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Section I:
GENETICS AND CATTLE AND PIG BREEDING

THE INFLUENCE OF PROPYLENE GLYCOL AS A ENERGY SUPPLEMENT
IN SOWS DIETS ON PIGLETS REARING RESULTS.

Boruta O. *, Jasek S.

Wroclaw University of Environmental and Life Sciences, Institute of Animal Breeding,
Department of Pig Breeding. ul. Chelmonskiego 38c, 51 — 630 Wroclaw, Poland.
o.boruta@ozi.ar.wroc.pl

Abstract

One of the most important productive value features is milk production. There are some
possibilities to manipulate milk production e.g. by feeding and various kinds of additives
supplementation contribute to change composition of milk and also influence on piglets

quality.

The main aim of this study was to assess the effect of energy supplement propylene

glycol, added to sows diets, on piglets rearing.

Twenty-seven gestating sows (22 Polish Landrace and 5 Duroc) and their 270 piglets

were used in this study.

Energy supplement propylene glycol was used in sows’ preparturient and lactation diets
and influence on piglets rearing was studied. The experiment was performed with three
groups of sows — one, control group, was fed without propylene glycol and two
(experimental A and B) were fed on diets with propylene glycol. The difference was the
time of propylene glycol supplemental - 3 days before delivery to 3 (A) or 21 (B) days
after. During the experiment data like: number of piglets on 1, 14, 21 and 28" day of life,
body weight and gains were collected. The best results were obtained in piglets body
weight. There were observed the biggest differences in piglets body weight between
control group and group B (P<0.01) and between control group and group A (P<0.05). On
21°" day of lactation propylene glycol — treated sows had heavier piglets than control

sows. Piglets of sows from group B grew the fastest (P<0.05).

This study has shown that propylene glycol supplement seems promising and further

investigation should be undertaken.
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VLIV POLYMORFISMU V GENU DGATI NA KVALITU TELECIHO MASA
EFFECT OF POLYMORPHISM IN GENE DGATI ON VEAL MEAT QUALITY

Falta D.*, Chladek G.

Ustav chovu a §lechténi zvirat, MZLU v Brné, Zemédélska 1, 613 00 Brno,
Ceskd republika; Falta.Daniel@seznam.cz

Abstract

The DGATI encodes diacylglycerol O-acyltransferase (EC 2.3.20), a microsomal
enzyme that catalyzes the final step of triglyceride synthesis. It has been shown to be
associated with milk fat content (percentage of lipid content of milk). Diacylglycerol O -
acyltransferase became a functional candidate gene for milk fat content, based on the
phenotype of DGATI -deficient mice and its position close to a milk fat QTL on bovine
chromosome 14. In cattle, the lysine variant of DGATI was associated with elevated milk

fat content and higher intramuscular fat content (IMF) in muscles.

The aim of this study was to assess an influence of polymorphism in gene DGATI on
veal meat quality. Intramuscular fat content, hardness (as texture parameter) and veal
meat colour were used as a meat quality factors. Object of this study were meat samples
from the /longissimus dorsi muscle, part thoracis of Holstein bull-calves (n=20). It has
been found that the genotype of gene DGATI significantly (p<0,05) influenced
intramuscular fat content. Neither meat colour measured by system CIE Lab nor meat

hardness was not significantly influenced.

Keywords DGATI1, Holstein, meat quality, colour, hardness, intramuscular fat content

Uvod

vvvvvv

masa a navic barva masa je prvnim senzorickym znakem, kterym maso upoutdva zajem
zédkaznika (DENOYELLE et al., 2003). Z charakteristik textury se nejcastéji uvadéji
tvrdost, soudrznost a Stavnatost. Tvrdost je definovdna jako odolnost proti deformaci

a v Gstech je vnimana stladenim masa mezi zuby (KRKOSKOVA, 1986). Tvrdost masa je

vvvvvv

u které je prevladajici slozkou kolagen, je hlavnim faktorem ovliviiujicim tvrdost masa.
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Na druhou stranu se az doposud neprokdzalo, ze mnozstvi kolagenu pifimo ovliviuje

variabilitu v tuhosti masa (MAHER et al., 2005; RILEY et al., 2005).

Gen DGATI (Diacylglycerol O-acyltransferaza) se vyskytuje na 14. bovinnim
chromozomu. Je to gen s pfi¢innou mutaci, jeZ ovliviiuje mnozstvi intramuskuldrniho
tuku (THALLER et al., 2003). Ve vztahu k mlé¢né produkci ma gen DGATI vliv na
mnozstvi tuku v mléce (GRISART et al., 2004). Polymorfismus tohoto genu byl blize
popsan WINTEREM (2002). Celkovy PCR produkt ma 411 bp. Gen se vyskytuje ve dvou
alelickych obménach ato Q (ndmi oznacovana alela T- tuk) a g (alela M- mnozstvi
mléka). Alela Q je plGvodni, v celkové délce 174 bp je asociovdna s mnozstvim tuku
v mléce a mase. Alela g je tvofena dvéma fragmenty - 174 bp a 237 bp a je spojovana
s mnozstvim mléka a bilkovin. V pfi¢inné mutaci (K 2324) dochazi k zdméné

aminokyseliny Lyzinu (Q) za Alanin (g).

Material a metodika

Cilem této prace bylo zhodnotit vliv polymorfismu v genu DGATI na kvalitu teleciho
masa. Mezi vybrané ukazatele kvality masa byly zatfazeny: mnoZzstvi intramuskularniho
tuku (IMT), tvrdost masa a barva masa. Objektem sledovani byla skupina 20 telat bycki
holstynského plemene. Telata byla chovana v naprosto shodnych podminkach ve
skupinovém kotci a krmné davka byla zaloZzena na bazi jadrné starterové smési. Hmotnost
jate¢né upravenych tél bycki byla 128,8 kg s variabilitou 6,93%. Pro laboratorni analyzu
masa byly pouzity biologické vzorky odebrané na komerénich jatkach ze svalu Muscullus

lonngisimus dorsi ¢asti thoracis (MLLT) z pravé jate¢né upravené poloviny.

Ze vzorkli masa byla izolovdna DNA pomoci komercni kit QIAMP MEAT KIT
a zaroven byly vzorky podrobeny laboratorni analyze 48 h post-mortem. Objektivni
meéieni textury bylo provaddéno na pfistroji INSTRON 5544, s pouzitim software Merlin.
Vzorky masa byly pfed provedenim analyzy tepelné opracovany ve vodni lazni po dobu
90 min, 70 °C v jadie vzorku. Po tepelné upravé bylo maso uchovano pii teploté 4 + 2°C
po dobu 24 hodin a poté byla provedena analyza texturniho profilu (TPA), kdy byly
cylindrické vzorky masa o priméru 1,25 mm a vySce 10 mm stlacovany ve 2 cyklech na
50% deformaci kolmo na svalova vlakna mezi stlacovacimi deskami ptistroje. Rychlost
pti¢niku byla 50 mm/min. Analyzou texturniho profilu byly zjiStény parametry tvrdosti
v newtonech (N). Stanoveni tuku bylo provedeno na aparatufe podle Soxhleta. Pro

extrakci tuku byl pouzit diethylether. Barva masa byla zjiSténa pfistrojem Konica-
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Minolta CM-2600d a vysledné hodnoty jsou udany v jednotkach L*a*b* (CIELAB) pfi
nastaveni D65, pozorovatel 10° a SCI/100. Popisné statistické charakteristiky byly
provedeny v programu MS Excell a pro jednofaktorovou analyzu variance, pro urceni

prikaznosti rozdilli mezi sledovanymi znaky, byl pouzit program Statistica 6.0 .

K detekci genotypu kandidatniho genu DGATI byla pouzita metoda AS-PCR. Pouzité
primery navrzené dle GRISARTA et al. (2002) byly néasledujici:

1A: 5’-GTAGCTTTGGCAGGTAAGAA -3’
1B: 5’-GGGGCGAAGAGGAAGTAGTA -3’
2A: 5-TGGCCCTGATGGTCTACACC -3’
2B: 5-GGGCAGCTCCCCCGTTGGCCGC -3°

Obr.1 Vysledné produkty Stépeni genu DGATI

MANnNn NN

Vysledky a diskuse

Byl ziskdan AS-PCR produkt ocekdvané délky a byl ovéfen na 2 % agarozovém gelu.
Pro obé¢ alely charakteristicky prouzek o délce 372 bp. U genotypu MM se vyskytuje
navic fragment 238 bp au genotypu TT fragment 174 bp (Obr. 1). Ackoli jsme
neprovadéli zadny predvybér telat, frekvence genotypli u ndmi sledovaného souboru telat
byly piekvapivé rovnocené: genotyp MM 50,0 % a genotyp TM 50,0 %. Genotyp TT
jsme v nami sledovaném souboru telat nezaznamenali ani v jednom ptipadé. Frekvence

alel v nami sledovaném souboru telat byly 0,75 pro alelu M a 0,25 pro alelu T (Tab. 1).

Jak uvadéji GRISART et al. (2001), alela nesouci oznaceni T je piivodni a byva
spojovana s mnozsvim tuku v mléce a v mase. Vzhledem k tomu, Ze HolStynské plemeno
bylo intenzivné Slechténo na mlécnou produkci, vyskytuje se u vétSiny populace v USA

a Holandsku vétsi frekvence vyskytu alely M, ktera je spojovdna s mnozstvim mléka.

THALLER et al (2003) v pokusu na 28 ks holstynskych by¢cich chovanych v Némecku

nalezli frekvence alely T okolo 0,446, a u plemene Charolais pouze 0,111.
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Tab. 1 Frekvence genotypt a alel kandidatniho genu DGAT1 (n=20)

Genotyp Cetnost n Alela Cetnost
MM 50 % 10
M 0,75
™ 50 % 10
T 0,25
TT 0% 0

Asociace genotypu kandidatniho genu DGATI s parametry kvality teleciho masa byly

vyhodnoceny na zédklad€ procentudlniho mnozstvi intramuskuldrniho tuku (% IMT),
barvy a tvrdosti masa unami sledovanych genotypti (Tab. 2). Pokud jde o procento
intramuskuldrniho tuku u genotypu MT obsahujiciho piivodni alelu M, vykazovalo maso

téchto bycku statisticky prukazné (p<0,05) vyssi podil tuku.

Toto je v souladu s tvrzenim autort THALLERA et al. (2003), kteti porovnavali rozdily
v obsahu intramuskularniho tuku u svalt m. longissimus dorsi a m. semitendinosus, avSak
nalezli statisticky prikazny rozdil (p<0,05) pouze mezi masem homozygoti ato jen
u svalu m. semitendinosus. Tvrdost masa byla pfekvapivé vys$si u genotypu MT, avSak
statisticky neprikazné coz mohlo byt zpisobeno vys$im mnozstvim kolagenu v mase,

ktery v této praci sledovan nebyl.

Tab. 2 Vliv polymorfismu v genu DGAT1 na ukazatele kvality teleciho masa (n=20)

Barva
IMT (%) Tvrdost (N) = " o
Genotyp — — — _ _

X P X P X P X P X P

+ Sx + Sx + Sx + Sx + Sx

MM 0,51 41,19 43,48 13,07 11,40

+0,19 +9.76 +1,94 +0,77 +1,05

* N.S. N.S. N.S. N.S.
MT 0,77 44,03 42,63 12,98 11,15
+0,27 +9,37 +1,61 +1,27 +1,15
* p<0,05

Rovnéz RILEY et al.

(2005) nenalezli vyssi korelacni zavislost mezi naméfenym

mnozstvim intramuskularniho tuku a tuhosti masa. Stejné tak i PURCHAS (2004) udava,

ze vztah mezi tvrdosti masa a obsahem tuku stdle neni jednoznacny.
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Barva masa nebyla rovnéz genotypem statisticky prikazné ovlivnéna. Nejpatrnéjsi byl
rozdil ve svétlosti masa (L*) mezi genotypy. Maso pochdazejici z genotypu MM bylo
piekvapivé svétlejsi, 1kdyz byvd uvadéno, Ze tuk milze svétlost barvy ovlivnit.

U cCervenosti (a*) ani u zlutosti (b*) nebyly rozdily pftili§ patrné.

Zavér

Byl ziskdan AS-PCR produkt ocekdvané délky a byl ovéfen na 2 % agarozovém gelu.
Frekvence genotypl u ndmi sledovaného souboru telat byly pro genotyp MM 50,0 %,
genotyp TM 50,0 %. Genotyp TT jsme v ndmi sledovaném souboru telat nezaznamenali.
Frekvence alel byly 0,75 pro alelu M a 0,25 pro alelu T. Statisticka analyza souboru
prokazala prikazny vliv (p<0,05) polymorfismu v genu DGATI na obsah
intramuskuldrniho tuku v mase. Textura masa reprezentovand ukazatelem tvrdosti ani

barva masa nebyla polymorfismem statisticky ovlivnéna.
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ASSESSMENT OF SINGLE NUCLEOTID POLYMORPHISMS IN TGS, DGAT1
AND FABP4 GENES FOR ASSOCIATION WITH MEAT QUALITY IN CATTLE

Gazdova V., Filkukové J., Déduchova V., HumpolicekP.

Ustav morfologie, fyziologie a genetiky zvirat, MZLU v Brné

Abstract

Objective of this study was to assess the association of SNP in the thyroglobulin (TGS),
diacylglycerol O-acyltransferase 1 (DGAT1) and fatty acid binding protein 4 (FABP4)
genes with carcass composition and meat quality traits in Bos taurus cattle. A population
of cross-breed cattle (Charolais, Galloway, Blonde d’Aquitaine, Simmental and Czech
Flekvieh, n = 66) was developed in Research Institute for Cattle Breeding, Ltd. in
Rapotin. Traits analyzed were LM area (LMA), average daily gain (ADG), remission and
intramuscular fat content (IFC). Single nucleotide polymorphisms previously reported in
the TGS, DGAT1 and FABP4 genes were used as markers on chromosome 14. No
significant associations of the SNPs in the DGATI and FABP4 genes were observed for
any traits. TGS marker suggests only association with LM area (P>0,0741).

Keywords thyroglobulin (TGS), diacylglycerol O-acyltransferase 1 (DGATI), fatty acid
binding protein 4 (FABP4), meat quality, LM area, intramuscular fat content

Introduction

Genes located on the bovine chromosome 14 have been associated with production
traits in cattle. All three thyroglobulin (7GY5), diacylglycerol O-acyltransferase 1
(DGATI) and fatty acid binding protein 4 (FABP4) genes have been mapped to the
centromeric region of chromosome 14. The SNP reported in the 7G5 which encodes the
glycoprotein precursor to the thyroid hormones and has been associated with marbling
score in beef cattle (Barendse et al.,1999, 2001). Substitution in the DGATI gene, which
encodes an enzyme with a key role in triglyceride synthesis. It has shown association
with increased milk yield and milk fat content in dairy cattle (Grisart et al., 2001;
Thaller et al., 2003a; Larote et al., 2006).Otherwise, conflicting results on its effect on fat
deposition in beef cattle have been reported (Moore et al, 2003; Thaller et al., 2003b).
FABP4 which is expressed in adipose tissue, interacts with peroxisome proliferator —
activated receptor and binds to hormone — sensitive lipase and therefore, plays an

important role in lipid metabolism and homeostasis in adipocytes. Analysis of SNP in
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this gene showed that FABP4 genotype significantly affected marbling score and
subcutaneous depth (Michal et al., 2006). The objective of this study was to assess the
association of reported SNPs in the 7G5, DGAT! and FABP4 genes with carcass

composition and meat quality traits in cattle.

Materials and Methods
Animals:

The population of cross-breed cattle (Charolais, Galloway, Blonde d’Aquitaine,
Simmental and Czech Flekvieh) was developed in Research Institute for Cattle Breeding,

Ltd. in Rapotin.

Genotypes detection:

The genome DNA was izolated from meat using Jetquick Tissue DNA spin kit 250
(Genomed). The polymorphisms at all three genes was detected with multiplex PCR
method. Primers were adopted from original papers (Barendse et al., 2004; Winter et al.,
2002; Michal et al., 2006). The genotypes in 7G5, DGATI and FABP4 genes were

determined in 66 animals.

Traits definition:
The following traits were studied: LM area, average daily gain, remission and

intramuscular fat content.

Statistical analysis:

The associations of studied polymorphisms with average daily gain (ADG), remission,
LM area (LMA) and intramuscular fat content (IFC) were estimated using a general liner
model (GLM) in SAS for Windows 9.1.3. The genotypes of relevant gene (Gen), gender

(SEX) were used as fixed effects. Age of slaughter (AGE) was used as linear regression.
Yijkl =pn+ GEN; + SEXj + AGE; + Cijkl

Results and discussion
Frequency distribution of genotypes and alleles for 7G5, DGATI and FABP4 in studied
population are shown in Table 1. Observed frequencies are in agreement to studies of

different authors (Michal et al., 2006; Thaller et al., 2003; Casas et al., 2005).

The TG5, DGATI and FABP4 markers were of particular interest due to recent reports
of their effects in a variety of beef cattle populations. A QTL for fat deposition has been

detected in the centromeric region of chromosome 14 in multiple population (Moore et
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al., 2003, Casas et al., 2005). All three genes have been mapped to the region of the QTL
and markers in these genes have been reported to be associated with intramuscular fat
content and marbling (Barendse et al., 2001; Michal et al., 2006), LM area (Thaller et al.,
2003b; Casas et al., 2005).

Tab. 1: Absolute (n) and relative (r) frequencies of genotypes and relative frequencies of allele at 7G5,

DGATI and FABP4 locus

locus n cC 7c T
n r n r n r
27 0.41 36 0.54 3 0.05
TGS 66
C T
0.68 0.32
qq Oq 00
n r r r
62 0.94 4 0.06 0 0
DGATI1 66
q 0
0.97 0.03
cC CG GG
n r n r n r
60 0.91 6 0.09 0 0
FABP4 66
C
0.95 0.05

The first goal was to determine the genotype and allele frequencies in cross-breed
population bred in the Czech Republic. Only the 7G5 marker was polymorphic and all
three genotypes were detected. At both DGATI and FABP4 genes we detected only two
types of genotypes with very low frequency (3 and 5%) of the favorable allele. In the
present study, there was only a tendency (P>0,0741) in the association between the 7G5
marker and LM area, but not with other tested traits. The association with LM area was
not detected for favorable T allele, but for allele C. This result can be influenced by low
number of tested animals. No significant associations of the SNP in the DGATI and
FABP4 genes were observed for any trait. The Least-squares means and standart errors

for selected traits by genotypes of this three genes are presented in the Table 2.
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Tab. 2: Least-squares means and standard errors for selected traits and genotypes of 7G5, DGATI and

FABP4 genes
Trait
marker ADG LMA remission IFC
TGS

CC 504.99 +16.72 101.23 £2.92* 4.84+0.32 2.38+0.29
TC 531.83 £14.38 94.37+£2.51 497 +0.28 2.68 £0.25
1T 484.73 £49.23 96.99 + 8.62 4.81+£0.95 1.84 £0.85

DGAT1
qq 522.54+11.01 97.18 £1.99 496 +0.21 2.54+0.19
Oq 451.28 £42.60 98.48 +7.69 4.00 +0.82 2.18+0.74

FABP4
CC 518.87 £11.65 96.21 £2.02 4.85+0.22 2.46+0.20
CcG 520.49 £ 34.59 106.37 £5.99 5.39 £ 0.66 3.12+0.59

e tendency in the association with LMA (P>0,0741)

Conclusions

This report presents evidence that allele and genotype frequencies of molecular markers
within genes previously associated with meat quality traits are different among
populations. Our results can be influenced by low number of tested animals. Because of

this we will continue with other populations.
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VZTAH POLYMORFISMU MSPI GENU MYOGENINU A UKAZATELU
REPRODUKCE PRASNIC PLEMENE CESKE BiLE USLECHTILE

RELATION OF PORCINE MYOGENIN GENE PCR/RFLP MSPI AND
REPRODUCTION TRAITS OF THE CZECH LARGE WHITE SOWS

P. Humpolicek*, Urban T*.

*Department of Animal Morphology, Physiology and Genetics; Mendel University of
Agriculture and Forestry; Zemédelska 1; 61300 Brno,; Czech Republic

Abstract

Reproduction traits are highly important for pigs producers because of effect on
economic efficiency. Hence, breeders as well as geneticists try to find the way to improve
the reproduction traits. Because the protein coded by the myogenin gene (MYOG) is
necessary for regulation of skeletal muscles development during embryogenesis, many
authors have studied its influence on the meat traits of pigs. The aim of our study was to
determine the effect of myogenin gene on the sows’ reproduction traits. There were
included 529 litters of 107 Czech Large White sows. Effect on the age of the first
conception, service period, insemination index, average birth weight of piglets, average
weights of litter at the age of 21 days, total number of born piglets, number of piglets
born alive and number of weaned piglets were studied. For studying the influence of
myogenin gene on chosen traits we used the mixed linear model procedure REML and in
one case general linear model. Significant effects of myogenin gene on the age of the age

of first conception, the insemination index and on the litter size were proved.

Keywords porcine myogenin gene (MYOG), reproduction traits, Czech Large White, pig

Introduction

Efficiency of production of livestock is highly influenced by reproductive success,
especially in litterbearing species. The gene of myogenin (MYOG) is a member of
a family of transcription factors that are specific to skeletal muscle (Wright et al. 1989).
In the pig, primary muscle fibre formation takes place in the period around day 35, and
secondary muscle fibre formation is taking place in the period at approximately day 65 of
gestation (Wigmore and Stickland, 1983). The myogenin together with the MYF3 gene
induce the terminal transformation of myoblasts into myofibers (Te Pas and Visscher,

1994). Because of that, the myogenin gene is considered as candidate gene for meat
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traits. The significant effect of the myogenin gene on the birth weight, growth rate and
lean weight has been detected by Te Pas et al. (1999). By contrast, they did not find any
differences for backfat thickness. An impact of the MYOG gene on reproductive traits
was noticed only by Hordk et al. (2004). They watched the influence of this gene in
Ptestice Black-Pied sows which have been declared as the genetic resource in the Czech
Republic. The aim of our study was to determine the impact of the myogenin gene on the
reproduction traits of purebred Large White sows. The Czech Large White breed is used

as maternal line in breeding schemes in the Czech Republic.

Material and Methods
Animals

The populations of tested sows were collected from three purebreds’ herd of the Czech
Large White pigs in this experiment. A total of 529 litters’ records from 107 sows were
included in the litter size analyses. The sows were bred in three independent herds; herd

1, 2 and 3 where the number of animals were 12, 29 and 66, respectively.

Detection of genotypes

To detect the genotype in the gene of myogenin, the PCR-RFLP method was used. To
amplify DNA, primers designed by Te Pas et al. (1996) were used. Allele 4 possesses an
Mspl restriction site (EMBL accessed number X89209) so the PCR product was cut into
fragments of length 219-bp and 134-bp while allele B did not included restriction site so

the PCR product was not cleaved.

Analysed Traits

Following traits were analyzed in the 15.7™ litters, service period (SP), the
insemination index (II) and the average weights of piglets after parturition (kg, AWP).
AWP were probed at latest 24 hours after parturition in every analysed litter
independently. The relations between age of first conception (AFC) of sows and genotype
in MYOG gene was study too. The average weights of litter at the age of 21 days (kg,
AWL) in the 1%, the 2" and thel® - 7™ litters were analysed separately. Data for AWL
was collected from 35 sows. The effect of the MYOG gene on the total number of born
piglets (TNB), the number of piglets born alive (NBA) and the number of weaned piglets
(NW) were studied in the 1°" and the 1°' — 5" litters.
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Statistical Analysis

The statistical analyses were performed by the general linear model (GLM) and the
mixed linear model (MLM) procedure REML, both by the SAS for Windows 9.1.3. The
following factors were included: genotypes in the myogenin gene (MYOG), interaction of
herd, year and months of birth of sows (HYMB), order litter (OL), number of piglets born
alive (NBA), the boar (BOAR), the sire of sows (SIRE), the sows (SOWS), age of the
first conception (AFC), weight of litter at 21 days (WL). Specification of particular

models and type of included factors are shown in table 1.

Table 1 Used model and type of factors: F — fixed effect, R — random effect, L - linear regression

= S = = Q = & S = S ~ S

Z S 8 S = = = = & S Q o
AFC 17" GLM F F - - - - - - - ;
sp 1¥-7" MLM F F - - - - - R - -
n  1*7" MLM F F F - - - R R L -
AWP 1¥-7" MLM F F - F R - R L -

lst 2Hd
AWL "7 MLM  F F F F - R - R - .

lst _7th

1 MLM F F - - - R - - F -
TNB

15" MLM  F F F - - R - R - -

1 MLM F F - - - R - - F .
NBA

15" MLM F F F - - R - R - -

1 MLM F F - - F R - - F L
NW

15" MLM  F F F - F R - R - L

AFC — age of the first conception; SP — service period; Il — insemination index; AWP — average birth weight of
piglets; AWL — average weights of litter at the age of 21 days; TNB — total number of born piglets; NBA — number
of piglets born alive; NW — number of weaned piglets; MYOG - genotypes in the porcine myogenin gene; HYMB -
herd*year*months of sows birth; OL —of order litter; BOAR - effect of the boar; SIRE - effect of the sire of sows;
SOWS —effect of sows; AFC - age of the first conception; WL - weight of litter at 21 days; GLM — general linear

model; MLM — mixed linear model
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Results and discussion

Observed frequencies of MYOG genotypes are shown in table 2. With the exception of
herd 2, the A4 genotype was the most frequent. The least present genotype was the BB
genotype (table 2). Similar result was described by Cieslak et al. (2000) in Polish
Landrace (AA - 50 %, AB - 36.7 %, BB - 13.3 %) and Te Pas et al. (1999). On the other
hand, as the most frequent genotype the BB was found by Anton et al. (2002), Soumillion
et al. (1997) and Horak et al. (2004).

Table 2 Number of tested animals (n) and relative frequencies of genotypes and alleles in the myogenin gene

Relative frequencies of genotypes Relative frequencies of alleles
n AA AB BB A B
Herd 1 12 0.50 0.25 0.25 0.63 0.37
Herd 2 29 0.34 0.59 0.07 0.64 0.36
Herd 3 66 0.41 0.27 0.32 0.55 0.45
2 0.40 0.36 0.24 0.58 0.42

Sows with the BB genotype were observed to have shorter service period and
significantly smaller age of the first conception than sows with the AB and BB genotypes
(table 3). This can be in relation with the influence of MYOG gene on growth rate Te Pas
et al. (1999), Anton et al. (2006). Likewise, the insemination index was significantly
lower in sows with BB genotypes. No effects of the MYOG gene on average weights of
litter at the age of 21 days in the 1% as well as in the 2" and in the 1°' — 7™ litters were
detected. Similarly, no effect on the average birth weight of piglets was observed so the
effect found by Te Pas et al. (1999) was not confirmed in our study. The research
revealed a remarkable effect of the myogenin gene on the litter size in the 1*' litter. As is
shown in table 3, there were evident differences between the total number of piglets born
and the number of piglets born alive, primarily in the 1 litters. An effect of the MYOG
gene in the 1°' — 6™ litter is not so unambiguous, there were observed the significant
differences for number of piglets weaned only. Thus, the sows with the BB genotype had
the lowest litter size in the 1°' as well as in the 1°' — 6™ litters. This is in agreement with
the shortest age of first conception and service period of BB sows. The relations between
this and previously found influence of myogenin gene on the fat thickness should be
considered in future study. Only Horéak et al. (2004) studied the influence of myogenin

gene on the reproductive traits of PteStice Black-Pied sows. They found significant
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differences between number of piglets weaned of sows with 44 and 4B, BB genotype in
the 2" — 6" litters and in the 1% — 6" litters. In their study the sows with biggest litter
size were sows with genotype A4, conversely the lowest litter size had sows with

heterozygous genotype.

Table 3 Relation between the gene of myogenin and reproduction traits of Czech Large white sows (Least square

means and standard errors, LSM + SE)

AA AB BB
LSM + SE LSM + SE LSM + SE
AFC 262.68+7.78* 262.56+7.55*° 221.93+12.84°"
SP 1°-7™ litters 41.39 +2.99 4821+295" 36.84+5.15 "
1 157" litters 1.18 £0.05 " 1.32+0.05*" 1.05+0.09°
AWP 1°L7" litters 1.62 +0.02 1.62 +0.02 1.65 + 0.05
1* litters 55.89 +2.78 55.40 +2.52 64.53 +4.02
AWL 2" litters 54.64 +2.25 58.51+2.94 55.37+3.72
157" litters 57.78 +1.38 58.50 + 1.42 56.59 +1.57
TNB 12.74+0.45 " 1349+ 0.42* 11.15+£0.72""
NBA the 1% litters 12.08 + 0.45 13.01 0424 10.59+0.72 ®
NW 10.912+£0.28* 10.69 +0.26 * 9.27 +0.46
TNB 11.70 £ 0.51 11.98 £ 0.50 11.98 +0.85
NBA  the 1®-5™ litters 10.97 + 0.49 11.33 +0.48 11.49 +0.82
NW 10.16 £0.12* 10.10+0.12 9.53+0.20°

Values with the different superscripts show significance level within rows: P < 0.01 (A, B), P <0.05 (a, b), P<0.1
(*, **). AFC - age of the first conception, SP — service period, II — insemination index, AWP — average birth weight
of piglets, AWL - average weights of litter at the age of 21 days, TNB — total number of born piglets, NBA —

number of piglets born alive, NW — number of weaned piglets.

Conclusion

The importance of observed differences remains unknown. Further investigation is
required on the relations between myogenin and reproduction traits. The effects observed
in our study can be caused by well known effect of the myogenin on the muscle
development, lean meat contents and carcass traits. Nevertheless, the results imply that
the myogenin gene is potentially useful for applications as supportive trait in pig

breeding not only for meat traits but also for reproduction traits.

VII" International conference of PhD. and MSc. students "Genetics and Animal Breeding" 19



Acknowledgements

This work research was supported by the Czech Science Foundation no. 523/03/H076.
The authors thank Genoservis, Co. Olomouc for a disclosure the reproduction data and
Laboratory of Applied Molecular Genetics of the Mendel University of Agriculture and

Forestry Brno for detection of genotypes.

References

Anton, ., Fésiis, L.S., Zsolnai, A., 2002. Simultaneous identification of two Mspl polymorphisms of the
porcine myogenin gene in Hungarian breeds. Journal of Animal Breeding and Genetics. 119, 280—
283.

Anton, 1., Zsolnai, A., Komlosi, I., Kiraly, A., Fesus, L., 2006. Effect of MYOG genotypes on growth rate
and production traits in Hungarian large white pigs. Acta Vet Hung. 2006 54(3), 393-7.

Horak, P., Urban, T., Dvorak, J., 2004. Genetics variability of the CRC and MYOG genes in genetic
resource, Piestice Black-Pied pig. Archiv fiir Tierzucht. 3, 231-238.

Cieslak, D., Kapelanski, W., Blicharski, T., Pierzchala, M.A., 2000. Restriction fragment length
polymorphisms in myogenin and myf3 genes and their influence on lean meat content in pigs. Journal
of Animal Breeding and Genetics. 117, 43-55.

Te Pas, M.F.W., Visscher, A.H. 1994., Genetic regulation of meat production by embryonic muscle
formation — a review. Journal of Animal Breeding and Genetics. 111, 404-412.

Te Pas, M.F.W., Soumillion, A., van den Bosch, T.J., Veninga, G., Meuwissen, T.H.E., 1996. Association
between polymorphism in the porcine myogenin gene locus and growth traits. 47" Annual Meeting of
EAAP, 26-29 August 1996, Lillechammer, Norway.

Te Pas, M.F.W., Soumillion, A., Harders, F.L., Verburg, F.J., van den Bosch, T.J., Galesloot, P.,
Meuwissen, T.H.E., 1999. Influences of myogenin Genotypes on Birth Weight, Growth Rate,
Carcass Weight, Backfat Thickness, and Lean Weight of Pigs. Journal of Animal Science. 77, 2352—
2356.

SAS Institute Inc. 2004. SAS 9.1.3. Cary, NC.

Soumillion, A., Erkens, J.H.F., Lenstra, J.A., Rettenberger, G., Te Pas, M.F.W., 1997. Genetic variation
in the porcine myogenin gene locus. Mammalian Genome. 8, 564-568.

Wigmore, P.M.C., Tickland, N.C., 1983. Muscle development in large and small pig fetuses. Journal of
Anatomy. 137, 235-245.

Wright, W.E., Sasoon, D.A., Lin, V.K., 1989. Myogenin a factor regulating myogenesis, has a domain
homologous to MyoD. Cell 56, 607.

20 VII™" International conference of PhD. and MSc. students "Genetics and Animal Breeding"



STUDY OF GENE EXPRESSION DURING THE DEVELOPMENT OF PORCINE
AND BOVINE PREIMPLANTATION EMBRYOS USING MICROARRAY
TECHNIQUE

Kepkova K.l*, Moravcova T.', Dufort I.z, Kanka J.!, Sirard M.A.2

!Institute of Animal Physiology and Genetics, Academy of Sciences of the Czech
Republic,v.v.i., Rumburska 89, 277 21 Libechov, Czech Republic.
’Centre de Recherche en Biologie de la Reproduction, Département des Sciences
Animales, Université Laval, Québec, GIK 7P4, Canada

Abstract

The aim of the presented study was to identify candidate genes with different
expression during porcine and bovine preimplantation development. Using the technique
of microarray (bovine chip; oocyte MII-4c, 8c-4c, 4c-8c), we selected candidate genes
with different expression profile between the porcine MII oocytes and 4-cell embryos.
Candidate genes were identified by the help of Array Pro-Analyser and NIA microarray
software, based on the fold change between different stages. 61 genes were identified as
over-expressed in MII oocytes and 7 over-expressed in 4-cell embryos. We selected five
of genes over-expressed in porcine MII oocytes (confirmed by real-time RT-PCR) which
were identified by Blast search in GenBank as Elongation factor 1 alpha (binding of
aminoacyl-tRNAs to 80S ribosomes), 14-3-3 protein (activation of c-Raf, association
with Cdc25C), Casein kinase (CSNK2B, phosphorylation of the p53 protein),
Nucleophosmin (NPM, B23, essential for embryonic development, centrosome
duplication and maintenance of genomic stability) and Alcohol dehydrogenase. The
expression of selected genes was verified in bovine and porcine embryos and oocytes by
a real-time RT-PCR. The amplified fragments were electrophoresed on a standard 1.2%
agarose gel and quantified with a spectrophotometer. Real-time RT-PCR study of gene
expression in bovine embryos showed the increase of mRNAs content during early 8-cell
stage for nucleophosmin, 14-3-3 protein and alcohol dehydrogenase. The expression of

casein kinase and elongation factor 1 alpha genes was increased in 4-cell stage.

All chosen candidate genes can play an important role in the embryonic genome

activation and pre-implantation development of bovine and porcine embryos.
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ANALYZA VARIABILITY MIKROSATELITU U POPULACI MASNYCH
PLEMEN SKOTU V CESKE REPUBLICE

MICROSATELLITE ANALYSIS OF VARIABILITY OF BEEF CATTLE IN THE
CZECH REPUBLIC

Kundrat R.*, Urban T.

Ustav morfologie, fyziologie a genetiky zvirat, MZLU v Brné, Zemédélska 1, 613 00 Brno,
Ceskd republika; urban@mendelu.cz

Abstract

The research was carried out on investigate the genetics structure some beef cattle in
the Czech Republic. This study covered 7 breeds - Aberdeen Angus, Galloway,
Gasconne, Hereford, Charolais, Limousine, and Beef Simental. The detection of
genotypes of microsatellites was based on multiplex PCR reaction and electrophoresis
separation. Ten markers of microsatellites were evaluated: BM 1824, BM 2113, ETH 3,
ETH 10, ETH 225, INRA 023, SPS 115, TGLA 122, TGLA 126, and TGLA 227. The
greatest values of genetics diversity were found in breed Gasconne (locus BM 2113) and
the greatest average observed heterozygosity was in breed Limousine. The test for Hardy-
Weinberg equilibrium revealed, that only population Gasconne and Charolais were in all
loci in equilibrium. The breed Beef Simental was not in 4 microsatellites in HW
equilibrium (P <0.01). The dendrogram drawn based on Nei’s unbiased genetics distance
indicate, that closely are the breeds Aberdeen Angus and Limousine, and breeds
Gasconne with Beef Simental. The breed Hereford is more distantly from the others, and

Galloway is wholly different.

Keywords beef cattle, microsatellite, variability
Uvod

Chov skotu patii v Ceské republice k zakladnim pilifim Zivo&iiné vyroby a v podhuii
ana hordch zabezpeCuje prevaznou c¢ast pfijml jednotlivych zemédélskych podnikt.
Tradi¢né byl chov skotu u nas zaméfen na produkci mléka, hové€ziho masa a ¢aste¢né byl
skot vyuzivan ik tahu. Produkce kvalitniho hovéziho masa ptfes chov specializovanych
stdd hraje vyznamnou roli ve statech EU, kde jsou od roku 1980 poskytovany prémie na
chov krav bez trzni produkce mléka. Tim je zdlraznén vyznam tohoto nového zaméfeni

chovu skotu. Pro produkci hovéziho masa je vyuzito zna¢né diverzity mezi plemeny

22 VII™" International conference of PhD. and MSc. students "Genetics and Animal Breeding"



a biologickymi typy. Genetické zlepSeni a vypracovani Slechtitelskych programi zavisi

na genetické proménlivosti, které je vyuzivano mezi plemeny a uvnitf plemen.

Material a metodika

Vzorky krve byly odebrany od 7 masnych plemen skotu chovanych v CR. Celkem bylo
analyzovano 341 vzorkl (pocty jedinci jednotlivych plemen jsou uvedeny v tabulce €. 1).
Vzorky odebrané krve slouzily k ovéfovani paternity, ktera se provadi v souladu ze
zékonem ¢. 130/2006 Sb. Ovéfovani paternity provadi LAMGen (Laboratof aplikované
molekularni genetiky) na MZLU v Brng, Ustav morfologie, fyziologie a genetiky zvifat.
Detekce jednotlivych genotypli byla zalozena na multiplexni PCR reakci

a elektroforetické separaci.

PCR - polymerazova fetézova reakce: Amplifikace DNA byla provadéna pomoci kitu
firmy Applied Biosystems u skotu - StockMarks® Bovine Paternity PCR Typing Kit.
SloZeni amplifikaéni smési (11-plex): 10x StockMarks® Pufr 3,0 pl, dANTP (1,25 mM
kazdy) 4,0 pl, Mix primerti 5,5 ul, AmpliTaqGold® polymeraza 0,5 pl, Deionizovana
voda 1,0 ul, DNA 1,0 pl, Celkovy objem 15 pl. Podminky cyklovini (GeneAmp ™
PCR System 9700 cycler, Applied Biosystems): Program Skot kit (ramp Max); poc¢atecni
denaturace 95°C 15 min; 31 cykli: 94°C/ 45 s (100 % ramp), 61°C/ 45 s (50 % ramp),
72°C/ 60 s (80 % ramp); zavérecna elongace 72°C 60 min; ukonceni 4°C / oo.
Elektroforetickd separace - Priprava vzorki na elektroforetickou separaci: 0,5 pl
produkt amplifikace, 0,5 ul GS ROX 500, DNA marker (Applied Biosystems) 11,5 ul Hi-
Di'™ formamid, deionizovany (Applied Biosystems), 12,5 ul celkovy objem; denaturace
95°C po dobu 5 min, na 5 min vlozit vzorky na led, vlozit do zasobniku. Kapilarni
elektroforéza na ABI PRISM® 310 Genetickém analyzatoru: kapilary 47cm / 50 pm,
Polymer POP-4, Pufr 310 s EDTA (10x).

U sledovanych jedincti byla sledovana genetickd variabilita 10-ti mikrosatelitnich
markert: TGLA 227, BM 2113, ETH 10, SPS 115, TGLA 126, TGLA 122, INRA 023,
ETH 3, ETH 225, BM 1824. Laboratot vyuzivd ISAG (WILLIAMS, 2002; ANONYM 1,
2005) panel mikrosateliti pro skot, plus jeden mikrosatelit (ETH 3) nad ramec panelu.

Bioinformatické zpracovani molekuldrnich dat bylo provedeno pomoci programu
Popgen 32 (Yeh et al., 1999). Byly vypocitany frekvence alel, nevychylené odhady pro

pozorovanou (Hetp) a ocekdvanou (Hetg) heterozygotnost, Hardy-Weinbergova
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rovnovaha pro kazdy mikrosatelitni marker (x* - test dobré shody). Diverzita mezi
plemeny byla zjistovana na zékladé odhadu ,neovlivnéné*“ genetické distance

(Nei‘s ,,unbiased distance) podle Nei (1978) pouzitim UPGMA.

Vysledky a diskuse

Analyza mikrosatelitni variance 10 mikrosateliti u 341 jedinct uvnitt populaci sedmi
plemen masného skotu v Ceské republice je popsana pomoci frekvenci alel (Tabulka ¢.
1). Vsechny lokusy byly polymorfni a pocet alel detekovanych na lokus se pohyboval
vrozmezi od 2 (ETH 10) do 11 (TGLA 122). Nejvice alel (17) v lokusu TGLA 122
zjistili také Kim et al. (2002) u plemen holstynského skotu.

Primérna heterozygotnost u jednotlivych plemen se pohybovala v rozmezi od 0,6453
(Masny simental) po 0,7457 (Limusine) (Tabulka ¢.2). Kim et al. (2002) zjistili
u holstynského skotu ocekdvanou heterozygotnost rovnéz vysokou (Hetg = 0,693)

a naopak u japonského ¢erného skotu zjistili nizkou genetickou diverzitu (Hetg = 0,471).

Tabulka €. 1: Frekvence alel pro kazdy lokus a plemeno masného skotu, velikost vzorku populace je

v zavorkach, velikost alely je ozna¢ena v parech bazi

Lokus AA Gal Gas H Ch L MS

BM 1824 (77) (12) (7 (37) (56) (69) (79)
178 0,3243 0,4167 0,0833 0,2857 0,1964 0,3529 0,1218
180 0,1351 0,0833 0,4167 0,0571 0,2679 0,1544 0,2821
182 0,2905 0,5000 0,0833 0,5429 0,2679 0,0662 0,2564
188 0,2500 0 0,4167 0,1143 0,2679 0,4265 0,3141
190 0 0 0 0 0 0 0,0256

BM 2113 (77) (12) (7 (36) (56) (69) (80)
121 0 0 0 0 0 0 0,0064
125 0,1645 0,3333 0,0714 0,1765 0,1786 0,0149 0,0256
127 0,0395 0 0,0714 0 0,0625 0,0448 0,1603
131 0,0395 0 0,3571 0,0294 0,2500 0,2463 0,4423
133 0,1447 0,5417 0,0714 0,1324 0,1071 0,1119 0,0321
135 0,2632 0,0833 0,1429 0,2794 0,1786 0,2388 0,0769
137 0,0789 0 0,0714 0,0441 0,1518 0,1716 0,0577
139 0,1974 0,0417 0,1429 0,2647 0,0714 0,1493 0,1795
141 0,0724 0 0 0,0735 0 0 0,0064
143 0 0 0,0714 0 0 0,0149 0,0128
138 0 0 0 0 0 0,0075 0

ETH 3 (78) (12) (7) (38) (56) (69) (80)

109 0 0 0 0 0 0 0,0127
117 0,4054 0,6667 0,4286 0,3429 0,5893 0,4632 0,5759
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Lokus AA Gal Gas H Ch L MS
119 0,1284 0,0833 0 0,5857 0,0625 0,3529 0,1076
121 0,1419 0,2500 0 0 0,0089 0 0
123 0 0 0 0 0,0268 0,0074 0
125 0,3041 0 0,5000 0,0714 0,2589 0,1250 0,1582
127 0,0203 0 0 0 0,0536 0,0411 0,1329
129 0 0 0,0714 0 0 0 0,0127
131 0 0 0 0 0 0,0074 0

ETH 10 (78) (11) (6) (36) (56) (62) (75)
127 0 0 0 0 0 0 0,0067
213 0,0064 0 0,0833 0 0 0,0082 0,0467
215 0,0192 0 0 0,0857 0 0,0492 0,0067
217 0,4551 0,3636 0,7500 0,3143 0,8571 0,1230 0,6733
219 0,3141 0,6364 0,1667 0,1429 0,1339 0,2459 0,1333
221 0,2051 0 0 0,0714 0 0,3689 0,0933
223 0 0 0 0 0,0089 0,1557 0,0400
225 0 0 0 0 0 0,0492 0

ETH 225 (78) (12) (7 (37) (56) (69) (80)
140 0,0395 0,1250 0,3571 0,0946 0,0893 0,3971 0,3987
144 0,2763 0,2083 0 0,1622 0,0268 0,1176 0,0380
146 0,0789 0,3750 0,0714 0,0946 0 0,0147 0,1266
148 0,3947 0,2083 0,1429 0,4054 0,4464 0,1618 01203
150 0,2105 0,0833 0,4286 0,2432 0,4375 0,3088 0,3165

INRA 023 (76) (12) (6) (37 (56) (64) (78)
198 0 0,5417 0 0 0,0536 0 0,0067
200 0,0733 0 0 0 0,1071 0,1613 0,0400
202 0,1533 0 0 0 0,1786 0,0242 0
206 0,5800 0,1250 0,4167 0,0417 0,2768 0,4677 0,2267
208 0,1267 0,3333 0,0833 0,1389 0,0893 0,1935 0,2200
210 0 0 0,0833 0 0 0 0,1267
212 0 0 0 0 0,0714 0,0161 0
214 0,0667 0 0,3333 0,8194 0,0804 0,1048 0,3800
216 0 0 0 0 0,0089 0,0161 0
218 0 0 0,0833 0 0,1339 0,0161 0

SPS 115 (76) (11) (6) (36) (56) (61) (75)
248 0,5347 0,0455 0,5000 0,2941 0,5273 0,4831 0,6622
250 0 0 0 0 0,0182 0 0
252 0,1250 0 0,0833 0,1471 0,0545 0,1780 0,0203
254 0,2708 0,5455 0 0,0441 0,1364 0,0254 0,0405
256 0,0208 0,2273 0,0833 0,0882 0,2364 0,0424 0,1757
260 0,0486 0,1818 0,3333 0,4265 0,0273 0,2712 0,1014

TGLA 122 (77) (12) (7) (37) (56) (68) (77)
141 0,0135 0,2083 0 0,0571 0,0446 0,0149 0
143 0,1419 0,0417 0,1429 0,6571 0,3125 0,1343 0,1753
147 0 0 0 0,0143 0,0446 0,1343 0,0065
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Lokus AA Gal Gas H Ch L MS

149 0,0135 0 0,0714 0 0,1250 0,0448 0,0195
151 0,6351 0,5833 0,5000 0,1000 0,3036 0,3284 0,4675
153 0 0 0,2143 0,0143 0,0357 0,1716 0,2403
155 0,0608 0 0 0 0,0268 0 0,0260
157 0,0405 0 0 0 0,0714 0 0
159 0 0 0 0 0,0089 0 0
161 0,0676 0,1667 0,0714 0,1143 0 0,0597 0,0455
169 0 0 0 0,0286 0 0 0
173 0 0 0 0 0 0,0299 0
177 0 0 0 0 0,0089 0,0075 0
179 0 0 0 0 0,0179 0,0746 0
183 0,0270 0 0 0,0143 0 0 0,0195
TGLA 126 (77) (12) (7 (33) (56) (68) (79)
113 0,0855 0 0 0,0143 0 0,1194 0,0203
115 0,4671 0,2500 0,3571 0,2714 0,6346 0,4925 0,5000
117 0,3092 0,4167 0,5714 0,6000 0,0577 0,0224 0,3716
119 0 0 0 0 0,0096 0 0,0135
121 0,0132 0 0 0,0571 0,0481 0,1194 0
123 0,1184 0,3333 0,0714 0,0571 0,2500 0,2090 0,0946
125 0,0066 0 0 0 0 0,0373 0
TGLA 227  (17) (12) (7) (38) (56) (69) (80)
77 0,0068 0 0 0 0,0893 0,0662 0
79 0 0 0 0,0132 0,0357 0 0,1169
81 0,2770 0,0455 0,2500 0,0921 0,1250 02794 0,3831
83 0 0,1364 0 0,0921 0,1429 0,0735 0,0065
85 0 0 0 0 0,0179 0,0368 0
87 0,1284 0,1364 0 0,0395 0,0268 0,0515 0,0065
89 0,2027 0,3182 0,2500 0,2632 03036 0,2941 0,1039
91 0,0473 0,0455 0,3333 0,3421 0,1429 0,0956 0,1234
93 0,1216 0 0 0,1053 0,0089 0,0588 0,0519
95 0 0,1818 0,0833 0 0 0 0,0455
97 0,2162 0,1364 0,0833 0,0526 0,1071 0,0441 0,1623

Note: AA - Aberdeen Argus; Gal — Galloway; Gas — Gasconne; H — Hereford; Ch — Charolais; L — Limousine;
MS — Masny simental

Nejvétsi hodnoty genetické diverzity byly zjistény u plemene Gasconne pro lokus
BM 2113 s hodnotou 0,8681. Pozorovana heterozygotnost (HO) u plemene Charolais byla
zjisténa 0,6786 a heterozygotnost o¢ekavana (HE) 0,6687. Podobné vysledky uvadi ve
své praci i Maudet et al. (2002), ktery uvadi heterozygotnost pozorovanou (HO) 0,640
a heterozygotnost ocekavanou (HE) 0,661. U plemene Limousin byla vypoctena
heterozygotnost pozorovana 0,7457 a heterozygotnost ocekdvani 0,7315. Maudet et al.
(2002) pro plemeno Limousin wuvadi heterozygotnost pozorovanou 0,674
a heterozygotnost ocekavanou 0,675. V téchto vysledcich se ponékud liSime. U plemene
Gasconne byla zjiSténa heterozygotnost pozorovana 0,7238 a heterozygotnost o¢ekavana
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0,6888. Cafnon et al. (2001) uvadi pro plemeno Gasconne heterozygotnost pozorovanou
0,630 a heterozygotnost ocekavanou 0,708. Zde se nase vysledky u heterozygotnosti
pozorované znacné lisi, u heterozygotnosti o¢ekdvané jsou vysledky bliz§i. U plemene
Aberdeen angus byla vypoctena heterozygotnost pozorovana 0,7012 a heterozygotnost
ocekavana 0,6947. Tyto vysledky se lisi od vysledki Wiener et al. (2004), ktery uvadi
heterozygotnost pozorovanou 0,61 a heterozygotnost ocekavanou také 0,61. NaSe
vysledky se vSak shoduji u plemene Hereford, kde Wiener et al. (2004) uvadi
heterozygotnost pozorovanou 0,63 a heterozygotnost oc¢ekavanou také 0,63. My jsme
u plemene Hereford vypocitali heterozygotnost pozorovanou 0,6486 a heterozygotnost
o¢ekavanou 0,6312.

Pti hodnoceni Hardy-Weinbergerovy rovnovahy bylo zjiSténo, Ze plemena Gasconne
a Charolais maji vSechny pozorované polymorfismy v HW rovnovaze. U plemen
Galloway, Hereford, Limousin jsme zjistili, Ze pouze v jednom polymorfismu nespliuji
HW rovnovahu. A to Galloway v mikrosatelitu ETH 225, Hereford ETH 10, Limousin
BM 2113. U plemene Masny simental jsme zjistili dokonce 4 mikrosatelity které nejsou
v HW rovnovdze, z toho tfi s vysokou prikaznosti (tj. P <0,01) a to BM 1824, SPS 115,
TGLA 122 a TGLA 126 s prikaznosti P < 0,05.

Tabulka & 2: Pozorované a oéekavané heterozygotnosti s X* testem genetické rovnovahy, signifikantni
rozdil (P <£0,05) je vyznacen tu¢né

Aberdeen Angus Galloway Gasconne

Lokus Het, Hety, X2 Het, Het,, X Het, Hety, X2

BM 1824 07568 07346 91487 08333 05942 62606  1,0000 06970 54400
BM 2113 08158 08347 42,6638 06667 06123 118214 05714 08681 41,1000

graz 07568 07110 51260 06667 05072  2,5666 05714 0,604 12952
Eraie 07051 06559 133772 03636 04848 07692 03333 04394  5,0000
ETH 225 06447 07205 12,8943 0,6667 07826 258051 1,0000 07143 44833
INRA 023 06533 06183 88357 06667 06051 68717 08333 0,576  5,0000
sps 115 07500 06267 179742 0,6364 0,6450 71284  0,5000 0,6818  3,8083
TGLA 122 05676 05693  172,3226 06667 06123 44475 05714 0,725 13,4285
TGLA 126 06184 06690 22,1589 07500 06812 19825 08571 05824 32142
TGLA 227 07432 08073 30,0295 09091 08442 11,6666 10000 08182  6,2222

Primér 0,7012  0,6947 32,5478 0,6826  0,6369 7,5948 0,7238  0,6888 8,720002

Note: Het, — pozorovana heterozygotnost; Het; — oéekavana heterozygotnost; X> — Chi kvadrat test
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Hereford Charolais Limousine

Lokus Het, Hetg X? Het, Hetp X? Het, Hety X?

BM 1824 05714 06161 48854 07500 07529 25873 07500 0,6703  3.8775
BM2113 07991 08068 20,5186 08750 08377 22,9073  0,8209 08217 51,2641

ErHz 06000 05420 37804 05536 05833  9.6154  0,7059 06479 7,545
ETH 10 06571 06741 14,6844 02857 02495 14473 07869 07655 13,2557
ETH 225 07568 07423 11,6371  0,6429 06060  1,8438 06618 07120 154137
INRA 023 03056 03118 07914 07857 0,8472 37,7809  0,6613 07111 14,0936
spsizs 07353 07107 52116 0,6364 06494 114768 06949 06646 59475
TGLA 122 05429 05482 277321 07679  0,7901 53,9526 08209  0,8204 33,9643
TGLA 126 06286 05677 17751 05962 055342 13,0900 07164  0,6885 18,1362
TGLA 227 08947 07916 299611 08929 08370 60,9382 08382 08131 27,2411

Prizmér 0,6486  0,6312 9,9223  0,6786  0,6687 17,2272  0,7457  0,7315 17,2178

Masny simentdl

Lokus Het, Hety X2
BM 1824 0,60667 07553 36,1227

BM 2113 0,6667 0,7400 31,1710
ETH3 06709 06176 84027
ETH 10 0,5867 0,5197  6,9035
ETH 225 07089 07135  6,1543
INRA 023 ©0:8133 10,7431 14,6121
SPS 115 0,5135 0,5219 52,4165
TGLA 122 0,5714 0,6939 116,3164
TGLA 126 05405 10,6065 20,6413
TGLA 227 07143 0,7875 40,0418

Primer ~ 0-0453  0,6689 34,9161

Na zakladé Neiovy genetické distanci byl vytvofen dendrogram (Obr. €. 1), ktery
ukazuje, ze nejbliZze jsou si plemena Aberdeen Angus s Limousinem a plemeno Gasconne

s Masnym simentdlem, pon¢kud vzdalenéjsi je plemeno Hereford a zcela nejvzdalenéjsi
je plemeno Galloway.
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Obr. ¢. 1 Dendrogram zaloZeny na genetické distanci (Nei, 1978): Metoda = UPGMA — modifikovana
z procedury NEIGHBOR programu PHILIP verze 3.5
Aberdeen Angus

Lad

Limousin
4
17 Crasconne
-17I
5 —3 — Masny simental
Charolais
—f
Hereford
Galloway
Zavér

Bylo analyzovano 341 vzorkl a uré¢eno 10 mikrosatelitnich lokusii u sedmi populaci
masnych plemen skotu. Tato prace podava informace o genetické struktuie nékterych
masnych plemen skotu chovanych v Ceské republice. Tato znalost genetické struktury je
dulezita predevsim pro dalsi Slechtitelskou ¢innost.

Podékovani

Tento vyzkum byl podpoien projektem GACR ¢&. 523/03/H076.
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RYCHLA A EFEKTIVNA KONSTRUKCIA MULTIPLEX PCR-RFLP

Manga I*., Dvotak J.

MZLU Brno, Faculty of Agricultury, Department of Animal Morphology, Physiology and
Genetics, Zemedelska 1, 61300 Brno, CR

Abstract

Multiplex PCR-RFLP represents an effective and technically modest method of the
gene polymorphism detection. In contrast to individual gene testing, amplification of
several products in one PCR reaction followed with specific restriction endonucleases
cleaving in optimal buffer medium highly reduces time and cost of the genes analyse. The
aim of our work was to show an effective and high-speed strategy, how to create and
optimise multiplex PCR-RFLP method for detection several known single nucleotide
polymorphism (SNPs). To present this, we developed a new multiplex PCR-RFLP
method for testing known SNPs of the CSN3, DGATI and Pit-1 genes by Bos taurus.

Key words multiplex PCR-RFLP, SNP polymorphism

Uvod

V laboratoriach s aplikovanym vyskumom je znacny zdujem na tvorbe novych
multiplex metod, ktoré su efektivnejSie a zaroven stale jednoduché. Multiplex PCR-RFLP
umoznuje otestovat’ viaceré SNP polymorfizmy v jednej reakcii, ¢im sa redukuje cas
a mnozstvo chemikalii, nutnych k analyze skimanych génov. Samotna multiplex reakcia
sa aplikuje do mnohych oblasti. Mo6ze sluzit' na zvySenie rychlosti DNA sekvenovania
(Carvalho, Pena, 2005), Casto sa pouziva pri detekcii mutdcii zapricinujucich rdézne
ochorenia, pri génovej expresii, forenznej analyze, testovani paternity ¢i pri dekdodovani
genetického kodu. Informacie ziskané pri konStrukcii multiplex PCR moZno aplikovat’ aj
pri pouzivani inych metdd ako je multiplex-QEXT (Rudi, 2006), fragmentacna analyza,
multiplex genotypovanie a podobne. Poznatky o konStrukcii multiplex PCR st teda

z dovodu jej masového rozsirenia cenné a v sucasnosti ¢asto vyhl'addvané.

KTlacovy faktor, umoznujici zaviest Uc¢inni a bezproblémovu multiplex PCR-RFLP
spo¢iva v pouziti optimilne navrhnutych primerov. Liang, Lee, 2006, zkonStruovali
matematicky algoritmus, ktory je schopny efektivne vyhladat’ set vhodnych primerov.
Tzv. MAP modelom zéarovenn urychlili odstranenie Specifickych PCR obmedzeni,

vyzadujacich experimentdlne testovanie. Autorom sa pomocou spominaného algoritmu
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podarilo nadesignovat primery reSpektujuce klasické poziadavky na design, primery
zaroven vykazovali znaénu $pecifitu. Design primerov musi spiiiat’ mnoho kritérii, ako je
Specifita, dizka primerov, teplota denaturédcie, obsah GC parov, stabilita 3’ konca, tvorba
slucky, dimérov a podobne. Vyber vhodného paru primerov je znaéne komplikovany,
nakol'ko menované kritéria vyberu spolu stuvisia. Existuje mnoho programov ur¢enych na
design primerov, viac¢Sina je vSak urCena na konStrukciu individualneho paru primerov.
Designom setu primerov na multiplex PCR sa zaoberd iba malo programov
(Lincoln et al., 1991, Singh, V. et al., 1998). Nicodéme et al, 1997, navrhol dvojkrokovy
algoritmus na design primerov uréenych pre multiplex PCR. V prvom kroku vyuzivajuc
program PRIMER designoval individualne dvojice primerov podia klasickych atributov
a pozidaviek. Nasledne pouZil program MULTI PCR na urcenie vhodného setu primerov
porovndvanim teploty denaturacie a komplementarity jednotlivych dvojic primerov,
najdenych v prvom kroku. Podobne Schoske et al, 2003, predstavil stratégiu zahfnajucu
design, testovanie a optimalizaciu zmesi PCR primerov. Pomocou programu Primer 3
najskor selektoval dvojice primerov pre individudlne PCR reakcie. Z tychto vybral
vhodnych kandiddtov na multiplex PCR prisnou selekciou podla teploty topenia
a celkovej komplementarity. Zvolené primery nakoniec otestoval pouzitim vhodného
specifického algoritmu. Akokol'vek, uvedené postupy su naroné z ¢asového hladiska,
ked'ze nezohladnuju paralelne vSetky parametre, potrebné k navrhnutiu vhodnych

multiplex PCR primerov.

Multiplex PCR-RFLP umozniuje paralelne amplifikovat a genotypovat vysoky
pocet produktov (Lin, 1996). So stipajucim poctom produktov reakcie vSak klesa
pravdepodobnost’ najdenia kompatibilnych primerov (Rachlin, 2004, 2005). Reakcia ma
rovnako limitovany pocet komponentov. Dékazom tohoto tvrdenia je pozorovanie, kedy
primery s vysokou intenzitou amplifikacie prislusného produktu potlacovali amplifikaciu

pri pouziti menej efektivnych primerov (Henegariu J,. 1996).

Material a metody

SkonStruovali sme metodiku multiplex PCR-RFLP na detekciu alel 4,8 génu
CSN3, A,B génu Pit-1 aalel Q, g génu DGATI u skotu. Genomova DNA sluziaca
k vyvinu metodiky bola na porovnanie izolovanad zo somatickych buniek obsiahnutych
v mlieku skotu a z chlpov a krvi skotu pouzitim Jet quick blood and cell culture DNA

spin kitu (Genomed). VSetky pouzité primery boli designované programom eprimer3
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(http://bioweb.pasteur.fr). Pozadovany priebeh reakcie sme dosiahli pouzitim HotStarTaq
DNA polymeradzy v kombinacii s Q pufrom, 1U/25ul (Qiagen), 2mM MgCl,, 2,5ul
10xPCR buffer/25ul, 0,4uM primery pre CSN3, 0,3uM pre Pit-1 a 0,2uM pre DGATI.
Podmienky amplifikdcie boli nasledovné: 94°C/15min; 94°C/30sec; 53°C/45sec;
72°C/2min; 40x, 72°C/10min. PCR produkty sme Stiepili spolo¢ne restrikénymi
endonukleazami Hinfl a Cfrl (Fermentas) v prostredi pufra 1X Tango (Fermentas) pri
37°C pocas noci. PCR-RFLP produkty boli nasledne separované na 3,5 % agardézovom
gély s EtBr elektroforézou pri 90V. Vysledok bol vizualizovany UV svetlom

a fotograficky dokumentovany (Canon Ultra Cam.)

Vysledky a diskusia

Konstrukcii panelu multiplex PCR-RFLP predchadzalo niekolko krokov. Prvym
krokom bola vol'ba cielovej skupiny skimanych SNP (na§ panel pozostaval zo zndmych
SNP génov CSN3, DGATI a Pit-1, ovplyviujiucich parametre mlieénej uzitkovosti
u skotu). V dal'Ssom kroku sme overili jednotnost’ optimalneho typu pufra pre restrikéné
enzymy umoziujice RFLP analyzu cielovych SNP. V pripade Ze pre restriktazy su
optimélne rozdielne typy pufra je nevyhnutné pristipit k elimindcii prislusného SNP

z panelu multiplex PCR. Mozné riesenie predstavuje viackrokova RFLP analyza (Obr.1).

Dal’si krok pozostaval z vyhodnotenia modelu multiplex PCR-RFLP podla velkosti
vznikajicich RFLP produktov pri vyuziti individualnych PCR-RFLP analyz prebratych
z publikovanych vedeckych §tadii. V blizkosti testovaného A/B polymorfizmu génu CSN3
bolo detekované neziaduce restrikéné Cfrl miesto, ktoré by pri pouziti primerov znamych
z publikacii znemoznilo vyhodnotit’ vysledky RFLP analyzy. Na zdklade tejto skuto¢nosti
sme pristapili k designu vlastnych primerov, ¢im sme zaroven =ziskali moZnost
eliminovat’ pripadni inkompatibilitu pouzitych primerov. Sekvencie analyzovanych
génov (podla www.ncbi.nlm.nih.gov) obsahujuce cielové SNPs sme najskor otestovali
programom Webcutter 2.0 na pritomnost’ restrikénych miest vSetkych enzymov, ktoré
sme planovali pouzit’ pri RFLP analyze produktov multiplex PCR. Pomocou programu
eprimer3 pri jeho nastavenych optimalnych (default) parametroch sme nadesignovali
primery tak, aby interpretdcia PCR-RFLP produktov na elektroforetickom gély bola
jednoznacna. Ziskali sme niekolko variant, u ktorych sme opdtovne analyzovali tvorbu
dimérov, slucky, teplotu denaturacie (Tm) ¢i stabilitu 3¢ konca pomocou programu Oligo

2.0. Tym sme vyselektovali panel multiplex PCR s teoreticky najvySSou efektivitou. Pri
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neskorSom individudlnom testovani primerov sa ukazalo, ze design primerov programom
eprimer3 zarucoval dostato¢ne vysoku Specifitu a efektivitu (cca 80% uspeSnost),

dodato¢na analyza primerov programom Oligo 2.0 teda nie je nevyhnutna (Tab.1).

Tab.1.: Navrh panelu multiplex PCR-RFLP: parametre primerov v programe eprimer3, Oligo 2.0,
vznikajuce PCR-RFLP produkty génov CSN3, DGATI a Pit-1u skotu.

én primery n GC Tm(°0O) Tm(°C) alela enzvm RFLP
g eprimer3  nukleotidy (%) eprimer3 Oligo 2.0 ¥ multiplex (bp)
forward 20 40 59,92 51,8 A 124, 35
CSN3 Hinfl
reverse 20 55 60,35 51,4 B 159
forward 20 55 59,94 51,3 0 254
DGATI cfil
reverse 20 55 60,37 51,9 q 200, 54
. forward 20 55 59,68 51,4 A 288
Pit-1 Hinfl
reverse 20 50 60,06 51,4 B 180, 108

Pri individudlnom testovani vybranych primerov sme pouzili funkciu teplotného
gradientu PCR termocyklera. Jednou PCR reakciou s klasickou Taq polymerazou (MBI
Fermentas) sme identifikovali optimalnu teplotu annealingu pre danu dvojicu primerov
(Obr.2). Na zaklade ziskanych experimentdlnych udajov sme zvolili vhodni optimélnu
teplotu annealingu, spolocnu pre vSetky primery a zostavili zdkladny teplotny a asovy
profil pre multiplex PCR. Primery so slabou ¢i neSpecifickou amplifikaciou PCR
produktu boli vtomto kroku eliminované, ked'’Ze ich pripadné zaradenie do panelu

multiplex PCR by nakoniec sposobilo zna¢né materidlne, financné a Casové straty.

Obr.1 Multiplex PCR-RFLP génov CSN3, Pit-1 a DGATI — varianta s klasickymi primermi znamymi
z publikacii (HotStar Tag DNA Polymeraza + Q buffer), dvojkrokova RFLP analyza

CSN3 BB AB AB BB AA AA DGAT:
Pit1. AB AB BB AB BB BB g9 Q@ Qq qq qq K

+Hinfl (RFLP CSN3/PIt-T) +Cirl (RFLP DGATT)

Obr.2 PCR: CSN3, 159 bp - teplotny gradient annealingu primerov, eprimer3, 7ag DNA Polymeraza
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Vhodna teplota annealingu, stanovena experimentalne pre jednotlivé primery sa
stotoznovala s teplotou denaturdcie, uréenou programom eprimer3, ¢o pri jeho optimalne
nastavenych parametroch predstavovalo priblizne 60°C pre vSetky primery. Pri paralelne;j
amplifikacii produktov v multiplex reakcii vSak tato hodnota klesla priblizne na 53°C

(Obr.3).

Testaciou réznych reakénych podmienok sme zistili, Ze jednoznacne najvysSiu
Specifitu a mierne zvySenie vytaznosti produktov poskytovalo pouzitie HotStar7ag DNA
polymerédzy v kombinécii s Q pufrom (Qiagen), ktory modifikoval priebeh denaturacie
templatove] DNA. Alternativou bola varianta s HotStar7ag polymerdzou bez Q pufru,
kedy sme zaznamenali pritomnost slabych neSpecifickych PCR produktov. Multiplex
PCR profil vyuzivajici klasicki Taq polymerdzu nedokdzal ani v jednom pripade
zabezpecit dostatoéni amplifikdciu ziadanych produktov, nespecifita dosahovala
extrémny rozmer. V d’al'Sej modifikacii reakéného ako aj Casového a teplotného profilu
sme preto vyuzivali vzdy len variantu s HotStar7aqg DNA polymerazou a Q pufrom. Tato
nam zaroveil poskytovala zna¢né moznosti upravy teplotného rezimu PCR (teploty
annealingu) pri konStantne vysoko efektivnej multiplex reakcii (Obr.4). Tento Specificky
parameter bol nevyhnutny pre realnu rutinnt aplikdciu metodiky a umoznoval testovat aj
DNA materal nizkej kvality (koncentrdcie). Pri aplikacii Q pufra vyrobca doporucuje
paralelne testovat aj PCR reakciu bez jeho pouzitia, nakol'ko efekt pufra nie je
univerzalny pre kazdy templat. Akokol'vek, pri analyze fragmentov CSN3, Pit-1 a DGATI
obsahujtcich cielové SNP jeho pouzitie odstranilo tvorbu neziaducich produktov tak pri
multiplex PCR reakcii s klasickymi primermi, ako aj pri reakcii s primermi

designovanymi programom eprimer3.
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Obr.3. Multiplex PCR génov CSN3, Pit-1 a DGATI: teplotny gradient annealingu primerov (eprimer3),
(HotStar Tag DNA polymeraza + Q buffer, ekvimolarne mnozstva primerov (0,2uM)

Obr.4 Demonstracia vysokej efektivity a Specifity multiplex PCR pri réznych teplotnych podmienkach za
pouzitia HotStar Tag DNA Polymerazy a Q pufru. (Multiplex PCR génov CSN3, Pit-1 a DGATI -

teplotny gradient annealingu klasickych primerov znamych z publikacii, dvojkrokova RFLP analyza

65 (°C)

Pri porovnani vytaznosti reakcie za pouzitia ré6znych zdrojov DNA sme zistili
najvyssi zisk PCR produktov pri DNA izolovanej z krvi. DNA izolovana zo somatickych
buniek mlieka ako aj DNA ziskand z chlpovych cibuliek poskytla rapidne nizSiu
vytaznost produktov, ktoré vSak bolo mozné analyzovat za rovnakych reakénych
podmienok. Vo vzorkach s miniméalnou koncentraciou DNA bolo nutné pristupit’ k tprave
PCR profilu. Téato spocivala vo zvySeni koncentrdcie primerov, DNA polymerazy
a predizeni polymerizaénej fizy. KIGdové bolo najmi vyrazné zniZenie teploty

annealingu primerov (8 - 10°C).

Pri snahe o optimalizaciu multiplex PCR-RFLP met6dy sme detekovali niektoré
rozhodujuce zavislosti. (Fig.1, G, H). Tieto zistenia su v stlade s poznatkami Henegariu,
O., 1997. Podla uvedeného autora moéze dal'Siu alternativu v snahe o optimalizaciu
multiplex PCR predstavovat zmena koncentracie KCl pufru ¢i pouzitie Specifickych
aditiv (0,1 — 0,8pg/ul BSA, 5% DMSO, glycerol). HotStar7Tag DNA polymeraza

v kombinécii so Specifickym Q pufrom, zvySujicim Specifitu a intenzitu reakcie vsak
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zabezpecila dosiahnutie vysokého Standardu reakcie, d’al'Sia modifikdcia chemizmu
multiplex PCR preto nebola nutna. K dosiahnutiu rovnomerne intenzivnej amplifikacie
vSetkych PCR produktov bolo nevyhnutné experimentdlne optimalizovat koncentraciu
jednotlivych primerov v reakcii (Obr.5), nakolko primery s masivnou amplifikaciou
produktu evidentne redukovali vytazok produktu primerov s niz§ou mierou amplifikacie.
Uvedené zistenia sa opdt zhoduju s vysledkami Studie citovaného autora (Henegariu, O.,

1997).

Obr.5 Optimalizovana multiplex PCR-RFLP génov CSN3, Pit-1 a DGATI — eprimer3; HotStarTag DNA
pol. (1U/25ul) + Q buffer; 2 mM MgCl,; optimalizovana konc. primerov; podmienky amplifikacie:
94°C/ 15min; 94°C/30sec; 53°C/45sec; 72°C/2min; 40x; 72°C/10min; 3,5% agarézovy gel; DNA

izolovana z krvi;

(bp)
. 1PCR 1RFLP 2PCR 2RFLP 3PCR 3RFLP 4PCR 4RFLP

288
254
— /

—200
- A

159

108

Zaver

Multiplex PCR-RFLP predstavuje technicky jednoduchu efektivnejSiu detekéntt metdodu
SNP polymorfizmov génov. Pre jej uspesnost’ je rozhodujlici najmi design vhodnych
primerov, volba spravneho teplotného a casového PCR profilu. Zrejme nevyhnutnou
podmienkou je 1ipouzitie HotStar polymerdzy, redukujicej moznost vzniku
nespecifickych produktov. Stadia sa prostrednictvom rieenia konkrétnej situicie snazi
poskytnut’ optimalnu vSeobecnu stratégiu, ktorej cielom je dosiahnutie zjednoduSenia

a urychlenia konstrukcie multiplex PCR ¢i multiplex PCR-RFLP.

Podékovanie
Této praca bola podporena projektami GACR 523/03/H076 a MZeCR 1G58073.
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Effective multiplex PCR-RFLP strategy
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elimination this SNP from multiplex PCR panel

(unpossible)
YES/NO
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complications with PCR optimalization
possible with HotStar7ag polymerase
special aditives, buffers

moresteps RFLP analyse
(PCR possible, RFLP unpossible)
partial loss of time and cost advantage

(unpossible)

|

Gene Bank

genomic DNA—> target sequence — | A: testing of target gene sequence to RFLP sites

[ target sequence
of all restriction enzymes used for SNPs analvse
cDNA /"

(Webcutter, Nebcutter)

sequencing
ﬂ Note: test the sequency at both alleles of the SNP

mRNA

[ B: design of primers
Eprimer3 (80% efficiency by default parameters)
ﬂ Oligo 2.0 (50% efficiency)

| C: choose of optimal primer sets |
1: Clear interpretation of multiplex PCR-RFLP results on the electrophoretic gel
2: Tm(°C), dimer and loop formation, stability of 3¢ end, estimation by Oligo (not necessary)
3: Secondary structure analyse of amplified template (not necessary)
ﬂ 4: If possible, buy more than two primers for one PCR product (not expensive, time saving)

| D: individual testing of primers | bad result
Use annealing gradient function I design new primers
Searching for common annealing temperature
good result

| E: testing of multiplex PCR |
Estimation of PCR conditions, time and temperature profil
Help: decrease the annealing temperature without testing 6 — 8 °C

Taq polymerase HotStarTaq polymerase (Qiagen) HotStar7aq polymerase + Q buffer (Qiagen)
difficult (unable) optimalization sufficient efficiency high specifity

high unspecifity partially unspecific high efficiency
low efficiency Note: not generally currency Note: not generally currency

| F: testing PCR-RFLP |

optimal density of agarose gel
optimalising of RFLP chemistry

G: optimalization of PCR chemist quality of DNA template H: optimalization of PCR time and temperature profil

1. increase the primer concentration with low efficiency

. decrease the primer concentration with high efficiency

. increase the concentration of MgCl,

. increase the concentration of KCI buffer

. increase the amount of templat DNA in reaction

. increase the amount of HotStar7aq polymerase to 2U/25ul

1. extend the elongation phase of PCR cycles

2. decrease the annealing temperature about 6 — 8°C in comparison to
the value obtained by individual primer testing

3. decrease the annealing temperature about 10 — 12°C by using DNA
template with low quality

4. increase the count of PCR cycles

5. be sure for optimal time and temperature conditions for activation
HotStarTaq polymerase at first denaturation

AW AW

Fig.1 Stratégia konstrukcie multiplex PCR-RFLP
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VALIDATION OF NEW PORCINE TETRANUCLEOTIDE MICROSATELLITE
PANEL WITHIN THE INTERLABORATORY DNA COMPARISON TEST

Putnova L.*, Civanova K., Dvorak J.

Department of Animal Morphology, Physiology and Genetics, MZLU in Brno,
Zemedelska 1, 613 00 Brno, Czech Republic; putnova@email.cz

Abstract

For the identification of individuals and parentage control performed by pig breeders
a new porcine tetranucleotide microsatellite typing prototype kit was analysed. Validation
and evaluation was done in terms of interlaboratory DNA Comparison test 2006
organised by Association of German Pig Production and Institute of Animal Science of
Bonn University. Animaltype Pig PCR Amplification Kit offers a multiplex-application
for kinship testing and determination of the gender. In one PCR reaction, the eleven
polymorphic tetranucleotide short tandem repeats loci (S0655, SBH18, SBH2, SBH4,
SBH1, SBH10, SBH20, 387A12F, SBH13, SBH19 and SBH22) as well as the gender-
specific marker SBH23 were amplified simultaneously. The length polymorphisms of this
12 STRs of chromosomes 1, 3, 6, 7, 9, 12, 13, 16-18, X and Y were examined by
multiplex PCR amplification followed by fragment DNA analysis of the amplified
products. The investigated probative population consisted of 20 anonymous individuals
of undefined breed from Germany. Research data certified the possibility of using this kit
of twelve microsatellites markers due to a well-balanced intensity of all signals
elaborated for the primer mix. We observed an efficiency of the new prototype kit for
polymorphic DNA microsatellite loci genotyping and we confirm its good detection
limits. From December 2006 Animaltype Pig Kit is the sole commercially available test

kit for fast and reliable genotyping of pigs.

Keywords Microsatellites; pig; validation; kit

Introduction

Analysis of microsatellite markers as useful polymorphic genetic variations helps to
characterize different animal species and breeds. There are some microsatellite panels
available for porcine microsatellite genotyping. The first multiplex PCR system is
composed of 10 and 5-plex (Set A: S0005, S0090, S0101, S0155, S0355, S0386, SW24,
SW240, SW857, SW951 and Set B: SW72, SW936, SWI11, S0228, S0227) generated by
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Nechtelberger ef al. (2001) for use in both German and Austrian herd-book breeding. The
second 10-plex PCR system (SW24, S0386, S0355, SW353, SW936, SW72, S0068,
S0070, S0107 and TNFB) was designed by Putnova et al. (2003) for the individual
identification and parentage control in the Czech Republic and Slovak Republic. From
December 2006 another test kit (S0655, SBH18, SBH2, SBH4, SBH1, SBH10, SBH20,
SBH23, 387A12F, SBH13, SBH19 and SBH22) is commercially available. The chemical
package Animaltype Pig PCR Amplification Kit was projected by German biotechnology

company Biotype® AG (Dresden, Germany; http://www.biotype.de).

Association of German Pig Production and Institute of Animal Science of Bonn
University turn to our laboratory to take part in “The comparison DNA test 2006 aimed
at prototype test analysing. To extend our previously described parentage control studies

in pigs it was necessary to analyse the utility of this new Animaltype Pig Kit prototype.

Due to participation in the Germany interlaboratory DNA comparison test, for now, all
32 microsatellite markers mentioned above are routinely tested in our laboratory (the

fluorescent-labelled sonds are required).

Material and methods
Animal samples

The efficiency of the method was evaluated in 20 anonymous individuals of undefined
breed provided by Association of German Pig Production and by Bonn University

(Germany).

Sample preparation
Porcine genomic DNA was isolated from delivered blood using JETQUICK kit

(Genomed GmbH, Germany), following the instructions of manufacturer.

Microsatellite analysis

A total of 12 microsatellite markers (S0655, SBH18, SBH2, SBH4, SBH1, SBHI10,
SBH20, SBH23, 387A12F, SBH13, SBH19, SBH22) were tested in one multiplex
reaction. The PCR amplification (reaction mixture composition, primer mixture
composition, and cycling conditions) was done according the protocols (Biotype AG,
Dresden, Germany). Validation and evaluation of the prototype kit have been performed
for GeneAmp PCR 9700 thermal cycler and ABI PRISM 310 Genetic Analyzer (Applied
Biosystems, Foster City, CA, USA). PCR products were mixed with GeneScan ROX 550
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Size Standard and Hi-Di formamide. Alleles were assigned using GeneScan and
Genotyper Software v. 3.7 NT. Allele sizes were adjusted and reported according to the
comparison test control DNA (DL157, positive amplification control). For the negative
amplification control, nuclease-free water instead of template DNA was added into
reaction tube containing the PCR master mix. An allelic ladder provided together with
Animaltype Pig Kit and allowing standardisation of different laboratories was applied as

internal size control of each run.

Results and discussion

We take part in porcine interlaboratory “DNA comparison test 2006 for purpose of
analysing a new available prototype kit for tetranucleotide microsatellite genotyping. The
test was organized by the Umbrella Association of German Pig Production

(ZDS - Zentralverband der Deutschen Schweineproduktion e.V., http://www.zds-bonn.de)

in cooperation with Bonn University (ITW — Institut fiir Tierwissenschaften - Institute of

Animal Science, Animal Breeding&Husbandry; http://www.itw.uni-bonn.de).

For comprehensive kit information see Table 1. The highest number of alleles (n=17)
and the highest heterozygosity (over 80 %) was indicated for locus SBH2. Locus-specific
characterization is summarized in Table 2. Information about repeat motif of the

reference allele and alleles ranges are at disposal.

The amplification conditions of the multiplex were optimised successfully and the
analysis of assembled panel was done in 20 samples of pigs and one sample of control

DNA.

Tab. 1. Animaltype pig tetranucleotide STR markers

Locus Mapping Heterozygosity Number of Alleles PE
387A12F 12p14-15 0.710 10 0.445
S0655 Tpll 0.726 15 0.469
SBH1 Ipl3 0.622 9 0.318
SBH2 3pl6-17 0.838 17 0.671
SBH4 6935 0.776 14 0.555
SBH10 9pl1-13 0.788 14 0.576
SBH13 13946-47 0.744 10 0.500
SBH18 16923 0.717 12 0.455
SBH19 17q12-14 0.611 7 0.304
SBH20 18q13-23 0.758 15 0.524
SBH22 Xp24 (pseudoautosomal) 0.625 12 0.322
SBH23 X, Y (gonosomal) sex specific 2 -

VII™ International conference of PhD. and MSc. students "Genetics and Animal Breeding® 41




Tab. 2. Locus-specific information of Animaltype pig

Locus Repeat Motif of the Reference Allele Relﬁ;‘eelléce Allele Range
387A12F [TTCT],CT [TTCT]y 21 9-21
S0655 [GGAA];, 12 5-22
SBH1 [CTTT];3 13 7-18
SBH2 [AGAA]L;s AA [AGAA] 25 6-34

[GAAA], GGAA [GAAA], A [GAAG]; [GAAA] [GAAG] 64 47.3-66.1
[AAAG] [AGAG]s[AAAG]s AA [AAAG]s A [AAAG]; AA
SBH4 [AAAG]s A [AAAG], AG[AAAG]; AGAG [AAAG],
[TAGA];5[CAGA]; [TAGA], TACA [TAGA]TACA 48 31-50
[TAGA]TACA [TAGA], TACA [TAGA], TACA [TAGA],
SBH10 CAAA
SBH13 [TATC];s 15 8-18
SBH18 [AGGA];s 15 9-23
SBH19 [GTCT]4[ATCT]yy 14 10-16
SBH20 [CTTT] 14 CTTC [CTTT], CTTC [CTTT], CTTC [CTTT]s 24 19-49
SBH22 [ATAG]s ATG [ATAG];; ATG [ATAG]; 20 18-28
Tab. 3. Alleles identified in Animaltype pig Comparison test 2006
Locus |Fluorescent label| Color Number Alleles obtained in Comparison test 2006
of Alleles
S0655 6-FAM Blue 7 5,10,12,12.1,13,17,22
SBH18 6-FAM Blue 7 11,12,13,14,16,17,22
SBH2 6-FAM Blue 9 6,22,23,24,25, 26,28, 29, 31
SBH4 6-FAM Blue 10 50, 50.2, 55, 55.1, 56, 57, 60, 63.1, 64, 64.1
SBH1 HEX Green 10 10.1,12,12.1, 13.1, 14, 14.2, 16, 16.1, 18, 18.1
SBH10 HEX Green 6 34,42, 44, 45, 48, 49
SBH20 HEX Green 8 20, 22, 23, 32, 35,37, 39, 40
SBH23 HEX Green 2 X, Y
387A12F NED Black 7 13, 14,14.1,15,15.1,17, 18
SBH13 NED Black 5 9,11,14,15,16
SBH19 NED Black 5 10, 13,14, 15,16
SBH22 NED Black 6 22,23,23.3,24,25,28

All microsatellites show polymorphic variability across the studied samples. Table 3

shows specific alleles identified in the animals. Total numbers of 9 animals were of male

origin (SBH23: X/Y) and 11 were female (SBH23: X/X). A total number of 82 different

alleles were obtained. The number of alleles at individual loci ranged from 5 (SBH13 and

SBH19) to 10 (SBHI and SBH4).

Research data certified the possibility of using this kit of twelve microsatellites markers

due to a well-balanced intensity of all signals elaborated for the primer mix (see Figure

1). We observed an efficiency of the new prototype kit for polymorphic DNA

microsatellite loci genotyping and we confirm its good detection limits.
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Based on the comparison interlaboratory test results, from December 2006 the

Animaltype Pig Kit became the sole commercially available test kit for fast and reliable

genotyping of pigs.

Fig. 1. The electropherogram displays the Testprobe 1 of the Comparison test
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RESTRIKCNI ANALYZA GENU PRO BLAD
RESTRICTION ANALYSIS OF CD 18 GENE
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Abstract

Bovine leukocyte adhesion deficiency (BLAD) in Holstein cattle is a lethal autosomal
recessive genetic disease manifested by disturbance of immunity and high mortality in
calves (recessive homozygotes) during first months of life as a consequence of infection
complications. The molecular causation of disease is a site mutation at position 383 of
the CD18 gene of chromosome 1. The aim of this study was determination of occurrence
polymorphisms in the part of CD 18 locus in dominant homozygotes. DNA was isolated
from blood of 10 Holstein cows. PCR/RFLP method was used with 10 restriction
endonucleases. In 3 from 9 amplificates were identified polymorphisms. Two
polymorphisms were identified for Tag I (T/CGA), one polymorphism for 7ru 1 (Mse 1)
(T/TAA). Presented results indicate the possibility of multiple polymorphisms occurrence
in monitored sequences of locus CD18 of chromosome 1 in Holstein cattle. Further, the

whole chromosome sequence of CD 18 locus will be analysed.
Key words BLAD; CD 18; PCR/RFLP; Holstein; cows
Uvod
BLAD (bovine leukocyte adhesion deficiency) je letdlni autozomalné recesivni
geneticka porucha, vyskytujici se u holstynského plemene skotu a projevujici se zejména

u telat (recesivni homozygoti) naruSenou imunitou a vysokou mortalitou béhem prvnich

mésicu zivota v dusledku banalnich infekci.

BLAD byl zejména v 90. letech jednim z velkych problémii genetiky zdravi tohoto
plemene skotu. Recesivni alela, jejiz vyskyt byl zjistén u nékterych vynikajicich
plemenika, byla Sifena v Cernostrakaté populaci holStynského plemene obchodem
s plemennym materidlem. V soucasné dobé jiz BLAD neni tak zdvaZznym problémem,

presto je dulezité pokracovat v detailnim vyzkumu tohoto genu a jeho polymorfismii.
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Klinické projevy BLAD: Postizena telata a mladsi zvitata trpi opakovanymi infekcemi,
napt. pneumonii (Kehrli; Johnson, 1994; Ackermann, 1996), papilomatoézou
a dermatofytézou (Johnson, 1994), bolestivymi viedy v ustni sliznici, zdnéty ozubice,
ztratou zubl, chronickym zdpalem plic a chronickymi prijmy. Telata brzy umiraji na
infekéni komplikace (Nagahata, 2004). Z imunologického hlediska dochazi u postizenych

zvitat k vyraznému snizeni exprese f2 heterodimerického integrinu (Cox et al., 1997).

Molekuldarni pii¢inou BLAD je jednoducha bodova mutace (A—G) na pozici 383 genu
CD18 chromozému 1, ktera vede k zdméné glycinu za aspartamovou kyselinu na pozici
128 (Nagahata, 2004). Kod pro BLAD nosice je ,,BL®, pro zvifata bez BLAD alely ,,TL*
(Boichard et al., 1994 in Tainturier et al., 1995; Grzybowski et al., 1999). Dalsi mutaci je
zaména C—T na 775 nukleotidu (ticha mutace - bez fenotypového projevu) (Shuster et

al., 1992 in Ribeiro, 2000).

Material a metodika

Cilem této molekuldrné genetické analyzy je detekce vyskytu polymorfismu
u analyzovanych sekvenci DNA genu CD 18 u krav holStynského plemene skotu. V této
¢asti vyzkumného ukolu byla analyzovana chromozomalni sekvence o délce 4020 bp
z celkové analyzované délky 11238 bp z lokusu CD18 chromozému 1 u zvitat s alelou
»ITL“ Vzorky DNA byly izolovany z krve (metody lyzatova nebo kit) deseti krav
holstynského plemene. K amplifikaci usekii ze sledované chromozomadlni sekvence bylo
dosud pouzito 9 pari (tab. €. 1) z celkové 22 ptfipravenych dvojic primert. Takto bylo
vyClenéno pozadovanych 9 amplifikati DNA ze sledovaného lokusu za pouziti metody
PCR (polymerase chain reaction). Kvalita PCR produktd byla ovéfovana

elektroforetickou metodou na 2,5% agardézovém gelu.

Kazdym parem primert bylo 10x amplifikovano vzdy po 10 vzorcich DNA — celkem
tak bylo analyzovdno 900 wvariant vzorkl. Vyskyt polymorfismi u pfipravenych
amplifikati DNA (zpisobeny pravdépodobné bodovymi mutacemi) byl zjistovan aplikaci
10 restrikénich endonukledz ttidy II (tab. ¢. 2). Vyskyt cilovych sekvenci pro jednotlivé
restriktazy byl detekovan metodou RFLP (Restriction fragment length polymorphism)

a elektroforetickou metodou na 3,5% agar6zovém gelu.

Velikosti vzniklych fragment byly odhadnuty porovnanim s komerénimi velikostnimi

markery a ndlezitymi kontrolnimi nerestrigovanymi amplifikaty.
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Vysledky a diskuse

Vyhodnoceni diléi éasti pokusu: Metodou RFLP byly zjistény cilové sekvence u 470
(52 %) z celkovych 900 analyz vzorkil (viz tab. €. 2). U 48 % vzorkl cilové sekvence
zjistény nebyly.

Pro amplifikaty DNA vSech pouzitych primeri byly vzdy zjiStény cilové sekvence pro

restriktazy Alu 1, Hae 111, Dde 1.

Pro amplifikaty DNA nékterych pouzitych primerti byly zjistény cilové sekvence pro
restriktazy Sty 1, Tag 1, Ava 11, Mse 1, Ava 1.

Pro amplifikaty DNA vSech pouzitych primert nebyly zjistény cilové frekvence pro

restriktazy Hind 111, Cla 1.

Polymorfismus zkoumanych amplifikati sledované sekvence lokusu (tab. ¢. 2) byl

u sledovanych vzorkil zaznamenan pfi pouziti:

- sedmé dvojice primert (od 2064; od 2594) s velikosti amplifikadtu 530 bp a restriktazy
Tag 1(T/CGA). Z vysledki vyplyvaji 2 restrikéni modely (obr. ¢. 1): a) o délce
fragmentl ptiblizné 400 a 105 bp (pro 8 z 10 vzorkil) a b) o délce fragmentd piiblizné
500, 400 a 105 bp (pro 2 z 10 vzorkt);

- osm¢ dvojice primert (od 3097; od 3496) s velikosti amplifikatu 399 bp a restriktazy
Taq 1 (T/CGA). Z vysledkl vyplyva 1 restrik¢ni model o délce fragmenta ptiblizné 399,
255 a 144 bp (pro vsech deset vzorkt);

- devaté dvojice primert (od 3438; od 4020) s velikosti amplifikatu 582 bp a restriktazy
Tru I (Mse 1) (T/TAA). Z vysledkt vyplyvaji 2 restrikéni modely: a) o délce fragmentt
ptiblizné 500 a 82 bp (pro 2 z 10 vzorkil) a b) o délce fragmenth piiblizné 500 a 100 a 82
bp (pro 8 z 10 vzork).

Vyjma vySe uvedenych piipadl nebyl u ostatnich variant zkoumanych amplifikata (tab.
¢. 2) zjistén polymorfismus. Ostatni provéfované amplifikdty vykazuji homozygotni

zalozeni stejného typu pro vSech deset zkoumanych vzorkii DNA.

Pouzitd metoda ELFO na agar6zovém gelu v nékterych piipadech ziejmé& detekéné
nepostihla mensi ¢asti restrikénich fragmentii, proto v nékterych ptipadech byva jejich
soucet mensi nez celkova délka amplifikatu (tab. ¢. 2). Délky restrikénich fragmentt
byly odhadovany srovnanim s velikostnimi markery. Vzhledem k celkovému rozsahu

provadéné studie by bylo pouziti exaktni fragmentové analyzy ekonomicky ndkladné,
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proto nebylo provedeno. Pouzita metoda hodnoceni zcela postacuje zamériim studie. Lze
predpokladat, ze po planované analyze zbyvajici ¢asti useku chromozomalni sekvence

pocet detekovanych polymorfismt déle vzroste.

Zavér
Z celkového poctu 22 ptipravenych dvojic primeri bylo pouzito k amplifikaci

pozadovanych usekl ze sledované chromozomalni sekvence devét part primera.

K provedeni molekularné genetické analyzy bylo vyuzito 10 typt vybranych
restrikénich endonukleaz ttidy II: Alu 1, Hae 111, Hind 111, Hpy F31 (Dde 1), Eco 130
I (Styl), Tag1, Bsul51(Clal), Eco47]1 (Avall), Trul (Mse 1), Eco 88 1 (Ava 1).

Z dil¢i provedené molekularné genetické analyzy DNA chromozomalni sekvence
o délce 4020 bp z lokusu CD18 u deseti TL krav holStynského plemene (homozygoti
dominantni) vyplyvd, ze u3 z9 vytvofenych amplifikdtd byl identifikovan
polymorfismus:

- u primerové dvojice od 2064, od 2594 s velikosti amplifikatu 530 bp s vyuzitim
restriktazy Taq 1 (T/CGA) - byly zjistény dva restrikéni modely s fragmenty cca 400
a 105 bp; cca 500, 400 a 105 bp;

- u primerového paru od 3097, od 3496 s velikosti amplifikdtu 399 bp a s vyuzitim
restriktazy Taq 1 (T/CGA) - byl zjistén restrikcéni model - fragmenty cca 399, 255 a 144
bp;

- udvojice primert od 3438, od 4020 s velikosti amplifikatu 582 bp a s vyuzitim

restriktazy Tru 1 (Mse 1) (T/TAA) - byly zjistény dva restrikéni modely s fragmenty cca
500 a 82 bp; cca 500 a 100 a 82 bp.

Uvedené vysledky naznaCuji moZnost vyskytu vicecetnych polymorfismid na

sledovanych sekvencich lokusu CD18 chromozomu 1 u holStynského skotu.

Vyzkum byl podpoien projekty MSM 6007665806, GACR 523/03/H076 a NAZV QF
3012.
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Tab. ¢. 1 Pouzité dvojice primert

1 oar od3 5’- CTGAA CAGTG GAGCA GATGA-3’
P od 831 5’- CACCT GCACT TGTAA CGACT-3’
2 bar od 485 5-TTGGC TGAGT GAAGG CTCTG-3’
P od 1153 5-TCTGA GGCTG GTGGA TAGGA-3’
3 par od 936 5-TTGCT TAGCA GCTGG TGGTA-3’
P od 1690 5-TGGCA CTCCT TCTCC TTGTT-3’
4 par od 1671 5’- AACAA GGAGA AGGAG TGCCA-3’
P od 2065 5’- ACGTC ACAGA TACAG CGCAG-3’
S par od 2 5’- CCTGA ACAGT GGAGC AGATG-3’
P od 581 5’- ATCAG AGCCT TCACT CAGCC-3’
6.04r od 2758 5’- GCTGC CACCT GGAAG ACAAC-3
P od 3236 5’- CCGTG TCTCC TGTGT CTCCT-3’
7 var od 2064 5’- GTCAG TGTTA CAGCG CGTCG-3’
P od 2594 5’- CCACA GACTG CAGGA GCCAA-3
8 pér od 3097 5’- AAGGT GACAT CTGAG GTTCC-3’
P od 3496 5'- AGAAG TCCAG TGGCA AGTAA-3’
9 par od 3438 5-TGCTG CTCAC TCATC TCCAC-3’
P od 4020 5’- CACGA TCACT GAGCC ACAGG-¥

Obr. ¢. 1 Polymorfismus Taq I, amplifikat ¢. 7, vzorky 1 az 10, vzorky ¢. 1, 3 — restrikéni model B;

vzorky €. 2, 4 az 10 restrikéni model A (K — kontrolni vzorek - PCR; M23 — velikostni marker)
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ASSOCIATION BETWEEN PERILIPIN GENE POLYMORPHISMS AND
GROWTH AND MEAT PERFORMANCE IN LARGE WHITE PIGS

Vykoukalova Z.

Department of Animal Morphology, Physiology and Genetics, Mendel University of
Agriculture and Forestry Brno, Zemedelska 1, 613 00 Brno, Czech Republic
zuzana.vykoukalova@oZactive.cz

Abstract

Association between two polymorphisms in coding sequence of the porcine perilipin
gene and meat performance in pigs was performed. The analyzed traits were average
daily gain, backfat thickness and lean meat content. 95 Large White gilts were genotyped
for PLIN-Hinll and PLIN-BspLl. Complete linkage disequilibrium between analyzed
polymorphisms was observed; only two haplotypes were found in this population: PLIN-
Hinll-A - PLIN-BspLI-T (4-T) and PLIN-Hinll-G - PLIN-BspLI-C (G-C). Nearby
significant difference (p = 0.0516) between genotypes G-C/G-C and A-T/A-T was
observed for average daily gain. No significant differences between genotypes were

found for backfat thickness and lean meat content.

Key words perilipin gene, pig, polymorphism, growth and meat performance

Introduction

Perilipins are the most abundant proteins at the surface of lipid droplets in adipocytes
(Egan et al., 1990, Greenberg et al, 1991) and serve important functions in regulating
triacylglycerol storage and hydrolysis (Souza et al., 1998; Brasaemle et al., 2000).
Perilipin knockout mice are lean and resistant to diet-induced obesity (Martinez-Botas ef
al., 2000; Tansey et al., 2001). In human, several single nucleotide polymorphisms
(SNPs) associated with body weight, obesity risk (Qi ef al., 2004a,b) and total cholesterol
levels (Yan et al., 2004) were described. Based on these studies, perilipin may be

a candidate gene for human obesity.

Comparative mapping with human suggests a localization of porcine perilipin gene on
chromosome 7ql12-15, where QTLs for backfat thickness (Malek et al., 2001), ham
weight (Milan et al., 2002) and average daily gain (Nezer et al., 2002, Kim et al., 2006)
were localized. Due to this fact, perilipin gene can be considered as a candidate gene for

these traits. Structure and variability of porcine perilipin gene was recently analyzed and
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a number of SNPs in the coding and non-coding sequence were identified (Vykoukalova
and Knoll, 2006). The aim of this study was to determine association between
polymorphisms in the coding sequence and growth and meat performance in the Large

White pigs.

Material and methods

SNPs analysed in this study were genotyped by PCR-RFLP method according to the
standard conditions for the corresponding restriction endonucleases (Table 1).
Frequencies of alleles of studied polymorphism were determined in 42 pigs of 4 different
breeds: Landrace (13 animals), Large White (14 animals), Duroc (12 animals) and

Hampshire (3 animals).

The association between PLIN-Hinll and PLIN-BspLI genotypes and meat performance
was studied in 95 Large White gilts with records for average daily gain (ADG), backfat
thickness (BFT) and lean meat content (LMC). Computation was performed using

a mixed linear model in SAS for Windows 8.02 (procedure REML):
Yijklm = H + PL[M + MBJ + YBk + F] + Mm + eijk]m,

where yijum 1s phenotypic value of analyzed trait, p is a population mean, PLIN; is the
fixed effect of the i™ genotype, MB; is fixed effect of the month of gilt birth, YBy is fixed
effect of the year of gilt birth, F, and M,, are random effects of the gilt's father and the
gilt’s mother, respectively. €jjuim is random error effect of each observation. The analyzed

traits were ADG, BFT and LMC.

Results and discussion

Six SNPs of the eight formerly described polymorphisms in the coding sequence of the
porcine perilipin gene (Vykoukalova and Knoll, 2006) are simply tested by the PCR-
RFLP method (Table 1). A total of 42 pigs of 4 different breeds were tested for PLIN-
Hincll, PLIN-Hinll, PLIN-Pstl, PLIN-Mval and PLIN-BspLl polymorphisms.

Frequencies of alleles are summarized in the Table 2.
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Table 1 Polymorphisms detected in the coding sequence of the porcine perilipin gene and restriction

endonucleases suitable for their testing by PCR-RFLP method.

exon polymorphism feature RE
2 A/G Val-Ile Hincll
3 A/G silent Hinll
5 A/C silent -
5 A/G silent Pstl
5 A/G silent Bfal
5 c/T silent Mval
6 Cc/T silent BspL1
7 Cc/T silent -

RE — restriction nucleases
Val-Ile - mutation that represents a constitutive substitution of amino acids (Val-Ile) in the protein

Table 2 Frequencies of alleles of PLIN-Hincll, PLIN-HinlI, PLIN-Pstl, PLIN-Mval and PLIN-BspLI
polymorphisms in 42 pigs of 4 different breeds.

breed

locus allele L LW D H
n=13 n=14 n=12 n=3
PLIN-Hinell 4 0,00 0,00 0,00 0,00
G 1,00 1,00 1,00 1,00
. 4 0,5 0,82 0,88 0,67
PLIN-Hinll G 0.5 0,18 0,12 0.33
A 0,00 0,00 0,00 0,00
PLIN-Pstl G 1,00 1,00 1,00 1,00
C 1,00 1,00 1,00 1,00
PLIN-Mval T 0,00 0,00 0,00 0,00
C 0,5 0,18 0,12 0.33
PLIN-BspL1 T 0,5 0,82 0,88 0,67

breed: L — Landrace, LW — Large White, D — Duroc, H — Hampshire; n — number of animals

The PLIN-Hincll, PLIN-Pstl and PLIN-Mval polymorphisms were monomorphic in all
tested breeds; only alles PLIN-Hincll-G, PLIN-Pst1-G and PLIN-Mval-C were
represented. Alleles PLIN-Hincll-A, PLIN-Pstl-A and PLIN-Mval-T were detected only in
Meishan breed (data not shown). In all tested breeds complete disequilibrium between
PLIN-Hinll polymorphism and PLIN-BspLI polymorphism was observed; two following
haplotypes were detected: PLIN-Hinll-A - PLIN-BspLI1-T (A-T) and PLIN-Hinll-G -
PLIN-BspLI-C (G-C). For the association analysis, 95 Large White gilts were genotyped
for PLIN-Hinll and PLIN-BspLI polymorphisms. Complete linkage disequilibrium was
observed also in this population and therefore only two haplotypes were found in
following combinations: G-C/G-C (44 animals), G-C/A-T (40 animals) and A-7/4-T (11
animals). Nearby significant difference (p = 0.0516) between genotypes G-C/G-C and A-
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T/A4-T was observed for ADG. No significant differences between genotypes were found

for BFT and LMC. The results of the association analysis are given in Table 3.

Table 3 Association between the PLIN-Hinll - PLIN-BspLI genotypes and the growth and meat

performance in Large White gilts

PLIN-Hinl1l - PLIN-BspLl

trait
G-C/G-C G-C/A-T A-T/A-T
ADG (g) 494.39 + 15.45 524.22 £10.62 528.59 £9.85
BFT (mm) 10.34 +0.32 10.02 +0.38 9.85+0.60
LMC (%) 59.44 +0.60 59.45+0.38 59.08 £0.32

ADG - average daily gain, BFT — backfat thickness, LMC — lean meat content; Data are given in LMS £ SE (least-
square mean * standard error)

Conclusion

In this study, two polymorphisms in the coding sequence of the perilipin gene in
relation to the growth and meat performance in Large White pigs were analyzed and
nearby significant association to average daily gain was observed. This result is in a good
agreement with the hypothesis, that the porcine perilipin gene is a candidate gene for this
trait. Subsequent association studies with larger sample sizes or another breed will be

necessary to confirm the association between the perilipin gene and ADG.
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EFFECT OF THE POLYMORPHISM OF PROLACTIN RECEPTOR GENE

(PRLR), FOLLICLE-STIMULATING HORMONE BETA SUBUNIT GENE

(FSHB) AND ESTROGEN RECEPTOR GENE (ESR) ON LITTER SIZE IN
CZECH LARGE WHITE SOWS

Filkukova J.*, Divacka L., Vrtkova I.

Department of Animal Morphology, Physiology and Genetics, Mendel University of
Agriculture and Forestry Brno, Zemedelska 1, 613 00 Brno, Czech Republic
irevav@mendelu.cz

The effect of the candidate genes for reproduction, the prolactin receptor
gene (PRLR), the follicle-stimulating hormone beta subunit gene (FSHB) and
the estrogen receptor gene (ESR), on litter size in Czech Large White sows
have been investigated. For a total number of 219 sows, the polymorphism in
PRLR, FSHB and ESR genes was detected using PCR-RFLP method. These
reproductive traits were investigated: total number of piglets born (TNB),
number of piglets born alive (NBA) and number of piglets weaned (NW). In
the studied population, the favorable allele for litter size in PRLR, FSHB and
ESR genes was 4 allele, B allele and C allele, respectively.
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Section ll:
GENETICS AND OTHER ANIMALS  BREEDING

THE GENETIC PARAMETERS FOR REPRODUCTION TRAITS OF
CHINCHILLA (CHINCHILLA LANIGER)

Catka M.*, Gorajewska E., Filistowicz A.

Institute of Animal Breeding, Wroctaw University of Environmental and Life Sciences,
Poland

Abstract

The aim of the study was to analyze the chosen traits of reproductive performance of
chinchilla (number of born alive and number of reared in the studied population). The
material for study was derived from A.C.F. Centrum Hodowli Zarodowej Szynszyli in
Nowogard and Chinchilla farm in Mys$lenice. The data studied were collected in 1991-
2001. The statistical analyses of the data were done using the SAS system. The number of
chinchilla born alive was satisfactory, reaching on average more than 2 pupils per female.
In the years 1992, 1994, 1996 the number of born alive was lower. The number of born
alive was comparable to the number of chinchilla reared. The number of born alive and
the number of chinchilla reared were compared. 90% of chinchilla’s offspring survived in
the rearing period. The number of born alive and the number of reared in the nursing
period per female, was lower in autumn months (since September to November). The

influence of daylight on chinchilla reproduction was confirmed.

Key words chinchilla, reproduction, genetic parameters for reproduction
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THE EFFECT OF FINNISH FOX GENES ON REPRODUCTION AND
PRODUCTION TRAITS IN POLISH ARCTIC FOX POPULATION

Gorajewska E.*l, Przysiecki P.2, Calka M.l, Filistowicz A.'

!Institute of Animal Breeding, Wroctaw University of Environmental and Life Sciences,
Poland
? Institute of Agricultural, State School of Higher Vocational Education in Leszno,
Poland

Abstract

The aim of research was evaluating the finnish fox genes effects on reproductive and
productive traits in national artic foxes population. Information about reproductive and
coat characteristics was collected from 1072 foxes kept in commercial farms laying in
Wielkopolska province during 2000-2005 years. There were considered such tratis as
age-season, year of birth, sex and finnish fox genes influence in statistical analysis.
Reproduction traits in group of males were duration of mating season and number of
mates during it, in females group main traits were number of birth and weaned progeny.
Evaluation of coat traits was performed by judge, according to accepted grading model in

20-grade scale.

In both groups (males, females) age-season and year of birth substantially influenced
reproductive and productive traits. 2 — 3 years old females were more prolific than older
animals. During mating season males from group containg over 50% of finish foxes
genes mated females more often. Females with over 50% of finish fox genes gave more
progeny. Body size and conformation, colour purity, coat quality and total score in
animal group containing over 50% of finish fox genes (both males and females) where
higher than in group containing rest of animals. The differences were statistically

significant.

Key words arctic fox, finnish fox genes, reproductive and productive traits

56 VII-th International conference of PhD. and MSc. students "Genetics and Animal Breeding"



DETEKCE FRAGMENTU DNA Z KRMIV OBSAHUJICIiCH GENETICKY
MODIFIKOVANE ORGANISMY V KRVI BROJLERU

DETECTION OF DNA FRAGMENTS FROM FEED CONTAINING
GENETICALLY MODIFIED ORGANISMS IN BLOOD OF BROILERS.

Hanusova L.*, Vrabcova P., Rehout V.

Katedra genetiky, vyzivy a §lechténi zvirat, ZF, Jihoceskd univerzita v Ceskych
Budéjovicich, Studentska 13, 370 05 Ceské Budéjovice, Ceskd republika,
hanusova@zf.jcu.cz

Abstract

The aim of this study is to confirm or to refutate possible transfer of transgene from
diet containing genetically modified organism in blood of broilers. Broilers were fed with
diets containing Roundup Ready soybean and Bt maize (MON810). DNA was isolated
from the whole blood of these broilers. PCR using primers for growth hormon was
performed as control of isolation. Then samples were submitted to PCR for detection of
fragments of lectin genes from soya and HMG gene from maize. Fragments of soya DNA
and maize DNA in the blood were detected. Subsequently, the detection of specific
transgene of RoundupReady soya and Bt maize (MONS8I10) in blood samples will be

carried out.
Key words broilers, Roundup Ready soya, Bt maize, DNA

Introduction

Recently, the need for more and better feed and food is getting important question for
researchers. It has led to development of new techniques, which improve properties of
plants. Genetically modified organisms (GMO) are results one of these techniques -

genetic modification.

Genetically modified organisms (GMO) are understood to be plants, microorganisms or
animals into which foreign deoxyribonucleic acid (DNA) coding one or more new genes
has been integrated (Flachowsky et al., 2004). It means, it goes about target change of
genetic material (structure) in a way that is unavailable by natural recombination. This
provides to produce organism with required properties, e. g. tolerance to herbicides,

insect or conformation to unfavourable enviromental conditions.
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Extension of GMO in world bears questions of their safety. Potential risks suggested to
be associated with use of GM are unexpected gene effects, allergenic potential, antibiotic
resistance, gene flow (Bertoni and Marsan, 2005). The last named, gene flow, belongs to
one of the most discussed topics in this sphere. It is necessary to recomend, that intake of
DNA or DNA fragments is usual for millions of years. Flachowsky et al. (2004) observe
that the amount of DNA absorbed with food varies between 0,1 and 1 gram per day by
humans and includes fragments of plant and animal genes, degradeted to different
degrees, as well as bacterial DNA. However, DNA and DNA fragments are degraded by
gastric acid and various enzymes in digestive tract. Of course, the possibility of
absorption intact fragments cannot be excluded (Bertoni and Marsan, 2005). Jonas et al.
(2001) confirm that the likelihood of transfer and functional integration of DNA from
ingested food by gut microflora and/or human cells is minimal. The same findings put
Aumaitre (2004), who reviewed transgene transmission in animal through gut in low
amount. In his opinion, the behavior and destiny of the exogenous gene (recombinant
DNA) closely parallels that of plant single copy genes introduced with feed. Their
destiny is degradation in gut (Chowdbury et al., 2003). Einspanier et al. (2001) describes
transfer of nontransgenic plant genomic DNA into organs of broilers, whereas sequences
of the transgene were not identified. Some studies proved presence of recombinant DNA
in gut content of pigs fed by Bt maize (Reuter and Aulrich, 2002) or in ruminal fluid of
sheep fed maize grains (Duggan et al., 2003).

Among the most important GM crops, grown in the Czech Republic, belong Roundup
Ready soybean and Bt maize. Roundup Ready soybean is GMO tolerant to herbicide,
especially herbicides with active substance glyphosphate. Glyphosphate blocks enzyme
5-enolpyruvylshikimate-3-phosphate synthase (ESPS) from plants. After treatment with
glyphosphate-herbicide, plant isn’t able to produce shikimate and perish. Roundup Ready
soybean has incorporated 5-enol-pyruvyl-shikimate-3-phosphate synthase (EPSPS) gene
from Agrobacterium sp., which has low ability to bind glyphosphate. So plants remain
able to produce shikimate in presence of glyphosphate and are tolerant to herbicide with

glyphosphate (Petr, 2005).

Bt maize represent insect-tolerant GMO. Reason is incorporation of Bt gene from
common soil bacterium Bacillus thuringiensis in it’s genome. Bt gene is coding
a crystalline protein (CrylA)b)). This protein has a specific activity against pests,
especially from Lepidoptera and Coleoptera sp. The insecticidal action of the CrylA(b)
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protein is due to the presence of a special binding site in the epithelial membrane of the
digestiva tract of susceptible insects. After uptake of CrylA(b), the gut membrane is
damaged with severe physiological alternations, especially in the main transport
mechanisms. In other organisms, endotoxins produced by Bacillus thuringiensis are
normally digested like all other proteins and, therefore, do not induce damage (Rossi et

al., 2005).

Material and methods
Material

For studies of transfer of genes from GMO to blood of broilers Roundup Ready
soybean line GTS 40 - 3 - 2 and Bt maize line MON810 were used. The broilers were
assigned to 4 treatment groups, fed by different diet. Diet for the first group contained Bt
maize MONSI10, for the second group Roundup Ready soybean and for the third group
both, Roundup Ready soybean and Bt maize MON 810. The fourth group was control
with GMO free diet. Ten broilers were selected from each group and blood samples of

these broilers were collected. Experiment was repeated threetimes.

Isolation of DNA

Genomic DNA was isolated from whole blood following NucleoSpin Blood (50 prep.)
kit (Macherey-Nagel), according to manufacturer’s protocols. Two controls of isolation
were carried out - by electrophoresis and by PCR. Standard electrophoresis for genome
DNA was used, in 1,5% agarose gel containing ethidium bromide. Second control was
performed by PCR for chicken growth hormone gene. Primers used to control PCR were:
5'-ATC CCC AGG CAA ACA TCC TC-3'(forward) (GCHI1F) and 5'-CCT CGA CAT
CCA GCT CAC AT-3'(reverse) (GCHI1R). After presoaking 4 min. at 94°C, 35 PCR
cycles were carried out each consisting of 30 s at 94°C, 120 s at 60°C, and 90 s at 72°C
(Kuhlein et al., 1997).

Detection of fragments of DNA

Commercial kits for detection of GMO GMOIdent Roundup Ready ™ Soy and
GMOlIdent MON810™ Corn (Eurofins - Gene Scan) were used. Each kit contains
premastermix for specific transgene, RRS for Roundup Ready soybean and YG-IR for Bt

maize, and premastermix for control genes, lectin by soya and HMG gene by maize.
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First, PCR for control genes was performed. Reaction mixture was allowing: 19,9 ul
premastermix with primers for control genes, 1 pl primers GCH1R and GCHIF each, 2 pl
dNTP’s, 2 pl Taq and 2 pl DNA. PCR consists of 2 min. presoaking at 94°C and 50
cycles: 25 s at 94°C, 30 s at 62°C and 45 s at 60°C, following by 3 min. at 72 °C. PCR
products were analysed by electrophoresis in 2% agarose gel containing ethidium

bromide. Positive and negative control were carried out.

There was used premastermix for specific transgene in PCR reaction mixture for
detection of specific transgene. All others conditions were the same like by PCR for

control genes.

Results
The DNA isolation from blood gave good yield and quality. No difference in genomic

DNA isolation were observe between samples from control and other three groups.

The genomic DNA isolated from the samples was used as template in PCR reactions.
The first PCR was control reaction_with primers for chicken growth hormone. This PCR
was used for confirmation of ability of isolated DNA to produce PCR product. PCR
product has length about 1500 bp. All 120 samples of genomic DNA react positive on
PCR with primers GCHIR and GCHIF (Fig. 1).

Fig.1. PCR with primers for chicken growth hormone gene (GCHIR and GCHIF) - lines 1, 2, 3 and 4.
PCR product was detected by all samples.

As mentioned above, the possibility of transfer of plant genes from feed into blood of
broilers exists. We also needs to distinguish plant PCR product and PCR product from
chicken DNA. So-called PCR with dual pairs of primers was used like control PCR.
Difference between classical PCR and applied PCR is in composition of reaction mixture.

Reaction mixture for PCR with dual pairs contains one pair of primers more then
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classical PCR. Here, it has consisted from mastermix with primers for control genes
(lectin for soybean and HMG gene for maize) and primers for chicken growth hormone
gene for detection of chicken DNA. Control PCR for lectin gene from soybean and HMG
gene from maize were performed by fifty-seven samples since yet. Fragments of DNA
from soybean in blood of broilers was found in eleven samples. Control PCR assigned to
four possible transfers of DNA fragments from maize into blood of broilers (Fig. 2).
These results corresponded to_Einspanier et al. (2001). Transfer of nontransgenic plant

genomic DNA is usual phenomenon.

Further experiments will be done. First, it is necessary to end screening of all 120 blood
samples on occurence of plant DNA from feed. Then possible transfer of transgenes from
Roundup Ready soybean and Bt maize from feed into blood and other organs of broilers

will be studied.

Fig.2. Control PCR with dual pairs of primers. Line 1 (sample GK2) is positive control (with genomic
DNA from soybean), line 5 is negative control (without DNA), lines 2, 3 and 4 are PCR products with
DNA from blood. Marked band is PCR product with DNA fragment of soybean. The other bands

represent PCR product of chicken growth hormone gene.

Conclusion

Blood samples from120 broilers, fed with feed containing GMO, were collected. Fifty-
seven samples were subjected to PCR for control of transfer of genes to blood. Eleven
samples were positive to transfer of lectin gene from Roundup Ready soybean and four
samples to transfer of HMG gene from Bt maize. Possible transfer of transgenes from
Roundup Ready soybean and Bt maize from feed into blood and other organs of broilers

will be studied.
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GENETICKA ANALYZA ONEMOCNENI A VYVOJOVYCH VAD
U BEZSRSTYCH PLEMEN PSU

GENETIC ANALYSE OF DISEASE AND EVOLUTIONARY DEFECT IN
HAIRLESS BREED DOGS

Nesvadbova M.*

Ustav morfologie, fyziologie a genetiky zvirat, MZLU v Brné, Zemédélska 1, 613 00 Brno, Ceskd
republika; michi.m@seznam.cz

Abstract

Content of this work is genetic anylse of disorders and evolutionary diseases in
hairless breds that are bred in Czech Republic and that in Peruvian hairless dog and
Chinese crested dog. There were determined oclusion disorders, oligodontia, individuals
with dry eye, umbilical and inguinual hernia, stillborn puppies and postnatal mortality in
both breeds. In Peruvian hairless dog there were further determined evolutionary
anomalies of anus and degenerative disorders cerebelum and in Chinese crested dog blue

eye coloring, opened fontanell, congenital deafness and missing auditory passage.

Kli¢ova slova Psi, dédi¢nost, onemocnéni, vyvojové vady, peruansky nahaé, ¢insky

chocholaty pes.

Uvod

Dédi¢na a onemocnéni a vyvojové vady jsou problémem vSech plemen pst soucasnosti,
ktery sebou ptinesl proces domestikace. Oberbauer a Sampson (2001) uvadi, Ze u psa
existuje vice nez 370 riznych onemocnéni, které vznikaji jako nésledek dédicnosti
mutovanych gend nebo se u nich véti, ze dédi¢nost zde hraje vyznamnou roli. U vice nez
200 genetickych onemocnéni psa je piredpoklddana jednoducha mendelistickd dédi¢nost

a z toho ptiblizn€ 70% je zdédéno autozomalné recesivné (Brooks a Sargan, 2001).

V Ceské republice jsou chovidna dvé bezsrsta plemena: peruansky nahad a &insky
chocholaty pes. Mezindrodni kynologicka organizace (FCI) v soucastné dob¢& uznava jesteé
jedno bezsrsté plemeno, a to mexického nahace. Tito psi se vyskytuji ve dvou varietach:
osrsténé a bezsrsté. Jedince osrsténé variety povoluje standard pouzivat pouze v chovu
¢inského chocholatého psa. Chybéni srsti u téchto plemen je zdédéna jako autozomdalni

dominantni vlastnost oznacena jako Hr. U homozygota je alela Hr prenatalné letalni,
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proto je neosrsténd varieta heterozygot Hrhr (Mecklenburg, 2006), osrstény jedinec je
recesivni homozygot hrhr. Gen, ktery je zodpovédny za chybéni srsti u téchto psi, nebyl
doposud objeven, prokazana je pouze souvislost chudozubosti s dominantnim genem pro

lysost (Brychtova, 1999).

U obou plemen byly zjistény vady skusu, oligodoncie, jedinci se suchym okem, pupecni
a tfiselna kyla, mrtvé narozend Sténata a postnatdlni mortalita. U peruanského nahace
byly déle zjiStény vyvojové anomdlie anu a degenerativni onemocnéni mozecku,
u ¢inského chocholatého psa modré zbarveni oka, oteviend fontanela, vrozend hluchota

a chyb¢jici zvukovod.

Material a metodika

Zékladnim zdrojem dat, pro sledovani vyskytu vrozenych vyvojovych vad
a onemocnéni, byly kontroly vrhl a udaje, které byly poskytnuty chovateli. Kontroly vrht
jsou pro chovatele povinné, jsou evidovany poradci chovii daného plemene a pravidelné
zvetejnovany ve Zpravodajich, které vydava Klub chovatelii nahacia. Analyza zahrnuje
data od roku 1999 do roku 2006. U plemene peruansky naha¢ bylo posouzeno celkem 307

a u plemene ¢insky chocholaty pes 1776 narozenych §ténat.

Zakladem pro studium vyskytu dédicného defektu nebo choroby v populaci byla metoda
genealogického studia a kresleni genealogického schématu, kterou popisuje Dostal
(1995). Sledovani ma byt co nejuplnéjsi, coz znamend, Ze se musi sledovat vSichni
ptibuzni postizeného jedince bez ohledu na to, zda byli pouzivani k dalsi reprodukci nebo

ne.

Posuzovat zpisob dédi¢nosti daného onemocnéni 1ze podle charakteristické rysi, které

mé dédi¢né onemocnéni a vyvojova vada.
Autozomalni recesivni dédicnost
e Mutovany gen je ne jednom z 38 part autozoémda.
e Postizeni psi musi byt homozygotni pro tento mutovany gen.
e Kazdy rodi¢ postizeného potomstva musi byt heterozygotni.

e Pfedpoklad inklinuje k preskakovdni generaci, dokud nejsou spafeni dva

heterozygoti, kteti produkuji postizené jedince.
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Heterozygoti budou plodit v priméru 25% postizenych, 50% heterozygotnich
a 25% zdravych jedinct.

Samice 1 samci jsou postiZeni stejne.

Autozomalni dominantni dédicnost

Mutovany gen je ne jednom z 38 part autozoémdu.

Mutovany gen je zpravidla pfitomen v heterozygotnim stavu, méné bézny je ve

stavu homozygotnim.

Alesponn jeden rodi¢ postizeného potomstva musi byt postizen onemocnénim

(pokud neni, ptfedpoklada se neuplna penetrace nebo nova mutace).
Zpravidla jsou postizeny vSechny generace.

Za ptedpokladu, Ze postizena samice nebo samec je hetorozygotni, bude v priméru

postizeno 50% potomstva.

Samice 1 samci jsou postiZeni stejn¢.

Recesivni dédicnost vazanych na pohlavi

Ptiblizné¢ 50% samciho potomstva bude postizena, samice jsou pienaSeckami

onemocnéni.

Charakteristicky je pfenos onemocnéni: klinicky normélni samice produkuji

postizené samce, kteti postupné produkuji klinicky normalni samice pfenasecky.

Klinicky postizeni samci pfedavaji mutovany gen vS§em svym dceram, ale zddnému

Synovi.

Pokud jsou postizeni oba rodi¢e, budou postizeni vS§ichni potomci.

Polygenni dédicnost

K postizeni potomstva musi pfispét jednim nebo vice geny samice i samec, ale tato

ucast nemusi byt bezpodminecné stejna.

Neexistuji zddné procenta v rodokmenech, které mlizeme piedpovédét, protoze

nevime, kolik je zapojenu gend.

Postizena jsou obé& pohlavi, ale ¢isla se nemusi rovnat.
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e Stav se obvykle jevi jako dédi¢ny z matCiny strany (Oberbauer a Sampson, 2001).
e Obvykla je nizkd dédicnost onemocnéni (Brooks a Sargan, 2001).

Ke statistickému zhodnoceni rodokmenii byla vyuzita segregacni analyza. Pocet
postizenych potomkl zna¢ime nq a n znaci celkovy pocet potomkl. Pravdépodobnost
O postizeni potomka pro dany rodiovsky par se nazyva segregacni pravdépodobnost.

Odhad O spocteme jako © = nq /n (Zvarova, 2002).

Vysledky a diskuse
Vady skusu

Dostal (1995) uvadi, ze ptedkus se vyskytuje jen ziidka a jeho geneticka kontrola
neni podrobné¢ prozkoumdana. U perudnského nahace byl zjiStén predkus u 8,14%
populace narozenych §ténat. Uréend segregacni pravdépodobnost 0,25 a stejné postizeni
pst afen (12 psi, 12 fen) odpovida autozomalné recesivnimu zpisobu dédi¢nosti.
Vysoké procento postizeni je dano faktem, Ze prvni par peruanského nahaée v CR, na
kterém stoji nas chov, byli sourozenci a oba méli pfedkus. Tato vada se objevuje také
v chovu ¢inského chocholatého psa, postizeno je 3,04% narozenych §ténat. OvSem zde
neodpovida segregacni pravdépodobnost (0,1888) a nestejné postizeni psu a fen (25 pst,
29 fen) autozomalné recesivnimu zpusobu dédicnosti. Nizky segregacni koeficient lze
vysvétlit skuteCnosti, zZe predkus neni vzdy vrozené vada, ale chovatelé ho objevi
v n¢kterych ptipadech az v pozdé€jSim véku a po ukonceném rtstu lebky psa. A pokud

chovatelé neptiznaji predkus ve svém chovu, jsou data neuplna a zkreslujici.

U plemene ¢insky chocholaty pes se u 13 sténat objevil podkus a celkové postizeni
populace narozenych S$ténat je 0,73%. Vyskyt podkusu je podminén homozygotnim
stavem recesivni alely genu, kterd je oznafovéna ,,sm“, podle anglického ndzvu short
mandible (Dostal, 1995). Stejné tak Siler a Fiedler (1978) uvadéji, Ze zkraceni spodni
Celisti vyvolava gen recesivniho charakteru. Ve sledované populaci mélo predkus 9 psii
a 4 feny a urCend segregacni pravdépodobnost je 0,2955. Dlvod vyssi segregacni Cetnosti
aruzné postizeni obou pohlavi je zfejmé dano skute¢nosti, Ze polovina rodict
postizenych jedincti jsou importovani, a tak neni vyskyt podkusu u jejich ptfibuznych

znam.

Jak s vyskytem pifedkusu, tak podkusu mé spojitost skus kleStovy. Objevuje se

v liniich, kde jsou postizeni jedinci pfedkusem i1 podkusem, ale také se jedinci s timto
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skusem objevuji jako rodi¢e postizenych potomki, protoze standard povoluje bonitovat
jedince s klestovym skusem. Zpusob dédi¢nosti nelze urcit, protoze cCasto chovatelé
neznaji stav chrupu u jedinci, kteti nebyli zbonitovani a ackoliv se tento typ skusu objevi
u $ténéte, neni pravidlem, Ze po vyméné mléénych zubl za trvalé zlistane nadale skus
klestovy.

Oligodoncie (chudozubost)

U bezsrstych plemen se pfedpoklada spojitost chudozubosti s dominantnim genem pro
lysost. Od roku 2002 je pfi bonitaci zaznamendvan pocet fezaka a Spi¢aka v cCelisti.
Standard plemen pozaduje vSechny Spicadky atfezdky a povoluje absenci premolara
a molaru.

U peruanského nahafe odpovida standardu 6 jedincl, coZz je 10,71% zbonitovanych
bezsrstych jedincli. U ¢inského chocholatého psa nechybi tfezdky ani Spicdky 63,72%
zbonitovanych jedinci, znichz 21,24% je bezsrsté a 42,48% osrsténé variety, coz

dokazuje pozitivni vliv na pouzivani osrsténé variety v chovu.

Suché oko

Ackoliv Herreda (2006) uvadi, ze u nahaci je vyrazna liniova incidence (nemocnost)
suchého oka, ve vrzich peruanského nahéace se tato vada vyskytla pouze jednou, a to
v roce 2004. Tento jedinec je samec variety bezsrsté.Ve vrzich ¢inského chocholatého psa
se tato vada vyskytla pouze dvakrat, a to v roce 1999. Tito jedinci jsou samci variety
bezsrsté, ktefi nejsou pfibuzni. V chovatelskych stanicich, odkud tito psi pochdzi, se

suché oko pozd¢€ji neobjevilo, nelze tedy povazovat tuto vadu za dédi¢nou.

Kyla

Pupecni kyla se objevuje u obou plemen, avSak nejedné se o kylu vrozenou. Kyla
se objevuje ve vétSiné piipadi 3-6 tyden po narozeni Sténcte. V populaci Sténat
perudnského nahéace bylo takto postizeno 14,77%, v populaci ¢inského chocholatého psa
2,82%. Dostal (1995) uvadi, ze biisni kyla je kontrolovdna nékolika recesivnimi
polygeny, cemuz ale neodpovida urcend segregacni pravdépodobnost (peruansky nahac
0,3488; cinsky chocholaty pes 0,1974). Pupecni kylou jsou castéji postizeni bezsrsti
jedinci (peruansky nahac¢: 34 bezsrstych, Sosrsténych jedincii; ¢insky chocholaty pes: 39
osrsténych, 11 bezsrstych jedinct). Vyskyt pupeéni kyly 1ze pozorovat v urcitych liniich,
ale na jejim vzniku se vyrazné podili prostfedi. Mozny divod vzniku kyly po porodu, je
poskozeni pevnosti bfiSni stény matkou Stéiat pfi pfekousnuti pupecni Siiry, které je

zkomplikovano chudozubosti. Chovatelé uvadi, Ze pokud pupecni $ndru odstranuji sami,
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je vyrazné snizen vyskyt kyly v jejich vrzich. Druhy mozny divod poskozeni pevnosti
bfisni stény Sténat je v obdobi, kdy zacinaji prozkoumavat své okoli a prekonavaji rizné
piekazky. Lze tedy predpokladat dédi¢nost kvality a dostatecnosti obnovy kolagenu,
ktery je zodpovédny za kvalitou pojivovych vrstev bfisni stény, jak uvadi Novotny (2004)
a potvrdit nesporny vliv kombinace genetickych faktord s vlivem prostfedi (Svoboda et

al., 2001).

Ttiselnd kyla se objevila u perudnského nahace jednou, u ¢inského chocholatého
psa ve tfech ptfipadech. Ptfibuznost mezi jedinci neni Zddna a ani v dalSich vrzich rodi¢t
postizenych potomkl se neobjevila, proto tfiselnou kylu nelze povazovat za dédi¢nou

vadu.

Vyvojové anomalie anu

U perudnského nahédce byla zjisténa Ctyfi Stéiata s uzavienym konecnikem. Tito
jedinci jsou pfibuzni, bohuzel informace, zda se u ostatnich ptibuznych vrht také tato
vada objevila, nebyla chovateli poskytnuta. Uréena segregacni pravdépodobnost 0,2352
neurcuje jednoznaéné zplsob dédicnosti a pfi neuplném poctu zjisténych jedincl nelze

tyto data povazovat za prokazatelna.

Degenerativni onemocnéni mozecku

U jedné feny byly zjistény poruchy koordinace, celotélovy ties, mirna ataxie hrudnich
koncetin. Tento stav se projevil az ve staii jednoho roku. OSettujici veterinaf urcil jako
diagnézu degenerativni onemocnéni mozecku, jejiz presné urceni je mozné pouze
histopatologickym vySetienim. Podobné onemocnéni bylo zjiS§téno i u jinych plemen pst,
O’Brien (2005) popsal onemocnéni s podobnymi symptomy u ¢inského chocholatého psa.
Toto onemocnéni vSak nebylo potvrzeno u ptibuznych jedincu této feny, proto se

pravdépodobné jednd o ndhodnou mutaci.

Modré zbarveni oka

Modie zbarvend duhovka se objevuje u plemene ¢insky chocholaty pes. Projev této
vady je velmi variabilni. Modfe zbarveno mize byt jak jedno oko, tak o¢i ob¢.Lze se také
setkat pouze s modrym okruzim oka, které mize byt zbarveno zcela nebo z urcité Casti.
Dale se objevuji modré vysece v oku nebo je duhovka zcela modra. Modré zbarveni oci
se vyskytuje v urcitych liniich, coz dokazuje dédicnost této vady. Vypocitana segregacni
pravdépodobnost je 14,18%. Vzhledem k témto skutecnostem a vzhledem k vysoké
variabilit¢ znaku lze usuzovat na vadu, kterd je kontrolovéna vice recesivnimi geny.

Podle chovatelt se u takto postizenych jedinct neobjevuji zddné jiné vady, jako naptiklad
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hluchota. Vyskyt sterility nelze posoudit, jelikoz chovatelé pozaduji od budoucich
tedy pouze o heterochromii (nestejné zbarveni oka), které je zpisobeno niz§im obsahem
melaninu v duhovce oka. Studie ukazuji, Ze hnédd duhovka obsahuje vice melaninu nez
duhovka modra (Wielgus a Sarna, 2005).
Otevirend fontanela

Fontanela (lupinek) je vazivova destic¢ka mezi lebe¢nimi kostmi. Umoziiuje pohyblivost
ptislusnych kosti a zménu tvaru hlavicky béhem porodu (Vokurka a Hogo, 2005).
Svoboda et al. (2001) tadi perzistujici fontanelu mezi nejcastéj$i vrozené vyvojové vady,
ktera postihuje nejcastéji brachycefalicka trpaslici plemena. Pulling (1952) popisuje
u Sténat kokrSpanéla nesrostlé lebecni kosti. Mckkd mista na lebce avSak nesrostla, ale
postupné se zvétSovala a Sténé nakonec uhynulo. Dédi¢nost tohoto defektu lebky je

povazovana za recesivni.

Oteviend fontanela u Sténat je razné velkd, vétSinou se velikost pohybuje v rozmezi
0,1-1 cm. Béhem vyvinu fontanela zcela sroste a nezplisobuje Zddné zdravotni problémy.
Ve sledovaném obdobi se tato vada vyskytla u4,11% narozenych S$ténat. Vypocitana
segregani pravdépodobnost 0,2536 (25,36%) odpovida autozomalné recesivni
dédicnosti. Postizeni jsou cCastéji bezsrsti jedinci a u samic se oteviend fontanela
vyskytuje Castéji nez u samct ( 40 fen
a 30 pst), ale v téchto vrzich je procentualni pomér pohlavi samcti k samicim narozenych

Sténat 47:53.

Vrozena hluchota a chybéjici zvukovod

Vrozend hluchota, kterd ma spojitost s bilym osrst€énim byla zjiSténa u dvou fen. Tyto
feny byly po narozeni bilé s ¢ernym znakem a hluchota je jednostranna. Ve vrhu, kde se
narodila jedna z postizenych fen, bylo zjisténo také modré zbarveni oka, coz dokazuje
spojitost s nedostatekem melanocytu, zplisobujici hluchotu a které tvofi melanin dalezity
k pigmentaci oka, kize 1isrsti. Lze ptredpokladat, Ze tato vada bude v populaci
rozsifen¢jsi, protoZze u jednostranné hluchoty Casto chovatelé netusi, ze jejich pes je touto

vadou postizen.

U dvou bezsrstych psit byl zjistén chybéjici zvukovod a mélo vyvinuty boltec
pravého ucha. Tito jedinci jsou postiZzeni hluchotou jednostranng. Zbarveni prvniho psa je
SedocCernobilé, druhy pes ma bilou srst s plavymi znaky. Tito jedinci jsou piibuzni.

Prarodi¢e jak ze strany matky, tak ze strany otce u prvniho psa, se objevuji jako
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praprarodi¢e u druhého postizené¢ho jedince, postizeni v téchto liniich neni znamo. Lze
tedy pfedpokladat dédi¢nost této vady. Vypocitana segregacni pravdépodobnost 9,09%

naznacuje polygenni dédi¢nost této vady.

Mrtvé narozena Sténata a postnatalni mortalita

Mrtvé narozend Sténata a jejich uhyn po porodu neni ojedinély jev u bezsrstych plemen.
Avsak sledovani, popft. zjiSténi néjakého zpusobu dédi¢nosti je nemozné, protoze vEtSina
chovatelt tyto uhyny nepfiznavaji u kontrol vrhli a vétSinou ani sami nemaji dokonaly

ptehled o umrtich ve vrzich jejich chovatelské stanice.

Pti¢inou mrtvé narozeného $ténéte nebo jeho tthynu po porodu, mize byt dominantni
alela lysosti Hr, kterd je letalni a je spojena s abnormalitami jicnu a lebky (Sponenberg,
1988). Ale nelze takto vysvétlit thyn osrsténych jedincl a thyn bez zjevnych pfic¢in, coz
napovida i o jiném divodu této mortality. Podle chovatell Sténata po porodu piestanou
sat mléko, schouli na kraji a po kratké dobé uhynou. Pti¢ina téchto imrti veterindrnim
lékafem nebyla ur¢ena. Muze byt spojena se snizenou imunitni odpovédi a lymfatickou
vycerpanosti brzliku a sleziny, jak uvadi Gough a Elison (2004), ale nelze vyloucit ani
herpesvirovou infekci, diky které hynou sajici $téilata, ackoliv jejich rodice jsou klinicky
zdravi. Protoze divod uhynu S$ténat nebyl chovateli nikdy zjistén, tato otdzka zistava

oteviena, stejné jako otdzka dédicné predispozice.

Zavér

Zvitata v zajeti jsou selektovdana cloveékem, ato podle kritérii, které jsou
nejzadané;si
a nejpritazlivéjsi z lidského pohledu. Do chovu jsou pak psi zatfazovani predevSim podle
exteriérovych znakl. OvSem krasny pes nemusi vzdy znamenat zdravy pes. A je-li takovy
jedinec nositelem néjaké dédicné vady nebo onemocnéni, nasleduje jeji rozSifeni
v populaci. Pfes veskeré prednosti v urCitych znacich, neni jedinec s jakymkoliv
dédicnym onemocnénim spravnym predstavitel plemene anemél by byt vyuzivan
v chovu. V neposledni tfadé¢ by se nemélo opomijet na evidenci vyskytu vrozenych
vyvojovych vad a onemocnéni u plemennych zvitat a jejich potomki, ktery je soucasti

kontroly a dédi¢nosti zdravi.
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ROZSIROVANI VYUKY V RAMCI FONDU ROZVOJE VYSOKYCH SKOL —
SEMINAR IZOLACNICH TECHNOLOGII

EDUCATION EXPANSION BY A COURSE OF MOLECULAR ISOLATION
TECHNIQUES FOR STUDENTS OF MENDEL UNIVERSITY OF
AGRICULTURE AND FORESTRY IN BRNO

Svobodova K.*, Bilek K.

Ustav morfologie, fyziologie a genetiky zviFat, MZLU v Brné, Zemédélska 1, 613 00 Brno,
Ceskd republika; kat.svobodova@centrum.cz

Abstrakt

V roce 2006 byl na grantovou agenturu Fondu rozvoje vysokych $kol (FRVS) podan
projekt s ndzvem: ,,Rozsifeni vyuky o semindf izolacnich technologii pro studenty
Mendelovy zemédé€lské a lesnické univerzity v Brné“, ktery byl na pocatku roku 2007
schvélen k financovani. Cilem tohoto projektu je seznamit studenty bakaldtskych,
magisterskych a doktorskych studijnich programii s nejnovéj$imi poznatky z oblasti
izolace nukleovych kyselin, a to nejen zpracovanim a zpfistupnénim studijnich materialu,
ale pfedevSim mozZnosti osvojit si praktické dovednosti. Seminaf, poifddany za timto
ucelem, bude koncipovan tak, aby studenti ziskali ucelené informace o této problematice

a mohli si izolaci nukleovych kyselin z riznych tkani sami vyzkousSet.
Kli¢ova slova izolace, nukleové kyseliny, vyuka, FRVS
Tato prace je podpofena FRVS 2385/2007 a GACR 523/03/H076

Abstract

In 2006 we filed a project ,,Education expansion by a course of molecular isolation
techniques for students of Mendel University of Agriculture and Forestry in Brno* to
grant agency of Ministry of Education, Youth and Sports of the Czech Republic (MEYS
CR). This project was accepted and is supported by MEYS CR from the beginning of
year 2007. The aim of this project is to familiarize the students of bachelor, master and
Ph.D. degree at MUAF with the recent knowledge from the field of molecular isolation
techniques. Students will gain comprehensive information about this issue and will have

an opportunity to gain some practical experience in the laboratories.

Key words molecular isolation, nucleic acids, education
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Uvod

Jednim z hlavnich cill vSech stupnii vysokoSkolského vzdélani je seznamovat studenty
s nejnovéjsimi technikami a technologiemi pouZzivanymi v praxi. ReSené téma napliiuje
nejen tuto podminku, ale také vizi vyssiho zapojeni postgradualnich studentti do vyuky,
¢imz jim umoznuje piijimat odpovédnost, pracovat iniciativné a tvar¢im zplsobem, a to
samostatné 1v tymech. Pfi feSeni projektu zpracuje realizaéni tym velké mnozstvi
aktudlnich informaci, které budou, z dGvodu piistupnosti studentim i pfipadnym
z4djemcum z praxe, vystaveny na webovych strankach. Studenti budou sezndmeni nad

ramec bézné vyuky se zplusoby izolace nukleovych kyselin a s kontrolou jejich kvality.

Material a metodika

Semindf je primarné urcen studentim akreditovanych studijnich programi Zootechnika
a Vseobecné zemédélstvi v bakalarském, magisterském i doktorském typu studia, a to pro
presenc¢ni i kombinovanou formu. Dale bude zpiistupnén také studentiim, ktefi si vyberou
néktery z volitelnych pfedméti vyucovanych na pracovisti genetiky zivocichil, a vSem
doktorandim MZLU v Brné. Kurz bude probihat v modernich laboratofich molekularni
genetiky, kde je k dispozici veSkeré potfebné materidlni vybaveni pro tento seminar

(centrifuga, PCR boxy, hlubokomrazici box, gelova elektroforéza apod.).

Na zéklad€ nejnovéjSich poznatkl ziskanych z literatury a také za pomoci konzultaci
s odborniky v daném oboru vypracujeme piednasky pro teoretickou cast vyuky. Vybrali
jsme a testujeme reprezentativni vzorek kitd nabizenych v Ceské republice. Z dodanych
materiali k jednotlivym kitim vytvofime piehled a metodiky jejich vyuziti. Ze tkanovych
zdroju pracovisté genetiky zivocichli budou pouzity tkanové vzorky (krev, svalovina,

plicni a jaterni tkan a dale napt. chlupové cibulky, sperma, stéry bukalni sliznice).

Kazdy ucastnik seminafe obdrzi v predstihu soubor navodi pro jednotlivé izolace.
Tento soubor bude obsahovat modifikace a vyuziti pouzitych metodik a praktické
zkuSenosti realiza¢niho tymu s jednotlivymi izola¢nimi kity. Z divodu zpétné vazby

pfipravime pro absolventy seminafe dotazniky o kvalité vyuky.

Vysledky a diskuze
V tomto projektu je feSena problematika izolacnich postupli vyuzivanych v molekuldrni
biologii. Kvalitné¢ izolované nukleové kyseliny jsou totiz zékladnim predpokladem

spravného vyhodnoceni vysledki molekularné-genetickych analyz. Proto bude pro
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studenty bakaléafskych, magisterskych a doktorskych studijnich programti na MZLU
v Brné uspofddan seminaf, jehoz tucCastnici ziskaji nejen teoretické védomosti z této
oblasti, ale osvoji si také tolik dilezité praktické dovednosti. Pro teoretickou ¢éast kurzu
pfipravime pfedndsku s podrobnymi informacemi z oblasti izolace nukleovych kyselin
a pro praktickd cvi¢eni vypracujeme navody, které budou obsahovat ptehled a metodiky
vyuziti jednotlivych izola¢nich kit pro konkrétni tkdné. VSechny materidly budou
prubézné aktualizovany a pouzity pro seminaie konané 1 v nésledujicich Iletech.
Zpracované informace, ucebni texty a protokoly do cvi¢eni budou z divodu nutnosti
volného pfistupu vystaveny na webovych strankach pracovisté genetiky zivocichi

a budou voln¢ ke stazeni pro studenty, pfipadné i pro zdjemce z praxe.

Zavér
Reseny projekt umozni studentim detailn&j§i pohled na danou problematiku. Protoze
seminaf bude zahrnovat i praktickou ¢ast, umozni kazdému zucastnénému samostatné si

cely postup laboratorni prace vyzkouset a také oveéfit si kvalitu svych vlastnich vysledki.

Snahou feSitelského kolektivu bude opakovat tento seminaf, a tim rozSifovat vyuku,

i v dalSich letech.

This work is supported by Ministry of Education, Youth and Sports of the Czech Republic FRVS
no. 2385/2007 and by the Czech Science Foundation no. 523/03/H076

74 VII-th International conference of PhD. and MSc. students "Genetics and Animal Breeding"



THE PRACTICAL COURSE OF ,,FISH GENETICS® FOR STUDENTS OF
MENDEL UNIVERSITY OF AGRICULTURE AND FORESTRY IN BRNO

Zrustova J.l*, Bilek K.l, Baranek V.2

"Department of Morphology, Physiology and Genetics of Animals, *Department of
Zoology, Fishery, Hydrobiology and Apidology at MUAF in Brno, Zemédélska 1, 613 00
Brno Czech Republic; xzrustov@node.mendelu.cz

Abstract

The practical course of ,,Fish Genetics* for students of Mendel University of
Agriculture and Forestry in Brno* is a project supported by Ministry of Education, Youth
and Sports of the Czech Republic. The aim of this project is to familiarize the students of
bachelor, master and Ph.D. degree at MUAF in Brno with the recent knowledge from
research in the field of Fish Genetics. The rationale for the proposed course of Fish
Genetics is to make lectures based on the recent knowledge and methods for practical
laboratory research as DNA extraction, polymerace chain reaction (PCR), restriction

fragment length polymorphism (PCR-RFLP), electrophoresis and DNA sequencing.
Key words fish genetics, practical course, education

Introduction

In accordance with National programme of education development in the Czech
republic, strategy of academic education developing to the year 2010, and statute n.
111/1998 about universities, long-lasting object of MUAF in Brno is to interconnect
laboratories with other workplaces and to make conditions for growing up specialists in
particular field of agriculture. Department of Genetics and Department of Fishery and

Hydrobiology maintain the same opinion.

However, the collaboration between these departments was not generated; Fish
Genetics has been taught just marginally in subject called Aquaculture at the Department
of Fishery and Hydrobiology. Regarding the rapid progress and development of
molecular genetics it is important to introduce the recent knowledge to the students and
to provide the knowledge in the common operations. Department of Animal Genetics has
modern molecular-genetic laboratories for research and education as well. Nowadays the
knowledge of fish genetics is very important for future graduates in fishery field because

of necessary to maintain competitive advantage of the czech fishery on european market.
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Participants of this course will gain comprehensive overview about exploitation of

genetics in the fish breeding.

Materials and methods

Fish species are grown up in accredited experimental recirculation system at
Department of Fishery and Hydrobiology. As a biological material will be used blood,
muscle and parts of fins of followed species: zander (Sander lucioperca), tench (Tinca
tinca) and sturgeon (Acipenser baerii), which are perspective and wanted in european

aquaculture.

DNA of these fish species will be isolated via the phenol-chloroform extraction from

scales and via Isolation Kits from muscle and blood.

We will design sets of primers for zander, tench and sturgeon, using the comparative
mapping of known sequence of Danio rerio. We will analyse these genes: growth
hormone (GH) from sequence AJ937858, myostatin (MSTN) from sequence AF019626,
insulin-like growth factor 2 precursor (igf2) from sequence NM 131433, myogenic factor
5 (myf5) from sequence NM 131576, eventually other genes will be analysed.
Furthermore we will design sets of primers for known sequences of tench GH
(DQY80027), zander mitochondrial cytochrome b gene (AY572407) and sturgeon
mitochondrial cytochrome b (AF238654). The gained PCR products will be verified on
the sequencer. The gained sequences will be compared among them and found differences

will be tested using PCR-RFLP.

Results and discussion

We would like to utilize this course to expand knowledge of students at bachelor,
master and Ph.D. degree at MUAF. The course will bring students comprehensive
overview about exploitation of fish genetics in the fish breeding and students will gain
practical lab experience. For this course we will prepare the lectures for theoretical part
and protocols for practical lab work. Elaborate lectures and protocols will be accessible
for students, perhaps even for interested or professional people, on the web sites of both

departments.
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Conclusion

The long-range goal of this project is to propose theoretical and practical background
about ,,Fish Genetics™ for university students. Students will gain theoretical knowledge
and basic laboratory experience during their studies. We expect after completing the
proposed grant that students have filled out a question form with suggestions and
improvements of the course. Our future research directions will be to repeat this course

of Fish Genetics during the next years.
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Section lll:
MOLECULAR BIOLOGY AND ANIMAL GENETICS

COMPARISON OF PRENATAL MUSCLE TISSUE EXPRESSION PROFILES
OF GENES CDK4 AND TP53BP1 IN TWO PIG BREEDS

Bilek K.*, Svobodova K., Knoll A.

. Department of Animal Morphology, Physiology and Genetics, Mendel University of Agriculture
and Forestry, Zememedelska 1, 613 00 Brno, Czech Republic; Contakt: xbilek(@node.mendelu.cz

Abstract

This research was focused on investigation of gene expression of selected genes via the
real-time quantitative PCR. Specific primers for CDK4 and TP53BP1 were designed on
the basis of the sequences clones obtained from the subtractive hybridization and gene
expression was analysed. Two groups of samples isolated skeletal muscle-specific RNA
were compared, the first one was obtained from the Pietrain adult sows and their fetuses,
the second one was obtained from Large White, respectively. The stability values of
candidate reference genes (ACTB, EEFIAIl, EEF2, GAPDH, H3F, HPRTI, PPI4A and
TOP2B) were made for both breeds. The expression levels of the investigated genes were
varying by adult sows used as control samples. The higher or lower expression level was
found out in few samples; one of the samples of gene CDK4 was expressed near to 0.001-
fold, and two of samples of gene 7P53BPI were expressed higher then 18-fold, 52-fold
respectively. The long-range goal of this research is to provide a new knowledge of genes
playing role in muscle development and growth in pigs, with the prospect of their

application in marker assisted selection.

(This work was supported by the Czech Science Foundation 523/06/1302 and
523/03/H076)

Keywords: gene expression, real time PCR, skeletal muscle.

Introduction

Gene expression analyses have become increasingly important in biological research
where e.g. gene expression profiles from muscle is compared with meat production.
Skeletal muscle growth depends on the number of prenatally formed fibres and on the
degree of their postnatal hypertrophy; i.e. prenatal development may influence the

postnatal growth (te Pas et al., 2005; Cagnazzo et al., 2006; Erkens et al., 2006). Genes
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regulating cell cycle pertain to these functions. There were chosen two genes involved in
regulation of cell cycle; CDK4 is gene regulating a turn from G1 to S phase and from G2
to M phase cell cycle. The second one is TP53BP1I; Iwabuchi ef al. (1994) assigned that
TP53BPI binds to the conformationally sensitive central domain of wildtype p53.
TP53BPI was required for p53 accumulation, G2/M checkpoint arrest. TP53BPI plays
main role in a hierarchical branched pathway for the recruitment of repair and signaling
proteins to sites of DNA damage. One of the most useful tools in this area is real-time
quantitative PCR (RT-QPCR) (Bustin, 2002). Sensitivity of this method has some pitfalls
as RNA preparation, RNA quality and cDNA synthesis, etc. (Bustin and Nolan, 2004).
Next critical step in gene expression validation is accurate normalization of RT-QPCR
data (Vandesompele et al., 2002), it is usually made via comparing expression profiles of
the genes of interest against constitutively expressed genes known as: reference or
housekeeping genes. Since the 21" centaury many papers which trace a suitable reference
gene for comparison of gene expression have started via microarray assays (Warrington
et al., 2000; Hsiao et al., 2001). Last step is choice of the most convenient quantification

of gene expression (e.g. http://www.gene-quantification.info/).

Material and methods

There were analysed two groups of samples - group “a”: RNA samples from the hind
limb muscles of the Pietrain fetuses (44 days of gestation - aal, aa2, abl, ab2) and from
adult sows (m. biceps femoris - aa, ab). The second - group “b”: RNA samples from the
hind limb muscles of the Large White fetuses (50 days of gestation hind limbs - bal, ba2,
bbl, bb2) and from adult sows (m. biceps femoris - ba, bb). The samples were collected
and stored in RNAlater (QIAGEN, Hilden, Germany) at —20 °C. Homogenizations of
samples were carried out in FastPrep FP 120 (ThermoSavant, Holbrook, NY, USA) and
total RNA was isolated using FastRNA Pro Green Kit (Q-BIOgene, Solon, OH, USA).
cDNA was synthesized from the total RNA with Omniscript Reverse Transcriptase
(QIAGEN, Hilden, Germany) and oligo(dT)20 primers (Invitrogen, Carlsbad, CA, USA).
The PCR primers were designed (Table 2) using the Primer Express software v2 (Applied
Biosystems, Foster City, CA, USA) with the exception of GAPDH and PPIA (Vallee et
al., 2003). Real-time PCR was performed in the 7500 Real-Time PCR System using
Power SYBR® Green PCR Master Mix (Applied Biosystems). The real-time PCR
program started with 2 min UNG incubation step at 50 °C, 10 min at 95 °C, followed by
50 cycles of 15 s at 95 °C and 1 min at 60 °C. Amplification was performed in duplicate
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and a blank was incorporated for each gene. For normalization of gene expression levels
in our experiment we compared 8 candidate reference genes (Table 1): ACTB, EEFI1AI,
EEF2, GAPDH, H3F, HPRTI, PPIA and TOP2B using the geNorm application
(Vandesompele et al., 2002). For each study there were used two of them, two of the

most stable reference housekeeping genes respectively. The raw data from real-time PCR

were analyzed with the qBase application (Hellemans et al., 2007).

Table 1: Name and function of investigation genes

Symbol Gene name Function
ACTB* actin, alpha, cardiac muscle Cytoskeletal structural protein
CDK4 cyclin-dependent kinase 4 Regulation protein involved in the
cell cycle
EEF1AI* eukaryotic translation elongation factor 1, Promoter-directed siRNA
alpha-1
EEF2* eukaryotic translation elongation factor 2 Regulation enzyme
H3F* histone 1 Structural protein
GAPDH*  glyceraldehyde-3-phosphate dehydrogenase Glycolytic enzyme
HPRTI*  hypoxanthine guanine Purine synthesis in salvage pathway
phosphoribosyltransferase 1
PPIA* peptidyl-prolyl isomerase A Transport protein
TOP2B*  topoisomerase, DNA, II, beta Regulation enzyme
TP53BPI  tumor protein p53-binding protein 1 Regulation enzyme

Table 2: Primer sequences

Gene Primer sequence (5'-3") Amplicon size (bp)
ACTB* CATCAGGAAGGACCTCTACGC 129
GCGATGATCTTGATCTTCATGG
CDK4 TTGGCTGTATCTTCGCAGAGA 08
CAGCCCAATCAGGTCAAAGAT
TCATTGATGCTCCAGGACACA
*
EEFIAL CCGTTCTTGGAAATACCTGCTT 128
EEF2* AACGTGTCAGTCAAGGACATCC 111
CGGGTGGTTCAGAATGATGA
H3F* AAGAAACCTCATCGTTACAGGC 132
TTTGAAGTCCTGAGCAATTTCC
CAGCAATGCCTCCTGTACCA
*
GAPDH®  GATGCCGAAGTTGTCATGGA 70
AAGGACCCCTCGAAGTGTTG
*
HPRTI CACAAACATGATTCAAGTCCCTG 122
PPIA* GCACTGGTGGCAAGTCCAT 71
AGGACCCGTATGCTTCAGGA
CTAATGATGCTGGTGGCAAAC
*
TOP2B CCGATCACTCCTAGCCCAG 100
GCATCAGACAGGGAGGGAAG
TPI3BPI 1GAAATGTCCTCTATGCCCAAG 128
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Table 3: Stability of candidate reference genes (see Vandesompele et al., 2002).

a

EEF2 GAPDH ACTB EEF1Al TOP2B HPRT1 PPIA/H3F
4.053854 3.083928 2.450331 1.603953 1.399684 0.95261 0.699963
b
TOP2B EEF1ALl EEF2 H3F GAPDH HPRTI1 ACTB/PPIA

1.590261 1.406269 1.193271 0.816862 0.716431 0.606233 0.201512

Table 4: Relative quantification of investigated genes

Sample CDK4 1 SD TPS3BP1 1 SD
aa 1 0.153075 1 0.11958
aal 2.596496 0.741966 0.074267 0.007699
aa2 0.468822 0.085475 0.025082 0.002671
ab 1 0.227737 1 0.162308
abl 1.248641 0.227303 2.99839 0.367509
ab2 0.001587 0.000314 0.253857 0.050373
ba 1 0.364933 1 0.876785
bal 0.037172 0.015642 18.87013 8.132248
ba2 0.062549 0.023923 51.59595 27.45372
bb 1 0.068707 1 0.53235
bb1 1.165797 0.094067 3.059486 0.645662
bb2 1.984412 0.200224 0.090466 0.020652

Results and discussion

The aim of this research was to verify and quantify differential expression profile of
selected genes in the porcine fetal skeletal muscles using RT-QPCR. The first specific
primers for investigated genes CDK4 and TP53BPIl were designed on the basis of the
sequences clones obtained from the subtractive hybridization (Table 2). The second sets
of primers were designed for panel of candidate reference genes, especially for ACTB,
EEFI1Al, EEF2, H3F, HPRTI, and for TOP2B (Table 2). Furthermore, there were
evaluated 8 candidate reference genes for this study and two of them where chosen as the
most stable (H3F/PPIA for group “a” and ACTB/PPIA for group “b”, see Table 3). These
results partially agree with Erkens’ et al. (2006). Relative quantification of gene
expression was calculated by qBase (Hellemans et al., 2007). Figure 4 visualizes gene
expression differences between samples. The results suggest that only few samples were
further from control samples (adult saws). In this research there was not found any
relation between observed samples. Nevertheless, there was an exception, one of the
samples at gene CDK4 was expressed near to 0.001-fold, and two of samples at gene
TP53BPI1 were expressed higher then 18-fold, 52-fold respectively. The differences could

be caused by different age of samples, genotypes, and especially individual variability of
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gene expression etc. Samples with very different gene expression require more detailed
analyses. These results partially agree with Cagnazzo et al. (2005) who compared
expression of the myogenesis-related genes in early Duroc and Pietrain embryos (14 to 49
d of gestation). Te Pas et al. (2005) suggest that the expression levels of genes affecting
proliferation stimulating/inhibiting were in low level of gene expression (49 to 63 d of

gestation) that our results accordant with.

Conclusions

There was made assay of gene expression for two of genes involved in regulation of
cell cycle. For investigated genes: CDK4 and TP53BPI were chosen the best set of
reference genes. The expression levels of the investigated genes were varying by adult
sows used as control samples. This research led to similar results as recent study focused
on gene expression. The genes with very down- or up-regulation of gene expression
require more detailed analyses. The long-range goal of this research is to provide a new
knowledge of genes playing role in muscle development and growth in pigs, with the

prospect of their application in marker assisted selection.
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