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Abstract Sixty-eight primer sets for microsatellite loci
were developed from microsatellite motif enriched geno-

mic libraries of pooled DNA from the polyploid green and

white sturgeon (Acipenser medirostris and A. transmont-
anus). Four individuals from each species were screened

for polymorphism at these loci. Forty-eight loci amplified

in both species, and some exhibited species-specific
amplification for white or green sturgeon (8 and 12 loci,

respectively). The number of alleles per locus ranged from

one to 12. At least 68% of the green and 65% of the white
sturgeon loci we developed are polysomic.

Keywords Microsatellite ! Sturgeon ! Acipenser !
Primer

White sturgeon (Acipenser transmontanus) and green

sturgeon (Acipenser medirostris) are long-lived anadro-

mous fishes inhabiting estuaries and bays along the western
coast of North America. Like most sturgeon worldwide,

white and green sturgeon populations are in decline in

many portions of their distribution due to overharvest,
habitat degradation, and barriers blocking access to

spawning areas (Duke et al. 1999).

The US Fish and Wildlife Service (USFWS) listed the
Kootenai River white sturgeon population as endangered

under the Endangered Species Act in 1994 (USFWS 1994),

and the US National Marine Fisheries Service (NMFS)
listed the Southern green sturgeon distinct population

segment as threatened in 2006 (NMFS 2006).

Small population size and decreased gene flow have
reduced genetic diversity in the Kootenai River white

sturgeon populations (Rodzen et al. 2004) and perhaps in

the Sacramento River green sturgeon populations (Adams
et al. 2006). Protection of genetic diversity plays a prom-

inent role in the recovery plan for the Kootenai River white

sturgeon (USFWS 1999) and will likely be significant in
green sturgeon recovery. However, microsatellite devel-

opment has been complicated in these species due to their

polysomic genome (Ludwig et al. 1998, Rodzen and May
2002; Israel et al. 2004; but see McQuown et al. 2000;

Welsh et al. 2003). We describe the development of

additional microsatellite markers necessary to monitor and
protect the genetic diversity among and between popula-

tions of these fish (Wirgin et al. 1997, Israel et al. 2004).
Microsatellite loci were isolated per Jones et al. (2000)

by Genetic Identification Services Inc. (GIS). High

molecular weight DNA was extracted from muscle tissue
of an equal mix of both species using chloroform/phenol/

isopropanol extraction (Sambrook et al. 1989). The DNA

was digested with the blunt-end restriction enzymes RsaI,
HaeIII, Bsr B1, PvuII, StuI, ScaI, and Eco RV. A HindIII
site was attached to the 5 0 end of DNA fragments ranging

from 300 to 750 bp. The fragments were subjected to
magnetic bead capture using 5 0-biotinylated oligonucleo-

tides, Biotin-AAC(12), Biotin-CAG(10), Biotin-CATC(8)

and Biotin-TAGA(8), per the manufacturer’s protocol
(CPG, Inc). Captured molecules were amplified, digested

with HindIII to remove the adaptor sequences, and ligated
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into the HindIII site of pUC19. The plasmids were then

electroporated into Escherichia coli DH5a. Recombinant
clones were identified by blue–white selection and were

sequenced on an ABI 377 using ABI Prism Taq dye ter-

minator cycle sequencing methodology. Before
sequencing, regions of interest were amplified with 1 ·
BiolaseC Buffer, MgCl2 (2.0 mM), dNTPs (0.2 mM each),

6 mM each primer (forward primer fluorescent-labeled),
BiolaseC Taq polymerase (0.25 U), and 1.0 ll template

DNA (0.2 ng/ll) in a 50 ll reaction. Cycling parameters

were: 94"C for 3 min, 35 cycles of (94"C, 40 s; 55"C, 40 s;
72"C, 30 s) and a final 4 min extension at 72"C.

The DNA sequences were analyzed for tandem repeats

using the program mreps (http://bioinfo.lifl.fr/mreps/). In
total, 291 clones were sequenced, yielding 188 potentially

useful sequences with microsatellite motifs and sufficient

flanking sequences. After eliminating duplicates, 154
sequences remained for analysis. Primers flanking the

microsatellites were designed with Primer3 (http://frodo.

wi.mit.edu/cgi-bin/primer3/primer3_www.cgi) and synthe-
sized by Integrated DNA Technologies Inc.

The 154 primer pairs were screened for consistent

amplification with four Kootenai River broodstock (A.
transmontanus) and four wild A. medirostris (two from

Sacramento River and two from Klamath River). DNA was

extracted using the Promega Wizard SV 96 Genomic DNA
Purification System. The amplification mix consisted of

1.0ll template DNA (*5 ng/ul), 1X MgCl2-free buffer
(Promega), MgCl2 (2.5 mM), dNTPs (0.2 mM each), 1 ll
each of forward/reverse primers at 5 lM, Promega Taq

DNA polymerase (0.075 U), and dH2O to a 10 ll volume.
PCR was conducted on a PTC 220 Dyad thermoycler (MJ

Research, Inc.) at: 95"C for 90 s, 35 cycles of (95"C, 60 s;

56"C, 45 s; 72"C, 2 min) and a final 5 min extension at
72"C. PCR products were diluted with 5ll 98% formamide

buffer, denatured at 95"C for 3 min, and chilled on ice for

2 min. Products were separated on a 5% denaturing poly-
acrylamide gel at 65 W for 45 min–90 min. The products

were dyed with a Sybr-GreenTM (Invitrogen)–agarose

overlay (Rodzen et al. 1998), and then visualized with a
FluorImager 595 (Molecular Dynamics).

This screening resulted in 66 primer pairs that produced

consistently scorable alleles for one or both species.
Primers were named AciG (Aci for Acipenser and G for the

UC Davis Genomic Variation Lab), followed by a

numerical designation. Repeat motifs and clone sizes were
derived from the single clone sequenced by GIS for each

microsatellite and could be from either A. transmontanus
or A. medirostris.

Forty-eight loci amplified consistently in both species,

while 12 amplified only in A. medirostris and 8 only in A.
transmontanus (Table 1). The number of alleles observed
at each locus ranged from one to 12. 19 (31.7%) of the lociT

ab
le

1
co
n
ti
n
u
ed

Id
en
ti
fie
r

P
ri
m
er

Se
qu

en
ce

(5
0 -
30
)

M
ot
if

G
en
B
an
k

ac
ce
ss
io
n
n
o
.

T
o
ta
l
al
le
le
s
in

A
.
m
ed
ir
os
tr
is

(m
ax
im

u
m

p
er

in
d
iv
id
u
al
)

A
ll
el
e
si
ze

ra
n
g
e
(b
p
)

T
o
ta
l
al
le
le
s
in

A
.
tr
an

sm
on

ta
nu

s
(m

ax
.
p
er

in
d
iv
id
u
al
)

A
ll
el
e
si
ze

ra
n
g
e
(b
p
)

S
eq
u
en
ce
d

cl
o
n
e
si
ze

(b
p
)

A
ci
G

2
0
7

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

A
A
A
T

E
F
6
3
9
1
6
8

3
(3
)

1
2
0
–
1
6
0

1
(1
)

1
2
0

1
6
3

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

A
ci
G

2
0
9

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

A
A
A
T

E
F
6
3
9
1
6
9

3
(3
)

2
0
0
–
2
2
0

3
(3
)

2
0
0
–
2
2
0

1
7
8

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

A
ci
G

2
1
3

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

A
A
A
T

E
F
6
3
9
1
7
0

3
(2
)

1
8
0
–
2
0
0

2
(2
)

2
0
0
–
2
4
0

1
6
9

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

A
ci
G

2
1
9

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

A
A
A
T

E
F
6
3
9
1
7
1

N
A

3
(3
)

1
4
0
–
2
0
0

1
1
7

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

a
N
S
in
d
ic
at
es

n
o
n
-s
p
ec
ifi
c
am

p
li
fi
ca
ti
o
n

b
N
A

in
d
ic
at
es

n
o
am

p
li
fi
ca
ti
o
n

Conserv Genet

123



in A. medirostris and 19 (34.5%) of the loci in A. trans-
montanus showed one to two alleles; the remaining loci
were polysomic. Some of those loci showing one to two

alleles may show more alleles when tested against addi-

tional individuals. Due to the polysomic nature of these
loci, we were unable to test for conformance to Hardy-

Weinberg equilibrium, and the small sample size prevented

estimates of heterozygosity. More extensive study of these
loci will be necessary to estimate these parameters.

The markers described in Table 1 should provide ample

resolution for detailed analysis of genetic diversity within
and among A. transmontanus and A. medirostris popula-

tions. The high correlation of marker utility between these

species suggests these markers may also prove useful in
other sturgeon species. Although the polysomic nature of

many of these loci precludes traditional population genetic

analysis, conservation genetic studies can be completed
using an alternative method of data analysis (Rodzen et al.

2004a, b; Israel, unpub. data).
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