
Molecular Ecology Notes (2003) 3, 174–176 doi: 10.1046/j.1471-8286.2003.00388.x

© 2003 Blackwell Publishing Ltd

Blackwell Publishing Ltd.PRIMER NOTE

Microsatellite DNA loci from the Diamondback terrapin 
(Malaclemys terrapin)

J .  SUSANNE HAUSWALDT*† and TRAVIS  C .  GLENN*†
*Department of Biological Sciences, University of South Carolina, Columbia, SC 29208, USA, †Savannah River Ecology Laboratory, 
P.O. Drawer E, Aiken, SC 29802, USA 

Abstract

We describe polymerase chain recation (PCR) primers and conditions to amplify one dinu-
cleotide and five tetranucleotide microsatellite DNA loci isolated from the Diamondback
terrapin (Malaclemys terrapin). The PCR primers were tested on 21 terrapins from Cape
Romain, SC, USA. The microsatellite primers developed yielded a high number of alleles
(8–14) and high observed heterozygosities (0.57–1.0).
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The Diamondback terrapin is the only strictly estuarine
species of turtle in North America and is distributed along
the Atlantic and Gulf Coast of the United States. Mark–
recapture data have indicated that terrapins have extra-
ordinarily high site fidelity to specific tidal creeks and sections
of creeks (Gibbons et al. 2001; Tucker et al. 2001) or sections
of a river (Roosenburg et al. 1999), and female terrapins
have also been found to return to the same nesting beaches
(Roosenburg 1996). We developed microsatellite markers to
study multigenerational site fidelity and population genetic
structure in Diamondback terrapins from South Carolina.

DNA was extracted from terrapin blood or tail-tip tissue
using diatomaceous earth as described by Davis et al. (2001),
or standard phenol/chloroform extraction (Sambrook et al.
1989). Extracted DNA was enriched for (AC)13, (AG)12,
(AAAG)6, (ACAG)6, (AGAT)8, (ATCC)5 and (ACAT)8 follow-
ing a protocol modified from Hamilton et al. (1999). The
detailed protocol is available from TCG (glenn@srel.edu).
In brief, the DNA was digested with RsaI, ligated to Super-
SNX linkers, hybridized to biotinylated microsatellite
oligonucleotides, captured on Dynabeads (Dynal Biotech
Inc.), unwanted DNA was washed away, captured DNA
was recovered by polymerase chain reactions (PCR) with
SuperSNX-f (5′-GTTTAAGGCCTAGCTAGCAGAATC-3′)
and cloned using the TOPO TA Cloning System (2.1)
(Invitrogen). White colonies were amplified using M13

forward and reverse primers. PCR products of 500–1000 bp
were sequenced using BigDye version 2.0 (Applied Biosys-
tems) chemistry on an ABI 377 sequencer. Sequences from
both strands were assembled and edited in Sequencher
4.1.2 (Genecodes) and exported to Ephemeris 1.0 (available
at http://www.uga.edu/srel/DNA_Lab/programs.htm) to
automatically search sequences for microsatellite repeats.
PCR primers were developed, and an M13Reverse (5′-
GGAAACAGCTATGACCAT-3′) or CAG tag (5′-CAGT-
CGGGCGTCATCA-3′) was added to the 5′ end of one of
each primer pair (Table 1) using Oligo 6.67 (Molecular Bio-
logy Insights) to determine which tag would produce the
least secondary structures. Inclusion of the 5′-tag allows
use of a third primer in the PCR (M13R or CAG) that is
fluorescently labelled for detection on the ABI 377 (cf.
Boutin-Ganache et al. 2001).

Primers were optimized using eight Diamondback
terrapin DNA samples from a South Carolina terrapin
population from Cape Romain. PCR amplifications were
performed in a 25 µL volume using a GeneAmp PCR
System 2700 Thermocycler (Applied Biosystems). PCR final
concentrations for optimizing reactions were 10 mM Tris
pH 8.4, 50 mM KCl, 25.0 µg/mL BSA, 0.2 µM unlabelled
primer, 0.02 µM tag labelled primer, 0.18 µM universal dye
labelled primer, 1.5 mM MgCl2, 0.15 mM dNTPs, 0.5 units
Taq DNA Polymerase and 40 ng DNA template. M13R
and CAG universal primers were labelled with a Fam,
Hex or Ned fluorescent dye. Primers were tested using
touchdown thermal cycling programs (Don et al. 1991)

Correspondence: Susanne Hauswaldt. Fax: 803-777-4002; E-mail:
sushaus@biol.sc.edu

http://www.uga.edu/srel/DNA_Lab/programs.htm


P R I M E R  N O T E 175

© 2003 Blackwell Publishing Ltd, Molecular Ecology Notes, 3, 174–176

T
ab

le
 1

C
ha

ra
ct

er
iz

at
io

n 
of

 s
ix

 p
ri

m
er

 p
ai

rs
 th

at
 a

m
pl

if
y 

m
ic

ro
sa

te
lli

te
s 

fr
om

 M
al

ac
le

m
ys

 te
rr

ap
in

. S
eq

ue
nc

es
 u

se
d 

to
 in

tr
od

uc
e 

si
te

s 
fo

r 
un

iv
er

sa
l f

lu
or

es
ce

nt
 p

ri
m

er
s 

ar
e 

in
 it

al
ic

s.
 B

as
es

sh
ar

ed
 b

et
w

ee
n 

th
e 

te
rr

ap
in

 se
qu

en
ce

 a
nd

 th
e 

un
iv

er
sa

l f
lu

or
es

ce
nt

 p
ri

m
er

s a
re

 u
nd

er
lin

ed
. T

ou
ch

do
w

n 
te

m
pe

ra
tu

re
 re

fe
rs

 to
 th

e 
in

it
ia

l a
nn

ea
lin

g 
te

m
pe

ra
tu

re
 o

f t
he

 to
uc

hd
ow

n 
pr

ot
oc

ol
us

ed
. N

 r
ef

er
s 

to
 s

am
pl

e 
si

ze
. S

iz
e 

ra
ng

e 
re

fe
rs

 t
o 

th
e 

ob
se

rv
ed

 d
is

tr
ib

ut
io

n 
of

 a
lle

le
s 

at
 e

ac
h 

lo
cu

s.
 *

Pr
im

er
 T

er
pS

H
 3

L 
w

as
 d

es
ig

ne
d

 w
it

h 
a 

ru
n 

of
 t

hr
ee

 c
yt

os
in

es
; h

ow
ev

er
, f

ur
th

er
in

ve
st

ig
at

io
n 

of
 th

e 
or

ig
in

al
 c

lo
ne

 s
eq

ue
nc

es
 in

di
ca

te
 th

at
 th

er
e 

ar
e 

on
ly

 tw
o 

cy
to

si
ne

s 
at

 th
is

 lo
ca

ti
on

. T
hi

s 
pr

im
er

 w
or

ks
 w

el
l d

es
pi

te
 th

e 
ad

d
it

io
na

l b
as

e

 Lo
cu

s
Pr

im
er

 S
eq

ue
nc

e 
5′

 →
 3

′

G
en

ba
nk

 
A

cc
es

si
on

 
N

um
be

r
T

ou
ch

do
w

n 
T

em
pe

ra
tu

re
R

ep
ea

t 
Se

qu
en

ce
N

N
um

be
r 

of
 A

lle
le

s

Si
ze

 
R

an
ge

 
(b

p)
O

bs
er

ve
d

 
H

et
er

oz
yo

gs
it

y
E

xp
ec

te
d

 
H

et
er

oz
yg

os
it

y

T
er

pS
H

 1
U

T
er

pS
H

 1
L

C
C
A
 
C
T
G
 
G
G
A
 
T
C
T
 
A
A
T
 
C
A
C
 
T
T
 

G
G
A
A
A
C
A
G
C
T
A
T
G
A
C
C
A
T
G
 
G
G
 
C
A
A
 
C
T
T
 
A
G
C
 
A
T

A
Y

 1
56

70
9

65
(A
G
A
T

) 15
20

12
25

4–
30

2
0.

57
14

0.
91

28

T
er

pS
H

 2
U

T
er

pS
H

 2
L

G
G
A
A
A
C
A
G
C
T
A
T
G
A
C
C
A
T
G
 
G
C
C
 
A
G
C
 
A
G
G
 
A
G
T
 
A
A
T
 
G
 

C
T
A
 
T
T
A
 
G
G
G
 
C
A
G
 
A
G
A
 
C
G
A
 
G

A
Y

 1
56

71
0

60
(A
G
A
T

) 12
21

12
17

1–
22

7
1.

00
00

0.
90

24

T
er

pS
H

 3
U

T
er

pS
H

 3
L

G
G
A
A
A
C
A
G
C
T
A
T
G
A
C
C
A
T
G
 
T
C
C
 
C
C
C
 
A
A
T
 
G
C
A
 
C
A
C
 

C
T
G
 
C
*
C
C
A
 
A
T
C
 
C
A
T
 
T
T
A
 
G
A

A
Y

 1
56

71
1

65
(C
A
A
A

) 14
21

8
28

3–
31

1
0.

85
71

0.
80

25

T
er

pS
H

 5
U

T
er

pS
H

 5
L

T
T
G
 
C
T
G
 
C
T
A
 
T
A
T
 
G
C
T
 
T
A
A
 
T
 

G
G
A
A
A
C
A
G
C
T
A
T
G
A
C
C
A
T
 
C
C
T
 
C
C
C
 
T
G
C
 
C
T
A
 
T
T
G
 
A

A
Y

15
67

13
60

(C
T
A
T

) 12
21

8
15

7–
18

9
0.

90
48

0.
82

46

T
er

pS
H

 7
U

T
er

pS
H

 7
L

C
A
G
T
C
G
G
G
C
G
T
C
A
T
C
 
C
A
C
 
A
C
A
 
C
A
C
 
T
G
T
 
A
T
T
 
T
T
G
 
A
T
A

C
T
A
 
T
G
C
 
C
C
T
 
T
T
C
 
T
A
G
 
T
T
T
 
G

A
Y

 1
56

71
5

60
(A
G
A
T

) 13
18

10
97

–1
37

0.
72

22
0.

87
22

T
er

pS
H

 8
U

T
er

pS
H

 8
L

G
G
A
A
A
C
A
G
C
T
A
T
G
A
C
C
A
T
G
 
C
C
A
 
A
A
T
 
T
A
A
 
A
T
A
 
T
C
T
 
A
C
C

A
G
C
 
C
T
T
 
T
C
C
 
A
G
T
 
A
T
T
 
C
A
G
 
T
A

A
Y

 1
56

71
6

65
(G
A

) 19
19

14
19

3–
22

1
0.

89
47

0.
91

32

encompassing a 10 °C span of annealing temperatures
ranging between 65 and 55 °C, 60–50 °C or 55–45 °C. Cycling
parameters were: five cycles of 96 °C for 20 s, the highest
annealing temperature for 30 s and 72 °C for 1 min; fol-
lowed by 21 cycles of 96 °C for 30 s, the highest annealing
temperature minus 0.5 °C per cycle for 30 s and 72 °C for
1 min; and finally 10 cycles of 96 °C for 30 s, annealing at
the lowest temperature for 30 s and 72 °C for 1 min. PCR
products were initially scored for amplification on agarose
gels, and successful PCR products subsequently sized on
an ABI 377XL sequencer using CXR ladder (Promega).
Results were analysed using genescan and genotyper
software (Applied Biosystems). Following optimization an
additional 13 individuals from Cape Romain were geno-
typed (Table 1).

Table 1 summarizes the characteristics of the Dia-
mondback terrapin primer pairs. We calculated observed
and expected heterozygosity (HO and HE) using genepop
(Raymond & Rousset 1995). After Sequential Bonferroni
adjustment of α for multiple comparisons, no loci devi-
ated significantly from Hardy–Weinberg Equilibrium. The
high numbers of alleles per locus within this terrapin popu-
lation indicates the potential usefulness of these primers to
characterize population genetic structure of Diamondback
terrapins. Because these primers might also be useful for
population genetic studies in other turtles, we tested them
with DNA from seven other species (Table 2). Many of
these primers produce amplification products of the
expected size; however, we have not yet tested them for
polymorphism.

Acknowledgements

We thank Mandy Schable for help with the microsatellite isolation
process. For helping with the terrapin collection we thank Bill
Roumillat and the Inshore Fisheries Group (SCDNR Charleston),
Michelle Lee and David Owens (Grice Marine Laboratory). The
research was conducted under a graduate research fellowship
awarded to J.S.H. from the Estuarine Reserves Division, Office of
Ocean and Coastal Resource Management, National Ocean
Service, National Oceanic and Atmospheric Administration.
J.S.H. also received a graduate student assistantship from the
Savannah River Ecology Laboratory. T.C.G. was supported in part
by contract DE-FC09–96SR18546 between the U.S. Department of
Energy and the University of Georgia’s Savannah River Ecology
Laboratory.

References

Boutin-Ganache I, Raposo M, Raymond M, Deschepper CF (2001)
M13-tailed primers improve the readability and usability of
microsatellite analyses performed with two different allele-
sizing methods. Biotechniques, 31, 24–28.

Davis LM, Glenn TC, Elsey RM et al. (2001) Genetic structure of six
populations of American alligators: A microsatellite analysis.
In: Crocodilian Biology and Evolution (eds Grigg GC, Seebacker F,
Franklin CE), pp. 38–50. Surrey Beatty and Sons, Australia.



176 P R I M E R  N O T E

© 2003 Blackwell Publishing Ltd, Molecular Ecology Notes, 3, 174–176

Don RH, Cox PT, Wainwright BJ, Baker K, Mattick JS (1991)
‘Touchdown’ PCR to circumvent spurious priming during gene
amplification. Nucleic Acids Research, 19, 4008.

Gibbons JW, Lovich JE, Tucker AD, FitzSimmons NN, Greene JL
(2001) Demographic and ecological factors affecting conserva-
tion and management of the diamondback terrapin (Malaclemys
terrapin). Chelonian Conservation and Biology, 4, 66–74.

Hamilton MB, Pincus EL, Di Fiore A, Flesher RC (1999) Universal
linker and ligation procedures for construction of genomic
DNA libraries enriched for microsatellites. Biotechniques, 27,
500–507.

Raymond M, Rousset F (1995) genepop Version 1.2.: population
genetics software for exact tests and ecumenicism. Journal of
Heredity, 86, 248–249.

Roosenburg WM (1996) Maternal condition and nest site choice:
an alternative for the maintenance of environmental sex deter-
mination? American Zoologist, 36, 157–168.

Roosenburg WM, Haley KL, McGuire S (1999) Habitat selection
and movements of diamondback terrapins, Malaclemys terrapin,
in a Maryland estuary. Chelonian Conservation and Biology, 3,
425–429.

Sambrook J, Fritsch EF, Maniatis T (1989) Molecular Cloning: a
Laboratory Manual, 2nd edn. Cold Spring. Harbor Laboratory
Press, Cold Spring Harbor, NY.

Tucker AD, Gibbons JW, Greene JL (2001) Estimates of adult
survival and migration for diamondback terrapins: conserva-
tion insight from local extirpation within a metapopulation.
Canadian Journal of Zoology, 79, 2199–2209.

Table 2 PCR amplification of the six primer pairs in other turtle species. + Indicates amplification products of the expected size. – Indicates
no amplification or multiple amplification products

 

Species TerpSH 1 TerpSH 2 TerpSH 3 TerpSH 5 TerpSH 7 TerpSH 8

Chrysemys picta picta + + + + + +
Clemmys guttata − + + − − −
Terrapene carolina − + + + + +
Chelydra serpentina + + − − − −
Sternotherus odoratus − + + − − −
Caretta caretta − + + + − +
Dermochelys coriacea + + − + − +


