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Particular Qualities of
Diagnostic Materials and Tests Used in

Preimplantation Genetic Diagnosis:
Scientific Letter

AABBSS  TTRRAACCTT  Preimplantation genetic diagnosis (PGD) is a technique used to identify genetic de-
fects in diagnostic materials created through in vitro fertilization (IVF)  prior to transfer of em-
bryos to the uterus. This enables couples to significantly improve their chances of having a healthy
child. Since the early 1990s, PGD has been expanding in scope and applications. PGD was first ac-
complished by Alan Handyside in 1990 to diagnose sex-linked genetic disorders. Also, PGD provides
an alternative to current postconception diagnostic procedures, ie, amniocentesis, chorionic villus
sampling, and chord blood. These procedures are usually followed by pregnancy termination if re-
sults are unfavorable. There are two main stages in PGD application. The first main step contains
the collection of diagnostic material for diagnosis. This is generally carried out in a clinical IVF lab-
oratory under sterile conditions. Different diagnostic materials such as first polar body from
metaphase II (MII) oocyte and second polar body from zygote, blastomere from cleavage-stage em-
bryo and trophoblast cells from blastocyst have been used in PGD applications. The second main
stage involves diagnostic tests in this technique. PGD has largely focused on two methods: fluores-
cent in situ hybridization (FISH) and polymerase chain reaction (PCR) based techniques [compar-
ative genomic hybridization (CGH), different PCR types]. Decision on the diagnostic materials and
tests used in PGD is very important to determine genetic status of the embryo correctly. In this re-
view, advantages, disadvantages and particular characteristic qualities of the diagnostic materials and
tests were discussed. 

KKeeyy  WWoorrddss::  Pre imp lan ta ti on di ag no sis; blas tocyst; poly me ra se cha in re ac ti on; 
in si tu hybri di za ti on, flu o res cen ce

ÖÖZZEETT  Preimplantasyon genetik tanı (PGD), in vitro fertilizasyon (IVF) yöntemi ile elde edilen tanı
materyallerindeki genetik bozuklukların embriyonun uterusa transferi öncesinde belirlendiği bir
tekniktir. Bu, çiftlerin sağlıklı bir çocuk sahibi olma şanslarını önemli derecede artırmaktadır. 1990’lı
yılların başlarından  bu yana, PGD’nin faaliyet ve uygulama alanları genişlemektedir. PGD, ilk defa
1990 yılında Alan Handyside tarafından cinsiyetle ilişkili genetik bozuklukların tanımlanmasında
başarıyla kullanılmıştır. Ayrıca, PGD gebelikte uygulanan amniyosentez, koryon villus biyopsisi
ve kordon kanı incelemesi gibi tanı yöntemlerine güncel bir alternatif sağlamaktadır. Genellikle, bu
uygulamalar, sonuçların olumsuz olması durumunda gebeliğin sonlandırılması ile sonuçlanmaktadır.
PGD uygulamasında iki ana aşama vardır. İlk ana aşama, tanı için materyal eldesini içerir. Bu,
genellikle steril koşullar altında klinik in vitro fertilizasyon laboratuvarında gerçekleştirilir. PGD
uygulamalarında, metafaz II (MII) oositten birinci polar cisimcik, zigottan ikinci polar cisimcik,
bölünme aşamasındaki embriyoda blastomer ve blastosistten trofoblast hücreleri gibi farklı tanı
materyalleri kullanılmaktadır. Bu teknikte ikinci ana aşama tanı testlerini içerir. PGD, çoğunlukla
iki metoda odaklanmaktadır: Floresan in situ hibridizasyon (FISH) ve polimeraz zincir reaksiyonu
(PZR) temelli teknikler [karşılaştırmalı genomik hibridizasyon (KGH), farklı PZR tipleri].
Embriyonun genetik durumunu doğru bir şekilde belirlemek için, uygun tanı materyali ve testinin
seçilmesi çok önemlidir. Bu derlemede, tanı materyalleri ve testlerinin avantajları, dezavantajları ve
belirli karakteristik özellikleri tartışılmıştır.
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ri or to the ad vent of the PGD, co up les at risk
for preg nan ci es with ge ne tic de fects we re
of fe red pre na tal tests such as am ni o cen te sis

or cho ri o nic vil lus samp ling. Whi le the se met hods
do al low for di ag no sis of ge ne tic ab nor ma li ti es du -
ring preg nancy, co up les are fa ced with dif fi cult de-
ci si ons fol lo wing an ab nor mal re sult. PGD enab les
co up les to avo id is su es inc lu ding preg nancy ter mi -
na ti on and gi ving birth to an af fec ted child by ini-
ti a ting preg nan ci es with unaf fec ted emb ryos.1-7

Furt her mo re, IVF pro ce du res may in cre a se the risk
of ge ne tic ab nor ma li ti es af fec ting the num ber and
struc tu re of the chro mo so mes and chan ging the ex-
pres si on le vels of cer ta in ge nes for pa ti ents app -
lying to IVF cen ters. Such ge ne tic de fects
ori gi na ting from IVF pro ce du res can be de ter mi -
ned by PGD tes ting.8-11

PGD is a tech ni qu e that al lows po lar bo di es,
cle a va ge-sta ge emb ryos and trop hob last cells to be
tes ted for ge ne tic ab nor ma li ti es.1,7 The first cli ni cal
app li ca ti on of PGD by Hand ysi de et al used a PCR
met hod for gen der de ter mi na ti on to avo id the
trans fer of ma le emb ryos.2 In this app li ca ti on, the -
re is a 50% pro ba bi lity of be ing af fec ted by an 
X-lin ked re ces si ve di sor der. Gen der was in ves ti ga -
ted in a sing le blas to me re by a sing le ro und of PCR
using pri mers for Y chro mo so me-spe ci fic re pe ti ti -
ve DNA se qu en ces. 

Sin ce PGD is per for med be fo re a preg nancy
starts, it may be mo re ac cep tab le for co up les: (1)
who se chil dren are at in cre a sed risk for a spe ci fic
ge ne tic de fect, such as, a) car ri ers of sing le ge ne di s-
or ders, b) car ri ers of struc tu ral chro mo so me ab nor-
ma li ti es; (2) who may ha ve af fec ted fa mily
mem bers or fa mily an cestry that puts them at high
risk for trans mit ting a par ti cu lar di sor der to the ir
offs pring; (3) who had ter mi na ti on of preg-
nancy/preg nan ci es be ca u se of a ge ne tic de fect or
ob jec ti ons to ter mi na ti on of preg nancy; (4) whe re
the wo men are of ad van ced ma ter nal age, to avo id
ha ving chro mo so mally ab nor mal offs pring; (5)
with re pe a ted imp lan ta ti on fa i lu re fol lo wing as sis -
ted rep ro duc ti on tre at ments (ART); and (6) with
re pe a ted mis car ri a ges.1,12-14

Par ti cu larly, PGD has be en used to test for a
va ri ety of ane up lo i di es, au to so mal di sor ders, chro-

mo so mal re ar ran ge ments, X-lin ked di se a ses, non-
me di cal sex se lec ti on, hu man le u kocy te an ti gen
(HLA) typing, and sing le ge ne di sor ders.15,16 Cur-
rently, it is ac cep ted that at le ast 50% of hu man
emb ryos are af fec ted by ane up lo idy and ot her
chro mo so mal ab nor ma li ti es. Alt ho ugh the comp -
lex ori gins of ane up lo idy re ma in am bi gu o us, the
fact re ma ins that ane up lo idy fre qu ency is ex tra or -
di na rily high in hu man IVF emb ryos.17-19

DIAG NOS TIC TESTS USED IN PGD

The re are two ma in sta ges in PGD app li ca ti on. The
first ma in step con ta ins the col lec ti on of di ag nos -
tic ma te ri al for in ves ti ga ti on. This is ge ne rally car-
ri ed out in a cli ni cal IVF la bo ra tory un der ste ri le
con di ti ons. The o re ti cally, di ag nos tic ma te ri al can
be col lec ted from MII oocy te (first po lar body), zy-
go te (first or se cond po lar body), cle a va ge-sta ge
emb ryo and blas tocyst (Fi gu re 1a, b, c, d). The dif-
fe rent tech ni cal app li ca ti ons re qu i red for ob ta i -
ning the ma te ri al it self inf lu en ce the suc cess of the
pro ce du re.1,20 The se cond ma in sta ge in vol ves di ag-
nos tic tests in this tech ni qu e. PGD has lar gely fo-
cu sed on two met hods: FISH (Fi gu re 2) and PCR
(Fi gu re 3).1,21,22

FISH can be used on ge ne tic ma te ri al (me tap -
ha se chro mo so mes from po lar bo di es or nuc le i
from blas to me res and trop hob last cells) spre ad on -
to sli des. Af ter dehy dra ti on, pro be mi xes are app li -

FI GU RE 1: Il lus tra ti on shows the re so ur ces of di ag nos tic ma te ri als used in
PGD; (a) 1PB from MII oocy te, (b) 1PB or 2PB from zygo te, (c) blas to me re
from cle a va ge-sta ge emb ryo, (d) trop hob last cells from blas tocyst. The rec-
tan gu lar box sum ma ri zes the in di ca ti ons of uti li za ti on of PCR and FISH tech-
ni qu es in PGD app li ca ti ons. 

FISH Method PCR and PCR-based Methods
Numerical chromodomal abnormalites Single gene defects

*Aneuploidies *Autosomal dominant
*Poliploidies *Autosomal recessive

Structural choromosomal abnormalities *X-linked disorders
*Translocations (reciprocal, Rebortsonian) *Gene deletions and duplications
*Deletions Gene expression analysis
*Duplications, inversion, insertion HLA typing

Sex selection
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ed and analy zed un der flu o res cen ce mic ros co pe
(Fi gu re 2).23,24 FISH pro to cols ha ve be en used to ad-
dress the prob lem of low suc cess ra tes for so me pa-
ti ent gro ups. They are ol der wo men (over 37
ye ars), co up les with re cur rent imp lan ta ti on fa i lu re
fol lo wing IVF, and co up les with re cur rent mis car -
ri a ges.3 The ma jo rity of the emb ryo se xing is ac hi -
e ved using FISH that is less pro ne to con ta mi na ti on
and which tests the copy num ber for each sex chro-
mo so me the reby avo i ding the trans fer of com mon
chro mo so me ab nor ma li ti es such as tri so mi es and
X-mo no somy.1,3 Ho we ver, FISH has se ve ral li mi ta -
ti ons, the most im por tant of which be ing the num-
ber of chro mo so mes that can be analy zed,
si mul ta ne o usly. Alt ho ugh the cur rent pa nel of ni -

ne pro bes used in a num ber of PGD la bo ra to ri es co -
ver the most fre qu ent ab nor ma li ti es de tec ted in
cle a va ge-sta ge emb ryos or oocy tes, so me stu di es in-
di ca ted that 25-30% of chro mo so mal ab nor ma li ti -
es wo uld re ma in un de tec ted using FISH with ni ne
chro mo so me-spe si fic pro bes (13, 15, 16, 17, 18, 21,
22, X and Y), le a ding to the trans fer of ane up lo id
emb ryos in cor rectly di ag no sed as nor mal.25-30 Cur-

FI GU RE 2: Sche ma tic di ag ram of FISH used to de ter mi ne chro mo so mal ab-
nor ma li ti es in PGD. 
*: The cells such as po lar body, blas to me re or trop hob last cells are fi xed on -
to mic ros copy sli des,

: Pro bes sig ned with flu o res cen ce.

Fixed cell*

Denaturation

Hybridization

Nuclear DNA

Analysis with fluorescence microscopy

FIGURE 3: Schematic diagram of polymerase chain reaction usually used to
determine gene mutations or other genetic abnormalities in PGD.

: taq polymerase, → ←: primers,  
* : Genomic DNA can be isolated from polar body, blastomere or trophoblast
cells.

Genomic DNA isolatiom*
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rent FISH pro to cols ha ve used pro bes for up to 13
chro mo so mes but this rep re sents only half of the
who le kar yoty pe and ac cu racy per pro be is re du -
ced when lar ge num bers of pro bes are com bi ned
be ca u se of sig nal over laps.25,31 Mo re o ver, ot her
prob lems re la ted to FISH tech ni qu e con ta in in suf -
fi ci ent fi xa ti on of the ma te ri als, ha ving only fi ve
spec trally dis tinct flu o roc hro mes for pro be la be -
ling, and pro be tar get poly morp hisms.1,3,12,17 FISH
pro bes sho uld al ways be tes ted on blo od samp les
from both part ners be fo re be ing used for PGD to
pre vent mis di ag no sis be ca u se of tar get poly morp -
hisms.13

PCR is a tech ni qu e wi dely used in mo le cu lar
bi o logy and al so de ri ves its na me from one of its
key com po nents, a DNA poly me ra se used to amp -
lify a pi e ce of DNA by in vit ro enz yma tic rep li ca -
ti on (Fi gu re 3). 5,32 PCR-ba sed met ho do lo gi es are
of ten used to di ag no se sing le ge ne di sor ders in sin-
g le cells.1 The num bers of di se a ses cur rently di ag -
no sed vi a PGD-PCR tech ni qu e are ap pro xi ma tely
200.12 Ge ne rally, PGD-PCR eva lu a ti on can be fi n-
is hed wit hin one day. He althy emb ryos are then
trans fer red to the ute rus on day 4 or 5. Ad di ti o -
nally, it is strongly re com men ded that the nor ma -
lity is ap pro ved by cho ri o nic vil lus samp ling (CVS)
or am ni o cen te sis.4 

PCR-ba sed met hods used in PGD ha ve so me
li mi ta ti ons. Only one or two co pi es of  DNA mo le -
cu les are pre sent per hap lo id (se cond po lar body)
or dip lo id (blas to me re, trop hob last cell and first po -
lar body) cell, res pec ti vely.1 The li mi ted amo unt of
temp la te DNA (ap pro xi ma tely 7 pg) pre sent in a
sing le dip lo id cell (1PB and blas to me re) ca u ses a
num ber of prob lems inc lu ding an in cre a sed in ci -
den ce of de tec tab le con ta mi na ti on, amp li fi ca ti on
fa i lu re and al le le drop out (ADO) in he te rozy go tes.
Amp li fi ca ti on ef fi ci en ci es at the sing le cell le vel are
usu ally lo wer than the ro u ti ne PCR of DNA samp -
les whe re the re is a much hig her amo unt of temp -
la te DNA (ap pro xi ma tely 10 ng). Re du ced
amp li fi ca ti on ef fi ci ency can be a re sult of cell loss
du ring the de li ca te pro cess of cell trans fer to the
tu be, spon ta ne o us cell lysis be fo re en te ring the tu -
be or deg ra da ti on of the DNA. In ad di ti on, con ta -
mi na ti on is an im por tant thre at in the mo le cu lar

di ag nos tic analy ses for PGD, which may re sult
from the lar ge num ber of PCR cycles, ex tra ne o us
DNA, DNA in the form of ae ro sol, inad ver tent am-
p li fi ca ti on of PCR pro ducts and cel lu lar DNA from
sperm or cu mu lus cells.1,33,34 The use of IC SI ins te -
ad of IVF eli mi na tes the risk of sperm or cu mu lus
cell con ta mi na ti on and is ro u ti nely used for all
PGD-PCR ca ses. De nu ding the oocy te of cu mu lus
cells is al so a stan dard prac ti ce for PCR-ba sed PGD.
An ad di ti o nal prob lem which is com mon to all sin-
g le-cell ba sed PCR tests, is a phe no me non known
as ADO. ADO can be de fi ned as amp li fi ca ti on fa i -
lu re af fec ting only one of the pa ren tal al le les pre s-
ent in the sing le cell. The fre qu ency of ADO was
re por ted up to 25% in a cli ni cal PGD ca se. Re ports
sug gest that blas to me res usu ally ha ve a gre a ter
ADO ra te than po lar bo di es, lymphocy tes, or fib -
rob lasts.1,12

PCR-ba sed new tech ni qu es  ha ve star ted to be
used in cli ni cal PGD app li ca ti ons. One of them,
CGH, is a mo le cu lar cyto ge ne tic test that al lows the
analy sis of the full set of chro mo so mes, which has
be en app li ed to de tect ane up lo idy/ane up lo i di es in
sing le cells. This met hod is ba sed on the hybri di -
za ti on of flu o res cently la be led DNA (fre qu ently
rho da mi ne or te xas red) to nor mal hu man me tap -
ha se pre pa ra ti ons.35 Af ter wards, the ave ra ge
red/gre en flu o res cent ra ti o for each chro mo so me is
de ter mi ned by the CGH soft wa re. The to tal ti me
re qu i red to per form the CGH wo uld be abo ut 60 h
(13 h for the DOP-PCR-CGH ex pe ri ment, plus 45-
48 h of hybri di za ti on).4,25,36 Who le ge no me amp li -
fi ca ti on fol lo wed by CGH de tects ge no mic
im ba lan ces and has be en used in PGD cycles with
blas to me re bi opsy, with suc cess ful re sults.3,37-39

PGD using CGH to de tect ane up lo idy for al most all
chro mo so mes might in cre a se IVF preg nancy ra tes
by de tec ting ab nor ma li ti es.25

As CGH is a la bor in ten si ve tech ni qu e that re-
qu i res up to 3-4 days to ob ta in re sults, two dif fe -
rent stra te gi es we re pro po sed to apply CGH to
PGD. The first was the use of CGH for PGD by
blas to me re analy sis. In this ca se, emb ryo fre e zing
was re qu i red to pro vi de ti me eno ugh to per form
the CGH analy sis. Alt ho ugh this ap pro ach has re-
cently pro ved hig her imp lan ta ti on and preg nancy
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ra tes than FISH, so me re se arc hers fo und that 46%
of the emb ryos had not sur vi ved the fre e zing-tha -
wing pro cess.25,39,40 The se cond stra tegy was to per-
form CGH for PGD by first po lar body analy sis.
Sin ce po lar body bi opsy is per for med on the sa me
day, CGH analy sis is com pa tib le with emb ryo rep -
la ce ment on day 4, wit ho ut emb ryo fre e zing.25 In
ad di ti on, CGH test has so me li mi ta ti ons. One of the
ma in li mi ta ti ons is its ina bi lity to de tect al te ra ti ons
such as ba lan ced pre di vi si on of chro ma tids, which
pre dis po ses to ane up lo idy, but do es not re sult in an
im me di a te ga in or loss of chro mo so mal ma te ri al.25

Ad di ti o nally, CGH is in ca pab le of de tec ting chan -
ges in plo idy (e.g. dip lo id oocy tes) and he te roc hro -
ma tic, te lo me ric and cen tro me ric re gi ons ha ve to
be exc lu ded from the analy sis be ca u se they usu ally
show a de vi a ti on in the CGH pat tern. So me stu di -
es ha ve al re ady re por ted the dif fi culty in in ter pre -
ting the CGH pro fi le of chro mo so mes 17, 19 and
22 (CG-rich are as) in CGH app li ed to the analy sis
of sing le cells.25,29,41 Des pi te the high le vels of mi to-
c hon dri al DNA in MII oocy tes, the re is no in ter fe -
ren ce with CGH pro fi les, as mi toc hon dri al DNA
do es not hybri di ze to the temp la te chro mo so mes.
Ho we ver, mi toc hon dri al DNA may com pe te with
ge no mic DNA in the amp li fi ca ti on and nick trans-
la ti on pro ce du re. This co uld exp la in why MII
oocy tes, which con ta in many mi toc hon dri a, usu-
ally gi ve a we a ker hybri di za ti on than the po lar bo -
di es.25,42

A new tech ni qu e that may be used for PGD in
the fu tu re is mic ro ar ray analy sis. Ge ne-ex pres si on
pro fi ling using DNA mic ro ar rays can iden tify cer-
ta in ge ne ex pres si on le vels and ane up lo i di es in
blas to me re. With the in ven ti on of highly sen si ti ve
mo le cu lar de tec tors, sing le RNA mo le cu les can be
analy zed di rectly, wit ho ut amp li fi ca ti on. This tech-
ni qu e co uld be used for analy sis of ge ne trans crip -
ti on in sing le emb ryo nic cells.43-45

PO LAR BODY BI OPSY

One of the di ag nos tic ma te ri als used in PGD is the
po lar body that con ta ins hap lo id ge ne tic ma te ri al
and small amo unt of cytop lasm. PGD in ves ti ga tes
the ge ne tic ma te ri al wit hin the first and se cond po -
lar bo di es, by-pro ducts of me i o sis I and me i o sis II,

res pec ti vely. First po lar body (1PB) is cha rac te ri -
zed by the pre sen ce of a comp le ment of 23 bi va -
lent ma ter nal chro mo so mes. On fer ti li za ti on, a
se cond po lar body (2PB) con ta i ning a comp le ment
of 23 ma ter nal chro ma tids, is ex tru ded from the
oocy te and can al so be tes ted to pro vi de furt her
con fir ma ti on (Fi gu re 1a, b).25,46 The PBs are si mi lar
to the fe ma le pro nuc le us that com bi nes with the
ma le pro nuc le us to be co me the zygo te. By es tab -
lis hing whet her the re is an ab nor mal ge ne or chro-
mo so me ar ran ge ment in the PBs, it is pos sib le to
de ter mi ne the ma ter nal ge ne tic con tri bu ti on to the
emb ryo. This met hod can be used in ca ses of ma ter-
nally de ri ved do mi nant mu ta ti ons, trans lo ca ti ons,
and ane up lo i di es. It can not be used when pa ter -
nally de ri ved ge ne tic in for ma ti on is cri ti cal to the
di ag no sis. Un li ke blas to me re bi opsy, in which two
cells can be stu di ed to rep li ca te da ta, PB bi opsy da -
ta can not be rep li ca ted un less the PB bi opsy is fol-
lo wed by blas to me re bi opsy.3,4,43 In cli ni cal
app li ca ti on, PB has be en used pri ma rily for ane up -
lo idy scre e ning and less com monly for the de ter -
mi na ti on of ma ter nal trans mis si on of sing le ge ne
di sor ders such as β-tha las sa e mi a.7

PB has the ad van ta ge of samp ling ex tra emb -
ryo nic ma te ri al and is the re fo re less li kely to af-
fect det ri men tally sub se qu ent emb ryo nic
de ve lop ment, and it might be con si de red et hi cally
pre fe rab le by so me in ves ti ga tors. Ho we ver, PB
can only pro vi de in for ma ti on abo ut the ma ter nal
ge noty pe. In ad di ti on, whe re pre di vi si on of chro-
ma tids or un de tec ted re com bi na ti on bet we en
mar kers has ta ken pla ce, a re li ab le di ag no sis may
not al ways be pos sib le.13 In fe ma le me i o sis I, a set
of chro mo so mes, with two chro ma tids each, seg-
re ga te to the 1PB whi le the MII oocy te re ta ins the
re cip ro cal chro mo so me comp le ment. Sin ce the
1PB is tho ught to ha ve no bi o lo gi cal ro le on ce it
has be en ex tru ded, the analy sis of 1PB al lows the
in di rect cha rac te ri za ti on of chro mo so me cons ti -
tu ti on of the MII oocy te. This me ans that if a seg-
re ga ti on er ror oc curs du ring this first me i o tic
di vi si on, and for ins tan ce, an ex tra chro mo so me
is pre sent in the MII oocy te, then the 1PB will
show the comp le men tary loss. Most emb ryo ane-
up lo i di es as well as most first tri mes ter ane up lo i -



Turkiye Klinikleri J Med Sci 2009;29(1) 241

Histology and Embryology Öztürk et al

di es we re clas si fi ed as ori gi na ting in fe ma le me i -
o sis I. Ho we ver, FISH analy sis re sults of first and
se cond PBs in di ca ted that a si zab le part of ane up -
lo idy oc cu red in me i o sis II.25,46-48

An al ter na ti ve ap pro ach is the in ves ti ga ti on of
the 1PBs, which are ava i lab le for analy sis thre e
days ear li er than the blas to me res, pro vi ding suf fi -
ci ent ti me to per form CGH, and avo i ding emb ryo
cryop re ser va ti on. Ho we ver, furt her FISH analy sis
of bi op si ed blas to me res sho uld oc cur, as chro ma tid
ano ma li es de tec ted in me i o sis I ha ve only a 50%
chan ce of le a ding to an ane up lo id emb ryo.12,49 The
use of 1PBs has in he rent li mi ta ti ons in it self, sin ce
se cond me i o tic, pa ter nally de ri ved and post-zygo -
tic chro mo so me er rors (i.e. emb ryo nic mo sa i cism,
which was de tec ted in 30% of cle a va ge-sta ge emb -
ryos) can not be de tec ted.25

CLE A VA GE-STA GE EMB RYO BI OPSY

Most of the cen ters ob ta in ge ne tic ma te ri al for the
PGD by cle a va ge-sta ge bi opsy on the third day fol-
lo wing in se mi na ti on when the emb ryo is bet we en
5 and 10 cells (Fi gu re 1c). At this sta ge, blas to me -
res are be li e ved to be to ti po tent and emb ryo sur vi -
val and me ta bo lism se ems to be unaf fec ted by
bi opsy.1,3 In di vi du al cells of the cle a ving emb ryo
are dis tinct and dis cer nib le un til aro und the 8-16-
cell sta ge (day 3) when the emb ryo be gins to un-
der go the pro cess of com pac ti on. From 16-cell
sta ge, tight junc ti ons be gin to form and cel lu lar ap-
po si ti on be co mes to o gre at to se pa ra te in di vi du al
cells.13,50 Bi opsy at the two- or fo ur-cell sta ge in vol -
ves re mo val of a lar ge pro por ti on of the cel lu lar
mass of the emb ryo, with det ri men tal ef fects on
furt her de ve lop ment po ten ti al.13,51,52 The de ci si on
as to whet her one or two cells sho uld be re mo ved
is con tro ver si al. Re mo ving two cells re du ces the
cel lu lar mass of the emb ryo and the re fo re might
re du ce its de ve lop men tal ca pa city. The ac cu racy of
the di ag no sis, ho we ver, is li kely to be en han ced if
emb ryos are rep la ced only when the re sults from
both cells are con cor dant. Dis cor dant re sults bet -
we en cells co uld al so re du ce the num ber of the em-
b ryos de e med su i tab le for rep la ce ment, and might
dec re a se preg nancy ra tes. Af ter ge ne tic di ag no sis,
su i tab le emb ryos are usu ally trans fer red to the ute -

rus on day fo ur or fi ve (the blas tocyst sta ge) of de-
ve lop ment.13,53,54 

Cle a va ge-sta ge emb ryos ob ta i ned by IVF un-
der go a bi opsy pro ce du re in which one or two blas-
to mers are re mo ved and tes ted for a spe ci fic
di sor der. Emb ryos are trans fer red to cal ci um-fre e
me di um to di sas semb le tight junc ti ons and then
sta bi li zed by a hol ding pi pet te. The zo na pel lu ci da
is bre ac hed by la ser or acid Tyro de’s so lu ti on; fi-
nally one or two cells are re mo ved by a bi opsy pi -
pet te.3,4 Al so, ac cor ding to European Society of
Human Reproduction and Embryology (ES HRE)
PGD Con sor ti um da ta col lec ti ons, cle a va ge-sta ge
bi opsy, usu ally con ta i ning as pi ra ti on of one or two
blas to me res, is the most com mon prac ti ce for de-
ter mi ning emb ryo nic ge ne tic ma te ri al for PGD
analy sis.7 If the blas to mer is unaf fec ted, the emb ryo
from which it is ta ken is in ter pre ted to be fre e of
the ab nor ma lity. Af ter that, the emb ryo can be
trans fer red to the ute rus to ini ti a te preg nancy.1

Emb ryo nic blas to me res, ho we ver, in the ir ma-
jo rity are fo und to be in in terp ha se. To over co me
this prob lem, PGD pro to cols com monly emp loy a
mo le cu lar cyto ge ne tic met hod ter med FISH. This
met hod is ra pid to de ter mi ne the nu me ri cal or
struc tu ral chro mo so mal di sor ders and per forms
equ ally well re gard less of whet her app li ed to me -
tap ha se or in terp ha se nuc le i.12,55

Much of cur rent know led ge is ba sed on an ex-
pe ri ment that was con duc ted by Hardy et al who
sho wed that cells that we re re mo ved ini ti ally by
bi opsy de mons tra ted no ad ver se ef fects on pre imp -
lan ta ti on de ve lop ment to the blas tocyst sta ge ot her
than a pro por ti o nal loss of bi o mass.17,52 La ter stu di -
es re ve a led that bi opsy of one-fo urth of an emb ryo
might re du ce the ra ti o of in ner cell mass to trop -
hec to derm cells.17,56,57 This wo uld li kely di mi nish
vi a bi lity be yond just a pro por ti o nal dec re a se in bi -
o mass. The as sump ti on that bi opsy has litt le ef fect
on the emb ryo simply re ma ins un pro ven. Co hen et
al sta ted that an imp lan ta ti on po ten ti al of 20% wit -
ho ut bi opsy wo uld di mi nish to 17.0% and 14.0%
af ter a sing le- or 2-cell bi opsy, res pec ti vely.17 The -
re fo re, this analy sis re ve a led that 2-cell bi opsy sig-
ni fi cantly im pe ded emb ryo de ve lop ment and was
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inad vi sab le in ca ses in which PGD was used to in-
cre a se the IVF suc cess ra tes. The de ci si on to re mo -
ve 1 or 2 cells sho uld be ba sed not only on re du cing
er ror ra tes and in cre a sing the ef fi ci ency of the as -
say but al so on pre mi se that emb ryo vi a bi lity is di-
mi nis hed at le ast pro por ti o nally with each cell that
is re mo ved.13,17 On the ot her hand, Bick et al sta ted
that eva lu a ti on of emb ryo sur vi val af ter bi opsy sug-
ges ting the re mo val of one or two cells did not ha -
ve a sig ni fi cant im pact on emb ryo vi a bi lity, the
co ur se of preg nancy or the baby’s cha rac te ris tics
(birth we ight, length, ges ta ti o nal age at de li very).43

BLAS TOCYST STA GE BI OPSY

The third and la test met hod is blas tocyst-sta ge bi -
opsy that is per for med ap pro xi ma tely 5 to 6 days
af ter in se mi na ti on. The emb ryo at this sta ge has
dif fe ren ti a ted in to the trop hec to derm, which gi ves
ri se to the pla cen ta, and the in ner cell mass, which
gi ves ri se to the fe tus.43 La ser as sis ted bi opsy of the
hu man blas tocyst using non con tact in fra red la ser
for dril ling of the zo na pel lu ci da enab les re mo val of
se ve ral cells from the trop hec to derm la yer (Fi gu re
1d).58 It do es not ex po se the emb ryos to che mi cals
and do es not in va de the in ner cell mass des ti ned
for fe tal de ve lop ment. Be ca u se se ve ral cells can be
re mo ved from the trop hec to derm for analy sis, the
ac cu racy and re li a bi lity of PGD is im pro ved.43,59 As
blas tocyst cul tu re and cryop re ser va ti on im pro ve, it
is ex pec ted that this tech ni qu e supp lants cle a va -
ge-sta ge bi opsy and po lar body bi opsy.43

A ma jor prob lem with po lar body and/or cle -
a va ge-sta ge bi opsy is the pa u city of ma te ri al that
might le ad to an ac cu ra te and un re li ab le ge ne tic
di ag no sis. Bi opsy of the emb ryo at the blas tocyst
sta ge ob vi a tes many of the se prob lems as the em-
b ryo can con ta in up to 300 cells.13 In ad di ti on, be-
ca u se blas tocyst bi opsy in vol ves the pre fe ren ti al
re mo val of the mo re ac ces sib le trop hec to derm
cells, the in ner cell mass that is des ti ned to be co -
me the fe tus pro per is un li kely to be da ma ged,
the reby re du cing pos sib le et hi cal con cerns.13,60 In
blas tocyst bi opsy, a lar ger amo unt of ma te ri al is
ob ta i ned for tes ting than eit her po lar body or
blas to mer bi opsy. When di ag no sing mo no ge nic
de fects in sing le cells using PCR-ba sed pro to cols,

the re is a high risk of PCR fa i lu re and al le le dro -
po ut, po ten ti ally re sul ting in a dec re a sed num ber
of unaf fec ted emb ryos ava i lab le for trans fer. Con-
se qu ently, in cre a sing the amo unt of star ting tem-
p la te DNA sho uld in prin cip le in cre a se the
sen si ti vity and re li a bi lity of ge ne tic di ag no sis.1,7

The ma in di sad van ta ges of this app li ca ti on are
that cul tu re con di ti ons may not per mit all emb -
ryos to prog ress to the blas tocyst sta ge in vit ro. Al -
so, as the blas tocyst sta ge emb ryo must be
trans fer red to the ute rus be fo re hatc hing on day 6,
the ti me ava i lab le for di ag no sis is very li mi ted.3

Blas tocyst bi opsy nor mally ta kes pla ce on day
fi ve or six af ter fer ti li za ti on and in vol ves ma king a
ho le in the zo na pel lu ci da be fo re the re mo val of
cells. The cells are bi op si ed eit her by gent le te a sing
using ne ed les or by in du ced her ni a ti on of a trop -
hec to der mal ve sic le which can then be se pa ra ted
by physi cal me ans using ne ed les or by a la ser.13,61,74

So far, it has not be en ex ten si vely used in hu mans
be ca u se of the dif fi culty in cul tu ring emb ryos to
the blas tocyst sta ge. Ho we ver, the de ve lop ment of
se qu en ti al me di a that ha ve be en spe ci fi cally de sig -
ned for the long-term cul tu re of emb ryos and the
re cent re port of a hu man li ve birth af ter blas tocyst
bi opsy might en co u ra ge the in cre a sed use of this
pro mi sing tech ni qu e.13,15,62 

CONC LU SI ON

The cli ni cal pers pec ti ves for PGD ha ve re cently
bro a de ned to inc lu de di ag no ses for mo re than 100
dif fe rent ge ne tic di sor ders as well as for chro mo -
so mal ane up lo i di es and trans lo ca ti ons. As a re sult,
over 1.000 he althy chil dren ha ve be en born worl -
dwi de from PGD-IVF cycles.30,63,64 Even mo re con-
tro ver si al uses are con temp la ted, inc lu ding PGD to
se lect “cos me ti c” tra its, such as skin or eye co lor,
and to se lect ge ne tic tra its that are usu ally con si -
de red di sa bi li ti es, such as de af ness.63 In re cent ye -
ars, la te-on set in he ri ted di sor ders and highly
pe net rant can cer pre dis po si ti on mu ta ti ons ha ve al -
so be en ap pro ac hed using PGD. PGD tes ting has
be en app li ed for a va ri ety of la te-on set in he ri ted
ge ne tic di sor ders inc lu ding fa mi li al ade no ma to us
co li, BRCA1 and BRCA2 ge ne mu ta ti ons as so ci a -
ted with bre ast and ova ri an can cers, au to so mal do -
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mi nant polyc ystic kid ney di se a se (PKD1 mu ta ti -
ons), and amy lo id pre cur sor pro te in (APP) ge ne
mu ta ti ons as so ci a ted with early-on set Alz he i mer
di se a se.43,65-68 Anot her no vel in di ca ti on for PGD in-
vol ves blo od gro up in com pa ti bi lity such as Kell or
Rhe sus (Rh) al lo im mu ni za ti on.69 Alt ho ugh the se
di sor ders can be de tec ted by pre na tal di ag no sis and
tre a ted with in tra u te ri ne blo od trans fu si on, the po-
ten ti al comp li ca ti on for the fe tus can not be com-
p le tely eli mi na ted even af ter trans fu si on. PGD for
HLA matc hing was pro vi ded for fa mi li es that ha ve
chil dren af fec ted with in he ri ted ge ne tic di sor ders
such as Fan co ni ane mi a, Tha las se mi a, Wis cott-Al -
drich syndro me, X-lin ked hi pohy dro tic ec to der mal
dyspla si a with im mu ne de fi ci ency, as well as spo-
ra dic di se a ses such as ap las tic ane mi a and le u ke mi -
a.43,70,71 

So me con sor ti ums we re cons ti tu ted worl dwi -
de to un der ta ke syste ma tic as sess ment of PGD
out co me. One of them is ES HRE PGD Con sor ti -
um. This con sor ti um was es tab lis hed in 1997 to
col lect da ta con cer ning re a sons for  re fer rals. The
mem bers hip has in cre a sed ste a dily, sin ce the first
re port inc lu ding da ta from six te en cen ters (ES -
HRE PGD Con sor ti um Com mit te e, 1999).43,72 In
1997, the ES HRE PGD Con sor ti um was for med as
part of the ES HRE Spe ci al In te rest Gro up on Re-
p ro duc ti ve Ge ne tics, in or der to un der ta ke a long-
term study on ef fi cacy and cli ni cal out co me of
PGD. In De cem ber 1999, the first PGD Con sor ti -

um re port was pub lis hed dis cus sing re fer rals of
323 co up les, 392 PGD cycles and 82 preg nan ci es
and 79 chil dren born. The aims of the ES HRE
PGD Con sor ti um are to, i) sur vey ava i la bi lity of
PGD for dif fe rent con di ti ons; ii) ini ti a te fol low-
up stu di es of preg nan ci es and chil dren born, ii i)
pro du ce gu i de li nes and re com men ded PGD pro to-
cols to pro mo te best prac ti ce; and iv) for mu la te a
con sen sus on the use of PGD. The ES HRE PGD
Con sor ti um aids to in cre a se the suc cess of PGD
app li ca ti ons.73

In conc lu si on, app li ca ti on lands of PGD bro -
a den ra pidly. Al so, di ag nos tic tests and bi opsy
met hods are im pro ving ef fec ti vely to de ter mi ne
the ge ne tic de fects in the emb ryo in a short ti me
and cor rectly. Di ag nos tic ma te ri als from po lar
bo di es, cle a va ge-sta ge emb ryo and trop hec to -
derm cells can be ta ken at dis tinct de ve lop men tal
ti mes. Se lec ti on of the di ag nos tic ma te ri al sho uld
be spe ci fic for the con di ti ons of co up les app lying
to IVF cen ters. Furt her stu di es sho uld aim to find
what kind of app li ca ti ons might in cre a se the suc-
cess of PGD tes ting and the ra te of he althy preg-
nan ci es.
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