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Abstract We characterized 10 new microsatellite mark-

ers in each of two species of hydromedusae, Maeo-

tias marginata and Moerisia sp. Genetic diversity was

estimated using 20–41 individuals collected from Suisun

Marsh within the San Francisco Estuary, CA. Allelic

richness ranged from 5–9 in M. marginata and 2–10 in

Moerisia sp. with average expected heterozygosities of

0.71 and 0.57 respectively. One locus in M. marginata and

two in Moerisia sp. deviated from Hardy–Weinberg equi-

librium expectations, likely due to null alleles.

Keywords Hydrozoa � Jellyfish � Oligos �
San Francisco Estuary

Two species of hydromedusae, Maeotias marginata and

Moerisia sp., native to the Ponto-Caspian region, have

become established in the San Francisco Estuary, CA (SFE).

Non-native jellyfish and other hydroids can have severe

effects on the ecosystems they invade as many are voracious

predators, consuming large amounts of prey and disrupting

planktivorous food webs (Purcell and Arai 2001). Addi-

tionally, jellyfish blooms are increasing globally (Mills

2001) and can directly affect fish populations by devouring

massive quantities of eggs and larvae and decreasing fish

survival through competition for resources (Purcell and Arai

2001; Purcell et al. 2001; Purcell 2003; Lynam et al. 2005).

The brackish water hydrozomedusae studied herein are

novel predators in the SFE and, thus, have an especially high

likelihood of impacting this system and competing with

juvenile fish (Moyle and Light 1996). Very little is known

about the basic biology and life history of these invaders.

Microsatellite markers characterized for these species will

allow us to investigate population structure and genetic

diversity, as well as determine reproductive strategies and

life history characteristics of these potentially important

non-natives.

We collected the medusae phase of M. marginata and

Moerisia sp. from Suisun Marsh in the SFE. We extracted

whole genomic DNA from bell tissue of M. marginata and

entire individuals of Moerisia sp., due to their small size,

using Qiagen’s Gentra Puregene Kit protocol. Genetic

Identification Services constructed, screened, and

sequenced four libraries enriched with the following repeat

motifs: (1) GATA, (2) CCAT and CTGT, (3) ATG, AAC,

and ATT, and (4) a mix of all tetra-nucleotide repeats

available, using pooled DNA from both species and

according to the procedures of Meredith and May (2002).

A total of 381 clones were sequenced.

We analyzed sequences using SEQUENCHER version

4.7 (Gene Codes Corporation) and used MREPS version

2.5 (Kolpakov et al. 2003) to identify repeat regions. Once

repeat loci were located, we employed PRIMER 3 (Rozen

and Skaletsky 2000) to create primer pairs flanking each

region of interest. We then tested primer pairs on 2–10

individuals of each species to assess microsatellite ampli-

fication and level of polymorphism.

Some primer pairs worked best with Promega GoTaq

Flexi DNA polymerase, while others worked better with

Roche FastStart Taq DNA polymerase. The recipe for

those with Promega Taq was 2 ll 59 Promega Buffer,

0.8 ll of 10 lM dNTPs, 0.6 ll of 25 lM Mg, 0.08 ll
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Promega Taq, and 0.4–0.7 ll of each 1 lM primer. The

recipe for PCRs run with FastStart Taq was 1 ll 109

FastStart Buffer (with MgCl2), 0.8 ll of 10 lM dNTPs,

0.3 ll FastStart Taq, and 0.4–0.7 ll of each 1 lM primer,

with the exception of primers MmoG167 which were used

at 5 lM. For all reactions, enough water was added to

bring the total reaction volume up to 10 ll. All PCRs were

performed using a Bio-Rad DNA Engine Dyad thermal

cycler using the following cycling parameters: 95�C for

5 min, and 30 cycles of 94�C for 30 s, various annealing

temperatures for 30 s (See Table 1), and 72�C for 1 min,

followed by 60�C for 45 min, and held at 10�C. Loci were

screened by diluting PCR products 1:1 with 98% form-

amide loading buffer, denaturing at 95�C for 3 min, and

separating PCR products on a 5% denaturing polyacryl-

amide gel at 50 W. We visualized the gel by overlaying

with SYBR-Green-agarose following the protocol of

Rodzen et al. (1998) and scanning with a GE Healthcare

Fluorimager 595.

Ten for each species of the 71 loci screened were

polymorphic and well-resolved in the initial screening.

These loci were then characterized with additional indi-

viduals to bring the total to a minimum of 20 individuals

screened (Table 1). This characterization was completed

by adding a 50 fluorescent label (NED, VIC, and PET from

Applied Biosystems, 6-FAM from Integrated DNA Tech-

nologies) to the forward primer. One ml of labeled PCR

product was added to 8.8 ll of highly deionized formam-

ide (Gel Company) and 0.2 ll of LIZ600 size standard

(ABI) and run on an ABI 3130xl Genetic Analyzer. We

used GENEMAPPER version 4.0(ABI) to visualize and

score fragments. None of the loci amplified for both

species.

Expected and observed heterozygosities were calcu-

lated using GENETIC DATA ANALYSIS (Lewis and

Zaykin 2001) and Genepop (Raymond and Rousset 1995)

was used to evaluate for Hardy–Weinberg equilibrium

(HWE) using Fisher’s exact test with 100,000 permuta-

tions and removal of missing data. Summary of the

microsatellite loci are presented in Table 1. Number of

alleles per locus ranged from 5–9 in M. marginata and 2–

10 in Moerisia sp. with average expected heterozygosities

of 0.71 and 0.57, respectively. One locus in M. marginata

and two in Moerisia sp. deviated from HWE expectations.

This is likely due to the presence of null alleles since

observed heterozygosities were lower than expected for

all three loci.

The microsatellite loci described here will be used to

conduct future genetic studies investigating the invasion

biology of these hydrozoans.
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