
DNA was isolated from blood samples obtained from 150
healthy male individuals by standard phenol/chloroform procedure
(3). Custom-made primers were labeled with 5�-FAM and JOE flu-
orescent dyes. PCR amplification for all the eight Y-STRs namely,
DYS19, DYS385, DYS389I, DYS389II, DYS390, DYS391,
DYS392, and DYS393, was carried out with a 25-ng template
DNA in two multiplex reactions, standardized in the laboratory, us-
ing primers as described elsewhere (4,5). Amplified PCR products
were run on a 5% polyacrylamide gel using a ABI 377 Automated
DNA Sequencer. Sizing of the products was done using the ABI
377 Genescan Analysis Software version (3.1).

Analysis of Data

Alleles were designated according to the number of repeats
(4–7). For each population, the allele frequencies were calculated
by the simple gene count method. Gene and haplotype diversities
for the eight Y-chromosomal STRs were calculated according to
the Nei’s formula (8).

h � n(1 � ∑x2
i )/(n � 1)

where n represents the number of chromosome sampled, and xi is
the frequency of the ith allele or haplotype, using the software AR-
LEQUIN ver.2.0 (9).

Allele frequencies and gene diversities observed at the eight Y-
chromosomal STRs among Oriya Brahmins, Karan, Khandayat,

and Gope along with the combined frequencies in populations of
Orissa are given in Tables 1 to 3.

Gene diversity analysis suggests that Oriya population exhibits
significant allele frequency variation. DYS391 was found to be the
least polymorphic among all loci, with only Allele 10 being pre-
dominant in the studied samples. Gene diversity at individual loci
for the rest of the markers varies from 0.602 for DYS19 to 0.938
for DYS385. At the population level, the Brahmins, which are at
the upper most level of caste hierarchy, show comparatively less
variation than the other communities. A triplicate allele pattern was
observed for one of the Karan samples in DYS385 having the hap-
lotype 9-13-14. Table 4 shows the distribution of Y-chromosomal
haplotypes at eight microsatellites across Orissa populations. A to-
tal of 146 different haplotypes were found, 142 of them unique.
Only one haplotype (H 68) was shared between Karan and Khan-
dayat, with the other shared haplotypes being confined to their in-
dividual communities. The combined haplotype diversity, which is
the same as PD value, across Orissa population is 0.9996 � 0.0008.
The data generated show that the eight loci haplotype system is
highly polymorphic and discriminative in Orissa population,
thereby being extremely valuable for tracing the paternal lineage in
population studies and human identification in forensic applica-
tions. The data of this study will also contribute to the expansion of
Indian DNA database.
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TABLE 1—Allele frequencies and gene diversity value at microsatellite
locus DYS385 in Orissa population.

Allele
Combination BR KA KH GO Combined

Observed (n � 40) (n � 39) (n � 32) (n � 39) Frequency

9–11 0.025 0.031 0.026 0.020
9–12 0.275 0.179 0.188 0.205 0.213
9–13 0.025 0.103 0.033
9–14 0.050 0.013
9–16 0.025 0.007

10–12 0.025 0.026 0.031 0.026 0.027
10–13 0.025 0.051 0.026 0.027
10–14 0.050 0.075 0.033
10–15 0.025 0.026 0.013
10–16 0.051 0.051 0.027
10–17 0.026 0.026 0.013
11–11 0.050 0.013
11–14 0.025 0.051 0.020
11–15 0.025 0.063 0.026 0.027
11–16 0.025 0.051 0.094 0.026 0.047
11–17 0.050 0.026 0.063 0.051 0.047
11–18 0.025 0.007
11–19 0.031 0.007
12–12 0.026 0.007
12–13 0.026 0.031 0.026 0.020
12–14 0.026 0.007
12–15 0.050 0.031 0.020
12–16 0.026 0.063 0.026 0.027
12–17 0.025 0.051 0.031 0.026 0.033
12–18 0.031 0.007
13–13 0.076 0.020
13–14 0.051 0.031 0.026 0.027
13–15 0.050 0.026 0.094 0.051 0.053
13–16 0.050 0.026 0.125 0.051 0.060
13–17 0.025 0.026 0.026 0.020
13–18 0.026 0.026 0.013
13–19 0.051 0.031 0.020
14–14 0.025 0.051 0.020
14–15 0.025 0.051 0.020
14–16 0.025 0.026 0.013
14–17 0.026 0.007
15–18 0.031 0.007

9–13–14 0.026 0.007

h 0.921 0.950 0.939 0.950 0.938

NOTE: BR � Brahmin; KA � Karan; KH � Khandayat; GO � Gope.



SAHOO ET AL. • ALLELE FREQUENCY OF STR LOCI 3

T
A

B
L

E
 2

—
A

ll
el

e 
fr

eq
ue

nc
ie

s 
an

d 
ge

ne
 d

iv
er

si
ty

 v
al

ue
 a

t Y
-c

hr
om

os
om

e 
ST

R
 lo

ci
 in

 O
ri

ss
a 

po
pu

la
ti

on
 (

n 
=

 1
50

).

D
Y

S1
9

D
Y

S3
89

I
D

Y
S3

89
II

B
R

K
A

K
H

G
O

C
om

bi
ne

d
B

R
K

A
K

H
G

O
C

om
bi

ne
d

B
R

K
A

K
H

G
O

C
om

bi
ne

d
A

lle
le

s
(n

�
40

)
(n

�
39

)
(n

�
32

)
(n

�
39

)
Fr

eq
ue

nc
y

(n
�

40
)

(n
�

39
)

(n
�

32
)

(n
�

39
)

Fr
eq

ue
nc

y
(n

�
40

)
(n

�
39

)
(n

�
32

)
(n

�
39

)
Fr

eq
ue

nc
y

9
0.

00
0

0.
00

0
0.

00
0

0.
02

6
0.

00
7

10
0.

15
0

0.
15

4
0.

09
3

0.
12

8
0.

13
3

11
0.

35
0

0.
48

7
0.

43
8

0.
30

8
0.

39
3

12
0.

50
0

0.
35

9
0.

46
9

0.
53

8
0.

46
7

13
0.

00
0

0.
02

6
0.

03
1

0.
02

6
0.

02
0

14
0.

27
5

0.
20

5
0.

18
8

0.
23

0
0.

22
7

15
0.

55
0

0.
53

8
0.

62
5

0.
59

0
0.

57
3

16
0.

15
0

0.
15

4
0.

12
5

0.
12

8
0.

14
0

17
0.

02
5

0.
07

7
0.

03
1

0.
02

6
0.

04
0

18 19 20 21 22 23 24 25 26
0.

10
0

0.
12

8
0.

03
1

0.
12

9
0.

10
0

27
0.

10
0

0.
35

9
0.

31
3

0.
23

0
0.

24
7

28
0.

32
5

0.
17

9
0.

31
3

0.
30

8
0.

28
0

29
0.

32
5

0.
15

5
0.

31
3

0.
23

0
0.

25
3

30
0.

10
0

0.
17

9
0.

03
1

0.
10

3
0.

10
7

31
0.

05
0

0.
00

0
0.

00
0

0.
00

0
0.

01
3

h
0.

61
4

0.
65

4
0.

57
4

0.
59

6
0.

60
2

0.
62

1
0.

62
6

0.
05

98
0.

61
4

0.
61

4
0.

77
6

0.
78

7
0.

72
7

0.
79

2
0.

78
0

N
O

T
E
: B

R
 �

B
ra

hm
in

; K
A

 �
K

ar
an

; K
H

 �
K

ha
nd

ay
at

; G
O

 �
G

op
e.



T
A

B
L

E
 3

—
A

ll
el

e 
fr

eq
ue

nc
ie

s 
an

d 
ge

ne
 d

iv
er

si
ty

 v
al

ue
 a

t Y
-c

hr
om

os
om

e 
ST

R
 lo

ci
 in

 O
ri

ss
a 

po
pu

la
ti

on
 (

n 
=

 1
50

).

D
Y

S3
90

D
Y

S3
91

D
Y

S3
92

D
Y

S3
93

B
R

K
A

K
H

G
O

C
om

bi
ne

d
B

R
K

A
K

H
G

O
C

om
bi

ne
d

B
R

K
A

K
H

G
O

C
om

bi
ne

d
B

R
K

A
K

H
G

O
C

om
bi

ne
d

A
lle

le
s

(n
�

40
)

(n
�

39
)

(n
�

32
)

(n
�

 3
9)

Fr
eq

ue
nc

y
(n

�
40

)
(n

�
39

)
(n

�
32

)
(n

�
 3

9)
Fr

eq
ue

nc
y

(n
�

40
)

(n
�

39
)

(n
�

32
)

(n
�

 3
9)

Fr
eq

ue
nc

y
(n

�
40

)
(n

�
39

)
(n

�
32

)
(n

�
 3

9)
Fr

eq
ue

nc
y

9
0.

00
0

0.
02

6
0.

00
0

0.
02

6
0.

01
3

10
0.

82
5

0.
74

4
0.

84
4

0.
79

4
0.

80
0

0.
12

5
0.

00
0

0.
00

0
0.

00
0

0.
03

3
11

0.
17

5
0.

23
0

0.
15

6
0.

15
4

0.
18

0
0.

37
5

0.
12

8
0.

28
0

0.
20

5
0.

24
7

0.
05

0
0.

00
0

0.
00

0
0.

00
0

0.
01

3
12

0.
00

0
0.

00
0

0.
00

0
0.

02
6

0.
00

7
0.

35
0

0.
69

2
0.

59
4

0.
53

8
0.

54
0

0.
30

0
0.

15
4

0.
25

0
0.

25
6

0.
24

0
13

0.
00

0
0.

02
6

0.
06

3
0.

07
7

0.
04

0
0.

45
0

0.
53

8
0.

56
3

0.
48

8
0.

50
7

14
0.

07
5

0.
07

7
0.

06
3

0.
15

4
0.

09
3

0.
20

0
0.

23
1

0.
18

7
0.

25
6

0.
22

0
15

0.
05

0
0.

07
7

0.
00

0
0.

02
6

0.
04

0
0.

00
0

0.
07

7
0.

00
0

0.
00

0
0.

02
0

16
0.

02
5

0.
00

0
0.

00
0

0.
00

0
0.

00
7

17 18 19 20 21
0.

10
0

0.
02

6
0.

15
6

0.
00

0
0.

06
7

22
0.

35
0

0.
10

2
0.

03
1

0.
02

6
0.

13
3

23
0.

05
0

0.
15

4
0.

09
4

0.
28

2
0.

14
7

24
0.

10
0

0.
25

6
0.

34
4

0.
23

0
0.

22
7

25
0.

15
0

0.
15

4
0.

12
5

0.
10

3
0.

13
3

26
0.

22
5

0.
28

2
0.

21
9

0.
25

6
0.

24
7

27
0.

02
5

0.
02

6
0.

03
1

0.
10

3
0.

04
7

28 29 30 31 h
0.

80
1

0.
81

6
0.

80
8

0.
80

0
0.

83
0

0.
29

6
0.

40
4

0.
27

2
0.

35
2

0.
33

0
0.

73
1

0.
50

5
0.

57
8

0.
65

5
0.

63
9

0.
68

2
0.

50
1

0.
60

4
0.

64
7

0.
64

1

N
O

T
E
:B

R
 �

B
ra

hm
in

; K
A

 �
K

ar
an

; K
H

 �
K

ha
nd

ay
at

; G
O

 �
G

op
e.



SAHOO ET AL. • ALLELE FREQUENCY OF STR LOCI 5
T

A
B

L
E

 4
—

D
is

tr
ib

ut
io

n 
of

 Y
-c

hr
om

os
om

al
 h

ap
lo

ty
pe

s 
at

 e
ig

ht
 m

ic
ro

sa
te

ll
it

es
 a

m
on

g 
O

ri
ss

a 
po

pu
la

ti
on

.

O
ri

ya
T

ot
al

H
ap

lo
ty

pe
19

38
9I

38
9I

I
39

0
39

1
39

2
39

3
38

5
B

ra
hm

in
K

ar
an

K
ha

nd
ay

at
G

op
e

(N
�

15
0)

H
1

13
11

26
27

10
11

12
12

13
1

1
H

2
13

11
27

24
10

11
14

12
17

1
1

H
3

13
12

28
24

10
11

12
10

16
1

1
H

4
14

10
26

22
10

14
14

10
14

1
1

H
5

14
10

26
22

10
15

11
10

14
1

1
H

6
14

10
26

22
10

16
11

10
15

1
1

H
7

14
10

26
23

10
11

14
12

16
1

1
H

8
14

10
26

23
10

12
12

10
16

1
1

H
9

14
10

26
24

10
15

13
10

17
1

1
H

10
14

10
26

24
10

15
14

12
17

2
2

H
11

14
10

29
26

10
14

13
11

11
1

1
H

12
14

11
26

22
10

12
14

13
15

1
1

H
13

14
11

26
24

10
12

13
12

17
1

1
H

14
14

11
27

23
10

11
14

11
16

1
1

H
15

14
11

27
23

10
15

13
11

16
1

1
H

16
14

11
27

24
10

11
13

11
14

1
1

H
17

14
11

28
24

10
12

13
12

13
1

1
H

18
14

11
28

24
10

12
13

12
16

1
1

H
19

14
11

28
24

11
12

13
13

18
1

1
H

20
14

11
28

27
10

14
13

10
15

1
1

H
21

14
11

29
25

10
14

12
10

12
1

1
H

22
14

11
29

26
10

13
13

12
16

1
1

H
23

14
11

29
26

11
12

12
9

12
1

1
H

24
14

12
27

24
10

11
14

11
16

1
1

H
25

14
12

27
24

10
14

13
14

15
1

1
H

26
14

12
28

21
10

10
14

9
16

1
1

H
27

14
12

28
21

10
11

14
11

18
1

1
H

28
14

12
28

21
10

11
14

12
17

1
1

H
29

14
12

29
23

10
12

13
13

13
1

1
H

30
14

12
28

24
10

11
14

10
16

1
1

H
31

14
12

28
24

10
11

14
11

17
2

2
H

32
14

12
29

24
10

11
14

11
17

1
1

H
33

14
12

29
24

11
11

13
11

16
1

1
H

34
14

12
29

25
10

12
13

10
14

1
1

H
35

14
12

30
25

10
11

12
11

17
1

1
H

36
15

9
27

26
10

12
13

9
11

1
1

H
37

15
10

26
24

10
12

12
11

13
1

1
H

38
15

10
26

25
10

12
13

11
15

1
1

H
39

15
10

27
25

11
12

13
9

13
–1

4
1

1
H

40
15

10
27

25
11

13
13

11
14

1
1

H
41

15
10

28
22

10
10

12
11

16
1

1
H

42
15

10
28

23
10

12
12

11
15

1
1

H
43

15
10

28
24

10
13

13
10

14
1

1
H

44
15

10
28

26
11

15
14

11
15

1
1

H
45

15
11

27
20

10
12

13
13

15
1

1
H

46
15

11
27

21
10

12
12

13
15

1
1

H
47

15
11

27
21

10
12

13
13

15
1

1
H

48
15

11
27

22
10

12
13

14
14

1
1

H
49

15
11

27
22

10
12

13
14

15
1

1
H

50
15

11
27

22
10

12
14

13
13

1
1 co

nt
in

ue
s 



6 JOURNAL OF FORENSIC SCIENCES
T

A
B

L
E

 4
—

C
on

ti
nu

ed
.

O
ri

ya
T

ot
al

H
ap

lo
ty

pe
19

38
9I

38
9I

I
39

0
39

1
39

2
39

3
38

5
B

ra
hm

in
K

ar
an

K
ha

nd
ay

at
G

op
e

(N
�

15
0)

H
51

15
11

27
22

11
11

12
12

15
1

1
H

52
15

11
27

23
10

11
12

13
15

1
1

H
53

15
11

27
23

10
12

13
13

15
1

1
H

54
15

11
27

23
10

12
12

13
13

1
1

H
55

15
11

27
24

10
11

13
11

17
1

1
H

56
15

11
27

24
10

11
14

10
16

1
1

H
57

15
11

27
24

10
14

14
13

19
1

1
H

58
15

11
27

25
10

11
13

13
17

1
1

H
59

15
11

27
25

10
12

12
12

15
1

1
H

60
15

11
27

25
10

12
13

11
15

1
1

H
61

15
11

27
25

10
14

14
13

19
1

1
H

62
15

11
27

25
10

14
15

13
19

1
1

H
63

15
11

27
26

11
14

14
13

17
1

1
H

64
15

11
28

21
10

12
12

12
15

1
1

H
65

15
11

28
22

10
11

14
9

12
1

1
H

66
15

11
28

25
10

11
13

11
11

1
1

H
67

15
11

28
25

11
12

13
9

11
1

1
H

68
15

11
28

26
10

12
13

9
12

1
1

2
H

69
15

11
29

24
10

11
12

9
12

1
1

H
70

15
11

29
26

10
10

13
9

14
1

1
H

71
15

11
29

26
10

11
12

9
12

1
1

H
72

15
11

29
26

10
12

13
9

12
1

1
H

73
15

11
29

26
11

13
13

9
12

1
1

H
74

15
12

27
24

9
12

13
13

14
1

1
H

75
15

12
27

24
10

12
12

13
16

1
1

H
76

15
12

27
24

10
13

13
9

12
1

1
H

77
15

12
28

21
10

11
13

12
18

1
1

H
78

15
12

28
22

10
11

12
14

16
1

1
H

79
15

12
28

22
10

12
12

13
15

1
1

H
80

15
12

28
23

10
12

12
13

16
1

1
H

81
15

12
28

23
10

12
13

13
15

1
1

H
82

15
12

28
23

10
11

12
13

14
1

1
H

83
15

12
28

23
10

12
12

14
15

1
1

H
84

15
12

28
23

10
12

13
11

14
1

1
H

85
15

12
28

23
10

12
14

12
16

1
1

H
86

15
12

28
23

10
13

12
14

16
1

1
H

87
15

12
28

24
10

11
13

11
16

1
1

H
88

15
12

28
24

10
12

13
13

14
1

1
H

89
15

12
28

25
10

14
13

13
16

1
1

H
90

15
12

28
26

10
14

14
13

18
1

1
H

91
15

12
28

27
9

12
13

12
12

1
1

H
92

15
12

29
21

11
12

12
13

16
1

1
H

93
15

12
29

22
10

10
13

14
14

1
1

H
94

15
12

29
22

10
12

12
13

16
2

2
H

95
15

12
29

22
10

12
12

14
14

1
1

H
96

15
12

29
23

10
11

13
9

12
1

1
H

97
15

12
29

23
10

12
13

12
13

1
1

H
98

15
12

29
23

10
12

15
10

14
1

1
H

99
15

12
29

24
10

10
12

10
13

1
1

H
10

0
15

12
29

24
11

12
13

9
12

1
1



SAHOO ET AL. • ALLELE FREQUENCY OF STR LOCI 7

T
A

B
L

E
 4

—
C

on
ti

nu
ed

.

O
ri

ya
T

ot
al

H
ap

lo
ty

pe
19

38
9I

38
9I

I
39

0
39

1
39

2
39

3
38

5
B

ra
hm

in
K

ar
an

K
ha

nd
ay

at
G

op
e

(N
�

15
0)

H
10

1
15

12
29

25
10

11
13

9
12

1
1

H
10

2
15

12
29

25
10

12
13

9
12

1
1

H
10

3
15

12
29

26
10

12
13

9
13

1
1

H
10

4
15

12
29

24
10

11
13

11
16

1
1

H
10

5
15

12
29

24
10

11
14

11
17

1
1

H
10

6
15

12
29

26
11

14
12

14
17

1
1

H
10

7
15

12
29

27
10

12
14

13
16

1
1

H
10

8
15

12
29

27
10

14
14

15
18

1
1

H
10

9
15

12
30

26
10

11
13

9
12

1
1

H
11

0
15

12
30

26
10

11
13

9
13

1
1

H
11

1
15

12
30

26
10

12
12

9
12

1
1

H
11

2
15

12
30

26
10

12
13

9
13

1
1

H
11

3
15

12
30

26
10

12
13

10
12

1
1

H
11

4
15

12
30

26
10

12
14

10
13

1
1

H
11

5
15

12
30

26
10

12
14

9
12

1
1

H
11

6
15

12
30

26
10

12
14

10
12

1
1

H
11

7
15

12
30

26
11

12
13

9
12

1
1

H
11

8
15

12
30

27
10

12
15

9
12

1
1

H
11

9
15

12
31

26
10

12
13

9
12

1
1

H
12

0
16

10
26

23
10

12
12

13
17

1
1

H
12

1
16

10
27

22
10

12
12

13
16

1
1

H
12

2
16

10
28

25
11

12
14

10
12

1
1

H
12

3
16

11
27

22
11

12
12

13
16

1
1

H
12

4
16

11
27

23
10

12
13

13
14

1
1

H
12

5
16

12
27

24
10

11
13

11
19

1
1

H
12

6
16

11
28

22
10

12
14

11
17

1
1

H
12

7
16

11
28

26
10

12
13

9
12

1
1

H
12

8
16

11
28

26
10

12
13

9
13

1
1

H
12

9
16

11
28

26
11

12
13

9
12

1
1

H
13

0
16

11
29

24
12

12
13

9
12

1
1

H
13

1
16

11
29

26
10

12
12

9
12

1
1

H
13

2
16

11
29

26
11

12
12

10
13

1
1

H
13

3
16

11
29

26
11

12
13

9
12

1
1

H
13

4
16

12
29

27
10

12
13

9
12

1
1

H
13

5
16

12
30

25
11

12
13

9
13

1
1

H
13

6
16

12
30

26
10

12
13

9
12

1
1

H
13

7
16

12
30

26
11

11
13

9
12

1
1

H
13

8
16

11
30

26
11

12
13

9
12

1
1

H
13

9
16

12
30

26
11

14
13

9
12

1
1

H
14

0
16

12
31

26
10

12
13

9
12

1
1

H
14

1
17

11
26

25
10

12
13

9
12

1
1

H
14

2
17

11
27

21
10

12
12

12
14

1
1

H
14

3
17

12
27

22
11

12
13

10
17

1
1

H
14

4
17

11
28

26
11

12
14

9
12

1
1

H
14

5
17

11
29

25
11

12
13

9
11

1
1

H
14

6
17

12
29

23
11

11
12

9
14

1
1

h
0.

99
87

 �
0.

00
60

0.
99

87
 �

0.
00

62
0.

99
80

 �
0.

00
85

1.
00

0 
�

0.
00

85
0.

99
96

 �
0.

00
08

N
O

T
E
: H

ap
lo

ty
pe

 f
re

qu
en

ci
es

 a
re

 g
iv

en
 in

 a
bs

ol
ut

e 
nu

m
be

rs
.



8 JOURNAL OF FORENSIC SCIENCES

et al. DNA Commission of the International Society of Forensic Genetics:
recommendations on the forensic analysis using Y chromosome STRs.
Forensic Sci Int 2001;124:5–10.

8. Nei M. Molecular evolutionary genetics. Columbia University Press, NY,
1987.

9. Schneider S, Roessli D, Excoffier L. ARLEQUIN ver 2.0: a software for
population genetics data analysis. Genetics and Biometry Laboratory,
University of Geneva, Switzerland, 2000.

Additional information and reprint requests:
V. K. Kashyap, Ph.D.
DNA Typing Unit
Central Forensic Science Laboratory
30, Gorachand Road
Kolkata–700014
India
Tel.: �91-33-284-1638
E-mail: vkk2k@hotmail.com

References
1. Singh KS. India’s communities, national series. People of India. Oxford

University Press, 1998.
2. Sahoo S, Kashyap VK. Allele frequency data for PowerPlex 16 loci in

four major populations of Orissa, India. J Forensic Sci 2002;47:912–15.
3. Sambrook J, Fritsch EF, Maniatis T. Molecular cloning. A laboratory

manual. 2nd ed. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory
Press, 1989.

4. Kayser M, Caglia A, Corach D, Fretwell N, Gehrig C, Graziosi G, et al.
Evaluation of Y-chromosomal STRs: a multicenter study. Int J Legal Med
1997;110:125–33; appendix: 141–9.

5. Schneider PM, Meuser S, Waiyawuth W, Rittner C. Tandem repeat struc-
ture of the duplicated Y-chromosome STR locus 385 and frequency stud-
ies in the German and three Asian population. Forensic Sci Int
1998;97:61–70.

6. Pestoni C, Cal ML, Lareu MV, Rodriguez-Calvo MS, Carracedo A. Y
chromosome STR haplotypes: genetic and sequencing data of the Galician
population (NW Spain) Int J Legal Med 1998;112:15–21.

7. Gill P, Brenner C, Brinkmann B, Budwole B, Carracedo A, Jobling MA,


