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In San Francisco Bay (SFB), CA, an invasive
hybrid swarm between the Atlantic and Gulf coast
native cordgrass Spartina alterniflora and the
California native S. foliosa, is spreading at a rate
exceeding exponential growth (Ayres et al. 2004).
Spartina alterniflora is also spreading at an
extraordinary rate in Willapa Bay (WB), WA
(Civille et al. 2005), where S. foliosa does not oc-
cur. We initially developed 11 microsatellite loci to
elucidate how Spartina invasions proceed (Blum
et al. 2004). Here we characterize an additional 24
microsatellite loci to enable more thorough
molecular investigations of ecological and evolu-
tionary processes driving Spartina invasions. All
new loci were developed from four enriched
genomic libraries targeting (GA)n, (CA)n, (AAG)n
and (CTA)n repeat motifs constructed by Genetic
Identification Services (GIS) (http:///www.genetic-
id-services.com) from S. alterniflora genomic
DNA (> 100lg) isolated from a plant sampled
from North Carolina. Following GIS polymerase
chain reaction (PCR) library screening guidelines,
we found that approximately 40% (196 of 500) of
the E. coli clones had incorporated S. alterniflora
DNA fragments. A forward universal pUC19 pri-
mer and ABI PRISM� BigDyeTM Terminator
chemistry on an ABI 3100 sequencer (PE Applied
Biosystems) were used to sequence the PCR
products. Locus specific primers were designed for
152 clone sequences using PRIMER 3 (Rozen and
Skaletsky 1998) and http://www.gramene.org

(Ware et al. 2002). The reaction volume for each
PCR amplification trial per microsatellite locus
was 14ll, consisting of 5ll of DNA (20 ng), 0:15ll
(1U/ll) taq DNA polymerase (Promega, buffer A),
0:5ll of dNTPs (10lm), 0:375ll of each primer
(40lm), 2ll of 10� Promega PCR buffer, and 3.25
to 4:35ll of ddH2O; relative to the individually
optimized amount of MgCl2 used per locus listed
in Table 1. PCRs were performed on two Hybaid
PCR Express gradient thermal cyclers (Hybaid
US, Franklin, MA) and underwent denaturation
for 2 min at 94 �C, followed by 29 cycles at 94 �C
for 45 s, Ta (Table 1) for 45 s, 72 �C for 1 min,
followed by an extension phase at 72 �C for 6 min.
Using fluorescently labeled forward primers, PCR
products were then sized using an ABI 3730 � l
96-capillary DNA analyzer and ABI GeneMapper
3.0 software (Applied Biosystems, Cupertino, CA)
(Table 2). PCR amplifications were successful for
145 loci. We optimized PCR conditions on a per
locus basis and chose 60 clone sequences yielding
disomic loci for characterization with panels of
individuals including: 24 Atlantic and Gulf Coast
(AGC) S. alterniflora; 11 WB S. alterniflora; 34
northern California S. foliosa and 6 southern
California/northern Mexico S. foliosa; 35 SFB S.
alterniflora�S. foliosa hybrids; and 3–12 SFB S.
densiflora. Of these 60 loci 11 were published in
Blum et al. (2004) and 24 are presented here. Of
the remaining 25 unpublished loci, 16 loci were not
characterized due to genotyping difficulties and the
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Table 1. Primer sequences of 24 additional disomic microsatellite loci in Spartina; and S. densiflora cross-amplification results

GenBank

ID

Locus Primer sequence (5¢–3¢) Core repeata Ta

(�C)
MgCl2
(lM)

S. densiflora

(No. alleles/

no. individuals)

AY758209 SPAR.13 F:CCGTGTACTCTAGCCTCTTG (CGC)2GCG(CGC)1 53 20.00 +(1/12)

R: AGTCGAGTTGCTGTTCAGAT

AY758210 SPAR.14 F: CATGTGGTATCTCCCCATC (CTC)3(CT)7 51 18.33 +(1/8)

R: GTGACCATAGTTGGCTCTTG

AY758211 SPAR.15 F: ATTTGCTGCTTTTGGTAGAC (TC)12 51 28.33 +(1/3)*

R: GTAGAACAATGGAAGAATGC

AY758212 SPAR.16 F: CTTCCTGCTTGAATTGGTAG (CT)11AT(CT)3 55 30.00 )(0/3)
R: ACATCGGTGGCAGTAGTAAC

AY758213 SPAR.17 F: TACTTTGGTGTTTGCTTTATC (AAG)8 60 25.00 +(2/3)*

R: GAGTTAGAGGAGTTATTGCTG

AY758214 SPAR.18 F: AACTTCTTGTTCTGGGATTG (CTT)8 64 25.00 +(2/3)

R: TAGGGAGATAGGACTGGACTG

AY758215 SPAR.19 F: CTAATTCCTCACCCTACGC (CT)13 51 20.00 +(1/2)

R: CTACGAGACTTCCTCACTGC

AY758216 SPAR.20 F: ACCGTGCCTCAGCTACTG (GA)10 52 21.67 +(2/2)

R: GGTGTTTCCTCGCATAGATC

AY758217 SPAR.21 F: TGATGCTGTTTCTACCACCTTTAC (GA)16 53 21.67 +(1/9)

R: CCTCGTCCTCCGTTTTTG

AY758218 SPAR.22 F: ACTGGTCGGTATGGATGC (CT)11 60 28.33 )(0/10)
R: ATGAGGTCGGTCGTTGTAGC

AY758219 SPAR.23 F: GGGAAGTGAAATCTGGTTGC (CT)18 55 21.67 +(1/10)*

R: GCTTGCTTGTCTCAGTCC

AY758220 SPAR.24 F: TTACACTTGACCTTCTCATC (CTT)8 64 28.33 +(1/3)

R: GAAACGACTACAGCAATAAG

AY758221 SPAR.25 F: CGGTAGAGACGGAGTTGTGG (CTT)10 69 30.00 +(1/3)

R: GCTTGGGAGATGAGACTGGAC

AY758222 SPAR.26 F: TTCAACTGGCGTAGTGATTCC (TC)12 58 31.67 +(2/3)*

R: AACATTTCCGACTGGTAGAGC

AY758223 SPAR.27 F: CATCAAAAGCAAGAGGA (GA)23 50 21.67 +(1/3)*

R: GACACCAACGGAACTG

AY758224 SPAR.28 F: CACCGTTCAATCACAGTT (TC)2...(TC)2...(TC)5 59 20.00 +(1/3)

R: GGAAGCAGGAGGGGTTGG

AY758225 SPAR.29 F: GAACGGTGCATTCTCGATTT (AG)8...(AG)4 55 23.33 )(0/3)
R: AGCTTACATGGCGGTGTGAT

AY758226 SPAR.30 F: CTATGAGTAGTTGGCCGTTC (AT)3...(GA)4...(GA)3 53 21.67 +(1/12)*

R: TGTTGTACTTCTTCTGGATGC

AY758227 SPAR.31 F: GATCGGACAACTCTATGGAC (CTT)7 55 16.67 +(1/3)

R: CCAGAAGAAAGTACACAAAG

AY758228 SPAR.32 F: TGGGAACACTTATCAACAATGG (CT)4...(CT)5...(CT)4...(CT)4 59 25.00 )(0/3)
R: AGGTGGAGACAACGGAGCAG

AY758229 SPAR.33 F: ACCGTAACAACTGAACTCTG (TC)8 58 21.67 +(2/3)*

R: TAGACGACGACCACTGCTTG

AY758230 SPAR.34 F: TCATCATCGACCGAAAAC (CT)12C(CT)2 55 33.33 )(0/3)
R: TCACCAGTGTCAAGCAGAG

AY758231 SPAR.35 F: TGGAACCTGTAGTCAGAAGC (CTT)10 59 20.00 +(2/3)*

R: GAGGAAGATGATGAAAGTAACG

AY758232 SPAR.36 F: CTTCTATCCAATGTTCGTAG (CTT)10 58 31.67 )(0/3)
R: TTTAGGTACTGCTGGGATTC

aCore repeat from original clone sequence.
Ta, optimized annealing temperature; MgCl2, optimized concentration per locus ðlM);
+ indicates successful amplification; ) indicates no amplification; *indicates presence of species-specific allele.
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remaining 9 loci were monomorphic across all test
individuals. For the 24 loci reported here, expected
and observed heterozygosities and the presence of
linkage disequilibrium among loci (LD) were cal-
culated using ARLEQUIN 2.001 software
(Schneider et al. 2000) (Table 2).

We report the sequences for 24 primer pairs in
Table 1. All 24 of the S. alterniflora loci amplified
in S. foliosa and S. alterniflora�S. foliosa hybrids
(Table 2), while only 18 loci amplified in S. den-
siflora (Table 1). Only 2 loci (SPAR.17, SPAR. 36)
were at Hardy-Weinberg equilibrium in all sample
groups (Table 2). All remaining loci exhibited
heterozygote deficiency, monomorphism, or het-
erozygote excess in the various test populations
(Table 2). There was also some evidence of LD
among loci in all groups.

These results likely reflect mixed sexual and
asexual reproductive modes, non-equilibrium
population dynamics, and/or the presence of null
alleles. All but 2 loci (SPAR.28, SPAR.36) showed
considerable allelic variation, ranging between 3
and 14 alleles per locus for AGC S. alterniflora
(Table 2). Lower allelic variation at all loci but
SPAR.17 and the observed monomorphism at 3
loci (SPAR.20, SPAR.28, SPAR.32) in WB S.
alterniflora likely reflect the recent founding event
and non-equilibrium invasion dynamics in Willapa
Bay (Blum et al. 2004). However, these mono-
morphic loci (alongside 13 other loci) also
exhibit heterozygote deficiency in the AGC test
population. Nine loci (SPAR.13, SPAR.16,
SPAR.17, SPAR.20, SPAR.24, SPAR.26,
SPAR.27, SPAR.28, SPAR.34) were monomor-
phic in S. foliosa, and the average of 2.2 alleles
exhibited at the 15 other loci is lower than previ-
ously reported levels of polymorphism (Blum et al.
2004).

Some overlap in S. alterniflora, S. foliosa and
S. densiflora allele size distributions occurred for
most loci, however 8 varying loci display species-
specific alleles in both S. densiflora (Table 1) and
S. foliosa (Table 2). We further observed unique
alleles at 9 loci in WB compared to AGC S. alt-
erniflora, and at 9 loci in SFB hybrids relative to
both parent species (Table 2).
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