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                 Introduction

  Gametes  are  the carrier  of  genetic information from
one  generation to the  next.  If these  (sperm and  egg

forming ceils) are  affected  either  by intrinsic or  extrinsic

factors. the next  generation may  be produced with

various  genetic defbcts. These defects may  express  at

any  time  during developing embryo  to mid  adulthood

(Srivastava and  Olson, 2000). Ho",ex,er, now  it is

possible to have pre-implantation genetic diagnosis
(PGD) performed before implantation stage  (Pellestor,
1995). More  than  1200  genetic disorders have been
identified. Most  of  us  carrlr'  a  few defective genes with

no  signs  of  disease and  many  of  these  can  only  contrib-

ute  to susceptibility.  In addition  to hereditary dis-
orders.  ]ifestyle choioes  and  environmental  factors also

raise  or  lo",er the risk  ofdiseases,  Molecular basis ofa
vast  majority  of  these diseases is not  yet clear  (Delhanty
and  Handyside, 1995) (Magli et at., 1998).

  Since 1989, when  first successful  attempt  was  made  to

diagnose genetic defbcts befbre embryo  irnplantation in
human,  this diagnostic technique  gained lot of  impor-
tance (Rhoads et  at.,  1989). The  technique  is perfbr-
med  by removing  one  or  two  cel]s from the 8-I6cell
embryo.  Researches have sho",n  that it is possible to

remove  one  or  two  cells  from an  8-10celled embryo

three days after fertilization without  detrimental effects

to the  embryo  for further deyelopment CGrifo et ai,,

1994; Handyside et al., 1992). Embryos  were  sexed

on  the basis of  the presence or  absence  of  a  DNA

fragment specific  for the Y  chromosome  (Lo et at.,

1989) ; in 1990 two  sets  of  twin  girls were  born to five
couples  at risk  of  passing on  an  X  linked disorder.
Subsequently, a number  of  babies have been born after

the  pre-implantation  genetic diagnosis has ruled  out

cystic fibrosis <Handyside et  al.,  t992 ; 1997), Tay  Sachs
disease (Gibbons et al., 1995), Lesch-Nyhan  syndrome,
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Duchenne  muscular  dystrophy und  for diseases carriod

on  the X  chromosome.  Sexing the embryo  to avoid

X-linked  diseases remain  the  commonest  reason  for

pr"implantation diagnosis, now  optimally  carried  out

by the  molecular  cytogenetlc  technique  of  FISH  (fluores-
cent  in situ  hybridization) with  DNA  probes derived
from the X  and/or  Y chromosomes  (Griflin, 1992).

  Genetic defects are  tested fbr by PCR  (polymerase
chain  reaction)  and  chromosomai  abnormalities  by
FISH  techniques  (Handyside et ai., ]990  ; GriMn et  al.,

1994). In addition  to these, many  more  techniques  are

developed in order  to test even  monogenic  defbcts in the
developing embryo,  For those defbcts in which

cytogenetics,  biochemical or  molecular  basis is known,

prenatal diagnosis and  selectiN'e  termination  of  affected

fetuses is possible, These diagnostic techniques are

more  effective  in IVF  (in vimo  fertilization). After IVF,

on  the  3i'" day, the  8-cell embryo  is biopsed to obtain

blastomeres (single cells) for molecular  diagnosis (Han-
dyside et al., 1992; lnternational Working  Group,
1999). An  embryo  biopsy is done  using  mi-

cromanipulators  under  the visual  control  prox'ided by an

inverted tissue culture  microscope.  The  embryo  is held
in position using  a  holding pipette, whiLe  u  glass needle
is used  to dril] a  hole through  the zona  pellucida using

a  laser. A  single  cell is then  removed  by gentle suction,
The  oell is then  available  for genetic diagnosis. Analy-
sis of  DNA  from a single  cell is perfbrmed  by either

FtSH  or  PCR  technique. FISH  utilizes  fluorescent

probes, which  are specific  for a given chromosome,  and

therefbre allows  ene  to screen  for chromosomal  abnor-

mality  (GriMn et al., I994). PCR  allows  to amplify  a

selected  DNA  sequence  of  interest (Saiki et al., 1988), so
that it can  be  analyzed.  After the  biopsy and  DNA
analysis  on  the single  cell, the embryos  are  kept in
culture  and  allo-'ed  to divide further. Once  the  appro-

priate molecu]ar  diagnosis is made,  unaffected  embryos

can  be transferred back into the  uterus  in the  IVF  cycle.

PGD  (Pre-implantation Genetic Diagnosis) is now  also

being used  in order  to increase pregnancy rates for older
infertile women  (Reubinoff and  Shushan, 1996 ; Munne
et al., 1997). One of  the reasons  older  women  have a
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poorer pregnancy rate  is because their  embryog  are  often

chromosomally  abnormal,  because ofthe  fact they  havc
older  eggs  (which may  have genetic det'ects). PGD
allows  the  doctor to  select  only  the  chromosomally

normal  embryos,  so  that only  these can  be transferred
back into the uterus,  resulting  in a  higher, healthy and

term pregnancy rates (Mancuso et al., 1996) in older

women.

  In this revie",  we  have described various  PGD  tech-

niques  which  are  used  currently  for improving chances
of  conception,  defbct free, live births and  reducing

chances  of  abortions  in human  and  farm animals.

Certain techniques  which  are  not  yet perfbcted as routine

for diagnostic purposes in humans but used  frequently
fbr farm and  laboratory animals  and  plants have also

been des¢ ribed,  however, newly  developed RNA  based
diagnostic techniques  ",ere  not  included in this review.

             Chromosomal analysis

  Human  somatic  cells contain  46 chromosomes  ; these

comprise  22 homologous  pairs of  autosomes  and  two
sex  chromosomes,  XX  in the female and  XY  in the male
(Tljio and  Levan. 1956). Human  lymphocytes, the cells

which  are  easy  to obtain  but they  do not  divide, are

generally used  for chromosomal  analysis.  On  PHA

(phytohemoaglutanin) stimulation,  they divide and

treatment  of  colcemide,  arrest  them  in metaphase,  In a

metaphase  spread,  the individual chromosome  takes the

form of  two  chromatids  connected  at  the centromere.

Individual chromosome  has distinctiN'e and  reliable

pattern of  alternating  light and  dark bands along  its
length, C band  contains  tandemly  repeated  DNA;
G-band  contains  latereplicating AT-rich hetero-
chromatin  : Q-band contains  some  housekeeping genes
and  tissue-specific regulatoity' regions  ; and  R-band  con-

tains early-replicating  GC-rich regions,  A  normal  rnale

karyotype ",ith G-banding  technique  detects approxi-

mately  300 to 500bands  per haploid set (Federman,
1987;Biesecker,  2001). Recently, the banding tech-

niques  have been dramatically improved by obtaining

the  cells  in prophase. The  individual chromosomes

appear  markedly  elongated  and  up  to 1,500 bands per
karyotype are  ljkely to be recognized.  if prophase chro-

mosomes  are  used  fbr the  technique  (Yunis et al., 1978)
(Ikeuchi, 1984).
  Chromosomal  anomalies  oocur  in O.4% of  live births,
Chromosemal  anomaly  is an  important cause  of  mental

retardation  and  congenital  defects (See Tables 1 and  2),
Chromosomal  anomalies  are  present in much  higher
frequencies among  spontaneous  abortions  and  still-

births. The  phenotypic anomalies  that result  from
chromosomal  aberrations  are  mainly  due to imbalance
of  genetic information.

  Normal  chromosome  count  is expressed  as 46, XX  for
the female and  46. XY  fbr the male.  HoweL,er if an
error  occurs  in meiosis  or  mitosjs,  which  cell acquires  a

chromosome  complement  that is not  an  exact  multiple  of

23. For example,  when  nondisiunction  occurs  during
gametogenesis. the  gametes will  have either  an  extra

chromosome  (n+l) or  one  less chromosome  (n-1).
Fertilization of  such  gametes by normal  gametes  NN'ould

result  in two  types of  zygotes-trisomic  (2n+1) or

monosomic  (2n-1). The  trisomy  or  monosomy

involving the sex  chromosomes  is usually  associated

with  variable  degrees of  phenotypic  abnormalities.  The
most  common  abnormalities  ofchromosome  number  are

trisomies. Most  individuals ",ith  trisomy  exhibit  a

consistent  and  spocMc  phenotype.  These phenotypes
depend on  chromosome  involved (Table 1),
  The  most  frequent and  best-kno"'n trisomy  in human
is Down's  syndrome  (trisomy 21) (Valenti et  al.,  1968).

Table1

Syndrome Incidence Clinical Manifestations

Trisomy  13
Patau  synd}ome

Trisorny l8
Edivarcty sJ･,ndrt)Tne

Trisomy  21
Down's  svndiome

1/lo,ooo births

1/'6,(X}O births

11600--8oo births

Cleft lip often  midline.  Flexed fingers with  poliydactyly, orular
hypodactyly, Bulbous nose,  Low-set  malformed  ears.  Small abnormal

skulL,  CerebraL malformation.  {holoprosencephaly) Microphthalmiu,
Cardiac ma]formation.  Sca]p defbcts, H}poplastic or  absent  ribs,

Visceral and  genital anomalies

Low  birthweight, Closed fists with  index finger overlapping  the 3"di
digit anct  the 5'h digit overlapping  the 4th Narrow  hips with  limited
abduction,  Short sternum,  Rocker-bettom foot. Microcephaly. Promi-
nent  occiput  Micrognathiu, Ca[diac and  renal  malformations  and

mental  retardation  9S%  of  cases  are  lethal in ]St year

Hypotonia,  fiat face,Upward and  slanted  palpebral fissures and

epicanthic  folds. Brushfield spo[s,  Various degrees of  mental  and

growth retardation,  Dysplasia of  the pe]vis, Cardiac malfbrmation,

Short, broad hands, h},poplasia of  middle  phalanx of  5th finger, 1ntesti-
nal  atresia,  Hjgh  arched  palate
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Table[

Delction

4p-of  chromosomal  purt

5p-

9p-

13q-

18p-

18q-

21q-

                        Clinical Abnormalities

PVbijZHimschhorn sl,ndeome, The  main  features are  a  typical 
"Greek

 helTnet" fucies with

ocular  hypertelorism, prorninent glabella and  fi'ontal bossing. microcephaly,  doLichocephal}',
hypoplasia of  the eye  socket,  ptosis, strabismus,  nystagmus,  bilateral epicanrhic  fold, cleft lip
and  palate, beaked nose  with  prominent bridgc, hypospadias, cardiac  ma]formations,  and

menta]  retardation.

C).i-du-chat op,ndrome. The  main  features are  hypotonia, short  stature,  churacteTistic  cry,

microcephaly.  "･ith  protruding metopic  suture,  moonlike  face, hypertelorisrn, bilateral

epicanthic  foLds. high arched  pa[ate, wide  and  fiat nasal  bridge, and  mentaL  retardation,

The  main  features are  craniofacial  dysmorphoLogy with  trigonocephaly,  slanted  pulpebrul
fissures, discrete exophthalmos,  arched  eyebrows,  fiat and  wide  nasal bridge, short neck  with

pterygium colli,  genitui unomalies,  long fingers and  toes, cardiuc  malfbrmations  and  mental

retardatien.

The  main  feutures are  [ow birth",eight, fhilure to thrive, and  severe mental  retardation.  Facial
features incLude microcepha[y,  fiat wide  nasal bridge. h>,pertelorism. ptosis, and  micregnathia,

Ocular malfbrmations  are  common.  The hands have hypop]astic or  absent  thumbs  and

syndactyly.

A  few patients (15%) are  severely  affected  and  have cepha]ic  and  ocular  malfbrmations,  c]eft

lip and  palate, and  var)'ing  degrees of  mental  retardation.  Most  (80%) have only  minor

malforrnation  and  mild  mental  retardation,

The main  features are  hypotoniu with  
"`froglike"

 position with  the legs fiexed, externally
rotuted,  and  in hyperabduction. The  fhce is characteristic  with  depressed midface  and

appurent  protnision of  the mandible,  deep-set eyes, short  upper  lip, everted  lower Iip

C"carplike mouth'").  Antihelix ofthe  ears is very  prominent. Var.ving degrees ef  mental

retardation  and  belligerenr personalit},.

The  main  features are  h.ypertonia Microcephaly, downward-slanting palpebral fissures, high
palate, prominent nasal  bridge. 1arge low-set ears, micrognathia,  and  varying  degrees of

mental  retardation,  They  may  have skeletal  malfbrmation.

The  occurrence  of  Down's  syndrome  as ",ell as other

autosomal  trisomies increase with  advancing  maternal

age  (Munne et al.. 1995), ho"'eN'er about  4.5% trisomy
21 cases  are  not  due to age  (Antonarakis et at., 1993).
The  increased risk  of  this syndrome  in ",oman  older

than  35 years warrants  for PGD.  Fetal chromosome

analysis  is a  reliable  way  to detoct fetal Do"'n syndrome.

In woman  younger than  35 years. maternal  serum  testing

(triple screen)  can  be effective  in prenatal screening  fbr
DoxN'n syndrome.  Low  levels of  alpha-fetoprotein,

unconjugated  estriol  and  human  chorionic

gonadotropin in maternal  serum  are  indicators of

Down's  syndrome  (Brambati and  Simoni, 1983).

  The  K/linefelter syndrome  is also  well  known  as one

kind of  trisomy, but not  autosomal  trisomies, These
individuals have a  male  karyotype with  an  extra  X

chromosome,  47, XXY,  and  phenotype is male  (Abram-
sky  and  Chapple, 1997). The  patient tends  to be tall,

slim,  underweight  and  have relatively  long legs. The
testis tends to be small  for the age,  but this sign  may

become  apparent  only  after  puberty, when  normal  tes-

ticular growth fails to occur.  Pubertal development
may  be delayed. Some  degree ofandrogen  deficiency is
usually  detected, although  some  children  may  undergo

almost  normal  appearances.  Most  males  with  this

condition  go through  life undiagnosed.  The chromo-

somes  should  be examined  in all  patients suspected  of

having Klinefelter syndrome.

  The  Phenotypic medical  examinations  of  monosomies

(2n-1) are  shown  in Table2, In humans, (Robinson
et al.. 1992; Schrurs et al., 1993; Verlinsky et al,,

1995) all cornplete  autosomal  monosomies  appear  to  be
lethal early  in development and  only  survive  in mosaic
forms (Evsikov and  Verlinsky, 1998; Delhanty et al,,

1993). Partial monosomies  are usually  the offlspring of

a  translocation carrier  (Scriven et ai.. 1998),

  The  Turner  syndrome  is one  of  the most  common

monosomies  in liveborn humans, The  chromosome

finding in Turner syndrome  is a  loss of  part or  whole  of

one  sex  chromosome  {45, X)  and  the resultant

phenotype is female (Munne et  al., 1993), Many

patients with  Turner syndrome  are  recognizable  at birth,
because of  its characteristic  edema  of  the dorsa of  the

hands  and  fbet and  loose skin  folds at nape  of  the  neck.

Low  birthweight and  decreased height are  common

features, Clinical manifestation  in childhood  includes
"'ebbing  of  the  neck,  a  low  posterior hairline, gmall

mandible,  prominent ears, epicanthal  folds, high arched

NII-Electronic  



The Society of Chromosome Research

NII-Electronic Library Service

The  Society  ofChromosome  Research

118 DNAbased  pre-implantation

palute, a broad chest  presenting the illusion of  widely

spaced  nipples,  cubitus  valgus,  and  hyperconvex finger-
nails. The  diagnosis is often  first suspected  at puberty
when  sexual  maturation  fails to occur,  The  mean  adult

height is 143-s-･144cm in United States and  most  of

northern  Europe, but 140cm  in Argentina and  147 cm
in Scandinavia. The height is well  correlated  with  the

average  of  the parents' height. Specific growth curves

have been developed for girls with  Turner syndrome.

Sexual maturation  usually  fails to occur,  but 10p･-209I of

girls have spontaneous  breast development, and  a  small

percentage may  have menstrual  periods. Chromosomal
analysis  must  be considered  in a]1 short  girls.
  Chromosomal abnormalities  include not  only  the

chromosome  number  but also  chromosome  structure,
these are  as fo11oxN's:

  1, Deletion: an  aberration  in which  a segment  ofa

     chromosome  is missing;  this may  be a  segment

     large enough  to be detected under  the  microscope

     (macrodeletion) or  so  small  that only  sophisti-

     cated  methQds  can  detect it (microdeletion).
  2. Dzq)litation : an  aberration  in ",hich  a segment  of

     a  chromosome  is repeated  and  thus  is present in
     rnore  than  one  copy  within  the chromosome.

  3. Rearrangement:  an  aberration  in whieh  a  seg-

     ment  of  a  chromosome  is shifted  within  the same

     chromosome,  sometimes  turned  upside-do"Jn

     (inversion) or  transferred  to  another  chromo-

     some  ; the latter kjnd of  rearrangement  is called  a

     translocation.

  4, 7)anslocation : an  aberration  in which  a  chromo-

     some  segment  from one  chromosome  is transfer-
     red  to another  chromosome.

  The  karyotyping and  banding techniques  using

human  lymphocytes are  basic tool  to detect abnormal-

ities of  chromosome  number  and  structure.  Because
these techniques  permit identification of  each  chromo-

some  as well  as delineation of  precise breakpoints and

other  subtle  alternations.  Recently  new  fiuorescent
chromosome  banding technique  that uses  methyl  green,
a nonfluorescent  AT-sensitive dye that eMciently  absorbs

green fiuorescence. and  YOYO-1  dye, a  green fluorescent
dimeric clr'anine dye that stains  chromosomes  without

significant  sequence  specificity  are  used,  When  stained

with  both of  these dyes, chromosomes  show  a distinct
fluorescent banding  pattern in which  G  band  appears

dark against  green signa], The  use  of  these banding
techniques  permits identification of  each  chromosome  as

well  as delineation of  precise breakpoints and  other

subtle  alternations.

  A  woman  known  to be carrying  an  X-linked disease
with  a  50% risk  of  an  affected  male  in each  pregnancy.
In addition,  her daughters have a  50% risk  of  being
carriers,  but are  unlikely  to be clinically  affected.  She
may  not  wjsh  to  become  pregnant  if she  has to make

      diagnosis

decisions about  an  affected  child  in a  viable  pregnancy,
However, she  would  become pregnant if she  knew she

had conceived  a daughter, ancl with  pre-implantation
diagnosis this possibility becomes a reality. PGD  thus
eliminates  the  need  for possible pregnancy termination
after prenatal diagnosis of  a  genetically-affocted fetus,

      Molecular diagnosis of  genetic diseases

  Identification of  bands on  chromosome  still may  not

pinpoint  the monogenic  disorders and  therefore more

precise molecular  methods  were  developed tbr diagnosis.
The  fo11owing methods  are capable  of  locating gene
defects and  can  give even  the  change  in DNA  sequence.

In contrast  to the earlier  crude  methods  for detecting
genetic abnormalities,  FISH  is a newer  molecular  biol-
ogy  technique  that  can  give more  precjse information
about  the actual  location of  alterations  or  mutations  on

the DNA  molecules  for deletions and  transpositions.

This technique  employs  a  DNA  probe. ",hich  is a

defined DNA  sequence  that  binds to highly specific  site

ontargetchromosomalDNAbyhybridization.  Whole
chromosomal  probes are  also  available  for detection of

abnormal  structure  on  chromosomes.  These  DNA

probes are  labeled with  a fluorescent dye so  as to

visualize  the particular sites along  the chromosome

where  DNA  probe enables  to bind (Sansom, 2000). A

growing number  of  laboratories that conduct  diagnostic
cytological  analysis,  at least among  research  hospitals
and  specialty  clinics,  ure  oflering  F[SH-based tests as

part of  their  standard  repertoires  and  several  companies

are developing standardized  FJSH  kits for detecting

genetic abnorrnalities  associated  with  specific  diseases
including pre-implantation genetics <Munne et al,.

I996).

  PRinted in situ labeling (PRINS) technique,  a  primer,
in which  thymidine  is replaced  by dUTP  labeled w)'th

aminomethy]  coumarim  acetic  acid  (AMAC) or  fiuores-
cein  isothiocyaanate (FITC) or, amino  actyl  fluorine

(AAF) or  digoxigenin, anneals  to a  specific

chromosomal  locus where  it is extended  by 7lag

polymerase (Pellestor et at., 1996). This process is
repeated  for numerous  cycles,  and  resultant  fiuorescent
signal  can  be detocted under  a fluorescence microscope.

It is potentially more  sensitive  than  FISH, especially  for
detecting unique  sequences  of  less than  3-5 Kb,  because
multiple  cycles  of  primer extension  can  be performed in
this technique. In addition  to this, PRINS  technique

can  reduce  the reaction  time  and  background, and

preserx,e the chromosome  structure.  And  aboN'e  all,  this

technique  made  it possible to study  somatic  cell chromo-

some.  In 1994, PRINS  has been shown  to provide

genetic information from single blastomeres (Gosden
and  Lawson, 1994).

  DNA  Chips : The  ne",est  and  most  promising tech-

NII-Electronic  



The Society of Chromosome Research

NII-Electronic Library Service

The  Society  of  Chromosome  Research

P,D. Gupta

nology  for the accurate  identification of  DNA  sequence

alterations  is the DNA  chip.  DNA  chips  are part ofa

new  wave  of  miniaturized  devioes that offer  extraordi-

nary  analytic  versatility  and  sensitivity-  in part, because
they enable  investigators to perform thousands  of  sepa-

rate  tests on  the surfaces  of  silicon, glass or  plastic chips
that  may  be a  mere  one  centimeter  square.  At the core

of  this technology  is reliance  on  DNA  probes-short-
chain,  single-stranded  DNA  fragments similar  to those

used  in FISH.  But in this case,  hundreds or  thousands

of  different DNA  probes are  synthesized  and  arrayed  in
a  discrete regular  grid on  silicon  chip  surface,  which  are

made  -,ith  the help of  techniques  borrow'ed from the

electronics  industry (Wells and  Delhanti, 2oo1). Many
different kinds of  DNA  chips  are  now  being made

which  are  of  particular use  in fundamental research  for
exploring  functioning of  single  gene or  sets  of  genes in
living cells. Others are  being developed to suit specific

ttpplications,  including those  required  for practical
medical  diagnosjs {Dhiman et al., 2001). In most

cases, however,  the underlying  principle remains  same.

DNA  chips  can  detect mutations  at the molecular  level-
that  is, changes  in DNA  sequence-  with  exquisite  sensi-

tivity,

  Southern  blotting : One  of  the rraditional techniques

utilizing  molecular  hybridization is called  Southern
blotting. DNA  is first digested with  a restriction  en-

donuclease and  then separated  according  to the size of

DNA  fragments by electrophoresis  through  an  agarose

gel. Small fragments are  able  to migrate  more  quickly
through  the gel than  long fragments. Most  restriction

enzymes  will  digest human  DNA  into about  a  million

fragments. The  DNA  is first denatured to make  single

stranded  by treatment  with  NaOH.  It is then transfer-

red  to the surface  of  a  nylon  filter by blotting. And
then,  the fragments in filter are  exposed  by probe, which
incorporating a  label into a fragment of  DNA  from the
target sequenoe.  The  label may  be either  a  radioactive

isotope (often 
32P)

 or a chemical  hapten such  as  biotin,
The  single  stranded  probe is annealed  to  its target

sequence  which  is then stringently  washed  to remoN'e  any

probe  which  has bound  other  than  by perfect fbrmation
of  a  long run  of  complementarlr'  hydrogen bonds.
Finally, the position of  the annealed  probe is deter-
mined.  This blotting technique  is a  fast way  ofanalyz-

ing a small  number  of  DNA  fragments, which  may  be
present in a  complex  mixture.  And  it is not  only  the

presence, but the size  of  the fragments is also  detected,

  Restriction Fragrnent Length Polymorphism  (RFLP)
was  the first method  developed to perform to produce
ditferent sized  DNA  fragments and,  now  it has been
superseded  by newly  designed methods  e.g. PCR,  it still
has important upplications  for some  types of  analysis.

This procedure depends on  t"'o factors ; the annealing

of  the probe which  defines the locus, and  the positions

andK.  Tatsumi 1r9

of  the restriction  enzyme  rocognition  sites which  produce
the  polymorphism. RFLP  probes can  be transferred

from one  cross  to another  and  still mark  the  same  locus.
even  though  the polymorphism  may  be difEerent. For
this  reason  these types ofmarkers  have an  importunt role
te play as 

'anchoring'

 markers  to  link different maps

together. For  example,  ifa particular RFLP  is usually
associated  with  a  particular genetic disease, then  the

presence or  absence  ofthat  RFLP  can  be used  to  counsel

people about  their risk  of  developing or  transmitting the

disease. The  assumption  is that the gene they are  really

interested in is located so  close  to the RFLP  that the

presence of  the RFLP  can  serve  as  a  surrogate  fbr the
disease gene itself But people iN'anting  to be tested

cannot  simply  ",alk  iii off  the street.  Because of  cross-

ing over,  a  particular RFLP  might  be associated  with  the

mutant  gene in some  people, with  its healthy allele in
others.  Thus  it is essentia]  to examine  not  only  the

patient but as many  members  of  the  patient's family as

possible,
  Polymarase  Chain  Reactien (PCR) : Another  toch-

nique  called  PCR  has become critieally  important to

molecular  genetics. This method  permits one  to en-

zymatically  amplify  a  DNA  sequence,  using  short  syn-

thetic DNA  probes or  primers. Hybridization is the

process in which  the labeled probe is allowed  to anneal
with  the single  stranded  DNA  on  the filter. However
the longer probe sequences  increase both the time

required  and  allow'  fbr a  greater degree of  discrimina-
tion.  PCR  primers are  designed to be pretty much

1oo% specific  and  anneal  in seconds, whereas  hybridiza-
tion probes require  much  longer, but can  reveal  similar-

ity in sequence  rather  than  complete  homology.
  PCR  can  be used  to detect the presence of  unwanted

genetic material,  as in the case  of  a  bacterial or  viral

infection. Conventional diagnostic tests that involve

the culture  of  microorganisms  or  use  of  antibodies  can

take  weeks  to complete  or  be tedious to perfbrm,  PCR
ofi'ers a fast and  simple  alternative.  For  example,  in the
diagnosis of  AIDS,  PCR  can  be used  to detect the small

percentage of  cells  infected by the human
imrnunodeficiency virus  (HIV). DNA  isolated from

peripheral blood cells is addecl  to a PCR  reaction

containing  primers complementary  to DNA  sequences

spocific  to HIV,  Following amplification  and  gel

electrophoresis,  the presence of  an  appropriate-sized

PCR  product indicates the presence  of  HIV  sequence

and  therefore, HIV  infbction, This technique  is also

being uged  for infertjlity testing.

  The  Ligase Chain  Reaction (LCR): The  point
mutations  are  the  most  dificult to detect of  al1 the

genetic alterations,  Nevertheless, there are  quite a  few
tochniques  capable  of  recognizing  the presence of  single

base changes  in mammalian  genes, The  LCR  is one

technique  th at alloxiv's detoction ofsingle  point mutations
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in diseased genes. The  technique  utilizes a thermostable

DNA  ligase to ligate together  perfectly adjacent  oiigos,

Two  sets of  oligos  are  designed to anneal  to one  strand

of  the gene at the site ofthe  mutation.  a second  set of  two

oHgos  anneals  to the other  strand.  The  oligos  are

designed such  that the>' will  only  completely  anneal  to

the x･vild-type sequences.  For  example,  in the sickle-cell
mutation,  the 3' nucleotide  of  one  oligo  in each  pair is
mismatched.  This mismatch  prevents the  annealing  of

the oligos  directly adjacent  to each  other.  Therefbre,
DNA  ligase will  not  ligate the two  oligos  of  each  pair
together. With the wild-type  sequence  the oligo  pairs
that are  ligated together become targets fbr annealing  the

oligos  and,  therefore, result  in an  exponential

amplification of the wjld-type  target, However prior
sequence  knowledge is required  in order  to detect point
mutations  in diseased genes, the  LCR  technique  is
utilized  for the diagnosis of  the presence  of  a mutant

allele  in high-risk patients.
  Allele-specific oligonucleotide  (ASO) hybridization i
When  the DNA  sequence  ofa  spocific  gene  or  mRNA  is
known, it can  be used  to synthesize  an  oligonucleotide

probe that is only  a few nucleotides  long such  as

allele-specific  oligonucleotide  (ASO) probes, Hybridi-
zation  with  radioactix,ely  labeled ASO  probe has been
applied  directly to the detection of  specific  point muta-
tions. ASO  hybridization is one  of  the direct methods
for screening  fbr a  mutation.  These  probes can  be used

for any  disorders in which  the nucleotide  sequence  ofthe

mutant  and  normal  alleles  are  known.  Under  the right

conditions  (known as  hybridization stringency),  a com-

plementary oligonucleotide  probe thut exactly  matches

the mutated  sequence  will  anneal  with  that sequence,

while  a probe  for the normal  sequence  will  not.

Heterozygotes  for a  particular mutation  can  be identified
because both probes anneal  with  the DNA  to an  equal

extent.

  DNA  Sequencingi Sequencing of  DNA  can  be
accomplished  by either  chemical  or  enzymatic  means.

The  original  technique  fbr sequencing  (Maxam and

Gilbert, ]977), relies  on  the nuc]eotide-specific  chemical

cleavage  of  DNA.  The  enzymatic  technique, Sanger
sequencing  (Sanger and  Coulsonr 1978), involves the use
of  dideoxynucleotides (2', 3Ldideoxy) that terminate

DNA  synthesis  and  is, therefbre, also  called  dideoxy
chain  termination  sequencing.  The  Sanger DNA  se

quencing protocol utilizes  dideoxynucleotides (ddNTPs)
to terrninate  chain  elongation  during the in vitro  synthe

sis ofDNA  from a  cloned  template. Synthesis is initiat-
ed  using  a specific  oligonucleotide  primer. During the

synthesis  reaction  a  radioactive  nucleotide  (usually
dATP)  is incorporated into the elongating  strands.

Four separate  reactions  are  carried  out  simultaneously.
each  of  which  contains  all  4 dNTPs  and  a single

ddNTP. The higher the concentration  of  ddNTP  the

tagnosls

more  frequently chain  elongation  will  terminate.

Therefore, one  can  regulate  the extent  of  sequence  infbr-
mation  obtainable  by varying  the dNTP/ddNTP  ratio.

Following the  extension  reactions  the products are
resolved  by electrophoresis  in a  denaturing (urea) polya-
crylamide  gel, The  results aie  obtained  when  the gel is
dried and  exposed  to x-ray  film. Bands near  the bottom
of  the  gel represent  short  reaction  products (ie closest  to

the 3'-end of  the primer) and  those near  the top  the

longest products.

                 Conclusion

  With  the advancement  of  technology  it is now  pos-
sible  to rocover  fetal or  early  embryonic  cells for genetic
analysis,  Many  sensitive  techniques  like FISH, PCR
and  other  molecular  biological techniques  which  can

detoct even  signal  abberations.  With the gene replace-
ment  technology  if this can  be corrected  then it is
possible to produce a  heaLthy baby. By now  with  the

employment  of  ne-'  technologies  babies having genetic
disorders were  treated and  normal  healthy babies were

produced. However  it would  take time  to put these

techniques  for general use.

                 References

Abramsky,  L. und  Chapp]e, J, (t997). 47XXY  (Klinefelter
   syndrom)  und  47XYY  / estimated  rates  and  indication for
   postal diagnosis with  imp[ications for prenatal counselling,

   Prenat, Diagn. 17 : 363-368 [Medline],
Antonarakis, S.E., AvramopouLos,  D., Blouin, J.L., Talbot, C.C.
   and  Schinzel, A, (1993). Mitotic errors  in somatic  cells

   cause  trisomy  21 in about  4,5% of  cases  and  are  not  associat-

   ed  with  advanced  maternal  age.  Nat, Gellet. 3: 146-150.

Biesecker, B. (2001). Prenutal diugnoses of  sex  chromoseme

   conditions,  BMJ  322: 441-442.

Brambati, B. and  Simoni  G. (1983). Fetal diagnosis oftrisomy

   21 in the first trimester of  pregnancy, Lancet 1: 596.

Das, Lai A,, Ta]war. A.A., Husnain, G.P. and  Sinha. S.E., S.

   (1996). A  one-srep  1},sis procedure for 18S  ribosoma[

   RNA-based  diagnosis of  infbction by Plasmodium  spccies.

   Analytical Biochemistry 241 : 262-264.
Delhanty, JD. and  Handyside, A,H.  {1995), Jhe origin  of

   genetic defbcts in the human  and  their detection in the

   pre-imptantation embryo.  Hum.  Reprod.  Update  1r 201-

   215.
Delhanty,  J.D.Ar  GriMn, D.K.,  Handysjde,  A,H., Harper, J"
   Atkinson. G.H.G,  Pieters, M.H.E. and  Winston, RML.

   (r993}. Detection of  aneuploidy  and  chromosomal

   mosaicism  in human  embryos  during preimplantation sex
   determination by fiuorescent in situ  hybridisation, (FISH).
   Hum,  Mol. Genet 2] 1183-II85.
Dhiman,  N., Bonil]a, R. O'Kane, JD.  and  Po]and, G.A.  (2oo1),
   Gene  expression  microarrays:  a  21Sr century  tool  for direct-

   ed  vaocjne  desiEn. Vaccine 20: 22 30.             -

NII-Electronic  



The Society of Chromosome Research

NII-Electronic Library Service

TheSociety  ofChromosome  Research

                                        P.D. Gupta

Evsikov, S. and  Verlinsky, Y. (1998). Mosaicism in Lhe inner

   ceH  mass  ofhuman  blastoc>,sts. Hum,  Reprod. 13: 3151-
    3155.

Federman, D.D. {1987). Mapping  the  X  Chromogome  : Mind-

    ing its p'r and  q'r. Nature Engl. J. Med.  317 / 161.

Gibbons, W,E.  Gitlin. S.A. LanzendorC  S.E., Kuufhiann, R.A.

    Slotnick,R.N.andHodgen,GD.  (i995). Preimpluntatfon

    genetic diagnosis for Tay-Sachs disease: successf'ul preg-
    nancy  after  preembryo biopsy and  gene amplification  by

    polymerase chain  reaction,  Feni1  Steril 63: 723-728.

Gosden, J. and  Lawson,  D.(1994). Rapid  chromosome

    iclentification by oligonucleotide-Primed  in situ DNA  syn-

    thesis (PRINS), Hum.  Mol.  Genet. 3: 93[ 936.

GriMn,  D.K.  Handyside, A.H., Harper, J.C., WiLton, L,J.,

    Atkinson, G,HG"  Soussis, I. Wells,  D., Kontogianni,  E.H.,

    Tarin, J.. Geber, S. Ao, A., N-vFinston, R.M,L, and  DeLhanty,

    JD.A.  ([994). Clinical experience  with  preimplantation
    diagnosis of  sex by dual fiuorescent in situ  hybridisation.

    J. Assist. Reprod, Genet. 11 : 132-143.

ariMn,  D,K., Wilton. LJ.  Handyside. A.H,, Winston,  RM.L.

    and  Delhanty, JD.A,  (1992). Dua[  fiuoreseent in situ

    hybridization tbr the  simultaneous  detection of X  and  Y

    chromosome  specific  probes for the  sexing  of  human  pre-

    implantation embryonic  nuclei.  Hum.  Genet, 89 : 18 22,

Grifb, J,A., Tang, Y.X.  Munne,  S. A]ikani. M..  Cohen, J. and

    Rosenwaks, Z. C1994). Healthy deliveries i'rom biopsied

    human  embryos.  Hum.  Reprod. 9: 9[2-916.

Handyside, A.H. Kantogianni. E.H.  Hurdy, K. and  Winston,

    R.M.L. (1990). Pregnancy from biopsied human  pre-
    implantation embryos  sexed  by specific  DNA  amplification.

    Nature 344: 768-770,

Handyside, A.H., KontosiannL E,H., Hardy, K.  Winston,

    R.M.L. and  Hughes, M.R.  ([992). Birth of  a  normal  girl

    afier  in vitro  fertilization and  preimplantation diagnostic

    testing for cystic fibrosis. N. Eng. J, Med. 327 : 90S-909.
Handyside.  A.H.  and  Delhanty, J,D.A. (1997). Pre-

    {mplantation genetic diagnosis/ strategies  and  surprises.

    Trends Genet. B:  270-275.

Ikeuchi, T. (1984). Inhibitory etfect  of  ethidium  bremide  on

    mitotic  chromosome  condensation  and  its upplicution  [o

    high-resolution chromosome  banding. C},togenet, ce]1

    genet  38: 56-61.
International Werking  Group  on  Pre-impluntation Genetics

    (1999). Report of  the 8'h AnnuaL  Meeting of  the Interna-
    tional Working  Group  on  Pre-implantation Genetics,

    Preimplantation diagnosis : an  alternatis,e  to prenata] diag-

    nosis of  !enetic  and  chromosomal  disorders. J, Assist.
    Reprod. Genet. 1999; 16/ 161-169.

Lo, Y.MD,,  Patet, P., Wainscoat, j.S. Sampietro, M., Gil[mcr.
    M,D.G,  and  Fleming. K.A. (I989). Prenata] sex  determi-

    nation  by DNA  amplification  from maternal  peripheral
    blood. Lancet 2: 1363-1365,

Magli, M.C,. Gianaroli, L,, Munne,  S. and  Ferrarctti. A.P.

    (]998}, Incidence of  chromosoma]  abnormalities  in a

    morphologicaLly  normal  cohort  of  ernbr)'os  in poor-

    prognosis patients. J. Assist. Reprod. Genet. 15 : 296-3oo,
Mancuso.  S., Caruso, A. and  Lanzone, A. {1996), Ethica] and

    biological problems of  the pre-implantation genetic diagno-

andK.  Tatsumi  121

    sis for older  mothers.  Hum.  Reprod. 11: 2349-2351.

Maxam,  A,M. and  Gilbert, W.  {1977), A  new  methods  for

    sequeneing  DNA.  PNAS  74: 560-S64.

Munn'e, S., Alikani, M.  Tornkin. G., Grifo, J. and  Cohen. J.

    (1995). Embr},o morphoLogy,  Developmenta] rates,  and

    maternal  age  are  corre]ated  with chromosomal  abnormal-

    ities. Fertil Steril 64: 382-391.

Munn'e, S. and  Cehen, J. (1997). Preimplrmtation diagnosis in

    older  patients. Hum.  Reprod. 12: 413-414.
Munn'e,  S., Dai]ey, T. Finkelstein, M, and  Weier, H. (1996),
    Reduction in signal  overlap  results  in increased FISH

    eMciency  : irnplications for pre-impLantation genetic diag-

    nosis,  J, Assist. Repred. Genet, 13 : 149-156.

Munn'e. S., Lee. A., Rosen",aks. Z., Grifo, J. and  Cohen,  J,

    {1993). Diugnos{s of  major  chromosorne  aneuploidies  in

    human  pre"mplantation embryos,  Hum. Reprod. 8:
    2[g5-2191.

PeLlestor, F., Girardet, A.. Andrea, B,, Lefort, G. and  Charlieu,

    J.P, (1996). The  PRINS  technique:potential  use  fbr

    rapid  preimp]antation embryo  chromosome  screening,

    Mol, Hum.  Reprod. 2: 135-138.

Pellestor. F. (1995). The  cytogenetic  analysis  ofhuman  zygotes

    and  pre-implantation embryos.  Hum.  Reprod. Update 6:
    581-585.
Reubinoff, B. and  Shushan, A. (1996). Pre-imp]antation d{ag-

    nosis  in oLder  patients. Hum.  Reprod.  11: 2071 2078,

Rhoads, G,G. Jackson, L.G"  Schlesse]man, S.A. et  at. (1989).
    The  safety  and  eMcacy  ofchorionic  i,Mus  samp[ing  fbr ear]y

    prenatal diagnosis ofcytogenetic  abnormalitjes.  N. Engl, J,

    Med.  320: 610-617.

Robinson, A.  Bender, B, and  Linden,  M. ([992). Prognosis of

    prenatally diagnosed children  with  sex  chromosome  Aneu-

    ploidy. Am.  J. Med.  Genet  22: 365-368 [MedLine].
Saiki. R.K.  Gelfand, D.H"  Stotfe1. S, et al.  (198g}. Primer-

    directed enzymatic  amplification  of  DNA  with  a thermosta-

    ble DNA  polynerase. Sc{ence 239 : 487-491.

Sttnger, F. and  Coulsm. AR.  (1978). The  use  of  thin

    acrylamide  gels for DNA  sequencing.  FEBS  Lett. 87:
    107-tlO.

Sansom, C. (2am). FISHing  i'or aneuploidies  nets  accurate

    results.  Mol. Med.  Todalr' 6: 1-2.

Schrurs, B.M"  Winston, R.M.L, and  Handyside, A.H. (1993).
    Preimplantation diagnosis of  ttneuplo{dy  using  fiuorescent

    in-situ h},brjdjzation / evaluation  using  a  chromosome  18-

    specific  probe. Hum.  Reprod. 8: 296 301,
Scriven. P.N., Haiidyside, A.H. and  Ogilvie. M, (1998).
    Chrotnosomae  trunslocations  : segregation  modes  and  strat-

    egies  for preimplantation genetic diagnosis. PTenat. Diagn.

    18: 1437-1449.
SrivasataN'a, D. and  Olson, E.N. (2000). A  genetic blue print
    for cardiac  development. Nature 407: 22t 226.

Tjio, H.J, and  Levan, A, (1956). The  chromosome  number  of

    man.  Hareditas 42:1  6.
Valenti, C,, Schutta, E,J, and  Kehat},, T. (1968), Prenatal

    diagnosjs of  Down  syndrome,  Lancet 2: 220.

Verlinsky. Y., Cieslak, J.. Frieidine, M.  IN,akhnenko, V.  Wolfi

    F., Kovalinskaya, I, et  ai,  (1995). Pregnancies fo11owing

    pre-conception diagnosis of common  aneupLoidies  by tluor-

NII-Electronic  



The Society of Chromosome Research

NII-Electronic Library Service

The  Society  ofChromosome  Research

122 DNAbased  pre-implantation diagnosis

   escence  in situ hybridization. Hum.  Reprod.  10: 1923-
   1927.
Wells, D, and  Delhanty. D.A. (2oo1). Preimplantation .genetic
   diagnosis : applications  for niolecular  medicine.  Trends in

   Molecular Medicine 7: 23-30.
Yunis, J.Jr Sawyer, J.R. and  Ball, D.W. (1978), The  characteri-

   7.ation  of  high-resolution G-Bunded  chromusomes  of  Man.

   Chromosoma (Berl.) 67 : 293-307.

'

NII-Electronic  


