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Abstract—In recent years, there has been an increasingestter

toward the use of bovine genotyped embryos for cernial embryo
transfer programs. Biopsy of a few cells in morfage is essential
for preimplantation genetic diagnosis (PGD). Lowoammt of DNA
have limited performing the several molecular asesywithin PGD
analyses. Whole genome amplification (WGA) promigesliminate
this problem. We evaluated the possibility and qrenince of an
improved primer extension preamplification (I-PER¥thod with a
range of starting bovine genomic DNA from 1-8 céfi®o the WGA
reaction. We optimized a short and simple |I-PERR&P) procedure
(~3h). This optimized WGA method was assessed lociéspecific
polymerase chain reactions (PCRs), included rdistnicfragments
length polymorphism (RFLP). Optimized WGA procedprssesses
enough sensitivity for molecular genetic analyde®ugh the few
input cells. This is a new era for generating ctimrézed bovine
embryos in preimplantation stage.

Keywords—Whole genome amplification (WGA), Genotyping,
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|. INTRODUCTION

G. Rahim-Mianji, A. Nejat-Javaren

Although, conventional PCR may have an enough
sensitivity to perform DNA analysis in a singlelce single
cell can be analyzed only once. Furthermore indegen
confirmation and additional analyses are impossifg
Primer extension preamplification based on PCR (PER)
is the first WGA technique which uses the compietel
degenerate (random) primers and Tag DNA polymerakav
stringency thermal cycles. It is simulated thdeatt 99.8% of
the genomic sequences in a diploid cell is amplifie least 30
times [4]. The optimization of PEP, known as impdWPEP-
PCR (I-PEP-PCR) method, proposed aims to increaing
amplification efficiency from single cells. The usé DNA
polymerase mixture which one of them has the peaafing
activity leads to a further improvement in the svisy of the
method, this is due to the more processivity of the
polymerases with 3'-5' exonucleous activity [3]], [$6]-
Therefore the extension products of these polymesrase
longer. Several primer-extension (PE) and therrgalitg
based WGA methods were next proposed, which athem
utilize either definitive or semidegenerate primef3].

ESEARCH in embryo technologies has been graduallyandom primers are able to prime on templates dhatas

focused on the preimplantation genetic diagnos@GOP
[1]. The genotyping of bovine embryos for quanivat
traits locus (QTL) marker haplotypes as well asan&)TLs

which have been distributed overall genome
preimplantation stage have a high importance foimah
breeding companies. Marker/gene assisted

(MAS/GAS) projects can be performed in preimplaotat
stage through mass production of characterized ywabr
Limited quantity of cells (1-2 biopsied blastomees)d low

amount of DNA is the main challenge. Initial amiglittion of

whole genome of biopsied cells was proposed foramreing

this limitation. Whole genome amplification (WGAg an in-

vitro method to produce a large quantity of DNA rfro
minimal genomic DNA sample [2].
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selectigbthermal

complex as the human genome [8], [9], and witheh@imers
it is not necessary to have the previous infornmatépout
target genome sequence, moreover the product of WGA

ifechniques which utilize such primers is an unldase

representation of template genomic DNA [5].

amplification methods (e.g. multipleasia
displacement amplification or MDA) are not based on
repetitive cycles of denaturation and annealing],[101].
These methods proposed for overcoming the limitatd
PCR-based WGA methods such as incomplete genome
coverage and short products; however the flaws were
indicated later [12]. The comparison between |-FEFR and
MDA suggested that the amount of specific prodddtBEP

is more than of MDA [4]. Most of the researchesf@ened
around WGA techniques have been focused on human
genome, therefore in this study we assessed thiecalpipty

and sensitivity of an optimized short and simplegadure
based on I-PEP-PCR for the whole genome amplifinatif
bovine cells.

Il. MATERIALS AND METHODS

The genomic DNA (gDNA) was extracted from male and
female Holstein blood samples and/or embryos (imrof@ or
early blastocyst stages). DNA samples extracteh fbdood
either were serial diluted or diluted up to DNA ambin 1
(~6pg uM), 2, 4 and 8 diploid cell.
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TABLE |

Additionally, since the primers used in PE based AVG
CHARACTERISTICS OF THEPRIMERS

methods are short and completely degenerate, theyidme
to internal regions of previous cycles productserEfore, the

antealing  testriction

aim name sequence chromosome - C) enzyme i N o
conteal L7559 TGG AAGCAL AGA ACC CCG LT e & shorter fragments will produce with each additiocgtle.
i T TCGTCA GAAACCGCA CACTGY B . . .
7 CICAGC ARAGCA CAC CAGACS - - Such products are not suitable for subsequentfépacialyses
BRY42 5 GAA CTT TCA AGC AGC TGA GGC ¥ R B - g
sening . 5CCTCAGCIGCTTGAAAGTTCY . . [15]. Furthermore, polymerase will become a lingtifactor
e - after almost 30 cycles, this is due to the exigtesfcnumerous
kappa-CSIN 1 - - n - v [ 30 HindIII - . .
PREER 5 CITCTTTGATGT CTC CTT ACA G o annealing sites for random primers [16]. On accdarthese
pactypisg  GH 0 OCT GCT CCTGAG GGC CCTTCG ¥ 5&10 I At L .
e Y GUGGUG GUA CITCAT GACCCT S problems, we optimized a short and simple procethnaigh
PRL FCGAGICCTT ATGAGC TTGATTICIT Y 3 58 Real .. . . ..
5 GCCTICCAG AAGTCGTITGITTICY  ° the elimination of ramping step from the originaPEP

After washing the embryos within the phosphatefdtgaline
(PBS) droplets containing polyvinylpyrrolidone (PVRig pl

method and reduction of the cycle number to 35téars of
50). Another change was the increasing of Pfu ratiDNA

1 and removing the Zona-pellucida (ZP) using prenaspolymerase mixture (1:7 instead of 1:10 for Pfu:Tacthe

solution (5%), the blastomers were dissociated lowlg

original protocol). These changes decreased thgireshtime

pippeting in trypsin solution (0.25%) droplets. QAg4 and 8 for whole genome amplification into <3h.
blastomers immediately were transferred into PCRetu

containing 9ul enzymatic lysis buffer (PCR mixture A B c D
containing 0.2ug [fI proteinase K). Activation and

inactivation of proteinase were performed througtubation

in 65°C and 98°C, respectively. In the first exmenmts, we 10kb >
followed the original I-PEP protocol [6]. We optireid then a
short and simple procedure based on I-PEP. We ®&$ed
DNA polymerase as polymerase which possesses pambiry
activity in reactions.

Purification of extension products was performedngis
silicagel column. WGA reaction were performed 2%l
reaction mixture containing gDNA (6-48pg~ubr 1-8 cell),
10pM 15-mer random primers (estimated contains 10
different sequences), 4x200uM dNTPs, 1X PCR buffer,
1.5mM MgCh, 5% DMSO and 2ul DNA polymerase mixture
pfu:Taq (with the ratios 1:10, 1:7 and 1:3 in thégimal |-
PEP, ssl-PEP and specific reactions, respectively)e
sequence of primers utilized for locus-specific BGRexing
and genotyping) using the product of initial WGAcgon and
restriction enzymes used for restriction fragmelgngth
polymorphism (RFLP) in genotyping step are givetsiole I.

1kb —»

Fig. 1 Gel electrophoresis pattern of WGA prodtiots} diluted
DNA samples until 0.0001ng il

S00bp —

250bp —

I1l. RESULTS ANDDISCUSSION

The electrophoresis of I-PEP reaction products dase
original protocol and using 4 serial diluted DNAngaes
(until 0.0001ng i) produced a smear, mostly greater than
2kb in size (Fig. 1). This confirms that the amipbtion of
whole genome has been performed successfully. Mereo
there was not a significant difference in produsise or
intensity between samples containing various ansouwft
template DNA. This concurs with the results of othfl0],
[13], [14].

The original I-PEP protocol is very time-consumi@d.3-
14 hours); on account to that the WGA step is arstinitial
step to provide more starting material for subsagusain
analyses and the time between biopsy and transféesirable
embryo is critical factor, so it is important tocdease the
necessary time as possible as for first step. Wéemwkd that
the ramping step (0.1°C SBc between annealing and
extension steps in the original protocol has anialsy effect
on the length of primer extension in WGA reaction.

Fig. 2 Gel electrophoresis pattern of specific RGR primer
BRY.4a; H, F, M: human, female and male samplespeaetively;
Original: samples without initial WGA, ssI-PEP: gales after ssl-
PEP WGA procedure; L: 1kb ladget-8: cell count; -: negative

control

We considered that the performing locus specificRBC
using wgaDNA as template is the most suitable way f
evaluation of each WGA method. We performed thecifipe
analyses in two categories included sexing and tgpimg.
We entered 5ul aliquots of ssI-PEP product from mam
which had DNA amount equivalent to 1, 2, 4 and glaid
cells in specific PCRs with primer BRY.4a. Corréd91bp
band was observednly for male samples that initially
subjected to whole genome amplification (lanes 4%rAlFig.
2). This confirms that the optimized ssl-PEP pracedhas
enough sensitivity for specific analysis on the feeils. Fig. 2
represents that, as input cell number within WGActm®n
increase specific band becomes more severe.
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The correct embryos sexing in preimplantation sgepn
important factor, therefore we considered anotk&rspecific
sequence for definitive and reliable conclusionrtfrermore,
since there is a sufficient starting material (wbbY), it is
possible to allocate several specific PCRs usinferéint
primers on one same sample. It was a sequencevofeby-
locus and the expected fragment (308bp) was arglifn
male few cell samples only after initial whole gere®
amplification (Fig. 3).

— F§ M1 M? M4 ME

308y

Fig. 3 Gel electrophoresis pattern of specific R@R primer Y
on ssl-PEP product; F, M: female and male sampdapectivelyl-
8: cell count; -: negative control

The amplifying several bovine specific sequencesars
internal control,truly, however we are able to ddas an
autosomal repetitive sequence like bovine 1.718 artother
reaction using wgaDNA of one sample. It is for emsgabout
that the WGA product is not from contamination amdion-
bovine origin. In this case 216bp band should bgeoled in
both male and female samples. When we used DNl
from 1-8 cells without initial WGA reaction into egpific
analyses, there was not distinguishable specifitd bend/or
specific band was hardly distinct (data not shown).

Sex determination of embryos is just one of theessv
possible PGD analyses using WGA product. In thislytwe
assessed the sensitivity and reliability of optexizWGA
procedure for amplifying 3 important QTL markersdairy

cattle breeding programs which allocate on differen

chromosomes (Table 1): kappa-casein (kappa-CSN)agtin

(PRL) and growth hormone (GH). Using 5ul aliquots o

optimized procedure product in specific reactioasuited to
the amplify 443bp, 223bp and 156bp fragments fqupka

CSN, GH and PRL loci, respectively, as we expectten

we used 2ul (instead of 5ul) WGA product and/orcewi
diluted wgaDNA on 2 and 4 cell samples, the cordet3bp

fragment also obtained with kappa-CSN primer (Big.This

is an important result; with the use of lesser amai WGA

product we will be able to perform genetic analyaéhin as

more as possible loci and to obtain more compleeetic

profile for embryos in preimplantation stage.

Determination of genotype for QTL markers was penied
by digestion of amplified specific fragments witblavant
restriction enzyme (e.g. Fig. 5 for prolactin locu3he
comparison between genotype determined with wgalRNé
gDNA of same sample showed that there is a conocsla
except of 2 cases. There was a mismatch betweentygpen
determined with wgaDNA and gDNA, only for 2 samplégth

kappa-CSN primer; heterozygous (AB) with gDNA (@int
116.4 and 181.8 ng JIIDNA) whereas homozygous (BB)
with wgaDNA on 2-cell samples. For example, theedigpn
results for one of these two samples represenBgn6 and
Fig. 7. Lane 7 in Fig. 6 represents the electropisrpattern
after digestion of amplified kappa-CSN fragment thre
original gDNA (contained 116.4 ng'hDNA), whereas lane 5
in Fig. 7 represents the electrophoresis patteer digestion
of amplified kappa-CSN fragment on wgaDNA of thensa
sample, which had been diluted until 2-cell DNA amb
(12pg p* DNA). This mismatch is due to the preferential
amplification of one of the kappa-CSN alleles (ellB), and
in other word allele drop-out (ADO) for anothereddl (allele
A), in which there is not restriction site for Hihid

.---n-—-"' 1 SUUbP

Sp) 2 Zul Spl 2= 2pd L 5p1 20 2] Sud 2> 2ul

Fig. 4 Gel electrophoresis pattern for specific R@t primer
kappa-CSN on 2 and 5pul and twice diluted (2x) 6#45P products
from different 2 (lanes 1-3 and 8-10) and 4 (lar@ahd 11-13) input
cells, L: 1kb ladder

200bp —
130bp —»
100bp =
30bp —»

Fig. 5 Gel electrophoresis pattern obtained bedoikafter digestion
of amplified prolactin fragment on 2-cell samplebjected to WGA
(ssl-PEP) and same original samples (contain 4&6d4106.4 ng fi
DNA).

500 bp—sp [P
400 Lp— (18
300 bp—» 1008

-
-

THL AA

Fig. 6 Gel electrophoresis pattern obtained bedoafter digestion
of amplified kappa-CSN fragment on original samg3NA); L1:
100bp ladder; L2: 1kb ladder.
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Fig. 7 Gel dectrophoresis pattern obtained before and after
digestion of amplified kappa-CSN fragment on ssl-PEP products of
2-cell samples

ADO, which is resulting from the failure of PCR to amplify
one of the two aleles present in one cell; is unique to PCR of
minute quantities of DNA [17].The observed mismatch is
unlikely to be due to the structure of the optimized ssl-PEP
procedure, because the occurrence of ADO has been reported
by other researchers who utilized origina |-PEP protocol [1],
[14], [15], [18], [19]. This flaw has been even reported with
MDA, which is an isothermal non-PCR-based procedure. It
seems that ADO is a random and independent of the target
fragment size and is most likely related to the inherent
problems with single cell amplification [12], [20]. Moreover,
there is a tendency toward increased complete locus and/or
alele drop-out when the amount of starting template is less
than 1ng [15]; and it disappears when increasing the starting
cell count by 10-20 [12], [20]. However, in spite of the
probability for ADO in specific analyses using WGA product,
it is important that the average rate of ADO is still less than
that for routine single cell PCRs using gDNA [17].

In conclusion, we propose that the efficiency and sensitivity
of the optimized short and simple procedure for whole genome
amplification in this study is the same as other WGA
techniques, therefore this procedure is applicable for whole
genome amplification of few bovine cellsin PGD programs.
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