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ABSTRACT
Allelic frequencies for 15 STR’s (D8S1179, D21S11, D7S820, CSF1PO, D3S1358, TH01, D13S317, D16S539, D2S1338, D19S433, vWA, TPOX, D18S51, D5S818, FGA) included in the AmplSTR Identifiler plus 15 STR system were derived from a sample of 200 unrelated random individuals. Hardy Weinberg Equilibrium was tested for each locus using Chi square test. No deviation was observed and the departure observed at these loci was not significant. The average heterozygosity level for both observed and expected values were above 70%, thus making these loci suitable for human identification for forensic purpose. 
INTRODUCTION
The repeat DNA sequence variation among individuals was identified almost 30 years back (1).  The STR loci are ubiquitous in human genome, show high degree of polymorphism and can be amplified by PCR techniques, which are highly discriminatory in human identification specifically for parentage testing and in medico-legal situations (2-3).
 Gene and genotype frequencies are required for forensic DNA typing for the estimation of probabilities involving matches in inclusion cases. In recent years, allelic data for STR loci have been published from a large number of populations (4-10).
MATERIALS AND METHODS
Population: Randomly selected from case work routinely done in Forensic Science Laboratory, Rohini, Delhi, India.
Extraction: DNA was extracted using the phenol- chloroform –isoamyl alcohol procedure (11) and also using the FTA technology following the manufacturer’s procedure as described in Whatman FTA protocol. DNA was quantified using Quantifiler human DNA quantification kit as per the manufacturer’s recommended protocol (Applied Biosystems, Foster city USA)
PCR: A quantity of 0.5ng target DNA was used for each reaction prepared using the Identifiler plus PCR amplification kit. PCR amplification was carried out on Veriti Thermal cycler following the manufacturer’s recommended protocol (12).


	Kits are used to amplify & analyze DNA. The contents of the kit included a PCR reaction mix, fluorescent Primer set, amplitaq Gold® DNA polymerase, control DNA & allelic ladder.

	                   Identifiler®
	         Identifiler®Plus

	   95°C/11m
	 95°C/11m

	   94°C/1m
	  94°C/20s         x 28/29 (cycle)

	   59°C/1m          x 28 (cycle)
	  59 °C/3m

	   72°C/1m
	  60 °C/10m

	   60°C/60m
	

	Total time- 3 hrs 30 min.
	Total time- 2 hrs 35 min.


                                         Time savings: Approximately 1 hr in Identifiler®Plus.
 
Features of the AmpFl STR®, Identifiler® Plus PCR amplification kit from Applied Biosystems are as follows:
· The new kit includes the same primers & allelic ladder as Identifiler kit.
· Identifiler® Plus Master Mix includes Amplitaq Gold® DNA polymerase which eliminates two tubes & enables streamlined reaction setup.
· Utilizes an improved primer manufacturing process to help reduce artifacts.
· Reduced amplification time.
· Helps to improve performance on inhibited degraded case work samples through the use of a high-performance PCR buffer system & optimised thermal cycling parameters.
[image: ]
AmpFl STR®, Identifiler® Plus PCR amplification kit used in the work



Typing 
 ABI 3500xl, positive controls, negative controls, reagent blanks and allelic ladder were used to type PCR products. The samples were heat denatured at 95 ºC for 3 minutes and chilled for 5 minutes in an ice bath before electrophoresis.
Data Analysis
The results were analyzed using the Gene Mapper IDx software version v1.4. Allelic designations were determined by comparison with allelic ladder. The peak height threshold was 50 RFU for heterozygous and 200 RFU for homozygous alleles.
Statistical Analysis
After the samples have been collected, DNA extracted, amplicons were genotyped for the 15 STR loci. The genotyping information was then converted into allele frequencies by counting the frequency of each allele for each locus. (Gene count method / standard counting methods described by Weir (13), Evett & Weir (14) and Sham (15). For comparing gene counts between samples and for testing Hardy Weinberg Equilibrium (HWE) within each sample, Chi square tests were used (16).
	Supplementary Table 1: The characteristics of the 15 STR loci examined in this study:
	Locus designation
	Chromosome location
	STR sequence

	D8S1179
	8
	TCTA

	D21S11
	21q11.2-q21
	TCTA

	D7S820
	7q11.21-22
	GATA

	CSF1PO
	5q33.3-34
	AGAT

	D3S1358
	3p
	TCTA

	THO1
	11p15.5
	AATG

	D13S317
	13q22-31
	TATC

	D16S539
	16q24-qter
	GATA

	D2S1338
	2q35-37.1
	TGCC

	D19S433
	19q12-13.1
	AAGG

	vWA
	12p12-pter
	TCTA

	TPOX
	2p23-2per
	AATG

	D18S51
	18q21.3
	AGAA

	D5S818
	5q21-31
	AGAT

	FGA
	4q28
	TTTC


Negi D.S, Shrivastava P, Das S. P. Biochemical Characterzation of Molecular Markers for Human Genetic Identification in Paternity testing by DNA profiling. Asian Journal of Biomedical and Pharmaceutical Sciences; 04(37);2014,52-56 DOI: 10.15272/ajbps.v4i37.621




RESULTS AND DISCUSSION

Hardy Weinberg Equilibrium (HWE) was performed by calculating the observed allele frequencies and expected genotype frequencies based on the allele frequencies.  (p2 & q2) for genotype frequencies of homozygotes & 2pq for genotype frequencies of heterozygotes.
	Hardy- Weinberg law states that in a large, randomly mating population both the allele frequencies & the genotype frequencies are constant from generation, provided the population lack’s mutation, migration & natural selection.
Genotype frequencies can be predicted by the allelic frequencies (p2 & q2 for genotype frequencies of homozygotes & 2pq for genotype frequencies of heterozygotes).
1. Allelic frequencies should add upto 1 
             p + q = 1
2. Genotype frequencies can be calculated from allelic frequency. The sum of genotype frequencies should equal to1.
                 p2 + 2pq + q2 =1
If the observed genotype proportion are different from those expected, one or more of the HW assumption have been violated.



The observed genotype frequencies at a given locus are calculated by dividing the number of individuals with one genotype by the total number of individuals in the sampled population. The observed and expected genotype frequencies were then compared using a Chi square test. The Chi square value is used to determine a P value. If P value exceeds 0.05 the deviation of expected from observed genotype frequencies is not considered statistically significant. The null hypothesis states that all the STR loci tested are in HWE. The null hypothesis was rejected if the computed P values were below 0.05.


Table 1 (i-xv) shows the allele frequency distribution of the 15 STR loci, n=200

Table 1(i) Allelic Frequency of D8S1179 locus
	Allele
	Frequency

	8
	0.0075

	9
	0.0100

	10
	0.1825

	11
	0.0800

	12
	0.1375

	13
	0.2075

	14
	0.1275

	15
	0.1625

	16
	0.0700

	17
	0.0125

	18
	0.0025

	19
	-

	HWE
	

	df=1
	χ2 =0.174944

	
	P =0.675758


                                                
Table 1(ii) Allele Frequency of D21S11 locus
	Allele
	Frequency

	24
	-

	24.2
	-

	25
	-

	26
	-

	27
	0.0175

	28
	0.1100

	28.2
	-

	29
	0.2125

	29.2
	0.0075

	30
	0.1625

	30.2
	0.0475

	31
	0.0450

	31.2
	0.1175

	32
	0.0100

	32.2
	0.1925

	33
	-

	33.2
	0.0675

	34
	0.0025

	34.2
	0.0075

	35
	-

	35.2
	-

	36
	-

	37
	-

	38
	-

	HWE
	

	df=1
	χ2 =0.37998

	
	P =0.537657







Table 1(iii) Allele Frequency of D7S820 locus
	Allele
	Frequency

	6
	-

	7
	0.0175

	8
	0.2100

	9
	0.0650

	10
	0.2350

	11
	0.2650

	12
	0.1650

	13
	0.0325

	14
	0.0100

	15
	-

	HWE
	

	df=1
	χ2 =0.41103
P =0.52144


Table 1(iv) Allele Frequency of CSFIPO locus
	Allele
	Frequency

	6
	-

	7
	0.0025

	8
	-

	9
	0.0350

	10
	0.2175

	11
	0.2900

	12
	0.3725

	13
	0.0700

	14
	0.0100

	15
	0.0025

	HWE
	

	df=1
	χ2 =0.079744

	
	P =0.77765



Table 1(v) Allele Frequency of D3S1358 locus
	Allele
	Frequency

	12
	-

	13
	0.0025

	14
	0.0350

	15
	0.3150

	16
	0.3225

	17
	0.2250

	18
	0.0925

	19
	0.0075

	HWE
	

	df=1
	χ2 =0.058966

	
	P =0.808147


Table 1(vi) Allele Frequency of TH01 locus
	Allele
	Frequency

	4
	-

	5
	-

	6
	0.2225

	7
	0.1750

	8
	0.1375

	9
	0.2725

	9.3
	0.1800

	10
	0.0125

	11
	-

	13.3
	-

	HWE
	

	df=1
	χ2 =0.031922

	
	P =0.858203


Table 1(vii) Allele Frequency of D13S317 locus
	Allele
	Frequency

	8
	0.1900

	9
	0.0725

	10
	0.0750

	11
	0.3000

	12
	0.2600

	13
	0.0700

	14
	0.0300

	15
	0.0025

	HWE
	

	df=1
	χ2 =0.10897

	
	P =0.7414



Table 1(viii) Allele Frequency of D16S539 locus
	Allele
	Frequency

	5
	-

	8
	0.0625

	9
	0.1650

	10
	0.1075

	11
	0.3525

	12
	0.2125

	13
	0.0875

	14
	0.0125

	15
	-

	HWE
	

	df=1
	χ2 =0.10705

	
	P =0.743528



Table 1(ix) Allele Frequency of D2S1338 locus
	Allele
	Frequency

	15
	-

	16
	0.0175

	17
	0.0475

	18
	0.1725

	19
	0.1400

	20
	0.1300

	21
	0.0475

	22
	0.0900

	23
	0.1975

	24
	0.0750

	25
	0.0650

	26
	0.0125

	27
	0.0025

	28
	0.0025

	HWE
	

	df=1
	χ2 =0.40638

	
	P =0.523813



Table 1(x) Allele Frequency of D19S433 locus
	Allele
	Frequency

	9
	-

	10
	0.0050

	11
	0.0025

	12
	0.0750

	12.2
	0.0075

	13
	0.3275

	13.2
	0.0200

	14
	0.2425

	14.2
	0.0600

	15
	0.1150

	15.2
	0.0500

	16
	0.0575

	16.2
	0.0250

	17
	0.0125

	17.2
	-

	HWE
	

	df=1
	χ2 =0.656484

	
	P =0.417409





Table 1(xi) Allele Frequency of vWA locus
	Allele
	Frequency

	11
	-

	12
	-

	13
	0.0050

	14
	0.1275

	15
	0.0800

	16
	0.2100

	17
	0.2950

	18
	0.1975

	19
	0.0675

	20
	0.0175

	21
	-

	22
	-

	23
	-

	24
	-

	HWE
	

	df=1
	χ2 =0.092262

	
	P =0.761323




Table 1(xii) Allele Frequency of TPOX locus
	Allele
	Frequency

	6
	0.0025

	7
	0.0050

	8
	0.4075

	9
	0.1475

	10
	0.0875

	11
	0.3150

	12
	0.0350

	13
	-

	HWE
	

	df=1
	χ2 =0.026518

	
	P =0.870661



Table 1(xiii) Allele Frequency of D18S51 locus
	Allele
	Frequency

	7
	-

	9
	0.0025

	10
	0.0025

	10.2
	-

	11
	0.0275

	12
	0.1000

	13
	0.1200

	13.2
	-

	14
	0.2625

	14.2
	0.0025

	15
	0.1825

	16
	0.1375

	17
	0.0700

	18
	0.0425

	19
	0.0225

	20
	0.0225

	21
	0.0025

	22
	0.0025

	23
	-

	24
	-

	25
	-

	26
	-

	27
	-

	HWE
	

	df=1
	χ2 =0.807213

	
	P =0.368946



Table 1(xiv) Allele Frequency of D5S818 locus
	Allele
	Frequency

	7
	-

	8
	-

	9
	0.0400

	10
	0.1025

	11
	0.4000

	12
	0.2750

	13
	0.1700

	14
	0.0125

	15
	-

	16
	-

	HWE
	

	df=1
	χ2 =0.089409

	
	P =0.764941




Table 1(xv) Allele Frequency of FGA locus
	Allele
	Frequency

	17
	-

	18
	0.0050

	19
	0.0550

	20
	0.1325

	21
	0.1000

	22
	0.1400

	23
	0.2100

	24
	0.1725

	25
	0.1250

	26
	0.0475

	26.2
	-

	27
	0.01

	28
	-

	29
	-

	30
	-

	30.2
	-

	31.2
	-

	32.2
	0.0025

	33.2
	-

	HWE
	

	df=1
	χ2 =0.351716

	
	P =0.553147





Table 2 (i-xv) shows the Genotype Frequency distribution of the 15 STR loci, n=200
Table 2 (i) Genotype frequency table of D8S1179 locus
	Genotype
	Observed Frequency (O)

	8,10
	0.005

	8,13
	0.005

	8,14
	0.005

	9,11
	0.005

	9,12
	0.005

	9,13
	0.005

	9,15
	0.005

	10,10
	0.025

	10,11
	0.030

	10,12
	0.035

	10,13
	0.080

	10,14
	0.070

	10,15
	0.050

	10,16
	0.025

	10,17
	0.010

	11,11
	0.020

	11,12
	0.025

	11,13
	0.040

	11,14
	0.005

	11,15
	0.020

	11,16
	0.005

	12,12
	0.015

	12,13
	0.065

	12,14
	0.035

	12,15
	0.055

	12,16
	0.015

	12,17
	0.005

	13,13
	0.020

	13,14
	0.065

	13,15
	0.055

	13,16
	0.055

	13,17
	0.010

	14,14
	0.010

	14,15
	0.035

	14,16
	0.015

	15,15
	0.035

	15,16
	0.030

	15,18
	0.005


· 
· Homozygotes = 25
Heterozygotes =175

· Table 2 (ii) Genotype Frequency of D21S11 locus
	Genotype
	Observed Frequency (O)

	27,29
	0.015

	27,30
	0.01

	27,30.2
	0.005

	27,31
	0.005

	28,28
	0.25

	28,29
	0.01

	28,29.2
	0.005

	28,30
	0.04

	28,30.2
	0.005

	28,31
	0.02

	28,31.2
	0.035

	28,32.2
	0.05

	28,33.2
	0.005

	29,29
	0.045

	29,29.2
	0.005

	29,30
	0.085

	29,30.2
	0.015

	29,31
	0.015

	29,31.2
	0.04

	29,32
	0.005

	29,32.2
	0.115

	29,33.2
	0.025

	29,34.2
	0.005

	29.2,32.2
	0.005

	30,30
	0.025

	30,30.2
	0.01

	30,31
	0.015

	30,31.2
	0.05

	30,32.2
	0.045

	30,33.2
	0.02

	30.2,30.2
	0.005

	30.2,31.2
	0.01

	30.2,32.2
	0.025

	30.2,33.2
	0.01

	30.2,34
	0.005

	31,31
	0.005

	31,31.2
	0.005

	31,32.2
	0.01

	31,33.2
	0.01

	31.2,31.2
	0.015

	31.2,32
	0.015

	31.2,32.2
	0.025

	31.2,33.2
	0.025

	32.2,32.2
	0.035

	32.2,33.2
	0.035

	32.2,34.2
	0.005

	33.2,34.2
	0.005


Homozygotes =31
Heterozygotes =169

Table 2(iii) Genotype Frequency of D7S820 locus
	Genotype
	Observed Frequency (O)

	7,8
	0.005

	7,10
	0.015

	7,11
	0.005

	7,14
	0.01

	8,8
	0.06

	8,9
	0.025

	8,10
	0.085

	8,11
	0.1

	8,12
	0.06

	8,13
	0.025

	9,9
	0.005

	9,10
	0.025

	9,11
	0.04

	9,12
	0.03

	10.10
	0.025

	10,11
	0.16

	10,12
	0.125

	10,13
	0.01

	11,11
	0.085

	11,12
	0.045

	11,13
	0.005

	11,14
	0.005

	12,12
	0.02

	12,13
	0.025

	12,14
	0.005


Homozygotes =39
    Heterozygotes =161

Table 2(iv) Genotype Frequency of CSF1PO locus
	Genotype
	Observed Frequency (O)

	7,11
	0.005

	9,10
	0.015

	9,11
	0.02

	9,12
	0.035

	10,10
	0.045

	10,11
	0.17

	10,12
	0.13

	10,13
	0.025

	10,15
	0.005

	11,11
	0.055

	11,12
	0.21

	11,13
	0.06

	11,14
	0.005

	12,12
	0.16

	12,13
	0.045

	12,14
	0.015

	13,13
	0.005


Homozygotes = 53
Heterozygotes =147

Table 2(v) Genotype Frequency of D3S1358
	Genotype
	Observed Frequency (O)

	13,16
	0.005

	14,15
	0.01

	14,16
	0.035

	14,17
	0.015

	14,18
	0.01

	15,15
	0.1

	15,16
	0.205

	15,17
	0.145

	15,18
	0.06

	15,19
	0.01

	16,16
	0.1

	16,17
	0.15

	16,18
	0.045

	16,19
	0.005

	17,17
	0.04

	17,18
	0.06

	18,18
	0.005


Homozygotes =48
   Heterozygotes =152


Table 2(vi) Genotype Frequency of TH01 locus
	Genotype
	Observed Frequency (O)

	6,6
	0.045

	6,7
	0.095

	6,8
	0.065

	6,9
	0.135

	6,9.3
	0.05

	6,10
	0.01

	7,7
	0.025

	7,8
	0.04

	7,9
	0.1

	7,9.3
	0.065

	8,8
	0.02

	8,9
	0.07

	8,9.3
	0.055

	8,10
	0.005

	9,9
	0.07

	9,9.3
	0.095

	9,10
	0.01

	9.3,9.3
	0.045


Homozygotes =41
   Heterozygotes =159
Table 2(vii) Genotype Frequency of D13S317 locus
	Genotype
	Observed Frequency (O)

	8,8
	0.05

	8,9
	0.005

	8,10
	0.04

	8,11
	0.12

	8,12
	0.09

	8,13
	0.02

	8,14
	0.005

	9,9
	0.005

	9,10
	0.01

	9,11
	0.035

	9,12
	0.05

	9,13
	0.03

	9,14
	0.005

	10,11
	0.05

	10,12
	0.03

	10,13
	0.015

	10,14
	0.005

	11,11
	0.1

	11,12
	0.155

	11,13
	0.025

	11,14
	0.015

	12,12
	0.065

	12,13
	0.035

	12,14
	0.025

	12,15
	0.005

	13,13
	0.005

	13,14
	0.005



Homozygotes =45
Heterozygotes =155

Table 2(viii) Genotype Frequency of D16S539 locus
	Genotype
	Observed Frequency (O)

	8,9
	0.005

	8,10
	0.015

	8,11
	0.04

	8,12
	0.03

	8,13
	0.03

	8,14
	0.005

	9,9
	0.025

	9,10
	0.025

	9,11
	0.155

	9,12
	0.065

	9,13
	0.025

	9,14
	0.005

	10,10
	0.015

	10,11
	0.095

	10,12
	0.04

	10,13
	0.01

	11,11
	0.12

	11,12
	0.13

	11,13
	0.04

	11,14
	0.005

	12,12
	0.055

	12,13
	0.04

	12,14
	0,01

	13,13
	0.015


Homozygotes =46
Heterozygotes =154

Table 2(ix) Genotype Frequency of D2S1338 locus
	Genotype
	Observed Frequency (O)

	16,17
	0.005

	16,18
	0.01

	16,23
	0.02

	17,18
	0.015

	17,19
	0.005

	17,20
	0.02

	17,21
	0.005

	17,22
	0.015

	17,23
	0.025

	17,26
	0.005

	18,18
	0.035

	18,19
	0.055

	18,20
	0.03

	18,21
	0.015

	18,22
	0.03

	18.23
	0.055

	18,24
	0.04

	18,25
	0.025

	19,19
	0.015

	19,20
	0.045

	19,21
	0.025

	19,22
	0.035

	19,23
	0.045

	19,24
	0.01

	19,25
	0.02

	19,26
	0.01

	20,20
	0.025

	20,21
	0.01

	20,22
	0.015

	20,23
	0.035

	20,24
	0.025

	20,25
	0.025

	20,26
	0.005

	21,22
	0.01

	21,23
	0.02

	21,24
	0.015

	21,25
	0.005

	21,28
	0.005

	22,23
	0.04

	22,24
	0.005

	22,25
	0.01

	22,27
	0.005

	23,23
	0.05

	23,24
	0.035

	23,25
	0.015

	23,26
	0.005

	24,25
	0.02

	25,25
	0.005


Homozygotes =26
Heterozygotes =174
Table 2(x) Genotype Frequency of D19S433 locus
	Genotype
	Observed Frequency (O)

	10,13
	0.005

	10,14
	0.005

	11,15
	0.005

	12,12
	0.01

	12,13
	0.035

	12,14
	0.035

	12,14.2
	0.01

	12,15
	0.015

	12,15.2
	0.01

	12,16
	0.02

	12,17
	0.005

	12.2,12.2
	0.005

	12.2,13
	0.005

	13,13
	0.11

	13,13.2
	0.025

	13,14
	0.18

	13,14.2
	0.025

	13,15
	0.075

	13,15.2
	0.035

	13,16
	0.02

	13,16.2
	0.03

	13.2,14.2
	0.005

	13.2,15
	0.005

	13.2,16
	0.005

	14,14
	0.055

	14,14.2
	0.025

	14,15
	0.06

	14,15.2
	0.0.25

	14,16
	0.025

	14,16.2
	0.005

	14,17
	0.015

	14.2,14.2
	0.01

	14.2,15
	0.005

	14.2,15.2
	0.015

	14.2,16
	0.015

	15,15
	0.025

	15,16
	0.01

	15,16.2
	0.005

	15.2,16
	0.01

	15.2,17
	0.005

	16,16
	0.005

	16.2,16.2
	0.005


Homozygotes =45
Heterozygotes =155
Table 2(xi) Genotype Frequency of vWA locus
	Genotype
	Observed Frequency (O)

	13,14
	0.005

	13,18
	0.005

	14,14
	0.025

	14,15
	0.015

	14,16
	0.075

	14,17
	0.05

	14,18
	0.04

	14,19
	0.01

	14,20
	0.01

	15,15
	0.01

	15,16
	0.03

	15,17
	0.06

	15,18
	0.01

	15,19
	0.02

	15,20
	0.005

	16,16
	0.05

	16,17
	0.12

	16,18
	0.07

	16,19
	0.025

	17,17
	0.09

	17,18
	0.135

	17,19
	0.035

	17,20
	0.01

	18,18
	0.045

	18,19
	0.035

	18,20
	0.01

	19,19
	0.005


Homozygotes =45
Heterozygotes =155

Table 2(xii) Genotype Frequency of TPOX locus
	Genotype
	Observed Frequency (O)

	6,8
	0.005

	7,8
	0.005

	7,11
	0.005

	8,8
	0.18

	8,9
	0.105

	8,10
	0.07

	8,11
	0.24

	8,12
	0.03

	9,9
	0.035

	9,10
	0.03

	9,11
	0.08

	9,12
	0.01

	10,10
	0.005

	10,11
	0.065

	11,11
	0.105

	11,12
	0.03


Homozygotes =65
Heterozygotes =135







Table 2(xiii) Genotype Frequency of D18S51 locus
	Genotype
	Observed Frequency (O)

	9,17
	0.005

	10,12
	0.005

	11,11
	0.005

	11,13
	0.01

	11,15
	0.01

	11,16
	0.015

	11,17
	0.005

	11,18
	0.005

	12,12
	0.005

	12,13
	0.015

	12,14
	0.055

	12,15
	0.045

	12,16
	0.035

	12,17
	0.02

	12,18
	0.005

	12,19
	0.005

	12,20
	0.005

	13,13
	0.01

	13,14
	0.09

	13,15
	0.035

	13,16
	0.025

	13,17
	0.015

	13,18
	0.015

	13,19
	0.005

	13,20
	0.005

	13,21
	0.005

	14,14
	0.075

	14,15
	0.1

	14,16
	0.06

	14,17
	0.03

	14,18
	0.005

	14,19
	0.005

	14,20
	0.025

	14,22
	0.005

	14.2,15
	0.005

	15,15
	0.035

	15,16
	0.04

	15,17
	0.005

	15,18
	0.03

	15,19
	0.02

	15,20
	0.005

	16,16
	0.02

	16,17
	0.04

	16,18
	0.015

	16,19
	0.005

	17,17
	0.005

	17,19
	0.005

	17,20
	0.005

	18,18
	0.005


Homozygotes =32
Heterozygotes =168

Table 2(xiv) Genotype Frequency of D5S818 locus
	Genotype
	Observed Frequency (O)

	9,11
	0.065

	9,12
	0.01

	9,14
	0.005

	10,10
	0.01

	10,11
	0.065

	10,12
	0.065

	10,13
	0.05

	10,14
	0.005

	11,11
	0.175

	11,12
	0.215

	11,13
	0.105

	12,12
	0.065

	12,13
	0.12

	12,14
	0.01

	13,13
	0.03

	13,14
	0.005


Homozygotes =56
Heterozygotes =144









Table 2(xv) Genotype Frequency of FGA locus
	Genotype
	Observed Frequency (O)

	18,23
	0.005

	18,24
	0.005

	19,19
	0.015

	19,20
	0.035

	19,22
	0.005

	19,23
	0.005

	19,24
	0.03

	19,26
	0.005

	20,20
	0.015

	20,21
	0.02

	20,22
	0.03

	20,23
	0.055

	20,24
	0.06

	20,25
	0.03

	20,26
	0.005

	21,21
	0.005

	21,22
	0.075

	21,23
	0.05

	21,24
	0.015

	21,25
	0.02

	21,26
	0.005

	21,27
	0.005

	22,22
	0.005

	22,23
	0.055

	22,24
	0.04

	22,25
	0.04

	22,26
	0.01

	22,27
	0.005

	22,32.2
	0.005

	23,23
	0.065

	23,24
	0.06

	23,25
	0.03

	23,26
	0.025

	23,27
	0.01

	24,24
	0.015

	24,25
	0.075

	24,26
	0.03

	25,25
	0.02

	25,26
	0.015


Homozygotes =28
Heterozygotes =172


The most frequent allele types for each locus were
(i) Allele 13 for D8S1179
(ii) Allele 29 for D21S11
(iii) Allele 11 for D7S820
(iv) Allele 12 for CSF1PO
(v) Allele 16 for D3S1358
(vi) Allele 9 for TH01
(vii) Allele 11 for D13S317
(viii) Allele 11 for D16S539
(ix) Allele 23 for D2S1338
(x) Allele 13 for D19S433
(xi) Allele 17 for vWA
(xii) Allele 8 for TPOX
(xiii) Allele 14 for D18S51
(xiv) Allele 11 for D5S818
(xv) Allele 23 for FGA
The most frequent genotypes for each locus were
(i) Genotype 10,13 for D8S1179
(ii) Genotype 29,32.2 for D21S11
(iii) Genotype 10,11 for D7S820
(iv) Genotype for 11,12 CSF1PO
(v) Genotype 15,16 for D3S1358
(vi) Genotype 6,9 for TH01
(vii) Genotype 11,12 for D13S317
(viii) Genotype 9,11 for D16S539
(ix) Genotype 18,19 and 18,23 for D2S1338
(x) Genotype 13,14 for D19S433
(xi) Genotype 17,18 for vWA
(xii) Genotype 8,11 for TPOX
(xiii) Genotype 14,15 for D18S51
(xiv) Genotype 11,12 for D5S818
(xv) Genotype 21,22 and 24,25 for FGA



Table 4: The observed (Hobs) heterozygosity and expected (Hexp) heterozygosity values for 15 loci
	Allele
	D8S1179
	D21S11
	D7S820
	CSF1P0
	D3S1358
	TH01
	D13S317
	D16S539
	D2S1338
	D195433
	VWA
	TPOX
	D18S51
	D5S818
	FGA

	Hobs
	0.875
	0.62
	0.805
	0.735
	0.755
	0.795
	0.775
	0.77
	0.87
	0.775
	0.775
	0.675
	0.84
	0.72
	0.86

	Hexp
	0.855
	0.816
	0.799
	0.725
	0.737
	0.794
	0.796
	0.784
	0.89
	0.807
	0.804
	0.705
	0.847
	0.725
	0.86




No deviations from Hardy Weinberg Equilibrium were observed. There was no need to apply Bonferroni Correction (BC) value of 0.05/15 = 0.0033. This procedure is used to adjust probability (P) values when making multiple statistical tests. The BC was proposed to circumvent the problem that as the number of tests increase, the likelihood of a type I error i.e. concluding that a significant difference is present when it is not (17).
The average heterozygosity level for both observed and expected values were above the required 70%. It is, therefore concluded that these loci are suitable for human identification (18). The observed heterozygosity values were ranging from (0.62) D21S11 & (0.675) TPOX to (0.875) D8S1179 & (0.87) D2S1338. The expected heterozygosity values were ranging from (.706) TPOX to (.890) D2S1338. Bhuvnesh et al (19) carried out a study on Saraswat Brahmins community of Northern India and observed populations were in Hardy-Weinberg equilibrium and found that D2S1338, D18S51 and FGA are considered most informative markers for forensic testing. Further, D Dogra et al (20) observed in their study that all loci were in HWE except at locus FGA in Ramgariha Sikhs and locus D16S539 in Arora Sikhs.                                           
The amount of heterozygosity at a locus in a sampled population is a measure of genetic variation. The higher the heterozygosity, the more variation at a given locus. The percentage of individuals who are heterozygous is higher at all the loci as compared to the percentage of individuals who are homozygous, which shows that there is greater heterozygosity and therefore less chance of a random match sampling. 



CONCLUSION
Hardy Weinberg Equilibrium describes the assumptions that must be present to consider a population in equilibrium. The law describes a situation in which a population is under no evolutionary change and the variability present in the population is preserved. The relationship between allele frequency and genotype frequency can be expressed as:
                         P2 + 2pq + q2 = 1     or   (p+ q)2 = 1     also     p + q = 1
From this binomial expression it is clear that in a large random mating population, gene and genotype frequencies will remain constant; in other words, the population is genetically stable. This is evident from this data as no deviations from Hardy-Weinberg Equilibrium were observed. Also, all the 15 STR loci are highly polymorphic and suitable for human identification. 
A database has thus been established for the loci D8S1179, D21S11, D7S820, CSF1PO, D3S1358, TH01, D13S317, D16S539, D2S1338, D19S433, vWA, TPOX, D18S51, D5S818, FGA of the 15 STR systems that have been shown to be useful in forensic DNA analysis.

· What is already known on this topic?
Genomic diversity at fluorescent labelled STR loci in few important populations of state of Uttar Pradesh & Maharashtra, India has been studied by Kashyap et al (2002) using Powerplex 16 system. They found the homozygosity values for all the 15 loci in studied population range between 0.053 & 0.999 following Hardy-Weinberg Equilibrium & based on the distribution of allele pattern these markers were found to be highly polymorphic & informative.
Similar studies were done on the populations from Central India by Shrivastava P. et al (2012) also shows that the 15 STR loci were highly informative & discriminating & all the studied populations were in  Hardy-Weinberg Equilibrium.
Bhuvnesh et.al.  carried out a study on Saraswat Brahmin community of Northern India & observed populations were in Hardy-Weinberg Equilibrium. Further D. Dogra et. al. observed in their study that all loci were in Hardy-Weinberg Equilibrium except at locus FGA in Ramgariha Sikh & locus D16S539 in Arora Sikh. 

[bookmark: _GoBack]                                                                                                          
· What this study adds?
      In this study Short Tandem Repeat analysis was done in Random Delhi NCR population sample using AmpFlSTR Identifiler plus PCR amplification kit. 
No deviations from Hardy-Weinberg Equilibrium were observed which means that the variability present in the populations is preserved. The average heterozygosity level for both observed & expected values were above 70%. So, there loci were found to be suitable for human identification. The present study adds to the existing database & is in concordance with the studies already done. 
· Suggestions for further development.
The incredible power of DNA technology as an identification tool had brought a tremendous change in criminal justice system. DNA database is an informative resource for the Forensic DNA typing community with details on commonly used STR DNA markers.
Time & expense limit an examination of an individual’s entire genome. So, DNA FP involving the study of the loci which are polymorphic or in other words different among the individuals. Population data must be compiled to an estimate of the frequency of each possible allele & genotype.
Hardy-Weinberg Equilibrium is the foundation of population genetics. Hardy-Weinberg Equilibrium is maintained as long as population size is large, mating is random & mutation selection & migration is negligible. If not allele frequencies & genotype frequencies may change from one generation to the next. By examining this genetic diversity evolutionary patterns can be inferred & variants contributing to the cause of common diseases can be identified.
Almost every nation now maintains a database Proposed DNA bill by Ministry of law, India will allow the govt. to establish a National DNA data Bank & use the data for various specified Forensic purposes.
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