiuadIn13v7 single sperm PCR Ik %anfa n13vi1 PCR dauddsn uasissay
ANNEL5A6N Tuu9B9udaIrin PCR wanesay (Li et al., 1990, Lien et al., 2002) wdmnaiian

13 M I NNINARDIHNIIY1 PCR JaULA8ALNEIWALLAD

fFMIUNILAL single cell sample wuadTaLiy lalasdF manual %38 automated Lou
o A & @ ' . 0%
MIMELATI flow cytometer LHUINNTNARBIALAIBE1991N 1a8NTLE single sperm w1 lulu

o

agarose gel (Lien et al., 2002, Wang et al., 2011) UAFITBWLIINNIENA ALEULE 9N GI8EIN

80 92ANI1A288719NN % agarose gel (unpublished observation) AMUL&2 &lumiﬂ@aadﬁ;ﬁ?ﬂ”ﬂﬁ’]
& o ' ¥ . A | v & o = o ' v

matiualatnglasls mouth pipette FannEwMIHAHULRIAEINNTAINANTIALA8819 b6 10-

20 A18819 AawIN

fmsUTaLEu89NNTYIN SYBR® green PCR snAaiuazaunsnasialaud 1 agne luud
aza39 ilildaainsesvnisndasasiav vanpagg A5Usudyenfe ezl inadla
fluorescent primer probes WnINgae lasmaiia Duplex real-time PCR %dl“ﬁ'ﬁ fluorescent 898
"L@Tﬁwmlﬁlﬁﬂuﬂﬁmnmef:aqm (Abdulmawjood et al., 2012) 8g913AA L9 i awnslE
Fnazaunsaldlumsaaluseay single cell #ia'lal wananiinnsld fluorescent primer probes

azlinadautnaginit mildd SYBR® green dae

nananhisz@nSawwad PCR reaction °11aamsmaawzﬂ‘ammmﬂ%’uﬂ‘goLﬁmﬁﬂﬂU

1330 PCR condition T4 ANULTNT WD MgCI2 e primer concentration LB Lerad Taq DNA

o Y o

polymerase Aldudiniaynazilinisanalszauanudnse I@mﬁwvl,@ MNINAROLNIIYN
single cell PCR @78 Tag DNA polymerases ﬁmmﬁuagﬂ' 3 THA WU WA KAPA Tag DNA

polymerase WA lEluNITATINALLL single cell '@ (unpublished data) lunsnaaasluass

o

 dulngiduvi PCR duduau for 35 cycles udrisawuiaanIndiag cycle adinia 30

U
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16 uazgimu1InLTUANE19 989 PCR program ansu1InaataaIn1ivin PCR uaz Melt curve

(% A 1R =)
adlatnaaling 50 win

mnaaasiagd dunsauundgniunisly single sperm SYBR® green real-time
PCR technique 3347L melt curve 1NaaTaneagd lasinafiatiasianaldly dszaninwgs

=] o = o A a v a X A o
LL&:%J@’N&JLL&J%EJ’]E;’JN LL[:‘]3@]’33§]$Nﬂq5ﬂiﬂﬂ§\‘]ﬂ5$ﬁ“ﬂﬁﬂ’]%ﬂ%E‘JT{'IU(‘VUHLWaaquqiﬂu’ﬂﬂlﬁu%aqﬂ 9

FAINTI LATRATRAUTHA LAWY LAZNITIRARE
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H o a o 1 ®
ﬂ']‘iﬂﬂaa\‘]'ﬁ Z.ﬂﬂitlﬂﬂLWﬁﬂ?aE‘!ﬁ]‘ﬁa\‘] NIJFLLBLLYY

2.1 i'mqﬂszaa@fwaonﬁﬂmaaa

° LﬁaﬁnmNamaaﬂ’ﬁl,mﬁwﬁaqﬁm‘f\m’mmvﬁmamssam%ﬁmaaaqﬁ X ez Y

° Lﬁaﬁnmijaagmﬁ’]mﬁiﬂummmio (cryomedia) MaganaINIuLTLlidansran
TIn890§3 X Uaz Y

o pfAnEINATDITNENaTA BT (thawing extender) donIugudIaIogInaINIUTUD

@iamﬁa@%’imaaaqﬁ X uaz Y
2.295M1INAaBY

2.2.1 AAINAADY

l8gnIsnuwus Duroc (21g 1-3 §) dwibiAviuge iimIanaige uazdentgend

v k3
A o .

AN INGS laslgnannnsadit el sperm motility > 70% Waz normal morphology = 80%

& o o & da L & oo X ¥ A L = \ o
ﬁ]’]ﬂuuu’]u’]LﬁﬂﬂLaaﬂvLﬂllLLTLLm\‘] 1’5%’11,“]}8 3 straws ’i]']ﬂuﬂlﬂiﬂLL%LL?N'V\HLL@ﬂ:@]’JI%ﬂ’]Tﬂ@aﬂﬂ
(TINIRNALT 9 straw) MINARBIRLFHIUAITNN T AUTOLINNAALNITUNIRATNARDIVR

ATUERAUNNLAENS NA1INLRBNRAR (FVS-ACUC)
1 &8 @ a
2.2.2 NMIUBUIIAIDED

l#mausudsimagilasWamaninaiiaiduuasise (Wongtawan et al., 2006,
Kaeoket et al., 2012) luﬂ”ﬁ“{maadﬁfﬂ:l“ﬁ cryomedia 3 2] lf%a’h CryoA, CryoB and CryoC
losluudazgasazdaznovlddiodunaunan 3 ae19 15undn Ext-1, Ext-2 uaz Ext-3 lag
cryomedia UARZFA 184i8n Ext-1 Ext-3 indlawnu udld Ext-2 limfouts Tuduwaanusnue
11’11,%8 1:1 NU Ext-1 (Modena extender, Swine Genetics International, lowa, USA) ﬂﬁd%ﬂﬂfuﬁﬁ
igedsunms 50 wa lUusiui 15°C wan 120 W LLﬁaﬁﬁ"Lﬂﬂiwﬁmﬂ%iao 1 800 x g, 15°C
\Jwaan 10 wn (Hettich Rotanta 460R, Andreas Hettich GmbH & Co, Germany) %1

supernatant 119 WaZazaNe sperm pellet (2:1) @28 Ext-2 ¥1n13 incubated 715°C 1J%iI81 90 N

2/ = a =
w11 Ext-2 4 3 TUAND
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® Ext-2A Uswdsznaudu 2% King™ rice bran oil (Thai Edible Oil Ltd, Bangkok,

Thailand) 11 LEY medium (80 mL of 11% lactose LLaz 20 mL egg yolk) 1l CryoA

® Ext-2B Uswdsznaudn 1% Biogrow™ rice brand-germ oil (Biogrow Ltd, Bangkok,

Thailand) 11 LEY medium gnl#lu CryoB

® Ext-2C daudsznauidu LEY medium wazldlu CryoC.

BRI sperm solutions DN 1:1 @28 Ext-3 Gatlyznavliuars 89.5% LEY
extender NU 9% v/v glycerol (Sigma Aldrich, St. Louis, MO, USA) L&z 1.5% v/v EQuex-STM®
(Nova Chemical, Pensylvania, USA) Gﬁdm’mmﬁlﬂ'ﬂuﬁwﬁqe}mad sperm 213z 1.0%x109
sperm/4a. ﬁé’dﬁ]’mﬁ?ummzmﬂaqﬁa:gﬂmsqmlu 0.5 48 PVC straws (Bio-Vet, Z.I. Le.
Berdoulet, France) uazdaae plasticine LLazﬁ’]vL‘lJLL“IiLLﬁGﬁ’JULﬂ%iE}\‘I controlled-rate freezer
(IceCube 14s, Sy-lab, Neupurkersdorf, Austria) TaglHldsunya V\‘i‘ﬁda 3°C/UT 37N+5 D9 -5°C,
1 WINVBY holding time UAEMEINTI 50°C/MNT 9N-5 A9 -140°C WAI9NIW straws YNUT

ud 9841114 liquid nitrogen (-196°C) iufi L
2.2.3 NTAZALN T (Thawing of frozen sperm)

10 Straws 84 frozen sperm +@a9b4 water bath ﬁmgoqmﬁn“ﬁvli“ 50°C 1% 12 U1
%é’amnﬁ?uﬁaaai’mvlﬂwaulu thawing extender ﬁL@]‘%ﬂum 30 mL ‘ﬁlqm%n‘]ﬁ 37 °C Thawing
extender ﬁlfﬁ 3 1@ Aa Modena (Swine Genetics International, lowa, USA), Beltsville
Thawing Solution (BTS) (IMV Technology, L’Aigle, France) 18 Androstar® Plus (Minitube,

Tiefenbach, Germany)
2.2.4 INAKANIINT Sperm swim up

WAIIMNAZAUTNLTOLED 1e28219 k] incubated M1 37 °C 1WA 15 WA twalsaslw

a &

o a . & a o & o ' o ada
@l’)ﬂﬁiﬁ]‘ﬂLL‘NLLN AMYUBUBHNIVDY extender ‘Hadﬁ]"muu(ﬂ(ﬂ@]’aaEl’]x‘i@l’mﬁﬁ]ﬁw’nla\‘] extender 10 4R

q

Lﬁaﬁmﬁaﬁﬁﬂﬂﬁu LRZHINTATING
2.2.5 Real-time PCR

1NAda Real-time PCR N3¥iNnlann1inaaadn 1
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2.2.6 N1SWHUINNI® X and Y sperm

Tuduusn nsiSoufioudsanm X uaz Y sperm wuuaing g ieiSouifiou
cryomedia 3 THa waziU3uuifisy thawing extenders 3 ke lagld tnafia comparative
quantification lasn13Ia ALEULE ﬁnﬂ@”’saﬁﬁm{‘mm waztdlanT1uusain cryomedia w5a thawing
extender Tha lviu snunTatislunsuaniwelad AdanunlEIINAK LAIFINNTATIALNALLL

a ¥ a . . ' o .
azidoalasltinadia single sperm real-time PCR 334NU melt curve analysis
2.2.7 Comparative quantification

Comparative %38 relative quantification (Pfaffl 2006) lBI@ Y chromosome 31N A18814
aganInue sanInltinenianadszliudiinadegiudazinauuuaingld hdradslad v
1 a a nql' a ni ] =3 ] ' [ [ o =} a
sperm anninw inadadduinaianite 10152 waeman lduws uaaz biwivdniiannadia

2.2.8 Single sperm sex identification

(= '

mamaaqﬁa:ﬂwmﬂasﬁm Azupure DNA purification kit (BIOTEC, Bangkok, Thailand)
W& @LEute 113ana chromosome 1 Lwa¥NLuda normalisation V89G28819 Uaz A
chromosome Y LaAT1aLwe Comparative quantification fuanansaswimlaslslysunsa
Rotorgene 6.1 software (Qiagen, Hilden, Germany) ﬁL%amiaﬁ'mﬂ%iaa Rotor gene PCR
machine lagnafileazeanundsuifiauindusuno chromosome fi3ale sntaaninnuiri lu
mMsiadotniudazas asutenitieaatnin 3 #% tWavin PCR 3 waaa el internal

replication.
2.2.9 Single sperm sex identification
MIATINNWARIUST Single sperm real-time PCR ldafunsuarldnmmasssfi 1 (i)
2.2.10 NMIATHIBNE AR

finad Comparative quantification 284 Y sperm Qmmmﬁ’mm Mean+SD Lz A
LL(ﬂﬂ@hdmdaﬁ@gﬂﬁ’m’smiﬂﬂ"ﬁmﬂﬁﬂ ANOVA LLae student’s t test ﬁqﬁ{UﬂWS@]SQﬁ]LWﬂ@%}U
inaia single sperm real-time PCR fazuaadaanundn iWasidud madﬁi’ﬂuau@?”aaﬁg?} Y ez X

aad

LLa:mmwLmﬂ@mmaaﬁaﬁ]zgﬂﬁwmmiﬂ altinafia Chi-square technique lUsunsuadianloae

SPSS 19 myldfuantuaINnIINIaLNRA
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2.3 HAaN1INAa Y

. 1 A aa o a
2.3.1 HaYaJ cryomedia AINIINTIAVBIAIDHD XuazyYy

)

lunsnanasds :”iammmsﬁﬂm cryomedia 3 §a7 1dnadansraadinveagiusas

wwaeegls cryomedia Nloee CryoA, CryoB a8z CryoC ;ﬁﬁﬁﬂﬁﬂﬂﬁﬂ sperm swim-up WD

s a { I3 v ) a a l| g a g’
ATIINIADFINUTINT LLE]’J%’]@]')ﬂﬁ’%ﬁ']']i]‘l]%N')%ﬁVLﬂ@li'lﬂﬂﬁL‘Wﬁ

q q

' 2 { o o ad, X a ¥ ' .
NANIINARBINUIT CryoB ﬁLL%’JIu&Iﬁﬁ]ﬂ%‘ﬂ’i%’)%@nE]ﬁﬁ]ﬁ’ﬁil“ll%N'J%’]ﬁdﬂ’ﬂ cryomedia

9 U

= =

819 (747 1) &% CryoA Humldunazlidmwiudregd Y Mudsussninnii cryomedia d2au
1 CryoC Auwiliufumliunazldnesd Y Mudsussiaundn cryomedia d28u (a1397 1)

wdaed lsAmu o wI N IFAA lNLANULANGAIINIRAR (P>0.05)

{ . ' o (o ad, & ¥ A ¥ o [ a
A1319N 1 WADDY cryomedia GaTIWINVDIAIARININVTBUNL BN BRI LRSI IUWINVDIAIRT Y

q 9

(relative number) (Mean+SD)

Cryomedia CryoA CryoB CryoC
No. of swim-up sperm (x1 05) 155+69 169+24 151+25
Comparative Quantification 1.01+0.14 0.89+0.28 0.86+0.38

TiwuanuLand 9N 9aaa P>0.05.

2.3.2 HAYY thawing extenders ABNINBINVDI ADFHD X Uaz Y

lunmsnaaasiisUSoufisy thawing extender auwiia fia Modena, BTS wae

® ! v A v 1a o ad, &
Androstar plus NAN1INAABINUIT Modena extender FuuldunazliuSinaaraadninaduan

9
v

NHWNANNNTY extender 8w (113199 2) BTS liUSanmdnaginsaadiadu Y sperm annni

4 ® v 1a o ad a ) ' 4
extender 2% WAz Androstar plus lAUSNauene3Ns00T 0104 Y sperm Waunin extender a4

9

(@137197 2) aghglsAanylinuanuwandIn1eeda (P>0.05)
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a

i . Ve > i, X ¥ a ¢ o
A1319N 2 WAVDI thawing extender G IWINVBIAIBFININVTWINLUANBAINN Wazs1WIUVD

9

@y’saqﬁ Y (relative number) (Mean+SD)

Thawing extender Androstar®plus BTS Modena
No. of swim-up sperm (x10°) 174+56 182+49 184+49
Comparative Quantification 1.00+0.00 1.49+0.77 1.07+0.25

Tiwuanunand 9N 9ada P>0.05

2.3.3 N13L88NA1NT31F cryomedia Waz thawing extender fismanzandwsulanis

Lwnmﬁﬁmq%

'
=) o

faudinidvalireanuuandinsadiaillainmaiSoufisusening cryomedia s

U

78A UAZIZWINY thawing extender auziia udfinuanadullafizifeniwaaginindg

2

v 12

cryomedia W&z thawing extender NLANIERN L% RINUBUTIAIDFIAY CryoA LazasangiiLg

q

]
~

@28 BTS a9z le m”uaaﬁﬁl,mal,mLLazia@ﬁmﬂmﬁatﬁ Y 310031 X LL@iﬁWﬂ’]ﬂLL‘ﬁLL“ﬁG@T’Jmﬁ

9

a

¥ g’ dqj v ® v dl I3 Aa g
@738 CryoC uazazanguioaae Androstar plus a’]"ﬂfﬂf‘.:vl,@‘l AOFINUTILTILALIDATIALTUAN

q

atﬁ X 71NN

HAMINARBIWLIT NMIIUFV8I CryoA Uaz BTS W 083 Y 62% daudrag3 X 38% .
{ (] ® v o a @ a {
lupmuzAin133Uduad CryoC uaz Andro star plus 9162087 Y 32% @883 X 68% (113191 3)

A 39 o . ] aa v o @ :
GH\‘]Nﬂﬂ’]i‘ﬂ@ma\‘]ﬁlﬂﬂﬂﬂ’ﬂmmﬂ@ﬂdﬂ’wﬁﬂ@aEl’]dﬁ%&lﬁ’]ﬂty ‘ﬂ"lﬂﬂ@&lﬂ’]ﬂﬂ&l (P<005)
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@13°91 3 MausninadIagilasiianld cryomedia wazthawing extender MIATINWABFILT

inaa single sperm real-time PCR.

Freeze/Thaw solution % Sperm (n)

Y X P Value
CryoA+BTS 62 (124) 38 (76) P =0.03
CryoC+Androstar® plus 32 (64) 68 (136) P=0.0002
Control sperm 51 (102) 49 (98)

niuAIugy Ae agdn laldruauInnT swim-up

2.4 mﬁmﬁzﬁuazagﬂ AAINIINAADI

o ' % '

lunmnasasiITowudn mawtuddiagilinadednidinniseadinvasdiagd X uaz
.é’ o . . v . 1 et

Y lag duny cryomedia e thawing extenders aariki CryoA (Cryomedium) 3340y BTS

(Thawing extender) axvil#e205d Y udsussuazsoadinginiiaaagd X luamen nmsld CryoC

79NU Androstar® plus ﬁ]zﬁﬂﬁ@ﬁaqﬁ X WisusauazIaaiinganinaagd Y

o o '

ﬁﬁ%%’um@wm'}ﬁﬂu nsuBudsssfuanusanawmisendia ansasueldifiasen
m’mLmﬂ@hwawﬁ@LLa:ﬂ'%mmIﬂiﬁuuuﬁYuLﬁaqﬁaLﬁma‘" (cell membrane) AuANAITHY IR
983 X uaz Y s'fid"l,@i”ﬁ;jﬁmmmuﬁmmmmju (Cumming et al., 2010, Chen et al., 2012, De
Canio et al., 2013) WAVa3 cryomedia L8z thawing extender ﬁLﬁUQﬂ’ﬂdﬁUﬂﬂ‘iLLﬁLLﬁdﬂW

A a a o o a v A o &
isnnnunImvasiuiy Tsdu uaz ludu Ankayioad

#1181 CryoA Hudsznavlddrstingusntna (rice bran oil) Gaidnluee fatty acid, vitamin

a

E wa oryzanol (Rukmini and Raghuram 1991) Fatty acid ﬁummmintegrate wnlulu Lﬁalqlm
6 A [ o L% A A 6 A . .
LTARN LLﬂZLﬂﬂﬂ%LLﬂﬂdIﬂNﬁ‘i’]d a@mwuaa"lmuumaomauqmmjaa SL%"IIELLZ‘Y] oryzanol LLag vitamin
< a o L. A & Aa ae ¥ @ o o &
E uuwﬂ‘nmﬂu antioxidant LJaLI? §UNIILINWIILI WIUUINVIT (Kaeoket et al., 2012) K38
. . < a & 1 L ¢ s = A A o o
vitamin E (Mendez et al., 2013) uuwﬂizIﬂﬁu@lannﬁwuﬂLmmea DJD1ITLNYIVDINUNIT

dasnwldliiiauuinnms lipid oxidation LLa¢ protein peroxidation (Parrado et al., 2003)
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Androstar® plus extender HLANE1991N BTS as9NINNuilaIntsznayvad bovine
serum albumin (BSA) .8z Hepes (Gadea 2003) Albumin 14 Androstar® plus extender %813
o Aa A [ A a 6 o v A . . o Y Aa A
mﬂgmmﬂu maqmmaa I@]UY]’M%’WILﬂ% antioxidant LLG&Y]’]GL%Lﬂ@ﬂWiL‘]JaEl%LLl]ﬂd‘llad
cholesterol (Aitken and Nixon 2013) 3NWILNNIBUINLTT Androstar® plus extender T8
o T & o . . = A A vR
INBIAUNINUILTD (sperm motility LLaS acrosomal integrity) Iuﬂ’limuvlqm%nuu 16 °C 1699 8

o1 (Kaeoket et al., 2010b).

'
4 a a

mﬂﬂ'mﬁu*’ﬂ”agawma 203 A% NHNWNNINFNABNAILTNTauTLTlws291 1987-1994,

q o

WU QﬂﬁLﬁ@mﬂLﬂume’m (55%; 101/184) ANNNIUNARIY (45%; 83/184) udtayailud

Yo A v 1

ANMUUANGNNNEDG (Sidhu et al., 1997) uaﬂmﬂﬁﬁﬂﬁwﬁﬂ"l,@mwUwamaammm@oaqﬁﬂu
ﬁ'ué’mwshumaameJadﬁaaqﬁmﬂﬁmmmﬂﬁauﬂﬁ (' Hamster oocyte) NANINARBINLTN
gansmnazaIdiagineu uaznatugudlidnnuuandraiunieadid (Chermos and Martin
1989, Martin et al., 1991, Pu and Chen 2002) uamsnaaasluedainlyldinsdisuidoy

32134 cryopreservation medium Wag thawing extender.

a a Aa

A X« Mo Cq 41
lasdn@dgausudsgnsladldidunfiouinlugamnnssa innzilduandafisini

g’ dql’ A 3’ 2!’ 1 & =Y ai s dll 1

wiasa nIawuTautidn (Wongtawan et al., 2006) udisulflugniinugnisugaiasaany

. s o ¥ Xuas . . L e ¥ X e

d9tszine wiatiuiuda 13 leuiw (Didion et al., 2013) waztrnnsuswdsdugavin e

A v a ' - ¢ o«
LR aﬂLWﬂvL@ﬂ'ﬂzLﬂuﬂ'\iLWNQm@]’]T@G%’]LT@LLTLLT\‘]qﬂi

1 = A dQI 1 v é 1 U ot R 1 o
atglsnanmInasadntduuanImaaadluiainasad a9l latdwn1ITULTEAWIT KNI
ad A a & o A oA ) 9
FnltlunmInaaadibldwaunanlunisy a2 lananimasasnmadannulurainaaas twszln
o A ¥ oo = 1 d' 1 v uq: SR A o ni
mg}ﬂqmmuﬂﬁ]waﬂ%mUamoﬂm"l,ummmmuquvl,@ R R R R R PR e IRA IR T

maadL*ﬁuLﬁuLﬁ‘aﬁwmﬂﬁﬂﬁvlﬂmaaalﬁ’lumswauLﬁsuqﬂﬂum%@iﬂﬂ
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A o a v a a a .
N1IINA[DIN 3.ﬂ'l§'LLElﬂLWﬁﬂ?ﬂtﬁ%ﬂ?ﬂIﬂﬁtﬂﬂ%aaLLQ%G\UB@ (Polyclonal antibody)

3.1 "i'mqﬂsmwfmiﬂﬂaaa

d' =4 C™ = a = > a
° LWaﬂm_enLLazwwmmﬂﬂwaIﬂauaaLLaumuaﬂlumsLLmLWﬂmaqa

3.2 35n1naaad
o 6
3.2.1 §AINARDY

l#n3zdnuWus New Zealand White 3 saluniinaaatii las 6271 1 idudraiuga (non-
immunised control) lignaauaudian da7 2 uaz 3 gnAauandian DBY iNanIzduiNanIzgu

NIFILaUAUAA

¥ ¥ @

3.2.2 msmzq%gﬁqu W

%

Lmumiﬁ@]m:@unﬁ@fmﬁu LaztNzlAaalaat

U

Day 18] method

-1 4 Feb 56 ® AuLRa@ (Control)

0 5 Feb 56 o SauandlanaIon 1
15 THU 21 Feb 56 ® IAulfaa

22 TUE 26 Feb 56 o Aauandlanaan 2
28 THU 7 Mar 56 ® AuLRea

35 THU 14 Mar 56 ® AuLRea

40 TUE 19 Mar 56 o Fauantienaiif 3
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49 THU 28 Mar 56 ® |AULRAA

56 THU 4 Apr 56 ® |AULRAA

WED 10 Apr 56

60-63 ® 9zRaaanvala
THU 11 Apr 56

3.2.3 mswmaanwamaa%%’miaaq%

a v [

56083 1 d1ud lu extender 0.5 wa. lunsnasey lasnauiudin 0.5 ua aslunasa
microcentrifuge 0.5 48 kazynInasaunudsuluanudutua1sg lasisuan 1:1 auds
1:100000 FSwagnananududulasnisazaisasldlu thawing extender na3a1nU incubate
o oA a v (3 ad, & Aa . A o
datnaf 37 °C iuiian 30 wifl ud1g d18gININLUUNNET (Sperm swim up) LWanTIARELA

af,ﬁﬁ LD IL39
3.2.4 MINTINNADED

mmi’mmﬂaqﬂﬁf Relative quantification Lz single sperm real time PCR plus melt

curve analysis (8318 1 luiEnsneasasluninessn 2)
3.3 NANIINA[DY
[ = Aa - 1
3.3.1 N1ESWINAlAaKDALaRALDA lbNIZANY

\ o A @ = ~ a & A & o o o A
NECANLAIN 1 Lﬂu@l?ﬂ')llﬂ&llalﬂl\ﬁLLS\?N%"U.ﬂ’]W@]LLﬂzgﬂLﬂllLaa@ﬂiﬂq@]ﬂqﬂ"iﬂﬂﬁjlﬁﬂ%quﬂ

60

'
A v v a A

' o A . a a ¥ a X ° @
NIALAIN 2 NaNaa antigen tianMIGaauazldinadn mlmawmmm@mz@;u

U 9

antigen luidngaoudaviiminsawnsd 1niu gaiiuiieanisgarioaniilaluiui eo
. o A = a & A & o o o A
nzdu@f 3 udiusgunwe gniiuiieaaiigarioanilaluiud eo

LTI NVAINTE AN NIRNA LA TN LT NT U ILa wALAAA 89T ELISA NANT

NARBINLINNTEA18AIUTN lnLLanfvadda DBY mz@i’mﬁgﬂﬁ@ antigen Y19 2 @7 &3
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a ad ' a | aa = A a a
LAUGUAAUUNINBLAUALAY DBY I@]Uﬂiz@nﬂﬂuqﬂlﬂm 3 V]NETUJT‘IWLLﬂﬂLLsﬁNﬂjwquLau@Lﬁ]ugﬁ

N (931N 7)
Uy

6.00

5.00

4.00

3.00

2.00

1.00

0.00 I
Negative Rabbit-1 Rabbit-2 Rabbit-3

37 7 nWuERd relative concentration 289 Indlaausauaudved Tudsunszdny Negative =
negative ELISA reaction, Rabbit-1=non-antigen injected rabbit, Rabbit-2=immunised rabbit

number 2, and Rabbit-3=immunised rabbit number 3.

WAIMNIWINNTITUNITzee I anauanduad ameIs lavinnisanaLanduadaanuilay
v A . . W o = A A o A
1 1@589 Protein purifier (GE, Health care) u@ lyUszauanudiTadiananitasannaaaai bols

[ -:i U =3 v o ] A =1 a A 1
NNIFNABNALLRANIAIN LLINMT LTI ’i]\‘ivl,ﬁl“ﬁqﬁu"lladﬂiz@r]UTGNLLS%@]UQ@B%&HI“&I%

{a o

mMInaaaduns lastihdsuluanudutuas guanasls semen extender i RLECLE Lﬁ‘a@dfﬁ

a

uwaudvadifinasda %motiity (MIaRewlnIva9a20§3) UAzNNT agglutination (MITLNFUVBIM
a o <& & o ad . & o ad < o o ad] o o
aﬁiﬁ]) V\a\‘]'ﬂ"lﬂuu"ﬂzlaﬂﬂ@]?aﬁ‘ﬂﬁa’]lﬂiﬂ swim up YW (@'Jaa"i]ﬁLLm\‘]LLiﬂ) uﬂ@l’laq%ﬁvl,@]muml,a:

9 9

ﬁﬁ"lﬂ@mmwelaq%@i a'lil

3.3.2 NaPBIUAWALDR DBY ¢ia n13tadawlnizainiagd (Percentage of motility)
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v A A | A > ' o ad o o %
"ﬂ’]ﬂﬂq?ﬂ(ﬂaaﬂa?ﬂ‘l@'}q éﬁiwwwa@]ﬂﬂqil’ﬂﬂQHVLVVJLLazﬂ’]iﬁ]Uﬂq&JTaﬂ@]jaqﬂ sﬁﬂﬁl"lcﬂ{l'ﬁ %

motility 8aadU3z81m4 5-20% lasawizGiuniuaudvad DBY ag laswuitfianududu 1/10

va483uNduanduad DBY atj azan Motility 289d20g3a4 lu/tlszanas 20-30% (9@191471 4)

A13191 4 5@13’mﬁmﬁauvl,mmawﬁaEﬁmwé’amﬂds’f'i%“ma:l,l,auauaﬁ

%Mortility of Incubate time at 37°C (min)

Sample Dilution 15 min 30 min 45 min 60 min
Sperm-extender 1/1 85.00+7.07 85.00+7.07 80.00+7.07 77.50+3.54
1/1 75.00+7.07  75.00+7.07 75.00+7.07  70.00+7.07
1/10. 80.00+7.07  75.00+7.07 72.50+3.54  70.00+7.07
Sperm-serum 1/100 80.00+7.07  75.00+7.07 70.00+7.07 70.00+7.07
1/1000 77.50+3.54  75.00+7.07 70.00+7.07  70.00+7.07
1/10000 80.00+7.07  75.00+7.07 72.50+10.61 72.50+10.61
1/100000 85.00+7.07 82.50+10.61 80.00+14.14 72.50+17.68
1/1 75.00+0.00 70.00+0.00 67.50+3.54 67.50+3.54
1/10. 72.50+3.54 67.50+3.54  65.00+0.00 60.00+0.00
Sperm-antibody 1/100 75.00+7.07  75.00+7.07 70.00+7.07 70.00+7.07
1/1000 75.00+7.07 72.50+10.61 72.50+10.61 72.50+10.61
1/10000 80.00+7.07  77.50+10.61 75.00+7.07 72.50+10.61
1/100000 82.50+10.61 82.50+10.61 77.50+10.61 77.50+10.61

a = 1 J ﬂg/ d.Q
3.3.4 HaZaIULaWAUDA DBY @8 N13NYYUNINN

v

'sﬁwadﬁ"aazﬁ (Sperm swim up)

o $ Ai L s Ad‘ 1 &/ a r lé A 1 s Ad‘ ~ s Ad‘
%aamﬂuw,uauumaqﬁ]m’mmummm ‘ﬁxﬁﬁ]Zﬂﬂ’)WLﬂ%@]’)@éﬂﬁ]ﬂLLTdLLi\‘i Iﬂﬂ@lﬁaqﬁ]‘ﬂ

draulad lulunaesanaassazduszunn 1 duda lu 1 wa Waihdragiuuiiamh (0.5 ua) 2

U

WUINFIUING? aqﬁmaﬂuvgnmﬁw 1o sﬂuﬂ@3;aJmquﬁvl,&ivléiﬁﬁmﬂﬁ%{w%a wauAUaaad

> o

(N3 Sperm-extender) 1zifagdanasdszanm 15% 1la incubate 15 WM FHITBWLIN B98N
. ‘3/ (2 ntﬂl 1 s&/ a g/ n' 1 d' . = =S
incubate WIH AIBFINNBYUNUUAINLTIANAS LT Lila incubate 60 wfiazanadluiie

q

Uyzu1h 70%

Ao Ao a a

= & . = a a A . X Aa o
luﬂﬁiﬂﬂ‘bﬂuWU’nsﬁiu‘ﬂ&lLLE]u(ﬂflJa(ﬂ DBY LLavaﬂJNLLau@lua@ ANNADNIILYBUTINNIW

[ a = [} v A et U 1A bl A Y J t:in :/ A
Tﬂd@l’)ﬂiﬁ'ﬂ I@mzmaaglnammnu NQ%UWUQW‘HSN%ZQ@ﬂizﬂ’]m@I’JanIWQWUT%NWﬂN’JHWL&Iﬂ

5

. 1 | . ‘3 o v a
incubate 15 W agjilszanas 20-30% waztila incubate WUUWDY 60 W ﬁ]::ml%maqﬁm@aavlﬂ

Dtz unmh 80%
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Spermatozoa (million)

Sample dilution 15 min 30 min 45 min 60 min

Sperm-extender 0.84+0.00 0.76+0.03* 0.53+0.02 0.34+0.02
1/1 0.67+0.06 0.52+0.09* 0.52+0.19 0.26+0.41
1/10. 0.81+0.15 0.55+0.02 0.20+0.11 0.21+0.07

Sperm-serum  1/100 0.74+0.03 0.53+0.02 0.32+0.14 0.18+0.02
1/1000 0.73+0.11 0.55+0.12  0.39+0.21 0.24+0.03
1/10000  0.80+0.06 0.45+0.07 0.39+0.24 0.36+0.07
1/100000 0.84+0.11 0.54+0.06 0.47+0.23 0.30+0.08

1/1 0.67+0.15 0.2740.25*% 0.21+0.12 0.21+0.23
1/10. 0.61+0.08 0.40+0.15 0.28+0.03 0.20+0.14
Sperm- 1/100
antibody 0.79+0.12 0.44+0.05 0.36+0.05 0.31+0.02

1/1000  0.72+0.02 0.48+0.19 0.29+0.14 0.26+0.04
1/10000  0.63+0.32 0.59+0.14  0.32+0.08 0.22+0.00
1/100000 0.61+0.34 0.49+0.15 0.27+0.16 0.29+0.06

*Control 1 tsznavlidls azﬁ+ extender, Control 2 ilsznavlidae aﬁﬁ+extender+serum
without DBY antibody LLas Treatment Usznay e E]Eﬁ+semen extender+serum with DBY

antibody

3.3.5 5ms1ei'mmﬁmaaﬁ'mq3 RAIDINANNAN LB SNLATHAWALDA

'inﬂmimaaaLﬁaaﬁuwuiﬁLLauauaﬁﬁﬂuayjlu extender h48133923UN% PCR reaction

Ml lisunsausninea laes3s single sperm PCR £1463313281902084RaN8a 390 bl bana

A & %

' . . e 4 o .
F9u30Ufounly1E33 Relative quantification G9idunmaialasdszunomny I@&mqumqu (612

2

agdniaieanangny uazlailarums treatment la9nsau) gnaselasluloy v 1idu
50%

o '
> A A

798 incubate BFTLTLNNM 30 WIN (IINFNT 2 61 HENNH) HANINARBINUINNITIUT

Fi@ Qs

U
A A Aa Aa @ ' o a ' ' A ° v ar A A
wLLanLmlLLaumua@uwamamﬂmumaaLWﬂmaqa I@muﬂmygmuammﬂ%maqa Y Ae
& a o a LAl A A A a = o . @ a
AUNILWEAITN wﬂi:mma@aﬂ@ﬂﬂ@&lﬂlamuﬂvl,um,l,aumua@‘l,uamﬂmu 1:100 8§3 Y aad

A ] oAa a a o } o a A
L¥88 23.13% a’luﬂﬁguﬂuLL@%@UQ@I%Q@T]&'J% 1:1 @]'Jaﬁi"ﬂ Y 8Q83 LA 18.93%
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Original Article

Rapid Single Cell Typing using SYBR® Green Real-Time PCR
Together with Melt Curve Analysis for Sex Identification of

Porcine Sperm

Varaporn Korchunjit! Kampon Kaeoket?? Yindee Kitiyanant45 Tuempong Wongtawan? 2 6*

Abstract

Identification of X or Y chromosome is a very useful technique to verify the sex of boar sperm, but common
methods used in pig such as Fluorescence In situ Hybridisation (FISH) and whole semen Polymerase Chain Reaction
(PCR) have some limitations. FISH is highly accurate, but time-consuming (>3 days). Whole semen PCR is faster than
FISH (3-6 h), but not highly accurate (approximate methods). The objective of this study was to develop a fast and
highly accurate protocol to identify sex of boar sperm. In the present study, our team developed an alternative sex
identification protocol using single cell SYBR® green real-time PCR technique together with low resolution melt curve
analysis. Primers specific for chromosome 1 and chromosome Y, a high performance KAPA SYBR® DNA polymerase
and Rotor gene PCR platform were used. Male and female single white blood cells were used to calculate sensitivity
and specificity. Single sperm was picked up under inverted microscope and transferred to 1 pl of lysis buffer, and real-
time PCR was run according to the programmed protocol and analyzed with melt curve analysis. Results showed that
our method was a fast (<50 min) accurate method with high sensitivity (95-99%) and specificity (100%) with low
percentage of PCR failure (< 3%). Validation of this method using boar whole semen detected Y sperm at 52% and X
sperm at 48%, which was comparable to the theory ratio of X and Y sperm (50:50) in semen. It may be concluded that
the single cell SYBR® green real-time PCR technique together with melt curve analysis is fast and accurate that can be
used to identify sex of boar sperm.
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Introduction

Sex identification in pig is very important for
research and diagnosis such as sex identification of
sperm (Parrilla et al., 2003) and embryo sexing (Torner
et al., 2013) as well as for the control of boar taint in
meat products (Langen et al., 2010). Separation of X
and Y sperm (sexing technology) can be used to select
and control sex of offspring in pig (Vazquez et al,,
2009). Development of sexing technology is very useful
and important for the pig industry because it provides
flexible farm management and an increase in product
value and productivity (Johnson et al., 2005, Vazquez
et al., 2009). Sex identification technique is used to
verify the accuracy and purity of sperm sexing
technology (Parrilla et al., 2003).

Polymerase chain reaction (PCR) (Wang et al.,
2011) and fluorescence in situ hybridisation (FISH)
(Parrilla et al., 2003; Eisenberg et al., 2012) are effective
techniques to validate sexing sperm. An easier, cheaper
and faster technique is the whole semen sex ratio PCR
(Parati et al., 2006; Choi et al., 2009), but this technique
is less accurate than single cell PCR.

Single cell PCR and FISH are the most
accurate techniques for sperm typing (Harton and
Tempest, 2012) but FISH is the only method which has
been used to identify sex of porcine single sperm
(Parrilla et al, 2003; Mohammadi et al., 2011).
However, the main disadvantages of FISH are time-
consuming (3-5 days) and labor intensive (Parrilla et
al., 2003; Mohammadi et al., 2011; Eisenberg et al,,
2012).

Use of conventional single sperm PCR has
been mainly reported in cattle and human (Colley etal.,
2008; Cui 1997; Wang et al., 2011), but not in pigs. All
of PCR sex identification in pigs has been done in
samples which have a high number of cells such as
whole semen (Choi et al., 2009), embryos (Pomp et al.,
1995; Sembon et al., 2008) tissues (Sathasivam et al.,
1995; Ballester et al., 2012) and meat.(Langen et al,,
2010; Abdulmawjood et al., 2012).

Therefore, the use of rapid single cell PCR for
sex identification in pigs will be useful to verify sperm
sexing technology. The objective of this study was to
develop a fast and highly accurate technique to identify
sex of boar sperm. In the present study we developed
an alternative sex identification technique by using
single cell SYBR® green real-time PCR together with
melt curve analysis. This technique is fast and accurate.
Melt curve analysis is an assessment of the
dissociation-characteristics of double-stranded DNA
during slowly increasing temperature and can be used
to validate PCR product (Mergny and Lacroix 2003;
Vossen et al., 2009).

Materials and Methods

Animals and Samples:

One to three year old pigs from a commercial
farm in Nakhon Pathom province were used in the
experiment. Blood samples were collected from 5 male
and 5 female domestic pigs (Landrace x Large White).
Frozen semen samples from 3 boars (Duroc) were used.
Three frozen-thawed semen straws of each boar were
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used. Semen collection and cryopreservation were
performed according to previous studies (Wongtawan
et al., 2006; Kaeoket et al., 2012). This experiment was
performed under the permission of the Faculty of
Veterinary Science Animal Care and Use Committee
(FVS-ACUC) Mahidol University.

Whole blood, semen lysis and conventional PCR: DNA
was extracted from whole blood and sperm using
Azupure DNA purification kit (BIOTEC, Pathum
Thani, Thailand). Conventional PCR was performed
using 2xTaq Master Mix (Vivantis, Selangor Darul
Ehsan, Malaysia) (Cat.no.PLMMO01) with PTC-200
Thermal cycle (M] Research, Quebec, Canada). The
PCR reaction included 25 pl of Master Mix, 1 ul of 10
uM forward primer, 1 pl (10 pM) of reverse primer, 2 pl
of sample and 25 pl of DEPC water. DNA and.The
conventional PCR program was as follows: pre-
denaturation at 94°C for 2 min, denaturation at 94°C for
2 sec, annealing at 60°C for 30 sec, extension at 72°C for
15 sec. The PCR was performed 30 cycles and final
extension at 71°C for 7 min. The process was repeated
three times.

PCR Primers: Primers were synthesized by Sigma-
Aldrich (St. Louis, MO, USA), and the primer
sequences were designed and used in previous
publications (Rubes et al., 1999; Parrilla et al., 2003;
Choi et al., 2009, Mohammadi et al., 2011).

Chromosome 1, product size is 244 bp.
Forward primer: 5 TTGCACTTTCACGGACGCAGC3’
Reverse primer: 5 CTAGCCCATTGCTCGCCATAGC3’

Chromosome Y, product size is 377 bp.
Forward primer: 5’ AATCCACCATACCTCATGGACC 3’
Reverse primer: 5 TTTCTCCTGTATCCTCCTGC 3’

Single cell collection and lysis: Single sperm and single
white blood cells were collected. The cells were diluted
in 0.1% Poly vinyl alcohol (PVA) (Sigma-Aldrich, St.
Louis, MO, USA) in phosphate buffered saline (PBS)
(PAA, GE Health Care, Velizy-Villacoublay, France)
approximately 1,500 cell/ml. Five milliliters of
suspension were poured into a 10 cm Petridish
(Sterilin, Newport, UK) and observed under an
inverted microscope (Olympus, Tokyo, Japan) using
400x magnification, and a single cell was collected
using mouth pipette. Approximately 1 ul buffer
contained a single cell and was released into 200 pl PCR
tube (Axygen®, Corning, CA, USA).

The single cell was lysed with 5 pl of lysis
buffer (200 mM KOH (Sigma-Aldrich, St. Louis, MO,
USA) and 50 mM DTT (Vivantis, Selangor Darul Ehsan,
Malaysia)) and incubated at 65 °C for 10 min, then 5 pl
of neutralising buffer (900mM Tris-Cl, pH 8.3
(Promega, Madison, WI, USA), 300 mM KCI (Sigma-
Aldrich, St. Louis, MO, USA), and 200 mM HCI (Merck
Millipore, Billerica, MA,USA) were added.

Single cell SYBR® green real-time PCR: KAPA SYBR®
Fast qPCR Master Mix (2x) Universal (KAPA
Biosystem, Woburn, MA, USA) (Cat.no.KK4600) was
used. The PCR reaction included 10 ul of MasterMix,
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0.4 pl (10 pM) of forward primer and 0.4 pul (10 uM) of
reverse primer. Reagents were added into a 200 ul PCR
tube that already contained the lysed single cell.

Real-time PCR reaction program protocol was
as follows: step 1, pre-denaturation at 95°C for 1 min;
step 2, cycling, 95°C for 5 sec (denaturation), 58°C for
20 sec (annealing), performed for 35 cycles; Step 3, Final
extension at 72 °C for 3 min; step 4, post PCR melt
setting, temperature was increased from 72°C to 99°C,
1°C step, waited for 15 sec on first step and 4 sec on
each step afterwards.

PCR platform was Rotor gene 6000 (Qiagen,
Hilden, Germany). PCR results and melt curve analysis
were analyzed using Rotor gene software 6.1 (Qiagen,
Hilden, Germany). The process was repeated three
times of each sample.

Sensitivity and Specificity: Sensitivity is the ability of
a test to identify positive results, while specificity is the
ability of test to identify negative results. Sensitivity is
calculated by dividing number of PCR positive PCR by
total number of positive control samples. Specificity is
calculated by dividing number of PCR negative PCR
by total number of negative control samples.
Fluorescence signal of PCR positive products of both
chromosome 1 and chromosome Y should arise before
25 cycles. Positive melt peak of chromosome 1 should
be between 88 to 90°C. Positive threshold (-dF/dT
unit) of the melt peak of chromosome 1 should be
higher than 0.4 unit. Positive melt peak of chromosome
Y should be approximately 85 to 87°C and positive
threshold (-dF/dT wunit) of the melt peak of
chromosome Y should be higher than 1 unit. Failure of
PCR reaction was calculated by number of negative
PCR / total number of positive control samples.

Results

Validation of primer by conventional PCR: DNA
samples extracted from male and female white blood
cells were used to validate PCR primers. The results
revealed that each primer had a specific band for
chromosome 1 (Fig 1, lane 1) or chromosome Y (Fig 1,
lane 2). The product of chromosome 1 was found in
both male and female blood samples while the product
of chromosome Y was found only in male blood
samples (Fig 1, lanes 5-6). Both primers were also
validated with whole semen samples (both X and Y
sperm) and the results showed specific bands for both
chromosome 1 and chromosome Y (Fig 1, lanes 3 and
7). Conventional PCR was also tested for single cell
level detection, but it could not detect it. We, then,
tested several Taq polymerases in our lab and found
that only KAPA SYBR® DNA polymerase could detect
chromosome 1 and chromosome Y at single cell level.
Identification of PCR product and nonspecific
products by real-time PCR and melt curve analysis
DNA from male and female white blood cells was used
to identify the fluorescence pattern of PCR products
during real-time PCR and post-PCR melt. The results
showed different fluorescence patterns for each PCR
product and nonspecific products during PCR (Fig 2A)
and post-PCR melt (Fig 2B). After calculating with melt
curve analysis software, the melt peak was observed as
the negative derivative (-dF/dT) of the melt curves
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(Fig 2C). The melt peak is the melting temperature of
the DNA sample that causes the highest rate of
fluorescence decrease, at this point the double stranded
DNA is 50% dissociated (Ririe et al., 1997). These
results showed that the melt peak of chromosome Y
was approximately 85 to 87°C while the melt peak of
chromosome 1 was approximately 88 to 90°C (Fig 2C).
For nonspecific products which are usually a primer
dimer, (Brownie et al, 1997), the melt peak was
generally lower than 80°C (Fig 2C) and it could also be
separated from the PCR product by the PCR
fluorescence pattern (Fig 2A) and post-PCR melt curve
(Fig 2B). Notably, the fluorescence signal of primer
dimer arose after 30 PCR cycles and the exponential
curve was not sharp (Fig 2A).

Duplex PCR: The advantage of duplex PCR is that it
can detect chromosome 1 and chromosome Y at the
same time for a single sample. To perform duplex PCR
both chromosome 1 and chromosome Y primers were
added. Male and female white blood cells were tested.
For conventional PCR and electrophoresis, the duplex
conventional PCR was successful to identify sex of
samples. Male samples revealed double specific DNA
bands which represented chromosome 1 and
chromosome Y whereas female samples revealed a
single specific DNA band which represented
chromosome 1 (Fig 1, lanes 9-12).

For the SYBR® green real-time duplex PCR,
the florescence pattern during PCR was different
between chromosome 1 and chromosome Y (Fig 3A).
However, we found that both male and female samples
gave a similar fluorescence pattern of post PCR melt
(Fig 3B). The melt peaks were also found at the same
temperature approximately 88 to 89°C whereabouts of
chromosome 1 peak (Fig 3C). Therefore, SYBR® green
real-time duplex PCR and its melt curve analysis could
not distinguish between male and female samples.

Method sensitivity and specificity of single cell PCR:
In this experiment, we investigated the sensitivity and
specificity of this technique to detect chromosome 1
and chromosome Y in a single cell sample. The
fluorescence pattern and melt curve analysis are shown
in Fig 4 for chromosome 1, and Fig 5 for chromosome
Y. Two hundred single female white blood cells were
used as positive samples. Results showed that 198 cells
were positive while 2 cells were negative. In the
negative samples, no cell was added to 200 PCR tubes,
and PCR reaction showed that all tubes were negative
for chromosome 1. Therefore, the sensitivity of this
technique for chromosome 1 was 99% while specificity
was 100%.

DNA from male single white blood cells was
used as positive samples and 200 of PCR reaction were
tested. Results showed that 196 cells were positive for
chromosome Y whereas 4 cells were negative. DNA
from female white blood cells was used as a negative
control.The results revealed that 200 female blood cells
were negative for chromosome Y. Hence, the
sensitivity of this method for chromosome Y was 97.5%
and specificity was 100%. Single sperm real-time PCR
with chromosome Y primer for whole semen sample.

In theory, the ratio of X and Y sperm in semen
is approximately 50:50. To test the accuracy of this
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technique, 400 of the single sperm were randomly
picked and tested by real-time PCR. Two hundred
sperm were used to identify chromosome 1 and
another 200 sperm were used to identify the Y
chromosome.

Results showed that 190 sperm were positive
for chromosome 1, this means that the sensitivity of this
technique for sperm is about 95% (Fig 6). For the sex
ratio, 52% of the sperm (n=104) were positive for
chromosome Y and 48% (n=96) were negative
(chromosome X). The results are comparable to
theory’s ratio of X and Y sperm in pig semen. The
fluorescence pattern and melt curve analysis were
shown in Fig 6.

Discussion

The present study showed that using SYBR®
green real-time PCR together with melt curve analysis
was fast and accurate to identify the sex of a single cell
such as sperm and white blood cells. High sensitivity
and specificity were obtained with very low failure
percentage using this method. The approximately 3%
failure is considered lower than previous conventional
single bovine sperm PCR (approximately 10%) (Wang
et al., 2011), and comparable to FISH (approximately
2%) (Parilla et al., 2003).

One problem of the single sperm PCR
technique is a low yield of PCR causing a failure of the
test. As a result, several studies in human sperm (Li et
al., 1990, Lien et al., 2002) applied two or more rounds
of PCR to increase the sensitivity of detection, but
multiple rounds of PCR were not necessary for our
method. A single cell sample can be collected by
manual or automated technique such as flow
cytometer. Some previous studies collected single
sperm from agarose gel (Lien et al., 2002, Wang et al.,
2011), but we found that extraction of DNA directly
from fresh samples produced better DNA yield than
from agarose gel (unpublished observation). Picking
up a single cell directly from the dilution buffer with a
mouth pipette was not difficult and in our hand we
could collect approximately 10 to 20 cells per minute.
The disadvantage of the SYBR® green PCR is that it can
detect only one product at a time. In the identification
of the sex of a single cell using SYBR® green dye, only
chromosome X or Y can be detected for one sample. In
this experiment, in which chromosome Y was used, if
the sample was negative for chromosome Y, the sample
was expected to contain chromosome X, with about a
97% possibility due to the failure of PCR (3%).
Therefore, further development of this technique is to
develop a way to identify chromosome 1, X and Y atthe
same time. Using two to three different fluorescent
primer probes might be possible. Duplex real-time PCR
with two colour fluorescent primer probes has been
used in determination of pig sex in meat and meat
products (Abdulmawjood et al., 2012). However, the
sensitivity of the probe for a single cell sample is still
an unanswered question and the cost is more
expensive than SYBR® green.

Moreover, the effectiveness of PCR reaction
may increase by optimising PCR conditions such as
MgCI2 and primer concentration. Most of the present
study performed real-time PCR for 35 cycles, but we
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Figure 1 Conventional PCR used to detect chromosome 1
(Ch1) and chromosome Y (ChY). L=DNA Ladder,
M=male white blood cell samples, F=female
white blood cell samples, S=semen samples and
B=blank. Lanes 1-4, chromosome 1 detection.
Lanes 5-8, chromosome Y detection. Lanes 9-12,
both chromosome 1 and Y detection (duplex PCR)

Figure 2 Identification of chromosome 1 (Chl) and
chromosome Y (ChY) using SYBR® green simplex
real-time PCR and melt curve analysis. Samples
are male white blood cells (Male), female white
blood cells (Female) and no template control
(NTC). (A) Fluorescence pattern of PCR product
during PCR. (B) Fluorescence pattern of PCR
product during PCR product melt. (C) Graph of
melt curve analysis revealing specific peak for
each PCR product. NS1 and NS2 are non-specific
PCR products or primer dimer from NTC. NP1
represents samples with high amount of non-
specific products while NP2 represents samples
with small amount of nonspecific products
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Figure 4 Sensitivity and specificity of SYBR® green real-time PCR
and melt curve analysis for chromosome 1detection. (A-
C) Positive samples. (D-F) Negative samples. (A and D)
PCR fluorescence pattern during PCR reaction, PCR
products were raised before 25 cycles whereas non-
specific product (NP) were raised after 30 cycles. (B and
E) Post PCR melt fluorescence pattern. (C and F) Melt
curve analysis, the melt peak of PCR products ranged
from 88 to 90°C and the threshold for df/dt unit of melt
curve was 0.4. The melt peak of primer dimer is 80°C. NP1
represents samples with high amount of nonspecific
products while NP2 represents samples with small
amount of nonspecific products

Figure 3 Fluorescence pattern of PCR product produced by SYBR®
green duplex real-time PCR and melt curve analysis.
Samples are male white blood cells (Male), female white
blood cells (Female) and no template control (NTC). (A)
Fluorescence pattern of PCR product during PCR. (B)
Fluorescence pattern of PCR product during PCR product
melt. (C) Melt curve analysis of real-time duplex PCR
revealing similar melt peak pattern of male and female
samples.

Figure 5 Sensitivity and specificity of SYBR® green real time PCR
for chromosome Y detection. (A-C) Positive samples. (D-
F) Negative samples. (A and D) PCR fluorescence pattern
during PCR reaction, PCR product was raised before 25
cycles whereas nonspecific product was raised after 30
cycles. B and E are post PCR melt fluorescence pattern. C
and F are melt curve analysis, the melt peak of PCR
products ranged from 85-87°C. The threshold for df/dt
unit of melt curve was 1.
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Figure 6 Sex identification of semen samples using single
sperm SYBR® green real-time PCR. (A-C)
Chromosome Y detection. (D-F) Chromosome 1
detection. PS represents positive sample (Sperm Y).
NS represents a negative samples (Sperm X). NSP
represents a negative sample with nonspecific
products (Sperm X). NSW represents a negative
sample without nonspecific products (sperm X).

found that it was possible to reduce the cycle to 30
cycles.

In conclusion, this is the first report using
single sperm SYBR® green real-time PCR technique
together with melt curve to identify the sex of sperm.
This technique is fast, accurate and effective. It can be
used to identify the sex of a single sperm and other
cells. Further development of this method might be
applicable to apply in single sperm typing in other
genes or chromosomes and other species for research
and diagnosis.
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Abstract

Boar semen cryopreservation was used for storage and distribution of highly genetic
materials worldwide. It has been considered that plasma membrane X and Y sperm are

different, therefor freezing and thawing process may affect X and Y sperm differently. The
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objective of this study was to investigate the effect of cryopreservation on survival of X and
Y sperm, particularly focus on the differences of cryomedia and thawing extenders. In this
experiment we compared three cryomedia (CryoA, CryoB and CryoC) and three thawing
extenders (BTS, Androstar® plus and Modena). Sperm swim-up technique was used to assess
strongly survived sperm. Real time PCR was used to identify sex of sperm. The ratio of X-Y
sperm in semen usually 50:50, but our results revealed that cryomedia and thawing extender
could affect ratio of survived X and Y sperm, the specific combination of cryomedia and
thawing extenders could significantly alter a survived X-Y sperm ratio. Using CryoC for
semen freezing and BTS as thawing extender gave a higher number of survived swim-up Y
sperm (62%) than control (51%). Conversely, semen freezing with CryoB and thawing with
Androstar® plus gave a lower number of survived swim-up Y sperm (32%) than control
(68%). Both treatment were statistic difference from the control (P<0.05). In conclusion the
present study revealed that using defined combination of cryomedia and thawing extender
affected X-Y sperm ratio in vitro, however; more in vivo study need to test the possibility to

apply in pig industry.

Keyword Boar semen, Cryopreservation, X and Y sperm

Introduction

Cryopreservation has been used to preserve and store biological samples including semen
worldwide in many species (Barbas and Mascarenhas 2009). Cryopreserved semen can be
used to help infertility patients (Gonzalez et al., 2012), effective management of farm animal
breeding (Kaeoket et al., 2010a), fast distribution of high genetic samples (Buranaamnuay et

al., 2010), and conservation of endangered species (Thongtip et al., 2004). However, semen
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freezing and thawing process can damage sperm plasma membrane and cytoskeleton

resulting in decreasing sperm motility and viability (Sa-Ardrit et al., 2006).

In the last decade many reports (Chen et al., 2012, De Canio et al.,, 2013) and patents
(Spaudling 1990, Blecher and Detmar 2001, Hudson and Ravelich 2009, Cumming et al.,
2010) using modern proteomic technology reveal the differences in protein expression
between X and Y sperm, these proteins include sperm plasma membrane and cytoskeleton
proteins. The variation of these proteins may produce a different physical and biochemical
properties between X and Y sperm. In the present studies we hypothesised that
cryopreservation might affect the survival of X and Y sperm differently. The objective of this
study was to investigate the effects of cryomedia and thawing extenders on survival of

frozen-thawed X and Y boar sperm.

Material and Methods

Animals

Three Duroc boars (1-3 years old) were used for semen collection by gloved hand technique.
Microscopic sperm motility and morphology test was used to validate semen quality. Semen
that had > 70% sperm motility and > 80% normal morphology was selected for
cryopreservation. Three straws of frozen semen from each boar were randomly selected for
the experiment. The research proposal of this project was approved by the Faculty of

Veterinary Science-Animal Care and Use Committee (FVS-ACUC) of Mahidol University.

Sperm Cryopreservation
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Sperm cryopreservation was slightly modified from previous reports (Wongtawan et al.,
2006, Kaeoket et al., 2012). Three different formulas of cryomedia were used and named
CryoA, CryoB and CryoC. Each cryomedia contained three extenders and were named Ext-1,
Ext-2 and Ext-3. Ext-1 and Ext-3 were used in those three formulas, but different type of Ext-
3. Firstly, semen was diluted 1:1 (v/v) with Ext-1 (Modena extender, Swine Genetics
International, Iowa, USA). Then 50 mL diluted semen was cooled at 15°C for 120 min and
centrifuged at 800 x g, 15°C for 10 min (Hettich Rotanta 460R, Andreas Hettich GmbH &
Co, Germany). The supernatant was removed, and sperm pellet was re-suspended (2:1) with
Ext-2, and was incubated at 5°C for 90 min. Three different formulas of Ext-2 were used.
Ext-2A contained 2% King™ rice bran oil (Thai Edible Oil Ltd, Bangkok, Thailand) in LEY
medium (80 mL of 11% lactose and 20 mL egg yolk) and was added to CryoA. Ext-2B
contained 1% Biogrow™ rice brand and germ oil (Biogrow Ltd, Bangkok, Thailand) in LEY
medium and was added to CryoB. Ext-2C was LEY medium and was added to CryoC.
Thereafter sperm solutions were mixed with a half volume of Ext-3 (89.5% LEY extender
with 9% v/v glycerol (Sigma Aldrich, St. Louis, MO, USA) and 1.5% v/v Equex-STM®
(Nova Chemical, Pensylvania, USA)). The sperm concentration finally was 1.0x10°
sperm/mL, and it was loaded into 0.5 mL PVC straws (Bio-Vet, Z.1. Le. Berdoulet, France)
and sealed with plasticine. Sperm were frozen in a controlled-rate freezer (IceCube 14s, Sy-
lab, Neupurkersdorf, Austria). The cooling/freezing rate was as follows: 3°C/min from +5 to
-5°C, 1 min of holding time and then 50°C/min from —5 to —140°C. After that, the straws

were immediately plunged into liquid nitrogen (—196°C) for long term storage.
Thawing of frozen sperm

Straws of frozen sperm were plunged into water bath at 50°C for 12 sec. After that samples
were gently diluted in 30 mL of 37 °C pre-warm thawing extender. Three commercial

extenders: Modena (Swine Genetics International, lowa, USA), Beltsville Thawing Solution
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(BTS) (IMV Technology, L’Aigle, France) and Androstar® Plus (Minitube, Tiefenbach,

Germany) were used as thawing extender.
Sperm swim up

After thawing, 30 mL of sperm in extender were incubated in 37 °C incubator for 15 min to
allow strongly viable sperm to swim up to the surface of solution. Thereafter 10 mL of
surface solution containing swim up sperm were collected for cell counting and quantification

of X and Y sperm.
Real-time PCR

Real-time PCR has been used follow previously description (Korchunjit et al., 2014). KAPA
SYBR®Fast gPCR Master Mix (2x) Universal (KAPA Biosystem, Woburn, MA USA) was
used for PCR reaction. Primers were synthesised by Sigma-Aldrich (St. Louis, MO, USA),
the primer sequences has been designed and used in previous publications.(Rubes et al.,
1999, Parrilla et al., 2003, Choi et al., 2009, Mohammadi et al., 2011, Korchunjit et al.,
2014). Chromosome 1, (244 bp), forward primer: 5 GTTGCACTTTCACGGACGCAGC 3,
and reverse primer: 5° CTAGCCCATTGCTCGCCATAGC 3’. Chromosome Y, (377 bp),
forward primer: 5° AATCCACCATACCTCATGGACC 3’, and reverse primer: 5’
TTTCTCCTGTATCCTCCTGC 3’. The PCR platform was Rotor gene 6000 (Qiagen,
Hilden, Germany). The fluorescence pattern, melt curve analysis and quantification analysis

were performed using Rotor gene software 6.1 (Qiagen, Hilden, Germany).

Real-time PCR reaction program protocol: Step 1, Pre-denaturation (95 °C for 1 min); Step 2,
cycling, 95 °C for 5 sec (denaturation), 58 °C for 20 sec (annealing), performed 30-35 cycles;

Step 3, final extension, 72 °C for 3 min; Step 4, post PCR Melt setting, temperature was
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increased from 72 °C to 99 °C by rising 1 °C each step, waited for 15 sec on first step and 4

sec on each step afterwards.

Quantification of X and Y sperm

Approximate comparison of three cryomedia and three thawing extenders was performed
using total sperm PCR and comparative quantification of Y sperm. Thereafter the best
combinations of cryomedia and thawing extender were selected based on the preference of
sperm sex. The preference of sperm sex by defined combinations of cryomedia and thawing

extender were validated using single sperm real-time PCR and melt curve analysis.

Comparative quantification

Comparative or relative quantification (Pfaffl 2006) of Y chromosome from whole semen
was used to approximately measure and compare Y sperm between samples. It was cheaper
and quicker, but less accurate than single sperm detection. DNA of total sperm was extracted
by using Azupure DNA purification kit (BIOTEC, Bangkok, Thailand). Quantification of
chromosome 1 was performed and used to normalisation of chromosome Y quantification.
Comparative quantification was performed after finishing real-time PCR by using function
comparative quantification in Rotorgene 6.1 software (Qiagen, Hilden, Germany). The
results were report fold time difference between samples. Three internal replication of PCR

were used for one sample.

Single sperm sex identification

Single sperm were collected and lysed as a previous report (Korchunjit et al., 2014). Briefly
sperm was diluted in 0.1% Poly vinyl alcohol (PVA)(Sigma-Aldrich, St. Louis, MO, USA) in
Phosphate buffer saline (PBS)(PAA, GE Health Care, Velizy-Villacoublay, France) on 10 cm

petri dish (Sterilin, Newport, U.K.), and observed under inverted microscope (Olympus,
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Tokyo, Japan) using 400x magnification. Single sperm was collected using mouth pipette into
20 ul PCR tube, and lysed with 5 uL of lysis buffer contained 200 mM KOH (Sigma-Aldrich,
St. Louis, MO, USA) and 50 mM DTT (Vivantis, Selangor Darul Ehsan, Malaysia),
incubated at 65 °C for 10 min. Then 5 pL of neutralising buffer contained 900 mM Tris-Cl,
pHS8.3 (Promega, Madison, WI, USA), 300 mM KCI (Sigma-Aldrich, St. Louis, MO, USA),
and 200 mM HCI1 (Merck Millipore, Billerica, MA, USA), was added. Fifteen microliter of
KAPA® PCR master mix with primer was added before performing real-time PCR. Analysis
of chromosome Y and chromosome 1 was done based on the fluorescence pattern following

the previous publication (Korchunjit et al., 2014).
Statistical analysis

Comparative quantification of Y sperm was presented as Mean+SD, and statistical difference
was analysed using ANOVA and student’s t test. Sex identification by single sperm real-time
PCR technique was represented as percentage of Y and X sperm, and statistical difference
was calculated using Chi-square technique. SPSS version 19 statistic software was used

under Mahidol University license.

Results
Effect of cryomedia on survival of X and Y sperm

In this experiment we tested whether cryomedia affect survival of X and Y sperm differently.
Three different cryomedia (CryoA, CryoB and CryoC) were used and sperm swim-up
technique was performed to select strongly survived sperm. Modena thawing extender was
used to dilute sperm. Swim-up sperm was counted and chromosome Y was relatively

quantified.
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The results showed that CryoB tend to give a higher number of swim-up sperm than other
cryomedia (Table 1). CryoA seem to give a relatively highest number of Y sperm whereas
CryoC seem to give relatively lowest number of Y sperm (Table 1). However, no statistical

difference (P>0.05) was found between cryomedia.

Table 1 Effect of cryomedia on number of swim-up sperm and relative number of Y

spermatozoa (Mean+SD)

Cryomedia CryoA CryoB CryoC

155+69 169+24 151+25
No. of swim-up sperm (x10°) - - -

. e s 1.01+0.14 0.89+0.28 0.86+0.38
Comparative Quantification

No statistical difference between treatments P>0.05.
Effect of thawing extenders on survival of X and Y sperm

In this experiment we tested whether thawing extenders used after thawing frozen semen
could affect survival of X-Y sperm differently. Three different thawing extenders (Modena,
BTS, Androstar® plus) were used and swim up method were used for select strongly survived
sperm. Modena extender tends to give a higher number of swim-up sperm than other
extenders (Table 2). BTS gave give highest number of Y sperm whereas Androstar® plus
gave lowest number of Y sperm (Table 2); however, no statistical difference (P>0.05) was

found between thawing extenders.

Table 2 Effect of thawing extenders on number of swim-up sperm and relative number of Y

spermatozoa (Mean+SD)
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Androstar

Thawing extender ®plus BTS Modena

174+56 182+49 184+49
No. of swim-up sperm (x10°) - - -

. e e 1.00+0.00 1.49+0.77 1.07+0.25
Comparative Quantification

No statistical difference between treatments P>0.05

Defined combination of cryomedia and thawing extender can separate X and Y sperm

Although no statistical difference was found from initial experiments, our results suggested
that combining specific cryomedia and thawing extenders may use to select X and Y sperm
from frozen-thawed semen. For Y sperm selection, we froze semen with CryoA and diluted
frozen-thawed semen with BTS. For X sperm selection we froze sperm with CryoC and
diluted frozen-thawed semen with Androstar® plus. Identification of X and Y sperm was
performed using single-sperm real-time PCR and the percentage of X and Y sperm was
calculated. The results showed that a combination of CryoA and BTS gave 62% of swim-up
Y sperm and 38% of X sperm. Whereas a combination of CryoC and Andro star® plus gave
32% of swim-up Y sperm and 68% X sperm (Table 3). Both treatments were statistical

difference from the control (P<0.05).

Table 3 Sperm sexing using specific combination of cryomedium and thawing extender.

Percentage of X-Y spermatozoa was analysed using single sperm real-time PCR.

Freeze/Thaw solution
% Sperm (n)
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Y X P Value
CryoA+BTS 62 (124) 38(76) P=0.03

CryoC+Androstar® plus 32(64) 68 (136) P=0.0002

Control sperm 51 (102) 49 (98)

*Control sperm was randomly selected from frozen-thawed semen before performing swim-up technique.

Discussion

In these studies we found the different effect of cryopreservation on survival of X and Y
sperm. The ratio of survived frozen-thawed X and Y sperm in vitro depended on combination
of cryomedia and thawing extenders. Y sperm preferred combination of CryoA
(Cryomedium) and BTS (Thawing extender) whereas CryoC and Androstar® plus favoured X

sperm survival.

The different effect of cryopreservation on X and Y sperm may explain by a different
composition of cell membrane. There are several reports show that X and Y sperm contain
different expression of membrane proteins (Cumming et al., 2010, Chen et al., 2012, De
Canio et al., 2013). The effect of cryomedia and thawing extender on cryopreserved X and Y
sperm may due to the interaction of media component to sperm membrane protein and lipid.
CryoA contains rice bran oil which includes fatty acid, vitamin E and oryzanol (Rukmini and
Raghuram 1991). Fatty acid may integrate into cell membrane and alter structure of rate into
lipid cell membrane while oryzanol and vitamin E have antioxidant property. Recent reports
reveals that addition of rice bran oil (Kaeoket et al., 2012) or vitamin E (Mendez et al., 2013)
can benefit sperm quality of cryopreserved boar. This mechanism involves the prevention of
lipid oxidation and protein peroxidation (Parrado et al., 2003). Androstar® plus extender

differ from BTS in which it contains bovine serum albumin (BSA) and Hepes (Gadea 2003).
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Albumin in Androstar® plus extender may interact with plasma membrane by provide
antioxidant protection and promote change of cholesterol (Aitken and Nixon 2013). It help to
maintain sperm quality (sperm motility and acrosomal integrity) in 8 day of cold storage

(Kaeoket et al., 2010b).

The record of 203 woman in artificial insemination program from 1987-1994, using standard
cryopreservation of human sperm revealed that more male children are born more than
female (101 vs 83) (Sidhu et al., 1997), but several studies revealed that chromosome and sex
ratios of sperm are not affected by cryopreservation (X=53.5%) (Chernos and Martin 1989,
Martin et al., 1991, Pu and Chen 2002). However, differ from our study the record from
human infertility clinic does not compare directly between cryopreservation medium and

thawing extender.

Normally cryopreserved boar sperm are not popular in pig Al due to lower pregnancy rate
and farrowing number (Wongtawan et al., 2006). It has been used specifically in genetically
valuable breeder (Didion et al., 2013). The ability to select sex of sperm may increase the

value of cryopreserved boar sperm.

Notably, the result of our in vitro study may not directly represent the in vivo result due to
many factors involve during fertilisation and implantation. Therefore, further in vivo
investigation will be essential, especially on practical application and sex ratio of the

offspring.
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