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Hemophilia A Hemophilia A 
XX--linked recessive haemorrhagic disorderlinked recessive haemorrhagic disorderXX linked recessive haemorrhagic disorderlinked recessive haemorrhagic disorder
caused by molecular defects in gene encoding caused by molecular defects in gene encoding 
coagulation factor VIII (FVIII)coagulation factor VIII (FVIII)

ffffXX-- linked disorder it affects males almost linked disorder it affects males almost 
exclusivelyexclusively
Females are the carriers of the diseaseFemales are the carriers of the diseaseFemales are the carriers of the diseaseFemales are the carriers of the disease
Carrier detection and prenatal diagnosis of HA is Carrier detection and prenatal diagnosis of HA is 
important for preventing the birth of children with important for preventing the birth of children with 
HAHAHAHA



LINKAGE ANALYSIS OR INDIRECT GENELINKAGE ANALYSIS OR INDIRECT GENELINKAGE ANALYSIS OR  INDIRECT GENE      LINKAGE ANALYSIS OR  INDIRECT GENE      
TRACKING TRACKING 

Is the method most commonly used to determineIs the method most commonly used to determineIs the method most commonly used to determine Is the method most commonly used to determine 
the female carrier status the female carrier status 
Indirect gene tracking is accomplished byIndirect gene tracking is accomplished byIndirect gene tracking is accomplished by Indirect gene tracking is accomplished by 
polymorphic markers polymorphic markers 
Hind III is the commonly used polymorphic Hind III is the commonly used polymorphic y p y py p y p
marker which can be analyzed by PCRmarker which can be analyzed by PCR



Genetic polymorphisms represent naturalGenetic polymorphisms represent naturalGenetic polymorphisms represent natural Genetic polymorphisms represent natural 
variations in the genome sequence.variations in the genome sequence.
These are special segments of DNA thatThese are special segments of DNA thatThese are special segments of DNA that These are special segments of DNA that 
are located very close to the gene on the are located very close to the gene on the 
same chromosome same chromosome 
These segments nearly always travel with These segments nearly always travel with 
the gene when it is passed from parent to the gene when it is passed from parent to g p pg p p
child .these segments of DNA are called child .these segments of DNA are called 
polymorphic markers. polymorphic markers. 



There is considerable ethnic and There is considerable ethnic and 
geographical variations in the allele geographical variations in the allele 
frequencies of these polymorphisms.frequencies of these polymorphisms.
There is need to establish the allele There is need to establish the allele 
frequency for various factor VIII gene frequency for various factor VIII gene 
markers in our population.markers in our population.



Females with a normal karyotype (46,XX) have Females with a normal karyotype (46,XX) have 
t i f h l hi l t d tht i f h l hi l t d thtwo copies of each polymorphism located on the two copies of each polymorphism located on the 
XX--chromosome.chromosome.
For a given polymorphic locus within theseFor a given polymorphic locus within theseFor a given polymorphic locus within these For a given polymorphic locus within these 
genes a female may have identical alleles genes a female may have identical alleles 
(homozygous) or(homozygous) or
she may have one allelic variant in one gene she may have one allelic variant in one gene 
and a different allelic variant in the other and a different allelic variant in the other 
heterozygous)heterozygous)heterozygous).heterozygous).
Key requirement for linkage analysis is the Key requirement for linkage analysis is the 
heterozygosity of the polymorphic marker in theheterozygosity of the polymorphic marker in theheterozygosity of the polymorphic marker in the heterozygosity of the polymorphic marker in the 
mother of index case .mother of index case .



Obj ti f th St dObj ti f th St dObjective of the StudyObjective of the Study

To determine the allele frequency and To determine the allele frequency and 
heterozygosity rate heterozygosity rate or or (informativeness) of (informativeness) of yg yyg y ( )( )
HindIII marker.HindIII marker.
Usefulness of HindIII marker in carrierUsefulness of HindIII marker in carrierUsefulness of HindIII marker in carrier Usefulness of HindIII marker in carrier 
detection and prenatal diagnosis in our detection and prenatal diagnosis in our 
populationpopulationpopulation population 



RESULTSRESULTS

Total Subjects 95Total Subjects 95Total Subjects 95 Total Subjects 95 
(42 males )(42 males )
(53 f l )(53 f l )(53 females)(53 females)
from 20 unrelated families of from 20 unrelated families of 
Hemophilia AHemophilia A



Result of gel electrophoresis to check the Result of gel electrophoresis to check the 
quality of genomic DNA after extractionquality of genomic DNA after extraction



Hind III Marker Primer Hind III Marker Primer 
SequenceSequence

PrimerPrimer Sequence 5’Sequence 5’--3’3’ PCR productPCR productPrimer Primer 
designationdesignation

Sequence 5Sequence 5 33 PCR productPCR product
Size/bpSize/bp

Hi d III f dHi d III f d 5’TTGGCGAGCATCTACATGCT3’5’TTGGCGAGCATCTACATGCT3’ P d t 686bP d t 686bHind III forwardHind III forward 5’TTGGCGAGCATCTACATGCT3’ 5’TTGGCGAGCATCTACATGCT3’ Product =686bp  Product =686bp  
451bp 235bp (451bp 235bp (––
allele allele 
154b 81b (154b 81b (

Hind III reverseHind III reverse Reverse primer Reverse primer 
154bp + 81bp (+ 154bp + 81bp (+ 
allele allele 
235bp + 154bp + 235bp + 154bp + 
81b (81b ( dd

5’CCATTCCCAGGGGAGTCT3’5’CCATTCCCAGGGGAGTCT3’

81bp (81bp (–– and + and + 
alleles alleles 



451 bp

235 bp
154 bp

Photograph to illustrate positive+ and negativePhotograph to illustrate positive+ and negative-- alleles alleles 

81 bp

g p p gg p p g
restriction always produce a 451 bp band in addition  to restriction always produce a 451 bp band in addition  to 

235bp(235bp(--ve) allele and/or 154 & 81+ve alleleve) allele and/or 154 & 81+ve allele



ALLELE FREQUENCY OF INTRON 19ALLELE FREQUENCY OF INTRON 19ALLELE FREQUENCY OF INTRON 19ALLELE FREQUENCY OF INTRON 19

POLYMORPHIC POLYMORPHIC ALLELEALLELE NUMBERNUMBER FREQUENCYFREQUENCY
SITESITE

INTRON 19INTRON 19 ++ 60/14760/147 0 410 41INTRON 19INTRON 19
HIND IIIHIND III

++ 60/14760/147 0.410.41

-- 87/14787/147 0.590.59



Expected heterozygosityExpected heterozygosityExpected  heterozygosityExpected  heterozygosity

Allele1/allele2=0.24Allele1/allele2=0.24
Allele2/allele1=0.24Allele2/allele1=0.24Allele2/allele1 0.24Allele2/allele1 0.24
0,24+0.24=0.48 OR0,24+0.24=0.48 OR
48% of females may be expected to be heterozygous48% of females may be expected to be heterozygous48% of females may be expected to be heterozygous48% of females may be expected to be heterozygous
at this locus.at this locus.



Allele Frequency
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OBSERVED HETEROZYGOSITY OBSERVED HETEROZYGOSITY 
(INFORMATIVENESS) OF INTRON 19(INFORMATIVENESS) OF INTRON 19(INFORMATIVENESS) OF INTRON 19(INFORMATIVENESS) OF INTRON 19

TOTAL NUMBER OF TOTAL NUMBER OF 
FEMALESFEMALES

HETEROZYGOUSHETEROZYGOUS

5252
NUMBERNUMBER PERCENTAGEPERCENTAGE

5252
2424 46 %46 %



Detection of Carriers in a Family with Hemophilia A 
using HindIII Markerusing HindIII Marker

Carrier

MM-- Mother is heterozygousMother is heterozygous
SaSa-- Affected son has inherited +alleleAffected son has inherited +allele
DaDa-- Daughter a is carrier, has inherited the diseased Daughter a is carrier, has inherited the diseased 
alleleallele
Db/DcDb/Dc--Daughters b &c are non carriersDaughters b &c are non carriers



Comparison of Allele frequencies of Hind III Comparison of Allele frequencies of Hind III 
marker in different populationsmarker in different populations

PopulationsPopulations Positive Positive 
allelesalleles

Negative Negative 
allelesalleles

11 WhitesWhites 0.250.25 0.750.75

22 ChineseChinese 0.240.24 0.760.76

33 A i bl kA i bl k 0 780 78 0 220 2233 American blacksAmerican blacks 0.780.78 0.220.22

44 PakistanisPakistanis 0 410 41 0 590 5944 PakistanisPakistanis 0.410.41 0.590.59



ConclusionConclusionConclusionConclusion
HINDIII RFLP marker is suitable for HINDIII RFLP marker is suitable for 
carrier detection in local populationcarrier detection in local populationcarrier detection in local population carrier detection in local population 
We recommend its use in We recommend its use in 
combination with other informative combination with other informative 
marker to maximize diagnosticmarker to maximize diagnosticmarker to maximize diagnostic marker to maximize diagnostic 
efficiencyefficiency..
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