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I 
n the present chapter, we have dealt with the details about the techniques 

and analytical parameters used for collection, analysis and interpretation 

of the data. The chapter has been categorized into three parts. At first, 

we have described the criterion and procedure followed for the sample 

collection. The second portion deals with the laboratory experimental 

procedures i.e. HLA typing of DRBl, DQBl and DQAl class two antigens. 

Finally, we have mentioned the details of the statistical tools used for data 

analysis. 

Sample Collection 

(a) Populations selected 

Present study has been carried out on four endogamous caste groups of 

North India, two inbreeding Muslim populations and three populations from 

North East India with the focal rationale of assessing and quantifYing the 

genetic variation existing within and between the populations. The four caste 

populations and two Muslim populations selected in the present study belong 

to the state of Uttar Pradesh. They include: (1) Kayastha (2) Mathurs (3) 

Rastogies (4) Vaish (5) Shia Muslims and (6) Sunni Muslims. Another three 

populations selected were from North eastern region. They include: (!) 

Lachung, (2) Mech and (3) Rajbanshi. 

Detailed description about the possible origin, socio-cultural practices 

and the position of these population groups in the social hierarchy network of 

Indian society have been discussed in detail in the chapter "The People". 
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(b) Selection criteria of samples 

Randomly selected normal healthy individuals from each population 

have been included in the present study. Three major selection criteria were 

considered for sample collection which includes: 

(i) Un-relatedness of individuals from each other at least for last three 

generations 

(ii) Resident of the state of Uttar Pradesh and North East at least since last 

three generation 

(iii) Exclusion of individuals having inter-caste or inter-religion marriages in 

last three generations. 

(c) Sample collection strategy 

Prior to the sample collection, regional addresses and detailed 

computerized lists of the populations were prepared. Random numbers were 

generated with the help of computer and adult individuals living in different 

parts of Uttar Pradesh and North east were questioned about their ethnicity, 

caste and tribal affiliations and surnames and the birthplaces of their parents. 

Only unrelated subjects were considered eligible to participate. The 

demographic profile and other ethnical and familial information were filled in a 

detailed Performa (Appendix-A). Three- generation pedigree charts were 

prepared to assure un-relatedness in all the samples (Appendix-B). Whole 

blood was then obtained by venipuncture and about 5 ml blood was collected 

in EDT A vacutainer tubes after obtaining the informed consent from the 

subjects. 

The study was performed with the approval of the institutional ethical 

reviewing committee of Sanjay Gandhi Post Graduate Institute of Medical 

Sciences (SGPGIMS), Lucknow and the government of India. 
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(d) Demographic profile of the samples 

A Total of 1336 samples belonging to four caste populations, two 

Muslim populations and three North Eastern populations were collected from 

different regions of Uttar Pradesh and North Eastern parts of India. Male to 

female ratio was 1.55 as majority of the samples collected were male (n= 786). 

All samples from North India belong to the Indo-Aryan linguistic family and 

were residents of Uttar Pradesh since last three generations while form North 

Eastern region single population belongs to Indo-Aryan family but other two 

tribals belong to Tibeto-Burman linguistic family. Demographic profile of the 

. samples collected is shown in Table 4.1. 
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Table 4.1: Demographic profile of the studied populations 

Po[!Ulations 
Kayastha Vaishya Rastogies Mathurs Shia Sunni Lachung Mech Rajbanshi 

Sample Size 
Total 190 155 196 198 190 188 58 63 98 
(1336) 
Male 109 116 118 112 110 121 20 20 60 
(786) 
Female 76 72 82 . 72 80 67 38 43 38 
(568) 
Mean Age (Years) 
Male 36 ± 5.2 41 ±2.4 38±2.2 39 ±4.4 32 ±4.4 39 ± 2.4 33 ± 3.2 30 ± .4 25 ± 2.2 
Female 35 ± 3.1 34 ± 1.5 37 ± 1.4 33 ±2.2 31 ± 4.1 35 ± 2.4 30 ± 3.1 28 ± 3.4 23 ± 4.4 
Linguistic Family 
Major Indo- Indo- Indo- Indo- Indo- Indo- Tibeto- Tibeto- Indo-

Aryan Aryan Aryan Aryan Aryan Aryan Burman Burman Aryan 
Demographic Profile 
Ethnicity Caucasians Caucasians Caucasians Caucasians Caucasians Caucasians Mongoloid Mongoloid Mongoloid 
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Laboratory analysis 

Laboratory analysis includes extraction of genomic DNA from venous blood 

samples for HLA class two typing. 

(I) Extraction of genomic DNA 

(a) Extraction protocol 

Laboratory Analysis 

DNA extraction 

High molecular weight DNA was extracted by using salting out method. The 

following protocol was used for DNA extraction. 

500 J..Ll ofEDTA blood was taken in a 1.5 ml eppendorftube. To each tube 

lml of red cell lysis buffer (Appendix C) was added. Contents were mixed gently by 

inversion for !min. Tubes were spun at 12,000 rpm for I min. at 4 o C. and the 

supernatant was discarded. The pellet was resuspended in 200J..Ll of red cell lysis 

buffer. It was mixed gently by inversion for !min (washing) and centrifuged at 

12,000 rpm for I min at 4°C. The supernatant was discarded and step 2 was repeated 

again (washing) once with red cell lysis buffer and next with water. To the pellet 

80J..Ll of Proteinase K buffer (Appendix C) and IOJ..Ll of 10 % SDS was added. The 

pellet was resuspended with a wide bore microtip, 400 ul of phenol-chloroform (5:1) 

(Appendix C) was added. The tube was inverted to mix until the contents turned 

milky. The tubes were centrifuged at 12,000 rpm for 10 min. The aqueous layer was 

taken out in a fresh tube. Double the volume of chilled ethanol ( -70 °C) was added to 

the aqueous layer. Mixing was done by gently inverting the tubes. The tubes were 

centrifuged at 12,000 rpm for 10 min at 4°C. The supernatant was decanted off and 

all the excess fluid was completely drained off. The pellet was washed in 200J..LI of 70 

% ethanol (Appendix C). The excess liquid was drained off and pellet was dried at 

56 o C for at least 3-4 hrs. The pellet was finally dissolved in 200 J..L[ of autoclaved 

HPLC grade water. The tubes were kept at 56 o C for overnight to dissolve the 

DNA. 
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Characterization of DNA 

The integrity: 
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The integrity of high molecular weight DNA is an important factor, which 

should be considered during extraction steps. Integrity was checked by 

electrophoresis on 0.8% agarose prepared in IX TBE buffer (Appendix C), 

containing Ethidium bromide (3f.tl of !Omg/ml stock for every 50ml of 0.8% 

agarose). The high molecular weight genomic DNA appeared as a single band near 

the well. (Figure 4.1) 

Figure 4.1: High Molecular Weight genomic DNA 

Lane 1, 8 Hae III digest of~ X 174 DNA 

Lane 2-7 DNA samples from Bhargavas (1-6) 

The couceutratiou: 

DNA was quantified by measuring the optical density at 260nm. 5 f.ll of 

stock genomic DNA was taken and 995f.tl of water was added (Dilution Factor D.F. = 

200), mixed well and O.D. was taken at 260 nm in a spectrophotometer (Hitachi). 

DNA concentration of the sample was calculated as follows: 
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1 OD = 50~gl ml ofds DNA 

XOD = X x 50 ~g/ml of ds DNA 

The original DNA solution was diluted by a factor, DF = 200 

The concentration of DNA in the original stock DNA 

=X ]l 50 x DF ~g I ml 

= X x 50 x 200 ~g I ml 

= 10,000 X X ~g/ m1 

E.g. ifOD of the diluted sample= 0.016 

DNA concentration= 10,000 x 0.016 ).!g I ml 

=160~glml 

Purity of DNA 
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Purity of DNA was determined by taking the O.D. of the sample at 280nm for 

protein concentration and at 260nm for DNA concentration. The ratio OD26o I ODzso 

was calculated. DNA samples for which the ratio was 1.7 or above was considered 

good. If the ratio was less than 1.2, DNA was extracted again. 

Each DNA sample was checked on agarose gel stained with ethidium 

bromide by comparing with known quantity of phage-Lambda DNA as estimation by 

OD may be inaccurate due to RNA contamination. Samples, where large amount of 

RNA contamination was seen were treated with RNAase A (Sigma Aldrich, final 

concentration of lOO~g lml) at 37 o C for 2 hrs, followed by re-extraction with 

phenol-chloroform iso-amyl alcohol mixture. 

Storage 

Samples which were in regular use were kept at 4 °C. Rest of the samples were 

stored at -80°C. 

HLA typing 

Various methods are used for DNA typing of MHC .class II molecules. These 

are (i) sequence specific primer based typing (SSP). (ii) Sequence specific 
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oligonucleotide probe based typing (SSOP). (iii) single stranded conformational 

polymorphism (SSCP) (iv) sequence based typing (SBT). 

In the present study, we have used sequence specific oligonucleotide probe 

based typing. Polymorphism within class II region is confined mainly to defined 

hypervariable regions in exon 2, making differentiation between alleles readily 

achievable through hybridization with the relevant sequence specific oligonucleotide 

probes (SSOP). 

Initial PCR amplification of HLA genes provide a template which can be 

probed with labelled oligonucleotides which have specificity for particular sequence 

polymorphisms (Figure 4.2). Panels of these probes can be used to identify which 

polymorphisms are present in the amplified DNA. 

Target:DNA 

l; 

z. lfbriciizatioo 
• 0 y ···.••.• 0 

t 
I· • ~ · ·I 

Figure 4.2: Schematic diagram of SSOP based HLA typing 
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Tissue typing by PCR-SSOP relies on a pattern of hybridization reactivity, 

which decreases in complexity in relation to increasing PCR specificity. There can 

be some difficulty in the interpretation of the results, as the majority of the 

polymorphic differences detected are not unique to a particular allele, but are shared 

with other alleles, some of which may be found in other loci, depending on the 

specificity of the PCR. The complex patterns of reactivity detected may require 

detailed analysis to assign specificities, and certain heterozygous allele combinations 

may be difficult to assign as hybridization patterns fail to provide a definitive answer. 

Dilution of Probes 

The probes supplied were unlabelled, HPLC purified, lyophilised (1 OD 

each). We diluted 1 OD probes exactly according to the method given in Appendix 

D, aliquoted the stock solution and stored at -80°C. The stock solutions were diluted 

to get working solution as per the requirement of each step. Care was taken to avoid 

repeated freezing and thawing. 

SSOP (sequence specific oligonucleotides probes) based typing: 

The SSOP technique involves the following steps: 

1. Amplification of specific region of the locus to be typed 

2. Dot-blotting of the amplified DNA 

3. Labelling of oligonucleotide probes 

4. Hybridization of blotted product with labelled probe 

5. Detection of the hybridized probes 

6. Deprobing I dehybridisation of probes. 

7. Interpretation of signals. 

The detailed procedures of each step are discussed below. 

Amplification of specific region 

Polymerase Chain reaction is a technique involving primer-directed 

enzymatic in vitro amplification of specific nucleic acid stretches. PCR allows us to 
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work with an extremely small stretch of HLA gene sequence within the genomic 

DNA by synthesizing over a million copies within a few hours, significantly 

facilitating subsequent analysis of HLA polymorphism by sequence specific 

oligonucleotide probe hybridization. 

PCR was carried out in thermostable PCR tubes with 50 !Jl of PCR mixture 

that consisted of 5ul of 1 OX PCR - buffer (Appendix C), 0-2ul (depending on loci) 

of MgC[z (25mM), 2 ul of each primer (1 Opm/ul), 1 ul each of the deoxynucleotide 

triphosphates (10mM), and 1ul of Taq polymerase (3U/ul) along with 4 - 6 111 

(depending on concentration) of the template DNA. PCR mixture was overlaid with 

50!11 of autoclaved light mineral oil to prevent evaporation during the high 

temperature cycles. The amplification was done using automated DNA thermocycler 

(PTC-1 00, M.J Research) at successive incubation steps for denaturation, annealing 

and extension. PCR cycling conditions for DRBl, DQA1 and DQB1loci are shown 

in Table 4.2. 

Primer designing: 

Primers flanking the region of interest were taken in each PCR. For the 

generic amplification, primers were chosen to amplify all known alleles at the loci 

and were complementary to sequences shared by all the alleles. An example is 

shown in Figure 4.3 for the generic amplification of the exon II of the DRB 1 gene. 

For the specific amplifications for sub-typing, primers having complementarity to a 

sub set of alleles (e.g. all DR2 alleles) only were chosen. The list of all the primers 

used for class II typing is given in Appendix E. 

The details of the samples, their concentrations & the amount of template 

added for each was noted on experiment sheet ' PCR-Amplification record ' 

(Appendix F). 
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Table 4.2 PCR conditions for DRBl, DQAl and DQBlloci 

Name Primer Denaturation Annealing Extension 

Temp Period Temp Period Temp Period 

Generic 

DRBI 2DRBAMP-A 95°C 1 min 55°C !min 72°C 2min 

2DRBAMP-B 

DQAl 2DQAAMP-A 96°C !min 55°C 1 min 72°C 2min 

2DQAAMP-B 

DQBl 2DQBAMP-A 96°C !min 55°C 1 min 72°C 2min 

2DQBAMP-B 

Specific 

DRl-DRBl 2DRBAMP-1 96°C 1 min 60°C 30 sec 72°C 2min 

2DRBAMP-B 

DR2-DRB1 2DRBAMP-2 96°C 1 min 55°C !min 72°C 2min 

2DRBAMP-B 

DR4-DRBI 2DRBAMP-4 96°C !min 60°C 30 sec 72°C 2min 

2DRBAMP-B 

DR52-DRBI 2DRBAMP-3 96°C !min 55°C I min 72°C 2min 

2DRBAMP-B 
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Figure 4.3 : Schematic representation of primer designing for generic 

amplification of cxon 2 of DRBt gene 
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Amplification Check 

We used mini gel electrophoresis apparatus (Bio-Rad Laboratories, USA) for 

rapid separation of amplified PCR products. The amplified product was run on 2% 

Agarose gel with a current strength of 30 mAmps until the tracking dye (Appendix 

C) travelled to 3 ems from the origin. TBE buffer was used as tank buffer, 

Bromophenol blue as the tracking dye and Hae lil digest of ~X 174 DNA as DNA 

size marker. The bands were visualised using UV trans-illuminator (Bangalore 

genei). The band size ranged from 229 - 263 bp according to the primer used (Table 

4.2). The photographs (Figure 4.4, DRB generic amplification product) were taken 

and permanent records were Repton experiment sheet Ampli-Check (Appendix F). 

1 2 3 4 5 6 7 8 

27lbp 

Figure 4.4: Product of DRBl gene ex on 2 amplification using flanking primers 

Lane 1 
Lane 2-7 
Lane 8 

Hae III digest of~ X 174 DNA 
ORB I PCR product Bhargava 1-6 
Hae III digest of~ X 174 DNA 
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Table 4.3 Primer pairs used for the different amplifications and different 

product sizes 

Locus Primer Pair 
Generic 

DRB1 2DRB AMP-A, 2DRBAMP-B 

DQA1 2DQAAMP-A, 2DQAAMP-B 

DQB1 2DQB AMP-A, 2DQBAMP-B 

Specific 

DR1-DRB1 DRBAMP-1, 2DRBAMP-B 

DR2-DRB1 DRBAMP-2, 2DRBAMP-B 

DR4-DRB1 DRBAMP-4, 2DRBAMP-B 

DR52-DRB1 DRBAMP-3, 2DRBAMP-B 

Dot Blotting of PCR products: 

Product (bp) 

274 

229 

214 

261 

261 

263 

266 

A piece of nylon membrane 8cm x 12cm. in size was cut. Membrane was pre

wetted in ddH2 0 for 10 min followed by 5 min in 10xSSC. Excess liquid was 

drained off from the membrane and membrane was placed upon the gasket of the 

dot-blot apparatus. Membranes were handled with the help of blunt ended forceps. 

Air bubbles were gently removed using a roller. The sample template was placed on 

top of the membrane. The vacuum pump was started. 1 OOj.tl 1 OxSSC was applied to 

all 96 sample wells. As soon as the buffer solution drained from all the wells, the 

pump was turned off. 

To 45J..Ll of each PCR product 160 J.ll 0.4M NaOH/25rnM EDTA (denaturing 

solution, Appendix C) was added and incubated for 10 min at room temperature. 

50j.tl of denatured DNA sample was then applied to the membrane corresponding to 

the order according to experiment sheet 'Blotting details' (Appendix F). 

Vacuum was then applied. The screws were loosened with the vacuum still 

on. Finally the sample template was removed. The vacuum pump was turned off and 

the membrane was removed and allowed to air dry for at least 20 minutes. 
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Denaturation: 

The membranes with DNA face up were placed onto thick Whatmann paper 

soaked in 0.4M NaOH (Appendix C) and left for denaturation for I 0 min. Care was 

taken so that the membranes were not dragged over the denaturation pad. All the air 

bubbles were removed so that no air bubble was left beneath the membrane. 

Neutralization: 

The membranes were transferred onto Whatmann paper soaked in 10xSSPE 

(Appendix C) and left for neutralization for 10 min. These were then allowed to air 

dry for at least 25 min. 

UV Crosslinking: 

The membranes were wrapped in Saran wrap and were placed on UV trans

illuminator in a manner so that the surface of the membrane containing DNA was 

facing down. A glass plate was placed on the top of the membranes to hold it flat 

during the crosslinking procedure. Four minutes exposure was given for crosslinking. 

The membranes were stored in plastic bags at 4 o C. 

Labelling of SSO with 32P 

Labelling reactions were put up by mixing 1.0 fll of probe (lOpm/ fll), 2.5fll 

1 Ox Polynucleotide kinase Buffer (Bangalore Genei), 10 fll y 3 2P ATP (BARC, 

specific activity 5000 Cil mMol), 2.5 fll of T 4 Polynucleotide Kinase (5U/ul, 

Bangalore Genei) and water to make a final reaction volume of 25fll. This reaction 

was incubated at 37 o for 30 min. 1 fll of 0.5 M EDTA (pH 8.0) was added to stop 

the reaction. To the labelled probe 1.5 fll of salmon sperm DNA (from a 1mg/ml 

stock solution, Appendix C) 60 fll of water and 360 fll of 5 M Ammonium acetate 

was added and mixed well. 1125 fll of chilled ethanol was then added and the tube 

was left at -70°C overnight for the probe to precipitate. The tube was then 
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centrifuged at 12,000 rpm for 15 min at, 4° C, pellet was washed with 70% ethanol, 

dried and 100 ~-tl double distilled water was added to dissolve the probe. The tube 

was kept at 56°C for 4 hrs so that the complete probe was dissolved. 

The labelling efficiency was checked by taking the count of 1 ul of the 

labelled probe in liquid scintillation counter (Beckman, USA) 

Hybridization 

The conditions of pre-hybridisation, hybridization and washing of PCR 

amplified DNA blots were optimized for SSOPs. 

The membrane with denatured amplified DNA fixed on it was pre hybridized 

with lOml of Hybridization buffer (Appendix C) at 42°C for 4hrs with constant 

agitation in hybridization oven (Hybaid, England). End labeled SSO (0.5 p moles per 

ml) was added to the hybridization buffer and incubated for 16 hrs. with constant 

agitation in the oven at 42°C. The names, numbers and sequences of the appropriate 

probes for typing different loci are given in Appendix G. 

The membrane was rinsed in lOOm! of 2X SSPE, 0.1 % SDS (Cold wash, 

Appendix C) at room temperature for I 0 min, twice. 

The filter was then washed in lOOm! of 6X SSPE, 1% SDS (critical wash, 

Appendix C) for 10 min at Td twice. The dissociation temperature Td was calculated 

as 

Td=4 x (no. ofG and C in SSO) + 2 x (no. of A and Tin SSO). 

The critical washing was necessary to get rid of all nonspecific probe template binding 

and to let only the specific interaction remain. The Td had to be slightly adjusted from 

the calculated value from probe to probe to get the optimum results (Table 4. 4 to 

4.6). 
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Table 4.4 Critical wash temperature for different Probes used for DRBllocus. 

Probe No. Td (Critical Temp. 0C) 

Calculated Used 

2801 58 58 

1002 56 56 

1008N 52 51.5 

7004 62 62 

5703 56 55.8 

1003 56 55.8 

1010 56 55.8 

1011 54 53.8 

1004 52 51.5 

1006 50 49.8 

1007 50 49.5 

2810 56 56 

DRB12 62 61.5 

DRB8 64 63.5 

DRB6 62 61.8 

7031 64 63 

DRB14/1 62 61.8 

DRB13 62 61.8 

7012 66 65.5 

2501 56 55.6 

2503 56 55 

3401 54 53.7 
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..,. 
Table 4.5 Critical wash temperature for different Probes used for DQAllocus. 

Probe No. Td (Critical Temp. 0C) 

Calculated Used 
3402 54 53.5 

3403 54 53.7 

4101W 56 55 

4102 54 53 

4103W 58 57 

5501 50 49.5 

5502W 56 55.6 

5503 50 49.5 

6901 54 53.5 

6902 50 49 

6903 58 57 

6904 52 51 

7502 48 47 

7504 48 47.5 

2301 64 63.7 

2302 62 61.7 

2601 60 59.6 

~ 
2603 54 53.7 

2604 54 53.7 

2605W 56 55.6 

2606 52 51.7 

2607 54 53.6 

3701 58 57.6 

3702 60 59.6 

3703W 52 51.6 

3704W 60 59.6 
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Table 4.6 Critical wash temperature for different Probes used for DQBllocus. 

Probe No. Td (Critical Temp. 0C) 

Calculated Used 

3705W 62 61.7 

4501 60 59.6 

4901 60 59.7 

4902W 68 67.7 

5701 60 59.7 

5702 62 61.7 

5703 62 61.7 

5704 60 59.7 

5705 64 63.7 

5706 64 63.7 

5707 68 67.6 

5708 60 59.7 

7001W 66 65.7 

7002 60 59.7 

7004W 64 63.7 

7005 62 61.7 

7006 64 63.7 

7007 66 65.6 

7008 62 61.7 

7009 60 59.7 

7010 60 59.7 

Detection of hybridized probes: 

The hybridized probes were detected by Autoradiography. Briefly, the 

membrane was placed on a Whatman 3 MM filter paper to remove excess liquid. The 
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membrane was covered in a Saran v. rap. It \\as e:-; posed to X-ray tilm in a cassette 

''ith an intensifying screen. The cassette ''a~ kept at -80°C !'or 5 hrs to O\ernight 

depending on the intens it: or the signals from the labelled probe as indicated b) the 

count taken on the p counter. The X-ra: film \\as de\eloped and ~ignals \\ere noted 

(Figure .t.5 and record sheet 'Probing re~ult s'. Appendix H). 

Figure .t.5: A represen tative a utoradiogram showing the pos itive control and 
test pos ith·e dots 

Positive Control 

Negat ive Contro l : 

Probe Used 

Blot No 

113. Il-L 115. 1-16. 1-1 8 

1-1 I. 1-12. H 7. 119. Ill 0 

3401 Locus 

K:- DQA I Population : 

DQ/\ I 

Ka: ast ha I -84 
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Deprobing I dehybridisation of Probes 

As the number of probes ranged from 16 to 35 for the typing of a single locus 

and we made only 3 copies of each blot, we had to dehybridise the probes from the 

membranes after hybridisation results were obtained from one probe. The 

dehybridised membranes were rehybridised with a new probe. For dehybridisation the 

membranes were rinsed briefly in sterile distilled water followed by washing in 0.2 N 

NaOH, 0.1% SDS (Deprobing solution, Appendix C) at 37 oc for 15 min, twice. The 

membranes were washed for 30min in 2X SSC (Appendix C) at room temperature 

with shaking. Excess fluid was removed with the help of a filter paper. The membrane 

was subjected to autoradiography to confirm that the probe was removed completely, 

so that it was ready for rehybridisation. The membrane was covered with Saran wrap 

and stored at 4 o C until use. 

Interpretation of Signals 

For every SSO, known positive and negative controls were included. Any spot 

stronger than the negative control was considered positive. When the difference 

between positive and negative signals were very small, an additional critical wash 

with a slightly increased temperature was carried out, so as to make the difference 

between the signals of positive and negative controls more meaningful. In general, for 

each SSO, the exposure time was such that the negative control on the film shows a 

very weak spot or no spot at all. The intensity of the spots was represented by grades 

as follows: 

0 Not spotted 

1 Negative (definite) 

2 Negative (probably) 

4 Indefinite 

6 Positive (probably) 

8 Positive (definite) 

9 Positive (definite, more than double intensity). 

Individual probes were scored separately (Appendix H). 
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When probing for all essential probes required for the assignment of the 

particular alleles were completed, the assignment of HLA class II alleles were 

performed using the interpretation tables shown in Appendix I. 

Statistical analysis 

Allele frequency 

Allele frequency was obtained by direct counting method from the observed 

number of alleles at a locus divided by the number of gametes. The missing values 

were excluded from such estimation. 

Genotypic Frequency 

Genotypic Frequency (GF) was obtained from the observed number of a given 

genotype at each locus. Missing values were excluded from such estimation 

Haplotype frequency 

The 2 locus and 3 locus haplotype frequencies for the HLA system were 

computed from genotypic data using the maximum likelihood method. 

Heterozygosity 

We used heterozygosity as a measure of population diversity. Various 

estimates were calculated each having its own significance. 

Observed Heterozygosity 

Observed Heterozygosity was obtained by direct counting method according to 

(Levene, 1949) 

( H1+Hz +----------+H.)/2 
Robs= 

Total number of samples 
where H1,H2------- H. are the number ofheterozygotes for alleles 

1 ,2,3-----------------n at a locus 
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Expected Heretrozygosities under Hardy-Weinberg Equilibrium 

It is defined as the probability that two random alleles taken from the sample 

are different. 

k 

H= 1-L p? 
i =I 

where k is the number of alleles 

and Pi is the sample frequency of the i th allele at a locus . 

Nei's unbiased heterozygosity was calculated as given by 
n k 

H- (1-Lp?) 
I i =I n-

where k = no of alleles, n = no of individuals in the sample 

Test of Hardy-Weinberg Equilibrium 

We followed several approaches to detect deviation from Hardy-Weinberg 

equilibrium. 

All the tests were performed using both 

I. by analyzing all genotypes and 

2. by pooling genotypes into 3 classes 

a) homozygotes for the most common allele . 

b) heterozygotes for the most common allele . 

c) all other genotypes, applying the following tests. 

Chi-square and G2 tests 

In most of the past studies the Goodness of fit Tests such as Chi-square or G 

square test were usually employed, when determining the difference between the 

observed genotypic frequencies and those expected under Hardy-Weinberg 

Equilibrium. Such tests were often found inaccurate when one or more genotypes had 

low expected counts and so we used a pooling procedure as discussed above because 

it increases the expected counts to a point where the bias is removed. But this 
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pooling is a poor solution as much of the information is lost during the process. For 

these reasons the use of G2 or ·l (on either pooled or all genotypes) is recommended 

only for preliminary analysis and we had also used it for the same. 

Computer program POPGENE was used to compute the genotypic 

frequencies under random mating using the algorithm by Levene (1949). 

Exact Tests 

Haldane (1954) described the use of an exact test in 1954 and this forms the 

basis of our test. The procedure described in Guo and Thompson (1992) using a 

test analogous to Fisher's exact test on a 2x2 contingency table; but extended to a 

triangular contingency table of arbitrary size was used. The test was done using a 

modified version of the Markowitz Random walk Algorithm described by Goo and 

Thompson (1992). The modified version is more efficient from a computational 

point of view. 

The test assumes that the allele frequencies are given. A contingency table is 

first built. The k x k entries of the table are the observed allelic frequencies and k is 

the number of alleles . The probability of no association (null hypothesis) is given 

by Levene (1949) . 

n! IJ n! 
----------------------~H Lo= 

k 
(2n)! II II nii 

i=l j=l 

where H is the number of heterozygote individuals. 

The computer then explores alternative contingency tables having same 

marginal counts. In order to create a new contingency table from a existing one, 2 

distinct lines i~, hand 2 distinct columns j~, j 2 at random are selected. The new table 

is obtained by decreasing the counts of the (i 1 j 1) (izjz) and increasing the counts of 

the cells ( hj2) ( hj 1) by one unit This leaves the allele counts ni unchanged . The 

switch to the new table is accepted with a probability R : 
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niljl ni2j2 (1+15; Iii) (I+ 15 i2j2) 
R=---

(n ili2 +I) (n i2ii +I) (I+ 15 irj2) (I+ 15 i2ii) 

Ln+I n;rjrn;zjz. I 
R ---------- --, ifir= jr and iz = jz 

Ln+I n;rjr (ni2i2 -I) I 
R ------------,if ir = j2 or i2 = jr 

4 

15 denotes the Kronecker function . R is the ratio of the probabilities of the two tables. 

The switch to the new table is accepted ifR> I 

The P value of the test is the proportion of the visited tables having a 

probability smaller or equal to observed (initial) contingency table. The standard 

error on the P value is estimated using a system of batches. 

F statistics 

Frs the inbreeding coefficient of a group of inbred organisms relative to the 

subpopulation to which they belong, which measure the reduction in heterozygosity 

of the inbred organisms and is given by 

whereHS 

Hr 

Hs-Hr 

Hs 
average observed heterozygosity 

average expected heterozygosity in the subpopulations 

Frr, the reduction in heterozygosity of the inbred organisms with respect to the total 

population is given by 

HT-Hr 
Frr = 

HT 
where HT : observed heterozygosity of the total population 
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FsT the reduction in heterozygosity attributable to the mates within subpopulations 

sharing some common ancestor with respect to the total population is given by 

HT-Hs 
FsT= 

HT 
The above measures were calculated with the program POPGENE 

Gene Diversity Analysis 

Nei (1973) defmed gene diversity for a single locus as the heterozygosity 

expected under Hardy Weinberg equilibrium, disregarding the actual genotype 

frequencies in the population. With this definition, it was shown by Nei that 

HT =Hs + Dsr-

where DsT is the inter population gene diversity, 

HT is the average expected heterozygosity in the total population and Hs 

is the average expected heterozygosity in the subpopulations. 

HT =Hs+DsT 

1 = Hs /Hr+ Dsr/Hr 

=> Dsr/Hr = 1-Hs/Hr 

=> Gsr = 1 - Hs I Hr 

Gsr is called the co-efficient of gene differentiation. We had calculated Hs, 

Hr and Gsr from average expected heterozygosities at the loci studied and their mean 

values over loci using the above formula. Gsr denotes the extent of gene diversity 

between populations with respect to the total population and Hs is the gene diversity 

attributable to that between individuals within subpopulations. 

Observed Homozygosity 

The proportion of observed homozygotes at a given locus was estimated as 

Total no ofhomozygotes 
Observed Homozygosity= 

No of samples 
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Expected Homozygosity 

The proportion of expected homozygotes under random mating. 

k 
F =~ p? 

i=l 

Where Pi = frequency of the i th allele 

k = no. of alleles 

Effective allele number 

ne 

It was measured as the reciprocal of homozygosity. 

1 

k 
~ p? 
i=1 
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ne or effective no. of alleles is the number of equally frequent alleles that would be 

required to produce the same homozygosity as observed in an actual population 

If a population contains ne equally frequent alleles 

Then PI = pz = P3 ............... ··Pn = 1 I ne 

Expected homozygosity 
k 

= ~ p i2 
i=t 

k 1 
= ~ 

i=l n/ 

1 
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Genetic Distances 

I 

k 

:Ep? 
i=l 
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With the help of the computer program PHYLIP version 3.5c, subprogram 

Gendist, Nei's (1972) genetic distance was computed from allele frequency data of 

our populations and other world populations (wherever available and for as many 

loci as available) . 

The measure assumes that all differences between populations arise from 

genetic drift. Nei's distance is formulated for an infinite isoalleles model of mutation, 

in which there is a rate of neutral mutation and each mutant is considered to be a 

completely new allele. It is assumed that all loci have the same rate of neutral 

mutation, and that the genetic variability in the population is at equilibrium between 

mutation and genetic drift, with the effective population size of each population 

remaining constant. 

Nei' s distance is given by 

D =-In ( 
z: l:p p 

---~m~7i_l~m~i--~2m~i--~~-------) 
[l:l:p2 ]1/2 [ l:Z:p2 ]'12 

m i lmi m I 2mi 

where m is summation over loci, i over alleles at the m th locus and where, 

Pimi is the frequency of the i th allele at the m th locus in population I . Subject to 

the above assumptions, Nei's genetic distance is expected, for a sample of sufficient 

number of equivalent loci, to rise linearly with time. This measure has been observed 

to work reasonably well in case of closely related groups within species. 
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Dendrogram 

Phylogenetic trees were constructed based on Nei's measures of genetic 

distance, using the subprogram Neighbor, of PHYLIP, version 3.5c which generates 

both Neighbor -Joining and UPGMA trees. 

Neighbor Joining trees 

The program uses the Neighbor Joining method of Saitou and Nei (1987) 

and constructs a tree by successive clustering of lineages setting branch lengths as the 

lineages join. The tree does not assume molecular clock, so that in effect it is an 

unrooted tree. 

Unpaired Group Mean Average 

The unpaired groups mean average (UPGMA) option constructs a tree by 

successive (agglomerative) clustering using an average linkage method of clustering. 

Gene Flow 

To assess the relative amount of gene flow experienced by each population, 

we have used a regression model originally proposed by Harpending and Ward 

(1982). For this, the heterozygosity of the i th population was plotted against the 

distance of the population from the centroid ( ri) calculated as : 

ri= (Pi-P) 2 /P(1-P) 

where pi and Pare, respectively the frequency of the i th allele in population i and the 

total population respectively. Under the island model of population structure, 

Harpending and Ward have shown that there should exist a linear relationship 

between heterozygosity and distance from the centroid: 

hi=H (1-ri) , 

where hi and H denote, respectively, the heterozygosities of population i and the total 

population. Of particular interest in this analysis were the outliers. Populations that 

have experienced more gene flow than average will have higher heterozygosities than 

predicted, whilst those that have experienced less gene flow than average will have 
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lower heterozygosities than predicted. The observed heterozygosities of the three 

populations were plotted against their distances from the gene frequency Centroid 

using the program SPSS (ver 8.0). 

Ewen- Watterson Neutrality Test 

To determine the type of selection (neutrality, balancing selection, directive 

selection) acting on the loci under study, the homozygosity statistic F (Manly, 1985) 

was calculated as 

k 
F=rpt 

n =I 

where p; is the frequency of the i th allele ( i = 1,2,3, .............. kth allele) 

in a panel of n individuals and summation is over k alleles . 

The observed frequency distribution of alleles (observed F) was compared to 

that expected under the neutral marker hypothesis in which mutation and random 

drift are the only forces altering allele frequencies. The POPGENE program was used 

to perform the test using the algorithm given by Manly, 1985. 

The null hypothesis of selective neutrality was tested against selection using a 

bilateral test at a 5% confidence level. 
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