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Abstract Varunid crabs Hemigrapsus sanguineus and
Hemigrapsus takanoi are species native from intertidal

coastal areas in North-western Pacific and have become

invasive along the Atlantic European coasts. To gain
insights into population genetic features, we developed and

characterized 16 (H. sanguineus) and 11 (H. takanoi) novel

polymorphic microsatellite loci from next-generation
sequencing. The number of alleles ranged from 2 to 20 for

H. sanguineus, and from 8 to 21 for H. takanoi. Expected

heterozygosity ranged from 0.470 to 0.947 and from 0.313
to 0.781, with mean multilocus FIS estimates suggesting

rapid turnover of populations. Overall, these microsatellite

markers showed very high levels of polymorphism that will
facilitate population genetic studies devoted to track down

the most likely sources of introduction.

Keywords Hemigrapsus ! Biological invasion ! Intertidal
coastal areas ! Microsatellites

Biological invasions are often closely linked to anthropo-
genic activities. Maritime trade promotes recurrent human-

induced migration from native ranges, disrupting the

dynamic of natural coastal ecosystems. Among maritime
intertidal alien species identified in Europe, two Asian

shore crab species Hemigrapsus sanguineus and Hemi-

grapsus takanoi (Asakura and Watanabe, 2005) have been
reported along the Atlantic coast, from southern France to

North Sea in Germany. Both species are native from the

North-western Pacific. To track down invasive spread and
the most likely sources of introduction, we isolated set of

microsatellites markers for both species.

Total genomic DNA from H. sanguineus and H. takanoi
was extracted using the NucleoSpin" Tissue kit (Mache-

rey–Nagel, Duren, Germany) following protocols outlined

in the manufacturer’s handbook and sent to GenoScreen,
Lille, France (www.genoscreen.fr). DNA libraries were

constructed by coupling multiplex microsatellite enrich-

ment and next generation sequencing as described in
Malausa et al. (2011). 1 lg of DNA was used to develop

microsatellites libraries through 454 GS-FLX Titanium
pyrosequencing of enriched DNA libraries. Of 144,462 (H.

sanguineus) and 26,232 (H. takanoi) randomly fragmented

sequences, 33,741 (H. sanguineus) and 8,428 (H. takanoi)
non-compound sequences containing microsatellite motifs

were retained. Finally, 1,363 (H. sanguineus) and 433 (H.

takanoi) sequences likely to contain suitable loci including
microsatellite motif longer than five repeats were then

returned, of which 47 loci with the longest repeat

sequences (at least eight repeat motif) were initially tested
for reliable amplification on eight individuals for both

species.

As in Favre-Bac et al. (2014), forward primers of suc-
cessfully amplified loci were labelled with 6-FAM, NED,

PET or VIC fluorescent dye (Applied Biosystem). PCR

Electronic supplementary material The online version of this
article (doi:10.1007/s12686-015-0426-6) contains supplementary
material, which is available to authorized users.

C. Poux ! A.-C. Holl ! J.-F. Arnaud (&)
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8187, Université Lille 1 – Sciences et Technologies,
62930 Wimereux, France

N. Spilmont
Environmental Futures Research Institute, Grifith University,
Gold Coast, QLD 4222, Australia

123

Conservation Genet Resour (2015) 7:569–572

DOI 10.1007/s12686-015-0426-6

Author's personal copy

http://www.genoscreen.fr
http://dx.doi.org/10.1007/s12686-015-0426-6
http://crossmark.crossref.org/dialog/?doi=10.1007/s12686-015-0426-6&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12686-015-0426-6&amp;domain=pdf


T
ab

le
1

N
am

e,
sp
ec
ie
s,
pr
im

er
se
qu

en
ce

(5
0 –
3
0 )
,r
ep
ea
t
m
ot
if
fr
om

th
e
or
ig
in
al
se
qu

en
ce
,a
ll
el
ic
si
ze

ra
ng

e
(b
p)
,m

ul
ti
pl
ex

nu
m
be
r,
D
ye

us
ed
,t
he

to
ta
l
nu

m
be
r
of

al
le
le
(A

n
),
th
e
m
ea
n
ob

se
rv
ed

(H
o
)
an
d
ex
pe
ct
ed

(H
e
)
he
te
ro
zy
go

si
ty
,
th
e
m
ea
n
in
tr
a-
po

pu
la
ti
on

fi
xa
ti
on

in
de
x
(F

IS
)
es
ti
m
at
ed

ov
er

on
e
po

pu
la
ti
on

s
fo
r
bo

th
sp
ec
ie
s
(N

=
32

in
di
vi
du

al
s
fo
r
ea
ch

sp
ec
ie
s)

an
d
th
e
ac
ce
ss
io
n

nu
m
be
rs

fo
r
16

an
d
11

po
ly
m
or
ph

ic
m
ic
ro
sa
te
ll
it
e
lo
ci

is
ol
at
ed

in
H
em

ig
ra
ps
us

sa
ng

ui
ne
us

(H
s)

an
d
H
em

ig
ra
ps
us

ta
ka
no

i
(H

t)
,
re
sp
ec
ti
ve
ly

L
oc
us

na
m
e

S
pe
ci
es

P
ri
m
er

se
qu

en
ce
s
(5

0 -
30
)

R
ep
ea
t
m
ot
if

A
ll
el
ic

si
ze

ra
ng

e

M
ul
ti
pl
ex

nu
m
be
r

D
ye

A
n

H
o

H
e

F
IS

A
cc
es
si
on

no
.

H
s-
01

H
s

F
:
A
G
G
A
A
C
A
G
C
A
A
C
A
A
T
A
G
C
G
G

R
:
T
C
G
T
G
T
T
T
T
C
T
C
C
G
T
T
T
C
T
T
T

(A
A
C
) 2
8

11
3–

16
5

1
6-
F
A
M

19
0.
83

9
0.
93

2
0.
10

2
K
P
28

14
65

H
s-
03

H
s

F
:
T
C
A
A
A
A
C
A
A
C
A
A
A
C
A
A
A
A
C
A
A
T
C
A

R
:
T
C
G
T
C
T
G
T
A
A
G
G
G
T
A
T
G
G
T
A
A
G
A
A

(A
C
A
) 2
3

10
6–

15
5

1
V
IC

18
0.
74

2
0.
91

8
0.
19

4*
*

K
P
28

14
58

H
s-
04

H
s

F
:
A
A
A
C
T
G
T
T
C
A
G
T
T
G
T
G
C
A
A
A
G
G

R
:
T
G
C
T
A
T
T
C
C
T
C
T
T
C
T
A
C
T
A
C
T
T
C
T
G
C

(G
T
A
) 2
2

10
0–

14
6

1
N
E
D

14
0.
64

3
0.
89

2
0.
28

3*
*

K
P
28

14
63

H
s-
08

H
s

F
:
G
T
C
A
A
C
C
G
G
A
G
G
C
A
C
A
T
A
A
A

R
:
A
A
A
G
A
C
A
A
A
C
A
T
A
T
T
T
A
G
A
C
C
T
G
A
C
A

(A
G
T
) 2
0

90
–1

56
2

6-
F
A
M

18
0.
93

5
0.
94

4
0.
00

9
K
P
28

14
62

H
s-
13

H
s

F
:
T
A
C
T
A
T
C
C
T
C
C
C
C
A
T
T
G
C
C
A

R
:
T
A
A
C
C
C
A
C
T
A
T
C
C
C
A
C
A
C
C
C

(G
T
A
) 2
0

15
8–

18
8

2
V
IC

11
0.
80

6
0.
85

6
0.
05

8
K
P
28

14
60

H
s-
17

H
s

F
:
A
G
G
A
A
T
A
T
A
A
C
C
A
G
A
A
T
A
G
A
G
C
A
G
A
G

R
:
C
G
T
T
T
A
C
T
A
A
G
A
A
A
G
G
G
G
T
T
C
G

(T
A
G
) 1
8

17
4–

23
3

2
N
E
D

18
0.
83

9
0.
92

6
0.
09

6
K
P
28

14
68

H
s-
18

H
s

F
:
G
G
A
A
G
A
G
G
T
G
G
A
T
G
C
A
T
A
G
G

R
:
C
G
G
A
T
A
G
C
C
A
A
C
A
C
A
G
A
C
A
T

(G
A
G
) 1
8

93
–1

18
2

P
E
T

6
0.
64

5
0.
71

4
0.
09

8
K
P
28

14
66

H
s-
23

H
s

F
:
T
G
A
A
G
A
A
G
T
G
G
T
G
A
C
C
C
A
G
C

R
:
T
C
T
T
G
C
C
A
G
A
C
C
A
G
G
A
T
C
T
C

(T
T
G
) 1
8

21
5–

29
5

1
N
E
D

2
0.
44

8
0.
47

0
0.
04

7
K
P
28

14
61

H
s-
31

H
s

F
:
G
T
G
G
T
G
A
T
G
G
T
G
A
T
G
T
G
A
T
G

R
:
A
G
C
C
A
C
T
C
C
T
T
G
A
C
C
A
G
T
C
G

(G
T
T
) 1
7

23
5–

29
5

1
6-
F
A
M

18
0.
80

6
0.
93

3
0.
13

7*
K
P
28

14
73

H
s-
36

H
s

F
:
A
G
G
A
G
A
G
T
G
T
T
T
A
C
A
G
C
A
T
C
C
A

R
:
C
T
T
C
G
G
A
G
G
T
T
A
C
G
C
A
A
G
A
G

(A
G
G
) 1
6

17
2–

19
0

3
6-
F
A
M

7
0.
25

8
0.
73

2
0.
65

1*
*

K
P
28

14
70

H
s-
37

H
s

F
:
T
T
G
C
G
A
G
T
C
T
G
T
G
T
T
T
G
C
T
T

R
:
T
G
A
G
G
G
G
A
A
C
T
G
A
C
A
A
C
C
T
T

(T
T
G
) 1
6

20
8–

26
1

1
V
IC

17
0.
71

0
0.
91

9
0.
23

0*
*

K
P
28

14
69

H
s-
40

H
s

F
:
A
T
G
A
T
T
A
G
G
G
A
T
T
A
C
C
G
C
G
A

R
:
T
G
C
A
C
A
G
T
T
C
T
C
A
G
C
C
T
C
A
T

(A
G
G
) 1
5

89
–1

13
3

6-
F
A
M

9
0.
32

3
0.
81

8
0.
60

9*
*

K
P
28

14
64

H
s-
41

H
s

F
:
C
T
C
T
T
G
C
A
T
G
G
C
C
T
G
A
T
T
T
C

R
:
G
A
A
T
G
C
A
A
A
G
A
A
T
A
G
A
A
A
C
T
G
C
A
T

(G
T
T
) 1
5

95
–1

29
3

V
IC

12
0.
90

3
0.
89

0
-
0.
01

5
K
P
28

14
67

H
s-
42

H
s

F
:
T
C
C
C
T
C
T
G
C
C
T
T
T
T
A
C
T
G
T
T
C

R
:
T
G
A
A
G
A
A
G
G
A
T
A
A
G
A
T
G
A
T
G
C
A
G

(C
T
A
) 1
5

13
3–

21
9

3
N
E
D

20
0.
53

6
0.
94

7
0.
43

9*
*

K
P
28

14
59

H
s-
44

H
s

F
:
C
A
G
C
A
A
T
T
C
A
G
A
A
G
A
A
C
G
C
A

R
:
T
A
C
G
C
G
A
T
T
C
T
T
A
A
G
G
C
C
A
C

(A
C
T
) 1
5

17
1–

21
8

3
P
E
T

15
0.
93

5
0.
92

4
-
0.
01

3
K
P
28

14
71

H
s-
46

H
s

F
:
A
A
T
C
T
C
G
C
T
C
G
T
T
A
T
C
A
C
A
C
C

R
:
G
G
G
A
A
G
A
A
T
G
A
A
C
G
G
A
A
G
A
G

(G
G
A
) 1
4

19
2–

20
6

2
6-
F
A
M

6
0.
16

0
0.
79

5
0.
80

2*
*

K
P
28

14
72

570 Conservation Genet Resour (2015) 7:569–572

123

Author's personal copy



T
ab

le
1

co
nt
in
ue
d

L
oc
us

na
m
e

S
pe
ci
es

P
ri
m
er

se
qu

en
ce
s
(5

0 -
30
)

R
ep
ea
t
m
ot
if

A
ll
el
ic

si
ze

ra
ng

e

M
ul
ti
pl
ex

nu
m
be
r

D
ye

A
n

H
o

H
e

F
IS

A
cc
es
si
on

no
.

H
t-
02

H
t

F
:
G
A
A
T
A
G
C
A
G
G
C
G
A
C
A
C
A
T
T
G

R
:
C
G
G
A
C
A
C
A
T
T
T
A
G
T
C
C
A
C
G
T
T

(A
G
T
) 2
2

15
1–

22
2

1
V
IC

21
0.
41

9
0.
94

2
0.
55

9*
*

K
P
28

14
79

H
t-
08

H
t

F
:
A
A
A
G
A
A
A
A
T
C
A
G
C
A
A
C
A
A
G
T
A
C
G

R
:
G
G
C
T
G
A
A
T
A
T
G
A
G
A
A
G
G
G
T
G
A

(A
C
A
) 2
0

99
–1

59
1

N
E
D

13
0.
40

6
0.
90

2
0.
55

3*
*

K
P
28

14
82

H
t-
12

H
t

F
:
T
G
G
A
T
A
G
T
C
T
T
C
G
G
C
C
A
C
T
C

R
:
A
T
C
C
T
T
T
C
A
T
C
C
C
A
C
G
C
T
C

(A
G
T
) 1
7

26
7–

36
0

1
6-
F
A
M

20
0.
54

8
0.
91

0
0.
40

1*
*

K
P
28

14
84

H
t-
14

H
t

F
:
G
T
T
T
G
C
A
G
T
A
G
C
G
T
G
T
A
G
T
G
G

R
:
C
A
T
G
A
A
C
C
A
A
C
A
C
G
A
C
A
T
G
A

(G
A
T
) 1
7

13
2–

19
1

1
P
E
T

16
0.
74

2
0.
92

5
0.
20

1*
*

K
P
28

14
78

H
t-
20

H
t

F
:A
C
G
G
A
T
A
A
A
G
A
G
A
A
A
T
A
G
A
G
G
A
A
A
G
A

R
:
C
G
A
A
C
A
T
G
T
G
G
A
T
T
G
C
T
G
A
A

(T
G
T
) 1
5

19
2–

25
7

2
V
IC

20
0.
70

0
0.
94

4
0.
26

2*
*

K
P
28

14
80

H
t-
22

H
t

F
:
C
G
C
C
C
A
C
G
A
A
A
T
T
C
T
G
T
A
C
T

R
:
A
A
A
T
A
A
T
C
A
C
C
A
C
C
A
T
C
A
C
C
A

(G
T
A
) 1
5

12
6–

20
0

2
N
E
D

19
0.
70

0
0.
93

2
0.
25

2*
*

K
P
28

14
74

H
t-
28

H
t

F
:
A
A
C
A
A
A
C
A
T
C
A
A
T
G
C
A
A
C
A
C
G

R
:
A
C
A
G
G
G
A
A
A
T
A
A
T
G
C
A
G
C
G
T

(G
A
G
) 1
4

12
3–

16
7

2
6-
F
A
M

13
0.
31

3
0.
83

5
0.
63

0*
*

K
P
28

14
83

H
t-
29

H
t

F
:
G
A
G
A
A
A
A
G
A
A
G
G
A
A
A
A
G
A
A
A
G
G
C

R
:
T
C
C
C
T
A
C
T
G
T
T
G
C
T
A
C
C
G
C
T

(A
C
A
) 1
4

12
3–

14
4

2
P
E
T

8
0.
78

1
0.
77

2
-
0.
01

2
K
P
28

14
75

H
t-
34

H
t

F
:
G
C
G
A
C
G
T
G
G
A
G
G
T
A
A
A
T
G
A
T

R
:
T
C
T
T
T
C
G
T
C
T
G
G
A
T
A
G
C
T
G
C

(C
A
A
) 1
3

13
5–

22
0

3
V
IC

22
0.
67

7
0.
92

6
0.
27

2*
*

K
P
28

14
76

H
t-
39

H
t

F
:
A
C
A
C
A
T
G
C
G
T
C
A
A
C
A
A
C
A
C
A

R
:
T
G
G
T
G
A
T
G
C
T
G
A
T
G
G
T
G
A
T
T

(A
T
C
) 1
2

12
6–

16
4

3
6-
F
A
M

13
0.
61

3
0.
88

9
0.
31

4*
*

K
P
28

14
77

H
t-
47

H
t

F
:
G
C
C
C
A
A
A
A
G
C
G
G
A
A
A
T
A
G
A
G

R
:
A
C
G
T
A
A
A
G
C
C
A
A
C
G
A
C
C
A
A
C

(A
G
G
) 1
1

96
–1

35
3

P
E
T

13
0.
38

7
0.
91

5
0.
58

1*
*

K
P
28

14
81

*
P
\

0.
05

;
**

P
\

0.
01

;
**

*
P
\

0.
00

1

Conservation Genet Resour (2015) 7:569–572 571

123

Author's personal copy



reactions were performed in 10 ll volume containing

20 ng of genomic DNA, 1X multiplex PCR master mix
(QIAGEN Hilden, Germany), 0.1 lM of forward and

reverse primer. The PCR cycling program had an initial

denaturation of 95 #C for 15 min; 30 cycles of 94 #C for
30 s, annealing temperature of 57 #C for 1 min 30 s, and

72 #C for 1 min; and a final extension at 60 #C for

30 min.1 ll of PCR product were pooled in 9.75 ll of
deionized formamide (Applied Biosystems) and 0.25 ll of
GeneScan 500 LIZ size standard (Applied Biosystems).

PCR amplicons were subsequently electrophoresed and
sized using a 3130 X DNA Sequencer (Applied Biosys-

tems) and the software GeneMapper version 4.0,

respectively.
Polymorphism of isolated suitable microsatellite loci was

tested on individuals collected from 3-years successive

sampling in Dunkerque (50#03001800N, 2#22010600E),
Northern France (N = 32 individuals per species). 16

microsatellites (H. sanguineus) and 11 microsatellites (H.

takanoi) had easily readable chromatograms and were
polymorphic. Primer pairs were successfully combined into

three multiplex per species (Table 1). No linkage disequi-

librium was observed for any pairs of loci for both species.
Measures of genetic diversity were estimated using FSTAT,

version 2.9.3 (Goudet 1995). ForH. sanguineus, the number

of alleles ranged from 2 to 20 among loci (mean = 13.125)
for a total of 210 alleles observed. For H. takanoi, 8–21

alleles were observed among loci (mean = 16.182) for a
total of 178 alleles. Mean observed heterozygosity (H0)

values ranged from 0.160 to 0.935 (H. sanguineus) and from

0.313 to 0.781 (H. takanoi). FIS estimates ranged from
-0.015 to 0.802 (H. sanguineus) and from -0.012 to 0.630

(H. takanoi) for a mean multilocus value of 0.229 and 0.368,

respectively. A large part of loci suggested a genotypic
structure that departed from panmixia expectations

(Table 1). For both species, individuals were collected in

three different years (springs 2012–2014). Along with the

very high number of observed alleles, this suggested a tem-
poral Wahlund effect due to a mixture of different cohorts

(Table 1). Concordantly, Gothland et al. (2014) showed that

up to four different cohorts of H. takanoi can be collected
within a small geographical range.

Overall, these microsatellite loci suggest complex spa-

tial and temporal dynamics and will be appropriate for fine
and large-scaled population genetic studies devoted to

unravel genetic signatures of introduction and expansion of

these two invasive Asian shore crabs.
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