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® ®
Effects of Egg Yolk Tris, Optidyl and Bioexcel on frozen dairy bull semen quality

assessed by flow cytometer and CASA

Suda Chuntasee' Jatuporn Pongpeng1 Mukda Rattanapaskorn2

Thawatchai Keawmarg3 Piyawan Suthunmaponata4
Abstract

Three cattle semen extenders; Egg Yolk Tris and Optidy1® with egg yolk based and Bioexcel® with
soybean extract based were compared for their effect on quality of frozen dairy bull semen. Semen from three
Holstein-Thai native crossbred bulls were collected and frozen once a week for five consecutive weeks.
Frozen semen samples were thawed at 37°C for 30 seconds then stained with FITC-PNA for acrosomal
membrane test and with PI for spermatozoa plasma membrane test. Then all stained samples were processed
through a Flow Cytometer. Percentage of live, motility, forward progression and kinetic movement of
spermatozoa was accessed by CASA.

The percentage of live sperm with intact acrosomal membrane of frozen-thawed semen extended with
Egg Yolk Tris and Optidy1® were better than Bioexcel® (52.8246.38, 47.03+£2.09 and 36.70+1.51,
respectively), (P<.05). The percentage of dead sperm with intact acrosomal membrane and kinetic movement
( VCL, VSL, VAP,ALH, BCF) of Bioexce1® were higher than Optidy1®and Egg Yolk Tris (P<0.05).
However percentage of dead sperm with damaged acrosomal membrane, live sperm, motility, forward

progression of the three extenders were not significantly different (P>0.05).

® ®
Keywords: dairy bull, DFS, Egg Yolk Tris, Optidyl , Bioexcel , flow cytometer, CASA.

! Lamphayaklang Livestock Semen Production Center, Lamsonthi, Lopburi, 15190, Thailand
? Semen Research and Production sub-Division , Bureau of Biotechnology for Animal Production, Muang, Pathumthani,

12000, Thailand
: Department of Anatomy, Faculty of Science, Institute of Science and Technology for Research and Development, Mahidol University, Nakhon
Pathom 73170, Thailand

! Faculty of Veterinary Medicine, Kasetsart University, Nakhon Pathom 73140, Thailand
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Correlation between calving rate and kinetic movementsof bull spermatozoa

Klttisak Sangsakul * Supon Chantarakot’ Lerdchai Chintapitaksakul *

Sarawut Chaiprasart ¢ Mukda Rattanapaskorn *
Abstract

This study was conducted to determine whether the movement parameters of sperm from six bulls
assessed immediately after thawing and 3 h. after thawing correlate with the calving rate. Sperm motility
parameters assessed using a computerized automatic semen analyzer (CASA) were: total motility (%MOT),
progressively motility (%PMOT), path velocity (VAP), linearity (LIN), the velocity parameters; Progressive
velocity (VSL), Tract speed (VCL), amplitude of lateral head displacement (ALH), beat cross frequency
(BCF) and straightness (STR). A total of 1,260 inseminations (167-243 cows per bull) were performed in
cows which were non repeat breeding and had body condition score 2-3 and inseminated on the second heat

after calving. Calving rates were recorded.

Significant correlations were observed between VAP, VSL and VCL assessed 3 h. after thawing and
calving rate ( r = 0.928, 0.746 and 0.809 ; P = 0.001, 0.08 and 0.05 respectively) . These results indicate that
VAP, determined by CASA systems at 3 h after thawing can provide some information about the fertilizing

potential of bull sperm.

Key words: sperm movement, fertility, bull spermatozoa
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Effect of equilibration time at 4°C on after thawed sperm motility of bull semen

Sarawuth chai rasat1 Suda Chantasee2 Apichart chartchue1 Pichitduang Joemplan '
p p g plang

Abstract

This study was conducted to study the effect of different equilibration times at 4 °C on after thawed
sperm motility of bull semen. Semen samples were collected from five HF bulls. The semen samples from
each bull were subjected for cryopreservation. Different equilibration times in the process of semen
cryopreservation were assigned into 12 periods, 4 hours interval on each period, which started from 4, 8, 12
hrs,.... to 48 hrs. All semen samples were diluted with egg yolk Tris (7% glycerol and 25%egg yolk) into
80x10"/ml. Sperm after thawed motility was accessed by subjective method with phase contrast microscope.
The results showed after thawed sperm motility’s means of the 4 hours equilibration time group (control
group) and the groups of 8, 12, 16,20 and 24 hrs were not significantly different, 42.86-43.46% (P >0.05).
However, the after thawed sperm motility’s means of the groups of 28, 32 ,36, 40, 44, to 48 hrs were

significantly lower than the groups of 8,12, 16, 20 and 24 hrs, 30.43-33.14%, (P< 0.05).

Keywords : equilibration time, sperm motility , bull frozen semen.

1. Livestock Semen Production Center (Inthanon Royal Project). Maewang, ChiangMai, 50300

2. Lamphayaklang Livestock Semen Production Center, Lamsonthi, Lopburi, 15190, Thailand

39



%

N3 A lulatimaNInNINARL AF RS J.Biotec.Liv.Prod.

q

v A

1% 3 1fuv 1 Hguieu 2551 Vol. 3; No. 1; June 2008

9 A T3 A o & Aa 1 o =1 o ug/'
Aan U IFRLYIAUARlITen I N INaneANNA UTVVOIMITHALNeY AuiulunszUIUMT
Aa » A [~ = YA 9 8 ¥ I ® A ' o J =2
pantudFousuiae latduneutaznmsaruauganmnyluduaoumsmuiludoaaaino Inwug soud
Y Aa wAa (] 3 ns.t' 1 Aa Y 9 S o
nszUIUMI lureulgiiamseiuiluscuy dumnszuiumsasivaeulsunannududu osigua
A =] @ a A =] [] @ [ U ® A A o
M3IATeUTIveIIDgY MImaeuiiny IUNTTNINTZUIUMTUBUAS tazmIguazaretinde el
=
SN
a [~ I~ v o w o [
lunszurumseaaiuFousudalivareduneuiitluilatoddy i ldmsusudaiuor s au
o < ] o A ag A ? A [~ ] A o J
ANUAUTY 1B 693 ININMTAAYUNYN ITNTIDINUUFoUFUU s2EzIa1lunsuNnIellTudugad
3 3 o @ 1 o Aa Aa
vt uFordudu (White,1993) iluiisousulaonalil dregidszuna 50% winannudesniolu
1 a 9 o [ o A a =< 9 3 J A o
FLHINVUIUMIHIATUFOUBIAI (Watson ,2000) S UHANANITDI0INMTINARNANTINAU A a 5299191
a < a a a
MIaARUUYNHILALINITI (Mazur,1984) N151AONIANATT cryoprotectant 1IN AUNIFIA UT110)
1 (] ] a I
5INMIZEZAIMIUNEUITDIIIAAANINTEN 18071080 18 (Saroff and Mixner,1954) naiosoaillu
aAa 9 o Jd a oY 9o A v I F) A
@15 cryoprotectant NUBN1FAVIFAAAI ) H8BUATINNINUFOUDITANALIGNAGUN 11DIDINAINITD
@ a [ o { g .
AANIUIAS BAUBIAI0G I INNITUBLIN Taen TRty salt-buffering’ (Lovelock,1953) Aa1i100n91n
4 [ a 9 <3 [

199 (Lohmann, et.al., 1964) FUN0AYTUIATUDIU VIV LB (Gao, et.al., 1995) Jondet (1972)
1 [ » A @ = Y A A = = = @ [l
numsuude luhedessduFeilidiullsenouveandrosoauiu 1 w19 3o 6 ¥ Tua lany

[ 3 ] Y| o a Aa [
ANUUANAIINI093 1 UT UL EATIMINEAUAA Stover, (1953) ag Holt, (1953) NAABINAN U DAL
a [~ a o 1 [ 1 [~
wila wouya Taousudafiguugil -79 °C WU 52eTNAINTUNTENIN 20-24 sy, TadudFousuia

S o o a o o 1 3 Y o Y o A .
Aanmanga dirsumsnaatiudousudsluraoatiudovuia 0.25 va. Taslsite1709149 egg yolk tris
Tael¥szeznarenuununii 24 ¥u. §aluiin1snaaes Nadiiieennindseadruunaulafiszaanan
v
msvwiudeInAN
o o Aa » A P2 A d a ® A ] ] 4 Aa J v o
AMTUNITTVIUMIHANTIFRUBLAINgUINAAT TN TAW YT TATINITHAIIBUNUUN 91 TR
Y [ v
Feoalnad Tasdnaldnaimsvuindedszuna 4 ¥2lus amnasgruananaiiiosninilagiuswaulain
J o J = d? [ v AAa o 49' 9 = I » A Vo A )
AUIAINA1NINNUY 59N TanedIltdeas aduauen Tanarlumssamnuiudeuuninarauun /i

A o

Idszoznamsuniidoszrieie Iasugisadausnuaziadrganieedlunafiuanatesiuuin &
A o 9 ' A o Yo ' = [ ] A
idevosladrgametiuuiu 4 su. dudoladusne1n Idsumstuuuda 7-8 3. uensntiuvie Invso
L A . = | A 1w g Qo I Y A I @ A A
Wowughegneuenguinaniufoniovouonsuriononugnmuzavisuludesanuiudoaaiiio
Aa » A [ A <3 o Y] Ay o = Ao w Y] o’d’ﬂl ~ < ® A
paatuFouTud o usnuugnIsuia 13 wu Tnumdmunie Infisdwz guiugndesanuindo
A ) Y a ' @ 2 ' ' Y A
aauendnui UnaTIReldszeznalumsauniaunnnd 4 $11ue Feervdawanonunmueaiuio

[~ Y o Y = YY) 1 o Y =3 [] =] o @ Y
LLGMHNIIG] aatumMsanyINansenuanidatedainan i linsvaeaaimuneandmsulsuy

40



%

N3 A lulatimaNInNINARL AF RS J.Biotec.Liv.Prod.

q

v A

1% 3 1fuv 1 Hguieu 2551 Vol. 3; No. 1; June 2008

Y A IR T Ao o q Y Y A 1 @ a a Yy = = )
HTLGHE’Jﬂf’JuﬂﬁLLGMHN’JH‘]Jumﬂﬂ ‘V]ﬂQVITIWﬂﬂ!ﬂWWHTWf’JLL‘BLLﬂNVINaﬁulﬂﬂﬂﬂ!ﬂTWﬂLﬁlﬂzﬁlmfﬂzuTl‘l‘ﬂ

=1 [ [ ] I < o o a y A 1 3 Aaa
Wﬁllﬁ/]lelLLﬂ!LllTﬂsUf’NLﬂHﬁiﬂi @uﬁ]glﬂuﬂigiﬂsﬁuﬁ']ﬁiﬂﬂ']i'ﬂﬁllﬂ‘l!ﬂ'liWﬁ@]u’]tﬂf@uﬂfuﬂlﬂﬂﬂﬂﬂ!ﬂ'lwﬂlu

q

MINAUNY

J ad
gUnsal uazIEms

Jd a @

v A [ @ o d A ) a ] @ 4 a
5.1. fiardonwio Tawus Tead Il WiiBou (¥1Id1) vesguinaaiudone Inwug Tnsenisnaldu
J o v A 1o o A 2 < = 9 A ) a » A [~} I Y 9
nuun 39iaFeslva 1uau 5 @ mesamnuiuie Tagld Av iieri lUnand uFeusuaa1 1ded1atioe
(4] 1 ] [}
480 Taasonoln 1 2
® A A 9 - a = A A [l o
5.2 asnumuiudeiosdudsil Ysuias @ anunila msmdeu Tvavy nazasiniuai
WU 1T Tae 1Y spectrophotometer ¥94UFHN IMV TECHNOLOGIES
o ¥ A AaA 3 o A oy A .oaa
5.3 WFens AN UM INaNTIe 19919 1T Egg Yolk Tris NHaI1UUsZN0UU0IGlycerol 7% Lag
1 Iy ) Y a 9 % 1 a Aa aa
lainng 25% Taslhtianududuvodiegd 80 Audaoliuing 1 Naaaas

A aa i [ '
5.4 u3syindederasatindounia 0.25 Hadans 11 lave Inaz 480 wasa wiwuilu 12 nqu

[ T 2y A 1 Y Yo ] Y A 2 a
NAABDY LANSNAUUUUYDNQUAL 40 Yinoa Tﬂ8114‘1(]ﬂﬂquulﬂiﬂﬂTi‘lJiJuH‘b'@ﬂQﬂlW{]N 4° C U 4,
9
o 4 a ¥

) o w Y oA Yo ' =] I 1
8,12,..., 48 %1 Tus mwday naz 1w nquit lasumstwindeiiguugi 4 °© C w4 ) Tuaitlunguaiugu

=]

@ o A 1 3 a J J 1 ]
5.5 maﬁ]am*1mim5’auﬁﬂ1mmaqﬁm@uuﬂmmﬂ NYUNHU 37° C NNNYN NQUAT 7 HAdANDND

q

%

TA%ug 1 a2

oA q

o I o ¥ A A | Y ' "oy v 13 a
5.6 ‘VHﬂﬁLL‘])’LHNIﬂﬂﬂ?iﬂ?ﬂ%ﬂf’ﬂ‘ﬂli8Q1J1!f]1ﬂ1!1!%®1141153EJ%WNL‘VH‘FIL! LLﬁ’Jll‘]J’JNGlUQQLL‘D'LHNW

a =

o a A [ a) P 4
T¥A 2.5-3 L"]fu@tll@]ﬂﬁu@ﬁzﬂ‘]_lﬂlﬂﬂlluI@]iL‘l]un’iﬁ'J uazﬂmh'lmqmwﬂu -140 ° C U 10 UIN DU

Y

) 9 A [
vaeaduFousluluTasmumvan

a

@ @ a [ 1 3 ' @ 1
5.7 G]i'lﬁ]ﬂ@]i?ﬂ?ima‘@uﬁﬂl@ﬂ@n@q%Wﬁ\ill‘]ﬂﬁlﬂ@Eﬂ\if!l@fl 24 ¥ 139 ﬁQﬂ!Wﬂll 37°C Tﬂﬂfﬂiqll

Y

J @ =

1 ] o o [ Y a o [
Wﬁf’)ﬂﬁu%’@ 7 Wﬁ@ﬂ@@W@TﬂWH‘E 1a7 LW@‘V]']ﬂ"IiG]5'Jf’J@]5Tﬂ']5Lﬂﬁ@uﬁﬂl@ﬂﬁ?@q%ﬁaﬂlmﬂﬂlﬂ

Q

5.8 NIAATIZHADA IFNIINATDY ANOVA in CRD

WHan13INeaol

a =

] 3’ ] o o o J [ { 1 3‘
NaﬂTiUNuTL%@W@TﬂﬂJT’JﬂT UIU S A ﬂ@uﬂTiLlGﬁlﬂNﬁQﬂ!ﬁﬂN 4 DA UG AFYTWUIN uTL%@Iﬂ

Y

N [ 1 1 A o A = Y a [ [~ (= 1 o =l =
NUNAULA 4-24 Y. ﬂ?ﬁlﬁﬂf’)@]i1ﬂ1§ma@u'ﬂﬁlli’)\1ﬁﬁﬂqfﬂﬁﬁﬂll‘hllﬂlﬂulllllﬂ’Nlllmﬂ@]NﬂLl Tasflinunae
1 1A ] 3’ A quI 1 @ d? o A = o A o [~
TEHIN 42.86 —43.46 % HANDUUUUBOAILA 28 ﬂfﬂmw"lﬂ AT INITANDUNUDIAIDFINAILBLUI VS

] = o

fiardinedeliisdAgmeada uenanilddadindmnasgiuvesnsnantiudousudsvesdnin

41



%

N3 A lulatimaNInNINARL AF RS J.Biotec.Liv.Prod.

q

v A

1% 3 1fuv 1 Hguieu 2551 Vol. 3; No. 1; June 2008

I v A

aA a v A = o a o 1 g vy 1 A
LﬂﬂIuIaﬂﬂfﬂﬂ’]Wﬂ’]iWﬁﬁﬂﬁfﬁﬁﬁ ‘ﬂf’]ﬂh/ill@ﬁi?ﬂ?ilﬂﬁ@uﬂm@ﬂ@]'J@q%ﬁﬁﬂll“]ﬂmlﬂ "luuaflﬂm 40% 1U®
° ° LR~ Y 9 FY o 1 =
muaumuaumyﬂu%hlﬂ@mm@ﬂ 8 ANUAINDHADA (A1TNN 1)

= 1 =Y A =] @ a % [ [ ) A 3 [ =3 )
MINN 1 AURAYDATINITAADUNUBDIAIDTINQAILLBLLUI Vou1e 1AV IR NUN AL 4 D 48 SRR

raniy §auie | snaudufeusuded 9AT 1IN IR UNUDIAI0GD
(2 119) In A9 nawauda" + SD
(A1) (viaon)
4 %Y. (NQU 5 (5x7) =35 4329+ 2.26
AIVAN)
8 . 5 (5x7) =35 42.86'+4.01
12 %3 5 (5x7) =35 42.86" +4.01
16 %1 5 (5x7) =35 43.29" +2.45
20 . 5 (5x7) =35 43.46" + 1.65
24 %Y. 5 (5x7) =35 43.43"+1.27
28 W, 5 (5x7) =35 33.14" +1.09
32 ¥ 5 (5x7) = 35 32.14" +2.69
36 . 5 (5x7) =35 31.00°+0.96
40 WY, 5 (5x7) =35 32.14°+1.52
44 %Y. 5 (5x7) =35 30.43°+2.12
48 . 5 (5x7) =35 31.57°+0.59

v o @ [ 1] 4 @ [ [ 1] Aaa @
wneig - 1/ aronysmieunuiiegluasduiifernu lulianumanannunsadaianuiselu 95%

o150

== =4 Y 3 ' 1A = Y A A Y [l
namsAnfiuaasiimiuiszeznamstui 4 esmaadeavesiuFeiivenawdd lugiam
=] ) m 9 o Y S I 4 A =] @ a % [ [ % =3 9 [
msunii 4-24 5 Tus lildiIdnlesisudmsindouiivesdrogindwsudwana1eiu Gidoandoany
O’Dell 1182 Almquist (1954) uansilszeznarfilduniFefmuzauriudi@usuanududuves
= @ A » A <3 a 3 U Y A =S
nawesoalurhendonsiidorazanu anwiilumsangungiuazanuirlunmsguazareduie a9

a =

1 a ] ' @ < U
Saacke 49 White (1972) WU fNﬁﬂ!'lalﬂ’]iﬂﬂﬁ’]i%@ﬁﬂlﬂ’]ﬂlﬂ @@]i'lli'lsllﬂﬂﬂ'liquaga']ﬂﬁ“%’@lel

42



%

N3 A lulatimaNInNINARL AF RS J.Biotec.Liv.Prod.

q

v A

1% 3 1fuv 1 Hguieu 2551 Vol. 3; No. 1; June 2008

F4
anudnaonun MU Fo Nl 1e Wiggin tag Almquist (1975) wuimsaanauiufezirld
@ Al Yo = lg dysl = Y 3 1 Y A 9 (% n’/’
Megd lasuanudemeanas uansiideuiudasuirlumsquazaroiufodrs AuiuINHANIINAADY
dy A Y o 9 a 9 A 1 @ AaAAdo a o A
i1 Twdesduamsaih ¥ lumsnamunssaad uFousud i isruiumsnansiuiuuinasan
3 ] Aa 3 @ ] o
mududediineviaudrtu 1 luguugil 4 osmnwaidealdiiuna 24 $2TuaTaedi lildandasinig
A =] @ Aa g ] 9 A A ¥ A [ Ada v Y 9 9 o [ @ 4 1 o’j
indeuiivesiiogd Humsmeudilynudesatindone lafiliided131 deuimie Inufimaniunces
=) < ® A A o [ = Y] ] oY 4 A Y]
ey defiazdiauisoandasudesduasiennela Neilidesnin lunszuiumsmadeny
a ] v A 9 9 S o ] Y Y o A MYy a [y
HazNgANISUMUNAYeIHe Inunmfinan1ui i nvaziimie Tangn 13 1ndduniood ldndunn
0 Yy 1 o == 2. L) o ] = Y o & 9 Y o A A < o A <
M ld ldausmihusanuiidesunune Indiould suiludesseldwe Indrdusanuinderaswas
o 9 Y =X o Y o Y = <} Y A 9 5 A = 3
Withaenuditeezamnsatheeninld ildsceznamssanuidude ldnawvinniunienissamy
® A 4 A o d v = ) v Y ) "9 Aa va Y]
tude Innnvhsuveunuasng ieeysniiugnssuamisaiiszi lddaunsorihdsdenlianis 14
@ o [ I = = 1T A o FY A 9 A 1 & A
molu 24 ¥ T uaeee lsnamaisimsfnuaemenugan e uduves dufousudsfiniuns
] I ] A Y = 4 I 9 Y =2 v o
vudunauu wu gunmveudoiuaad nseanuanysaivede Ins lsumiludu eferndnuisiniy
o A ' ’ o g ] o < '
Padeou ru anududuved linas ndwesea satedas s lumsusuiwazsasusrlunsguazate

Y A = I Yy A [ ax A o d 9 IR
HUYDNIU WIS TY LW@ﬂlfVillﬂuTL‘])'E’JLLGHLHNQQmTW@WIQQLN@%”IUJ‘L!@]i’N’]JlJLﬂHi&J%L’JaTHTLl

a1

Q

=2 =4 Y 3 ' T A = Y A A Y 1
Nﬁﬂﬁﬁﬂkﬂuuﬁﬂﬁiﬁmu’)ﬁ%ﬂ%!ﬁﬁTﬂﬁ‘UﬂJ‘ﬂ 4 DNAUYAUBYTUDIUUGDNLID VN GlLlGIf’NL’JﬁT
[ D= | @ " ¥ o Y v A = Y a [ [ 1 o v Y
N1TVUN 4-24 ‘If’JIlN ul,ll"lﬂ‘VlﬂfVif’JG]51ﬂ15Lﬂa@uﬂﬂl@ﬂﬁ’)@q%ﬁﬁﬂll“ﬁuﬂlﬂlmﬂG]NﬂLl muuﬂlumian
a 9 o 1 @ Aao a o = =} P A A Y ] Y Aa
LLNuﬂﬁNﬁ@]unﬂf@u%ﬂ]ﬂﬂufl]"ILl’JLlﬂﬁWﬁﬁ’1]11.!’3‘1,!11TﬂﬁTNﬁﬂ‘mﬂ‘]JuH“Ifﬂ‘mﬁ]ﬂﬁ]NLLﬁ’J‘]JJJul’J“luQﬂ!W{]N 4
= Y = o Ay oy Y Y A ] o °
@QﬁTLCBﬁLCBEJﬁulQHTHQQ 24 ‘])"JI?NT@EWIUIJJqﬂﬁﬂﬂmﬂTWﬂl@QuH%i’Ju%LﬂN u’eﬂmﬂuumiammu“lumim
] Y4 ~ < g’ dy =1 ] @ 9 Y 9 ] ] 4
W@TﬂW1!‘];1115ﬂ!ﬂ‘]J‘l!%‘])"t’)‘ﬂﬁ%G]’Jﬁ?llﬁﬂﬁﬂﬂuﬁiﬁlﬁnﬂﬂ’ﬂﬂﬂTJiTJLLﬁ3‘?1’3131@51851]6\11/‘!@1‘?11/‘!1!1?1]@1!3%1

a 9 A Y = <] v Y
iﬂmma"lﬂuazmmiaimﬂu"1ﬂ1qﬂm

[ I 4 an o ] 9 A ya [l ] ]
?JEJN'liﬂmuﬂluz’fmumimﬂﬂmmmmmmuQNiﬂyTizElznamllumf@"lﬂﬂ"lumiuuumﬂm 4

T4 MWNIAIFIUAING

43



v &

3anamAtulagianinnisuanladns J.Biotec.Liv.Prod.

v A

1% 3 1fuv 1 Hguieu 2551 Vol. 3; No. 1; June 2008

1PNA1391909

Gao,D.Y., Watson,P.F., Crister, J.K. 1995. Fracture phenomina in an isotonic salt solution during freezing and
their elimination using glycerol. Cryobiol. 32:270-284.

Jondet, R. 1972. Survival rate and fertilizing ability of frozen bull spermatozoa following 8 and 1 minute of
exposure to glycerol. VII Int. Congr. Anim. Reprod. Artif. Insem., Munich. 2:1371.

Lohmann, W. Flower, C.F. Moss, Jr A.J., Perkin, W.H. 1964. Some remark about the effect of glycerol on
cells during freezing and thawing; electron-spin resonance investigations concerning this effect.
Experimentia. 20:290-293.

Holt, A.F. 1953. The storage of bull semen at low temperature. Vet. Rec., 65:561.

Lovelock, J.E. 1953. The mechanism of the protection action of glycerol against hemolysis and thawing.
Biochem Biophys Acta., 11: 28-36.

Mazur,P. 1984. Freezing of living cells: mechanism and implications. Am. J. Physiol. 247:C125-142.

O’Dell,W.T. and Almquist, J.O. 1953. Technique for Freezing Bull Spermatozoa in Heated Milk and
Preliminary Breeding Results. J. Dairy Sci., 37:45.

Watson P.F. 2000. The causees of reduced fertility with cryopreserved semen. Anim. Reprod. Sci. 60/61:
481-492.

Saacke, R.G. and White, J.M. 1972. Semen quality tests and their relationship to fertility. Proc. 4" Tech.,
Conf. Artif. Insem. Reprod., p22.

Saroff ,J. and Mixner, J.P. 1954. The relationship of egg yolk and glycerol content of diluters and glycerol
equilibration time to survival of bull spermatozoa after low temperature freezing. Journal Series, New
Jersey Agric. Exp. Station. 292-297.

Stower, J. 1953. The storage of bull semen at low temperature. Vet. Rec. ,65: 560.

Wiggin, H.B. and Almquist, J.O. 1975. Effect of Glycerol Equilibration time and thawing rate upon acrosomal

maintenance and motility of bull spermatozoa frozen in plastic straws. J. Anim. Sci. 40: 302- 305.

44



%

N3 A lulatimaNInNINARL AF RS J.Biotec.Liv.Prod.

q

v A

1% 3 1fuv 1 Hguieu 2551 Vol. 3; No. 1; June 2008

mamsghmaiudaualaualagldaes Ty

nuUaenreInadaisand I UNesNlulnndinaea

wsIANs bugy’, eussad gasTasIn
%4 |l
UNAAED

= A s A = o A ] (= [
ﬂﬁﬁﬂHTHNﬂﬂﬂixﬁﬂﬂ eAnEINaveIna lUsnames Isuriladonreinaon (PRID) 11!!!;11‘1/]1111
I [ o [ 1 o [ I [ o [ ' o
aateIMsiuda 90-100 TUriainaoa @]ﬂﬂ?ﬂ’)ﬂ’)ﬂﬁlﬂuﬁﬂﬂgﬂuiﬂ mmmuﬁ'maw wagduauln
I [ o [ @ ~ ~ ] 1 I 1
Wudalu 120 Fundinaea Tauugnreay 90 A1 luwa anys wazaszys gauiuuuguily 2 ngu

“ 11U 10 Junsoudanioadi

A9 NAUNARBIAZNGUAILAN ngunAand lAsuMmsmiienidae PRID
a v A ® 1 9 ® [ t4 <3| [
unaudau 0.2myM luduilenea PRID" eon  ngunaasd luld PRID” dunanisaimsiiludanaznay
=\ A 3 Y] o’j 9 ~ o o =1 o ~ ) [
euiaudaniausn 1azasIaNedn 90 IUNAIWANININUAIWAUNGUNG 2 AU
a aa 1 1 1 o % I @ @ 1
MNMIIATIEHHANWADA nunngunaasslaedesiuiuiuiudanfwsnndinaoaduni
nauAdIuAN eelidedAn (157.79+36.18 vs 118.24+11.81; P<0.005) tagiituiuiufiosinundedu
1 1 Id ] o o I v o [
ANGUAILAMI MUY (148.76227.46 177.69+ 50.72; P<0.005) 31U Iatludadiuau Tu 120 Ju
Wanaea lTungunaasy TUINNI1 NGUAILAY (29 vs19; P<0.005) LANGNAIUANNOAT IHAUAALID

HANASILTNGINIINGUNAADY (36.53 vs 28.94; P<0.005).

°o_ o « ° o Ad o Y o o Y ' o o o o o a A
ﬂ1ﬁ‘lﬂﬂ€!: mmmumﬂuﬁﬂﬂmwﬂ FTUIUIUNDIIN mmuimﬂuaﬂ‘lu 120 IUTANADDA AT INTTNAUAALNDNEY

H P \
asasn lUsnames lsuuuuaonronaen Iauy

NeTeUNANUIFINTEYN : 51(2)-0208-166
1 Ia o = S )
AuétTemanauieutazimna I Tagsnma szl

2 Ia o = S =
ﬂuﬁl’.]i]ﬁlﬂﬁwﬁllmEJ‘LIL!ﬁgmﬂiuiﬁﬂ"B’Jﬂ"IWQﬂﬁi"l"h'ﬁ"lu

45



v &

3anamAtulagianinnisuanladns J.Biotec.Liv.Prod.

v A

1% 3 1fuv 1 Hguieu 2551 Vol. 3; No. 1; June 2008

Use of progesterone releasing intravaginal

device for inducing estrus and reducing calving intervals in dairy cows

1 2
Narongkorn Kasemsuk , Amornrat Suwannarong

Abstract

This study was conducted to investigate effects of progesterone intravaginal device (PRID") on 90-
100 days anestrous postpartum crossbred dairy cows in Saraburi and Lopburi provincse. Ninety crossbred
dairy cows with history of 90-100 days anestrous postpartum were randomly assigned into 2 groups, treatment
and control. The treatment group, thirty-eight crossbred dairy cows,were estrus synchronized by PRID" and
the control group, fifty-two crossbred dairy cows without estrus synchronization treatment. After 10 days,
Prostaglanding (cloprostenol, 250 mg/ml) was injected intramuscularly and PRID" was removed. Estrous
observation was detected and Al was performed on first heat detected in all cows in both groups.

Results showed that the treatment group gave significantly shorter average days of first heat
postpartum than in the control group (157.79+£36.18 vs 118.24+11.81; P<0.005). The average days open of
the treatment group were also significantly shorter than the control group(148.76+27.46 177.69+ 50.72;
P<0.005). Also the numbers of cows in heat 120 days postpartum were higher significantly in the treatment
group than in the control group. However, the first service conception rate of the control group was higher

than the treatment group(36.53 vs 28.94; P<0.005).

KEYWORDS: number of days to first postpartum estrous, numbers of cows in estrous within 120 days postpartum, days

open, first service conception rate, progesterone intra vaginal device, dairy cow

'Saraburi Artificial Insemination and Biotechnology Research Centre

*Ubonrachathani Artificial Insemination and Biotechnology Research Centre
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Effect of Glycerol Addition at 4°C and 28°C on Quality of Frozen Bull Semen

Jatuporn Pongpeng1 Mukda Rutanapaskorn2 Suda Chantasee'

Kittisak Sangsakul3 Chamnian Saikhun’

Abstract

Effect of glycerol addition into semen extender at 4°C and 28°C on freezability of bull semen was
conducted. Semen samples were collected from 13 crossbred beef bulls and 17 crossbred dairy bulls. After
freezing procedure, semen samples were thawed at 37°C for 30 seconds then percentage of progression
motility and kinetic movement by Computerized Assisted Semen Analysis (CASA) were determined.
Samples were also stained with fluorescein isothiocyanate-conjugated peanut agglutinin (FITC-PNA) and
propidium iodide (PI) for acrosomal and plasma membrane examination using flow cytometer. The results
showed that motility (37.00+2.31% , 47.65+2.29%) and progressive motility (17.83+1.26%, 22.37 +1.41%)
of glycerol addition at 4°C were higher than those at 28°C (P<0.05), respectively. Intact acrosomal membrane
of glycerol addition at 4°C was also higher than at 28°C, (60.45 +2.38% and 47.38 +3.48%, respectively.
(P<0.05.). This study indicated that glycerol addition at 4°C yielded higher percentage of motility,

progressive motility and live spermatozoa with intact acrosomal membrane than that at 28°C.

Keyword : glycerol, temperature, bull semen
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Effect of Seminal Plasma Removal on Quality of Frozen-Thawed Goat Spermatozoa

Anone Thuangsanthia, Jatuporn Pongpeng, Banluer Glamplu and Malee Apimeteetumrong

Abstract

This study was carried out to compare the effect of seminal plasma removal on quality of frozen-
thawed goat semen. Semen from 2 Saanan-Thai native bucks was collected weekly for consecutive 5 weeks.
After quality testing, semen was pooled and divided into 2 parts. First part, seminal plasma was removed by
centrifugation before freezing. Another part, whole semen was directly added with extender. Extender was
Tris -citric —fructose containing 20% egg yolk and 7% glycerol. Data were compared by Student‘s t-test.
Motility and the percentage of live spermatozoa were higher (p < 0.05) after freezing of removed seminal
plasma semen than that of non removed seminal plasma semen (motility: 62% vs 36% and live spermatozoa:
72.4% vs 51.8%). No significant difference was found on abnormal acrosome (45.6% vs 42.6%) and
membrane integrity (85.6 % vs 83.6%, HOS-Test) of spermatozoa after freezing by removed or non removed
seminal plasma procedure. These results showed that removal of seminal plasma prior to freezing goat
spermatozoa in Tris extender containing egg yolk and glycerol gave better quality of frozen thawed semen, in
terms of motility and survival of spermatozoa, as compared to non removal. However, removed seminal
plasma procedure had no detrimental effect on acrosome abnormality and membrane integrity as compared to

non removed seminal plasma procedure.

Keywords: frozen semen, goat, seminal plasma

Bureau of Biotechnology in Animal Production, Department of Livestock Development, Muang,

Pathumthani 12000
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' a 1 [ 1 {
1Ay HOS-Test  (Table 1) WU msteniiuoanarauivonnniudoungnounsuds Inamsindoud
YOIAIDYD AI0gINIIN FenIMs liuenisiivueanarauied N iied Ay 1ada (motility: 62% vs 36%

< Y 3 o a
uag live spermatozoa: 72.4% vs 51.8%, p < 0.05) Wlunstudumaveudu lanilusiiveanarauives
» A A w A N % anAaa A A 9}3‘ A A 1
idounzilinedaimsinaeuiinazdoginiiaieenelasldhenveriidiunauvos lauag
ADANADINUIUYDY Ritar and Salamon (1982), Cabrera et al. (2005), Choe et al. (2006) LANADIN
=2 Y ¥ o o 9 (3 . I~ v J 4 =
MIANIATAIINAUATINUGINADI 189UV Tuli and Holtz (1994) Fanaaedluunsiugues 9191ie9a1n
1 v 3 1 3 L a
Tdunzanmenus ananuinazggmaniamutiuie dalinansznusoanududuvouou lailumi
y a I
uoanaau (Leboeuf et al, 2000) msduileneniousiivoanarauieon o1miunsarueransili
[ ' {o & o a ' (=
WAty Wgalaa uazasennsouanduiiuesn ldre Teildinanadesoguaimiudonanda

viadazal® (Tuli and Holtz, 1994)

Table 1. Effect of removal of seminal plasma on motility, live spermatozoa, abnormal acrosome and

membrane integrity of spermatozoa (HOS -Test) after freezing of Saanan-Thai native goat semen.

Treatment Motility Live Abnormal acrosome HOS -Test
spermatozoa

Removed seminal plasma  62.0+3.7" 72435 45.6 3.6 85.6+1.5

Non removed seminal 36.0 +4.0° 51.8+3.5" 42.6 +2.4 83.6+ 1.4

plasma

Values are mean percentages + SEM. The experiment was repeated 5 times.

“®The values with different superscripts within the same column differ significantly (p < 0.05).

y A [} a Y oo a a
nstluneniise liusniiveanaraun ldmdasanurailnfvese Ins Ty (45.6% vs 42.6%)
J @ Jd o a 1 o ' [}
1Az ANUANYITAVOINTUBATAIDINOATIITDUAIY HOS —Test (85.6 % vs 83.6%) tAna19nUoe13 1)
A v o W aa 1 I o . a aq Y
Ned 1Ay n19ada (Table 1) uaaa31 19U a3l phospholipases Tuisiiuoanaranivesunsildlums
3 dy (= 1 1 a a 4 o Jd o a A )]
naaeeniall lulinansenuaemanurailndvese Ins lsuuazauanysalvesnivusadaiogd anng
y &2 o 1 d o A 1 Y 1 o Y Aa Aa a 4 " v
mstlugaividlumsnsgiiineudisguuss i ldaanuialnaveseTas Tsuniuduuas lildaa
4 o J v A ] A v o w =} v A ] 9}' dyw =\ [l (] 9 A
ANvavysalveniuraailogIediiisddaieunui lildily wenvintidel lvuasegluheuvena
® A KR & = = a o 4 o Jd o a =
Tuden 20% Femelnilosnnudomeiivzinanue Ins Tsumazanuauysaivesniuyadaiogd nsil
a ' 1 J @ Jd v a ' ]
Usina luuasluhenvenadidon 2 ldmanuauyseivese Ias Taunazsmiswadaregagan i la

1A91/53189 6% (Cabrera et al., 2005)
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a 4 % 4 a o A [~ [
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Tumsasrousnnane)s PCR 1agly TSPY Gene

a J [ 1* A 1
el gasny1 agle yuge
U )
unnaee

= I 1

Id o '
Testis-specific protein, Y-encode (TSPY) ugunieguulasinlesy v uazlinnudunizee

Y

o a I
msenemsnadenmalulamed  TaemsAnwindidumsuSeuiovlsunafioweildlunmisaiin
~ 4 a g 3 A W A A d A
uenmAlagdl TSPY alemaila PCR lagldamuenanannaoa lnameaoa laaa lainsmeu 100
o (] [ 9 = v o (] 9 . A o 1T A 9
A0 waumaduazimeileodiaay 50 @19619 uazly primers NUANNIUNIZADEY TSPY A8
a J a A Y ] o = Y A a aan
mAdin PCR WuNUsz@nsninnsnsdnnwaunudng 100% laslinauinnivinanananainilgnsen
Y
PCR w119 260 bp mwizdiog1ennlamadmniu vaz luwowavanlumsiiioms vonvinildeanso
Aa Y a ad a 9 ~ = o’: dy
ATIVNVNANGA PCR 91NN15NAa0 1515 1NuAd U uAY (DNA template) 11 1 pg 11NMSANEIASIH

=

Y 3 ' I == o 1 A < & A 9
uﬁm“lwmum TSPY uJuﬂummmmmw@ﬂﬂmmaaﬂiaaﬁ"lmﬂmmumm

o o W A < 2 A . . =
AAINEY: Tﬂmmaaﬂiaaﬁ%umwau, N1TATIVLENINA, polymerase chain reaction, 81 TSPY

NeeuIaVN : 51 (1)-0208-045

1 v Jd o w J

1 a v v A a a4 a v
nauItetaziama TuTagsimumswnaailgdad dninma TuTagsimwniswanilgdad

5
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Comparison on DNA Concentration Extracted from Bovine Blood Samples in

Sexing Determination by Polymerase Chain Reaction and using the TSPY Gene

Wiboon Tularaksa' Saijai Cheunsuk'

Abstract

Testis-specific protein, Y encoded (TSPY) is gene cluster on Y chromosome and specific to study sex
determination for male cattle dairy. This study was performed in order to compare DNA concentration for sex
determination with TSPY gene using PCR technique. DNA from blood samples of 100 Thai Holstein dairy
(50 male and 50 female), were tested with specific primer for TSPY gene using PCR technique. The study
showed that sexing efficiency was 100% with all male samples were positive and all female were negative.
Moreover, only small amount of DNA template (1 pg) was used in each test. This result indicated that TSPY

was male-specific marker for Thai Holstein dairy cattle.

Keywords: bovine, sex determination, polymerase chain reaction, TSPY gene
"Livestock Biotechnology Research and Development Section, Bureau of Biotechnology in Livestock
Production.

’ Corresponding author:twiboon5257@yahoo.com
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Lﬁaﬂl%}ﬂizTﬂ%uﬂlumué’\/wuummmmﬁm NIINFIULNANYUL AN W?’ﬂﬂi%’ﬂﬂﬂ?iﬂﬂuﬂﬂLWﬁﬁ’Jﬂ@u

U

Aeumsinorhaite 1w Idmaidosmadudu luduladatnwnhiinsdauludulnsuley v Feonw

A o YR L
mwiz lumed Taisuihmsanun1uil 1987 BAnuimsusnimavesieou TnTag19wad lusses blastomere

) aaa o .. e . o 1A,
‘Vnﬂ;]ﬂifﬂﬂ‘u anti-histocompatibility (H)-Y antiserum W‘]Jmiﬁ@ﬂuﬁﬂﬂl@ﬂﬁﬁﬂg@@ﬁﬁl%uﬁﬂlumﬁéj 1AID
Adunlaosnldnenazldszoznanuy  [White er al, 1987] eomldumswaniumaiia in  situ

hybridization 1a81% probe Hin1usumzao Ins IuTwy Y e 1% lunsuonng [Popescu ef al., 1988] 1141
1990 Suiimsusnmaiisou Iagldinaila PCR saufumaNa hybridization 1a81% primers 1ag probe A%
o o 2 Y amal I d? . =
anudumznulas luley Y $uidudindieuazsiaEmnniy [Kirszenbaum er al, 1990] uaziing
[ 9 . A o J o 9 Y 1 v Aad
WALIMT AT primers NNANUIUWIzAD 1T Ty ey Y i ldaunsonenma lagleis PCR 52001075 gel
electrophoresis ¥11#NAMWLINEWINTY [Peura er al, 1991] 10Tl 1994 matia PCR gnlF1dlunsasm
U o 9 A v . Y . N o 1 . .
meanounmsierndrooululaaenug Indian Zebu Tagle primers NUAUTUNIZAD bovine satellite
vulasiuley v wunldamnsaldlumsuenmeld uadiold primers #ilinnusumzae bovine Y
' Y ad =] Y 1 o’: o Jd v
chromosome 1aga3d WuNlrwavnmmizly Awuennnnmagnniu wazihmaaeylutsaddd
1 a 1 YR (] [l o < ]
gousrezuma laga wunamsalylumsuenmadieon laegautudasiasy wazanunsorhnda
1 Yo A 19 [~ =Y o
oou lanui laglidosiUsdieou [Appa Rao K.B.C. ef al, 1994] 1ud) 2001 Lopes uazasiz ims
Ao UINAAI0UYDd 1A A8 1Y male specific Y-chromosome A28 PCR wuiseansamlumsuens
[] o 4 % 1
18 92 — 94% nazlinuiugr 90 — 100% 1ngn Infishnuaznaeaduysal [Lopes e al., 2001] Fanoulu
= =\ @ 9 . A o 1 A 9 v 0 .
1 2003 UmsWau1e primers NUANUIUMIzAD Iag I Tan Y e lslumsuenmalud@ioouuos taurine
F10¢1Ungq Bos taurous 311471 30 A108191182 zebu Feoglungu Bos indicus 147U 173 #10619 421673
random amplified polymorphic DNA (RAPD) 324AUMAUA in situ hybridization (FISH) WUNd wsalelu
AMSUEAINE 1A 100% [Alves ef al., 2003]
. . . A QY A Ao ]
Testis-specific protein, Y-encoded #1350 TSPY gene (usunidwrdammizoulasluley Y
1 [ v J a (] 4
[Affara ef al, 1996] #i Tnseadravesduiilounuluda idesgnarounratoriia wu wywd, 1 uaz Ta
I Y 4 = . a A A v =X
Wudu Teommzluuywduas Tall conserved region 2 USRS HASWUNNANWHNOUNUDI 88% 1Az 71%
[Jakubiczka et al.,1993 118 Vogel et al., 1997] TSPY gene TuTnilszneulde 7 exons LAY 6 intron @gi“lu

JA 4

AUUDI Yq JUu1A 3179 bp [ Vogel et al, 1997 uaz 1998] Fawunmsuaasoonamiz lumadaunugine

9 ] o I o 1 [} = aa =] Y]
@,LLazizwaNﬂﬁwwunﬂumaaummu ﬂl,'Ll‘]J 2001 Park tazaue [2001] @1UTDUENNAIINADUBNTNA

A =P Yy Y o 0 9 J
mma@ﬂiﬂwummmmu 5 pg Lm%fﬁllTiﬂllﬂﬂLWﬁﬁ’J@@uﬂl@ﬂIﬂIﬂﬂﬂlﬂ)’ blastomere 1, 2, 4 LAY 8 L¥AAVN
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galiunsvians FIUMIANYIV09 Daniela HazANE 31891UMIATI0 TSPY ludledradon Indlremaiin
PCR Tagl9)5u1a1 DNA 1#i84 1 pg [Daniela er al, 2005] TumsanwiassiliiofnyudSeuioumdsunu
y 9 ad AY a B Y Y A
ANUANTUYR IR URN TN AN aNTa Ig lumsasrausniwe n laeld TSPY Gene @nematin PCR
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v ad o (] A ] (] Y A F)
ﬁﬂﬂmﬂm@mﬂm@ﬂma@ﬂiﬂ 100 998N Tﬂﬂ“‘lﬂﬂﬂﬂm@ﬂﬂn? (Buffy coat) 978 QlAamp® DNA

I~} (% < a
blood mini kit tazINUSAHIADUIDNYUNYI 4 DIFITATHE

Mt Iueweluil§dsegnla (PCR)
aad = - Y A ° o Aa o a g Y a 9 . Aa
m’om’o‘nﬁﬂﬂ"lﬂmﬂm@ﬂmmmmimumummam@mamﬂuﬂ PCR Taely primers  NY
ANMUIUNIZAU TSPY gene [Daniela Cristina Lemos et al. 2005] 1@ K- casein gene [Chen Cong-Ying et al.
< a <} aaa [ Aaaa
2003] 1iJu primers AYUAY (internal control) TaeldUsumAdwelulfaser 20 w1 Tuniy Tasdfnse
PCR 1/5¢n0UM8 1X PCR buffer, 2mM Mg2+, 200 uM dNTP, 0.1 uM primers 4a& 0.5 U PlatinumTaq DNA
. . = o (6] = (6] a I (6] a [ (6] a a o
(invitrogen™) NEANIILNITNINIU 94 °C 5 UIN, 94 °C 30 UM 62 C 30 IUIMN 72 C 45 IUIN UIU 40
501 uaz 72 °C 10 W17 A281A309 GeneAmp® PCR 9700
a v v a g v Ay o
MINATOUMIUTINUANMUNTUVDIADUDAULLY (DNA template) wuaﬂmjﬂuazmmzﬁuﬁlu
a o Y a ) . A o ' A ad A 9
NITINNAIUIUANNAUA PCR NATDUAIY primers NUANUINUNIEAD TSPY gene Taalwevvaoueive 1%
= =1 Yy 9 a a g o dy Iy =] Yy 9 [ Y]
TumsuSeumeuanudutuveslsnaamuenii TsanuenaNuduiy 10 u'ﬂuﬂill, 1 uﬂumu,
% % [ o W =\ o Aaaa v 9 9
0.1 u'ﬂuﬂill, 0.01 wlunsuias 0.001 W TUNTY MUAIAD Iﬂﬂﬂ@ﬂﬂﬂigﬂﬂﬂﬂl@\jﬂgﬂiﬂ'] PCR 3999
A5IAOUNANEA PCR @28 2% Agarose gel electrophoresis LAYATIVEAOUNANAR PCR A2E

cthidium bromide ttazgn1e1duas UV
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A o o o [ A A d 2 o o ' [

eimsana DNA ndledluden lneadealead lainSiBou s1uu 100 daea1e uaiu
IWAE 50 29619 azneile 50 A19619 §28 QIAamp® DNA blood mini kit 11azi31 PCR Tao 1% primers #iil
anusumizae Ins Tulesy Y fio TSPY gene A519@0UNANaA11INURN301 PCR A1073 gel electrophoresis
4 9 y . g . a aa 4 . == o 1
738 2% agarose gel UAZYDUAIY ethidium bromide WUNANAANINAVUIIN primers NUAITUIUNIZHAD

=1 9 o’.t‘ a aa A . A o '

TSPY gene HU11A 260 bp. WURHIE TANAEINITIU 1azHaNaATIAATUIN primers NUANUTUNIZAD K-

.oA 2 . . 9 9 = Y] ~
casein 4UUIA 443 bp. Fuu primers AIUAY (internal control) WD%QIﬂLWﬁ@LLﬁ%LWﬂmﬂ @NE‘IJ‘VI 1

L4 L5 Le L7 L8 L% L10 L11

O s o Gamt s e GED GmS oms GEmO NS 443 bp - x-
el Gl el e G 260bp-TSPY

sUf 1 wanda PCR 910 primers NUAMUSUNIZAD TSPY gene HYUIA 260 bp. LAy Wawda PCR 910
primers ANAWTUNIZAD K-casein JUL1A 443 bp. M; 100 bp ladder, L1 — L5; Tanedaoion

Taaa lain3 3o, L6 — L10; Tamenlomaden laaa larin5imew, L11; negative control

1HiONATO primers NUANUIUNIZAD TSPY gene nUYTMIAIANUTUTIU DNA template 10 ng, 1

o w = = a Yy 9 A 9
ng, 0.1 ng, 0.01 ng, 0.001 ng (1 pg) My TumsnlSeueursumanududu DNA template N1iog
figafiam130AT29NUR873 PCR WuNa@m1soasavden Ianeszaun1ududuues DNA template 0.001

ng (1pg) ﬁﬁg‘ﬂﬁ 2
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260 bp — TSPY

s 2 uiesuivugduuuveswanda PCR 910 primers filianmdunizae TSPY gene lnold DNA
template 910 Tametdenaiaon lead laviWsiFountsinannududu 10 ng (L1 - L2), 1 ng (L3 -
L4), 0.1 ng (L5 — L6), 0.01 ng (L7 —L8), 0.001 ng (L9 — L10) ﬁWNﬁWﬁU, M; 100 bp ladder, L11;

negative control

¢
FNTUNANINAADY

| ' = 9 o) a axa A =
TSPY gene Wudruiiogunlas Iuley v wo'ldialulanazdaiidinoy  wazlinisuaatonn
iz Tuwadwindu [Affara er al, 1995; Jakubiczka ef al, 1993; Vogel ef al, 1997] Hedoandoani
= Y 1 1 1 9 = Y
msfnu1luadedl Taewnd1 TSPY gene @1m3snvonauuana1senI lamaduazinaiio laodia
[ Aaaa o . N o (= dy ~ Y o Aaaa Y I X
Farau 911NNINAaeV1nen PCR fprimers #3umzaduil wai ldarnnisiilgasomaaslimuna
1 o A 1 R a g =] o A A < a2 A
ANULLUEVeINITATIVAOUTAIDN 100% Tasdwueiianavindealadiudealaaa latsimouy
v o I v I v [
Aw1sasIvdeUMAveIda Inanua ldedragndeatalumeagd 50 dred19 nazmendio 50 A10619
=] Aaaa o ° 9 Yy 9 a a s
uenniimsnageuany hvealgasndiansanszilalasmsaavnaanuduiuvenlsmatiou
a 9 =2 a a g a 9 A =
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DNA Extraction from Cattle Frozen Semen

Saijai Cheunsuk'  Wiboon Tularaksa'

Abstract

Four different methods of DNA extraction, (1) guanidine thiocyanate method A, (2) guanidine
thiocyanate method B, (3) chelex100 method, and (4) phenol-chloroform method, were used to extract DNA
from cattle frozen semen. The results indicated that guanidine thiocyanate method B and chelex100 mehthod
gave the highest purity of DNA (OD=1.7240.16 and 1.67+0.05) compared to guanidine thiocyanate A and
phenol-chloroform method (OD=2.50+0.27 and 1.58+0.07). In addition, chelex100 method gave the highest
amount of DNA 201.7+72.86 pg/ml compared to guanidine thiocyanate A, guanidine thiocyanate B, and
phenol-chloroform method (DNA yield=47.76+9.32, 14.5144.61, and 29.27+7.14 ug/ml, respectively). There
was no difference in DNA quality except DNA extracted with guanidine thiocyanate A when used to perform
PCR reaction. DNAs extracted from guanidine thiocyanate method B, chelex100, and phenol-chloroform
method presented positive results of PCR whereas DNA extracted from guanidine thiocyanate A gave the
negative result. These results indicated that all three methods except guanidine thiocyanate A could be used to

extract DNA from cattle frozen semen.

Keywords: DNA extraction, frozen cattle semen, guanidine thiocyanate, chelex100, phenol-chloroform

"Livestock Biotechnology Research and Development Section, Bureau of Biotechnology in Livestock
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Introduction

Several DNA extraction methods are routinely used in molecular laboratories for DNA preparation.
However, a single DNA extraction technique is not suitable to all types of samples due to the variation in their
gross and microscopic structures and how the samples are preserved. To optimize both DNA quality and
quantity, many techniques are developed to process different tissues (Roe et al., 1996).

In contrast to mammalian somatic cells, mammalian spermatozoa are resistance to conventional DNA
extracted procedures (Shibura and Nandi., 1979; Bahnak et al., 1988). The DNA of mammalian spermatozoa
is presented in a group of low molecular weight proteins called protamines while the DNA of somatic cells is
presented in a complex with histones. The sperm-specific protamines are tightly bound to the DNA make
them sixfold more highly condensed than those in somatic cells (Balhorn., 1982; Pienta and Coffey., 1984;
Evenson and Jost., 1994). Because of highly DNA condensation, specific procedure to extract DNA is needed
to be developed. Moreover, the preservation of semen such as cryopreservation to maintain the quality of
sperm until used is also considerable since many chemical reagents have been added. The preparation of
sperm DNA is absolutely necessary for certain research objectives such as sperm genotyping, sex
determination, paternal testing, etc, through several molecular techniques.

Guanidine Thiocyanate is a powerful protein denaturant; both the guanidinium cation and thiocyanate
anion are strong chaotropic agents. It is recommended for use in isolation of nucleic acid, especially from
tissues high in ribonuclease activity such as pancreas (Chirgwin et al., 1979). Many studies have been done to
optimize the appropriated concentration of guanidinium thiocyanate solution (Chomczynski and Sacchi.,
1987; Hossain et al.,1997).

Chelex 100 is a chelating resin used to purify other compounds via ion exchange. It is noteworthy for
its ability to bind transition metal ions. Procedures utilizing Chelex 100 chelating resin have been developed
for extracting DNA from forensic-type samples for use with the PCR. Polar resin beads bind polar cellular
components after breaking open cells. Non-polar nuclear DNA and RNA remain in water solution above
chelex (Walsh et al., 1991).

The goal of this study was to compare the quantity and quality of DNA extracted using four different
methods: guanidinium thiocyanate method A, guanidinium thiocyanate method B, the chelex 100 method, and
the phenol-chloroform method which is currently used in Animal Molecular Biology Laboratory at Bureau of

Molecular Biotechnology in Livestock Production.
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Materials and Methods

1. Semen samples

Twenty frozen semen samples from one bull and one batch were used in each DNA isolation method.

2. DNA extraction

Method 1: Guanidinium Thiocyanate method A

The procedure was modified from a protocol described by Hossain, A.M. et al (1997). Semen
samples were thawed and 100 pl of each sample was used. The spermatozoa were separated from the extender
by centrifugation and washed 3 times with phosphate-buffered saline. The sperm pellet was lysed in a lysis
buffer containing 4M guanidinium, 30mM sodium citrate (pH 7.0), 0.5% Sarcosyl, 0.20mg/ml proteinase K,
and 0.3M b-mercaptoethanol, and incubated at 55°C for 3-4 hr. To precipitate DNA, two volume of
isopropanol was added directly to the lysate and the tubes were gently inverted back and forth until DNA
fibers clumped together. After removal of the transparent gel matrix (incompletely lysed protein), DNA fibers
were washed in 70% ethanol. The recovered DNA was dissolved in Tris-EDTA (TE) buffer and keep at -20°C
until analysis.

Method 2: Guanidinium Thiocyanate method B

The procedure was modified from a protocol available at www.protocol-online.org. Semen samples

were thawed and 100 pl of each sample was used. The spermatozoa were separated from the extender by
centrifugation and washed 3 times with 1.1M Sodium Citrate. The sperm pellet was lysed in a lysis buffer
containing 100 mM NaCl, 100 mM Tris-Cl pH 8.0, 25 mM EDTA pH 8.0, 0.5% SDS, and 0.2 mg/ml
proteinase K. To precipitate protein, 100 pl of 4M Guanidine Thiocyanate in 0.1 M Tris-Cl, pH 7.5 was added
into the lysate, centrifuged at 13,000 rpm for 5 minutes. Transfer supernatant into a new tube and precipitated
DNA by adding 2 volume of isopropanol and washed DNA pellets with 70% ethanol. The recovered DNA
was dissolved in Tris-EDTA (TE) buffer and keep at -20°C until analysis.

Method 3: Chelex 100 method.

The procedure was modified from a protocol available at www.protocol-online.org. Semen samples
were thawed and 100 pl of each sample was used. The spermatozoa were separated from the extender by
centrifugation and washed 3 times with wash buffer pH8.0 (10mM Tris, 10mM EDTA, 50mM NaCl, 2% w/v
SDS) followed by a final wash with sdH20. The sperm pellet was lysed in a lysis buffer containing 5% w/v
Chelex 100, 10mg/ml Proteinase K, 1M DTT and incubated at 55°C for 3-4 hr. then 100°C for 10 minutes.

Vortex briefly and centrifuge at 13,000 rpm 2 minutes. Transfer supernatant into a new tube and precipitated
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DNA by adding 300 pl isopropanol and washed DNA pellets with 70% ethanol. The recovered DNA was
dissolved in Tris-EDTA (TE) buffer and keep at -20°C until analysis.

Method 4: Phenol-chloroform method.

This method is currently used in Animal Molecular Biology Laboratory at Bureau of Molecular
Biotechnology in Livestock Production. One hundred pl of thawed semen was washed 3 times with 1.1M
Sodium citrate. The sperm pellets were lysed in lysis buffer containing 10 mM Tris-HCl, 400mM NaCl, 2mM
EDTA. After incubation at 55°C 1 hour, equal volume of phenol:Chloroform:isoamyl alcohol (25:24:1) was
added, mixed together and centrifuge at 13,000 rpm for 1 minute. Upper phase (water phase) was transferred
to a new tube, 2 volume of cold absolute ethanol and 1/10 volume of 3M sodium acetate pH5.2 was added to
precipitate DNA. DNA pellets were washed with 70% ethanol. The recovered DNA was dissolved in Tris-
EDTA (TE) buffer and keep at -20°C until analysis.

3. DNA analysis:

The quality and quantity of the DNA extracted by the above four methods was assessed by
spectrophotometer (Beckman coulter DU 730). The optical density (OD) of DNA samples was measured at
260 and 280 nm. and the ratio of 260/280 indicated the purity. The DNA yields obtained from equal numbers
of spermatozoa and dissolved in a fixed volume of TE buffer.

The quality of the DNA yield was further assessed by PCR with primers for TGS gene which given
final product of 500 bp. Two samples of each method were randomly selected for PCR reaction.
Amplifications were done in PCR tubes. Reaction mixture consisted of 30 ng. DNA template, 1x PCR buffer,
2mM MgCl,, 200pM dNTPs, 0.1uM primers, and 0.5 U Tag DNA Polymerase. The samples were preheated
at 95°C for 5Smin. followed by PCR amplification. Thirty cycles included: denaturation at 95°C for 1 min,
annealing at 58°C for 30 sec, and elongation at 72°C for 1 min. Final elongation was done in 72°C for 8
minutes. PCR products were analyzed using gel electrophoresis in 2% agarose gel and gel was stained with
ethidium bromide and photographed under UV light.

4. Statistic analysis: Both amount of DNA (DNA yield) and DNA purity (OD) of four methods were

compared by one-way ANOVA. Differences were considered significant when p<0.05.
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Results

Four methods of DNA extraction were used to extracted cattle frozen semen with 20 repeats of each
method. These DNA samples were collected from one bull and preserved under the same condition until
experimented.

The outcome of four extraction methods is summarized in Table 1. As shown in Table 1. The 260/280
ratio (indicated of protein contamination) of DNA, extracted by guanidine thiocyanate method A, B, Chelex
100, and phenol-chloroform method, were 2.50+0.27, 1.72+0.16, 1.67+0.05, and 1.58+0.07 respectively.
However, Chelex100 method provided the highest yield of DNA (201.7+72.86).

Tablel. Comparison of the outcome of four different methods of DNA extraction from frozen bull

spermatozoa

Parameters Methods
1 2 3 4

Organic solvent not used not used not used used
Hazardous reagents used not used not used not used
Time requirement 1 day 1 day 1 day 1 day
Protein contamination' 2.50+0.27 1.72+0.16 1.67+0.05 1.58+0.07
DNA yield (;ytg/ml)2 47.76+9.32 14.51+4.61 201.7+72.86 29.27+7.14
PCR reaction’ no reaction complete complete complete
Method1 = guanidine thiocyanate method A.
Method 2 = guanidine thiocyanate method B.
Method 3 = chelex 100 method.
Method 4 = phenol-chloroform method.

' The 260/280 ratio indicating the relative abundance of protein in DNA samples.
? Amount of DNA per equal spermatozoa dissolved in equal volume.

*PCR reaction was performed using primers specific to TG5 gene in cattle.

The quality of DNA was further evaluated by PCR reaction using specific primers for detection of

cattle TGS gene with 500 bp product in length. Two DNA samples of each DNA extraction method were
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randomly selected to perform PCR reaction. All samples except DNA samples from method 1 were positive

for the presence of TG5 gene (Figure 1.)

Figurel. Electrophoresis of amplified DNA products of TG% gene from bull semen with four DNA
extraction methods. Lanes: M=100 bp marker, lane1-2 =DNA extracted using guanidine thiocyanate method
A, lane3-4 = DNA extracted using guanidine thiocyanate method B, lane5-6 = DNA extracted using

chelex100 method, 7-8= DNA extracted using phenol-chloroform method.

Discussion

Guanidine thiocyanate and chelex 100 have been used in the extraction of nucleic acid from human
sperm and forensic material (Chomczynski and Sacchi., 1987; Hossain et al., 1997; Walsh et al., 1991) in
which sperm DNA extraction has been routinely performed in molecular laboratory especially human fertility
laboratory. However, cattle sperm using in the field of artificial insemination is different due to the
preservation of spermatozoa in cryogenic condition before use. The process of cryopreservation has added
many reagents to maintain the quality of semen. Appropriated method to extract the DNA from cryopreserved

semen is necessary.

For our study, method 1 and method 2 both used guanidine thiocyanate as protein precipitation
reagent. The difference of these 2 methods was the combination of reagents using during the process. In

guanidine thiocyanate method A, hazardous reagent such as b-mercaptoethanol which has a strong rancid
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smell and toxic to respiratory system was used. Moreover, the process to separate DNA pellets and the gel
matrix (incomplete lysed protein) was labored. This corresponded to the OD value which was 2.50+0.27 in
guanidine thiocyanate method A indicated higher protein contamination than guanidine thiocyanate method B
(OD=1.72+0.16, p<0.01). In addition, guanidine thiocyanate B gave the highest purity among all four
methods although yielded the lowest amount of DNA (OD=14.51+4.61 pg/ml). Chelex100, in our study, also
gave the highest purity DNA (OD=1.67+0.05) with no significant difference to that of guanidine thiocyanate
B (1.7240.16, p>0.05) but yielded significantly a great highest amount of DNA (201.7+72.86 pg/ml) than
guanidine method A, guanidine method B, and phenol-chloroform method which yielded 47.76+9.32,
14.5144.61, and 29.27+7.14 pug/ml of DNA (p<0.01), respectively. Phenol-chloroform method is currently
used to extract DNA in our facility. For our study, this method gave a moderate value of both purity and
amount of DNA (OD=1.58+0.07 and yield= 29.27+7.14ug/ml). However, phenol and chloroform used in this
method are considered as hazardous chemical which harm to both respiratory system and direct contact. Any
method which could avoid using these chemical should be considered.

For the quality of the DNA, PCR using primers specific to cattle TG5 was used to detect the
reaction of each DNA group. As shown in figure 1, all samples except samples from guanidine thiocyanate
method A, gave positive results which presented 500bp bands of TG 5 PCR product. This indicated that DNA
from 3 out of 4 methods which were guanidine thiocyanate method B, Chelex 100, and phenol-chloroform
method, were be able to used in further molecular procedures. For guanidine thiocyanate method A, the
negative result of TG5 PCR reaction might come from the high contamination from incomplete lysed protein
which gave the fault measurement of DNA yield and in turned interfered the reaction of PCR which is a very
sensitive reaction.

In conclusion, three DNA extraction methods which were guanidine thiocyanate method B, Chelex
100, and phenol-chloroform method could be selected procedure to perform DNA extraction in molecular
laboratory. Due to the less harmful reagent and easy to perform of guanidine method B, this method could be

used in case of enough amount of sample provided.
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The Evaluation of Selected 13 Polymorphic Microsatellite Markers for the Parentage Test

of Thai Holstein Cattle.

Lerdchai Chintapitaksakul* Rapiphan Uavechanichkul

Abstract

Nineteen families of 44 Thai Holstein cattle were evaluated for microsatellite characteristics and the
parentage test. The total of 13 microsatellite markers were selected from the genome database and the
genomic DNAs were isolated and used as templates for amplification. Multiplex PCR of these thirteen
markers in a single reaction showed that only ten markers; b1, b2, b3, b4, b6, b7, b10, b11, b12 and b13 could
amplify the fragments ranging from 5 to 12. Nine markers are highly informative with PIC of more than 0.5.
Accuracy test revealed that seven markers (b2, b4, b6, b7, b10, b11 and b12) are completely matched with
known relationship. The combination of seven markers in pedigree testing showed 0.9915 and 0.9997
exclusion probabilities for one and both parents exclusion, respectively. We concluded that seven out of
thirteen selected microsatellite markers can be used as a tool in parentage testing in Thai Holstein cattle. This
study is a good application for evaluation of microsattelites DNA in parts of breeding program and

improvement of livestock production.

Keywords: Exclusion probability, Microsatellite marker, Multiplex PCR, Parentage test, Thai Holstein cattle
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Introduction

Microsattellite is a stretch of DNA containing distribution of short tandem repeat sequences, normally
being 1-6 bp repeat type. Typically, microsatellites span between twenty and a few hundred bases (Beckmann
and Weber 1992) and most of microsatellites, about 30-67%, found in vertebrates’ genome are dinucleotides.
The first dinucleotide type, (AC), repeat, is the most common dinucleotide motif which is 2.3 folds more
frequent than (AT) , the second most general type of dinucleotids (Toth ez al. 2000). Microsatellites can be
found anywhere in the genome, both in protein-encoding and noncoding DNA (Toth et al. 2000). In
eukaryotic organisms, microsatellites have been shown to be in excess in noncoding regions compared to a
random distribution pattern (Metzgar et al. 2000).

Traditionally, pedigree verification in diary cattle has been carried out using blood groups and protein
polymorphism (Stormont 1967). Molecular techniques using DNA-based microsatellite markers offer several
advantages over traditional blood typing. Any sample from an individual (for example, blood, hair, milk and
saliva) can be used, as long as it contains DNA; hence, the technique can be noninvasive and retrospective
from stored tissue or semen samples. The accuracy of the DNA test is much greater than for blood group
markers, as DNA markers can have many alleles and a virtually unlimited supply of markers are available
(Kappes et al. 1997). The DNA-based markers have been become the international standard system of
identification verification in livestock. In most farm animals, there is now a wide choice of suitable
codominantly inherited genetic markers of known chromosomal location (Barendse et al. 1994; Bishop et al.
1994; Rohrer et al. 1994; Burt et al. 1995; Crawford et al. 1995). Currently, the microsatellites are markers
for individual identification in cattle which is also applied for parentage testing. In this study, our experiment
was assigned to evaluate the possibility of thirteen selected microsatellites for parentage test in nineteen Thai

Holstein cattle families.

Materials and Methods
1) Genomic DNA samples
Genomic DNA samples used in this study were kindly provided by Dr Wiboon Tularaksa. The DNA
samples were isolated from blood samples using QIAGEN kit. Total of 44 dairy Thai-Holstein cattle (6 bulls,

19 cows and 19 daughters) from 19 families were included.
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2) Selection of thirteen microsatellite markers
Thirteen microsatellite markers, named bl to bl3, were selected from cattle markers previously
reported by Thara et al. (2004). They were selected based on heterozygosity over 0.6 and the expected size
should be between 100 and 270 bp (table 1). The bl to b13 markers were corresponded to markers previously
reported as DIK1118, TGLA40, DIK023, MS2063, DIK1125, DIK4511, DIK2662, DIK5156, DIK5411,

DIK116, DIK2733, DIK4356 and DIK4515, respectively (Ihara et al. 2004).

3) Amplification and fragment analysis of the thirteen microsatellite markers
Thirteen pairs of primers were used and each pair of primers was labeled with fluorescent dyes. Details of
primers are shown in table 1.
Multiplex PCR reaction was performed in the total volume of 50 pl. Each reactions composed of 0.2
mM dNTPs, 4 mM MgCl,, 5 pmoles of each 13 primers and 1 Unit of 7ag DNA polymerase in buffer (2 mM
Tris-HCI pH 8.0, 10 mM KCIl, 0.01 mM EDTA, 0.1 mM DTT, 5% glycerol, 0.05% Tween® 20 and 0.05%
Nonidet® — P40) with 100 ng DNA template from DNA pellet suspensions above. The PCR reaction was
started with 94 °C for 7 min followed by 10 cycles of 94 °C for 30 sec, the touch down annealing step was
used at the temperature of 65 to 57 "C for 30 sec and extension at 72 °C for 15 sec. This reaction was
followed by 25 cycles of 94 °C for 30 sec, 57 °C for 30 sec and 72 °C for 15 sec, and a final extension step of
72 °C for 7 min. The amplified products were analyzed by gel electrophoresis using 1.5% agarose.
The sizes of amplified products were analyzed by MegaBACE 500 DNA Analysis System. The
sample was heated at 95 °C for 2 min prior to analyze by MegaBACE 500. Raw data obtained from
MegaBACE Instrument Control Manager program version 2.5 was analyzed by MegaBACE Genetic Profiler

program version 2.0.

4) Characteristics of the thirteen microsatellite markers
The individuals were genotyped based on allele size data. Allele frequency, heterozygosity and
polymorphism information content (PIC) were calculated using MS tools v3 software (Park SDE, 2001).
Each microsatellites marker was evaluated for their accuracies by comparing the genotypes obtained
from known relationship. All markers with more than 95% accuracy were further analyzed for exclusion

probability/cumulative exclusion probability following method of Jamieson et al. (1997).
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Results

The total of 44 genomic DNA samples from 19 families were used as templates to amplify thirteen
microsatellite markers in single reaction. Amplified fragments were analyzed and the result showed that
fragment sizes of ten markers; b1, b2, b3, b4, b6, b7, b10, bl1, bl2 and b13 were obtained in all samples,
whereas that of two markers, b5 and b9, were inconsistently amplified due to the efficiency of amplification.
One marker, b8, was inapplicable. In addition, it was found that b5 contains di-nucleotide repeat instead of tri-
nucleotide repeat as previously reported (table 1). The data of ten markers was then further analyzed.

The observed size of the 10 markers is between 103 and 266 bp, allele frequencies,
expected/observed heterozygosities and PIC as shown in tables 2 and 3.

For accuracy test by computing percentage of matched families for each marker found that seven of
ten markers had 100% matched except three markers; b1-94.74%, b3-89.47% and b13-94.74%. The seven
markers (b2, b4, b6, b7, b10, b11 and b12) with completely matched pedigree were further computed for each

exclusion probabilities and cumulative exclusion probabilities as shown in table 4.

Discussion

All thirteen microsatellite markers, except b8, contained dinucleotide short tandem repeat. However,
one set of primer, b8, could not give an application and two markers which are b5 and b9 could amplify only
in some samples. This result indicated that the efficiency of all markers in single reaction is different due to
several factors such as types of templates, length of amplified product and numbers of repeat.

This study found that the ten markers have numbers of alleles ranged from 5 to 12 (table 2) which is
polymorphic and useful for individual identification. In addition, these markers can be used for pedigree
analysis. Based on the selective standard of microsatellite loci (Barker 1994), microsatellite loci ought to have
at least four alleles to be considered useful for the evaluation of genetic diversity.

The polymorphism information content or PIC is a parameter indicative for the degree of
informativeness of a marker (Botstein et al. 1980). PIC of the ten markers found that nine are highly
informative (PIC > 0.5) and one (b12) is moderately informative (0.25 < PIC < 0.5) based on criteria of
Botstein et al. (1980).

Accuracy test indicated that seven markers (b2, b4, b6, b7, b10, b11 and b12) are completely matched

with known relationship. These seven markers were calculated for exclusion probability (PE) which is the
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probability that two random individuals do not share any alleles, so that parentage can be excluded (Visscher
et al. 2002). The seven markers have highest PEs and the combination of these markers has 0.9915 and 0.9997
cumulative PEs for one parent exclusion and both parents exclusion, respectively (table 4). This study
demonstrated that seven markers can be used for parentage testing based on number of alleles, PIC and
exclusion test. However, further analysis of all parameters in a larger sample size is required to evaluate the

capability of the selected markers in parentage testing.

Conclusion

In this study revealed that the ten out of thirteen multiplexed PCR microsatellite markers which are
assigned as bl, b2, b3, b4, b6, b7, b10, b11, b12 and bl3, could amplify all 44 Thai Holstein genomic DNA
samples. Numbers of alleles in all ten markers are between five and twelve that is useful for parentage test.
Nine out of ten markers are highly informative (more than 0.5). For accuracy test at 95% confidence level,
seven (b2, b4, b6, b7, b10, b11 and b12) out of ten markers can be used for parentage testing with the highest

cumulative PEs at 0.9915 and 0.9997 for the single and both parents exclusions, respectively.
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Table 1: Thirteen microsatellite markers with known characteristics were selected from Genome database. Each pair of primer was labeled with

fluorescent dye to be used in fragment analysis.

Marker name Locus name Chromosome Relative position (¢cM) Repeat type  Expected size (bp.) Expected heterozygosity ~ Florescent dye

bl DIK1118 10 7 di-nucleotide 102-118 0.821 Ned
b2 TGLA40 25 12.3 di-nucleotide 103-125 0.750 Fam
b3 DIK023 11 43 di-nucleotide 106-128 0.769 Hex
b4 MS2063 3 116.5 di-nucleotide 151-169 0.643 Ned
b5 DIK1125 9 59 tri-nucleotide 151-174 0.786 Fam
b6 DIK4511 6 44.2 di-nucleotide 152-170 0.679 Hex
b7 DIK2662 24 14.2 di-nucleotide 203-219 0.679 Ned
b8 DIK5156 20 64.3 tri-nucleotide 203-228 0.731 Hex
b9 DIK5411 18 2.8 di-nucleotide 204-218 0.808 Fam
bl10 DIK116 16 40.6 di-nucleotide 244-270 0.654 Ned
bll DIK2733 30 1.6 di-nucleotide 247-255 0.607 Fam
b12 DIK4356 5 77.6 di-nucleotide 248-268 0.786 Hex

b13 DIK4515 30 150.5 di-nucleotide 186-198 0.714 Fam
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Table 2: Allele frequencies and observed fragment sizes obtained from ten markers.

bl b2 b3 b4 b6 b7 b10 bll bl2 bl3
Allele  Freq. Allele Freq. Allele Freq. Allele Freq. Allele Freq. Allele Freq. Allele Freq. Allele Freq. Allele Freq. Allele Freq.
103 1.14 113 51.14 105 20.45 145 3.4l 155 1.14 205 52.27 240 12.50 239 9.09 255 1.14 192 227

105 36.36 115 20.45 109 6.82 149 11.36 157  31.82 209 1.14 244 3.41 243 2.27 257 3.41 196 14.77
107 6.82 117 10.23 111 1.14 151 2.27 161 2.27 211 12.50 246 1591 247  42.05 261  69.32 198 12.50
109 20.45 119 3.41 113 3.41 153 17.05 163 52.27 213 10.23 252 3.41 249 2.27 263 19.32 200 45.45
111 25.00 121 11.36 115 9.09 155 14.77 165 3.41 215 11.36 254 4091 251 2.27 265 6.82 202 18.18

113 4.55 123 3.41 117 21.59 157 13.64 167 3.41 217 9.09 256 7.95 253 13.64 204 6.82
115 5.68 119 13.64 161 1591 169 5.68 219 2.27 260 3.41 255 26.14

121 3.41 163 21.59 223 1.14 264 5.68 257 2.27

123 9.09 266 6.82

125 2.27

127 4.55

129 4.55

Observed size  Observed size  Observed size ~ Observed size  Observed size ~ Observed size  Observed size  Observed size  Observed size  Observed size

103-115bp  113-123 bp 105-129 bp 145-163 bp 155-169 bp 205-223 bp 240-266 bp 239-257 bp 255-265 bp 192-204 bp
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Table 3: PIC analysis in ten markers.

Marker name

bl b2 b3 b4 b6 b7 bl0 bll bl2 bl3
Locus name DIK1118 TGLA40 DIK023 MS2063 DIK4511 DIK2662 DIK116 DIK2733 DIK4356 DIK4515
No. alleles 7 6 12 8 7 8 9 8 5 6
Expected heterozygosity 0.762 0.679 0.875 0.854 0.626 0.687 0.783 0.734 0.482 0.726
Observed heterozygosity 0.705 0.500 0.909 0.864 0.682 0.795 0.841 0.659 0.500 0.636
Polymorphic information 0.716 0.633 0.851 0.824 0.559 0.651 0.752 0.687 0.434 0.683

content (PIC)

Table 4: Exclusion probability and cumulative exclusion probability in seven markers.

Marker name

b4 b10 bll b7 b2 b6 b12

Locus name MS2063 DIK116 DIK2733 DIK2662 TGLA40 DIK4511 DIK4356

Exclude a parent
Exclusion probability (PE) 0.6847 0.5958 0.5052 0.4751 0.4481 0.3673 0.2633

Cumulative PE 0.8726 0.9369 0.9669 0.9817 0.9884 0.9915
Exclude both parents

Exclusion probability (PE) 0.8543 0.7949 0.6970 0.6822 0.6436 0.5423 0.4197

Cumulative PE 0.9701 0.9909 0.9971 0.9990 0.9995 0.9997
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