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TECHNICAL NOTE

Isolation of microsatellite loci from endangered members
of Lotus (Fabaceae) subgenus Syrmatium
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Abstract Lotus subgenus Syrmatium is a group of 11
plant species that exhibit extensive ecological and mor-
phological diversity throughout the California floristic
province. Fifteen polymorphic microsatellite loci were
isolated from two taxa, Lotus argophyllus var. adsurgens
and L. dendroideus var. traskiae, and were screened for
variability in 15 additional taxa within Lofus subgenus
Syrmatium. Moderate levels of variability were observed
with mean numbers of alleles per locus ranging from 1.3 to
7.3. The mean observed and expected heterozygosities
ranged from 0.09 to 0.47 and 0.10 to 0.79, respectively.
These new loci will be useful in conservation genetic and
evolutionary studies within Lotus subgenus Syrmatium.

Keywords California Channel Islands -

Conservation genetics - Lotus - Microsatellite

Lotus subgenus Syrmatium is a diverse group of 11 species
within the pea family (Fabaceae), occurring predominantly
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in the California floristic province (Isely 1998; Allan and
Porter 2000). Within this subgenus one taxon, Lotus
dendroideus var. traskiae, is recognized by the U.S. Fish
and Wildlife Service (USFWS) as endangered (USFWS
1977), and an additional three taxa, L. argophyllus var.
adsurgens, L. argophyllus var. niveus, and L. nuttallianus,
are recognized as species of concern (USFWS 1980).
These taxa have been impacted by coastal development,
military training, and introduced herbivores, the genetic
effects of which warrant further study. Here we report the
characterization of eight microsatellite loci isolated from L.
argophyllus var. adsurgens and seven microsatellite loci
isolated from L. dendroideus var. traskiae, useful for
conservation genetic and evolutionary studies within Lotus
subgenus Syrmatium.

Genomic DNA was isolated from leaf tissue using the
DNeasy Plant Mini Kit (Qiagen). Microsatellite libraries
were constructed individually for two taxa, L. argophyllus
var. adsurgens and L. dendroideus var. traskiae. Isolation
of microsatellite loci was performed following the sub-
tractive hybridization method of Hamilton et al. (1999)
with some modifications. Digested DNA was enriched for
eight oligonucleotide repeats (AC);s, (AG);s, (AT);s,
(CG)15, (CCG)1p, (AAC) 10, (AGG)10, and (CAC),p. Frag-
ments were cloned using pBluescript II SK-Phagemid
vector and the XL1-Blue MRF’ bacterial host strain
(Stratagene). Color-positive clones were screened for
microsatellite regions using a membrane based ‘dot blot’
method (Glenn and Schable 2002) and the Phototope
chemiluminescent detection system (New England Bio-
labs). A total of 227 positive clones were screened for
insert size by PCR using a MJ Research PTC-200. The
25 pl reactions contained 1 pl template DNA, 0.8 uM each
of primers T3 and T7 (Integrated DNA Technologies), 1x
Thermopol Reaction Buffer (New England Biolabs),
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200 uM of each dNTP, and 0.2 units of Vent (exo-) DNA
polymerase (New England Biolabs). Clones that exhibited a
single amplified band of 400-1000 bp were cleaned using a
PEG precipitation procedure and sequenced using the T3
primer and BigDye Terminator version 3.1 Cycle Sequenc-
ing Kit (Applied Biosystems) in 1/8 volume reactions.
Sequences were electrophoresed on an Avant 3100 Genetic
Analyzer (Applied Biosystems). For inserts containing a di-
or tri-nucleotide microsatellite motif, the T7 primer was used
to generate a complementary reverse sequence. All sequen-
ces were aligned using SEQUENCHER 4.1 (GeneCodes).

Of the 227 sequenced inserts, 87 contained a region of at
least six repeat units, but only 54 proved suitable for primer
design. Primers were designed using the program PRIMER 3
(Rozen and Skaletsky 2000). One primer of each pair was
designed with a common tag at the 5’ end following the
procedure of Boutin-Ganache et al. (2001; Table 1). Two
common tags were used: M13R (AGGAAACAGCTAT-
GACCAT) and CAGT (ACAGTCGGGCGTCATCA). We
chose eight primers from Lotus argophyllus var. adsurgens
and seven primers from L. dendroideus var. traskiae that
yielded consistent amplification products. Loci were
amplified with a common tag containing one of three fluo-
rescent dyes, 6-FAM, PET, or VIC (Applied Biosystems).

One sample population each of Lotus argophyllus var.
adsurgens and L. dendroideus var. traskiae, each contain-
ing 30 individuals, were used to evaluate variability in the
isolated microsatellite loci. An additional population of
L. argophyllus var. argenteus, a common taxon that
co-occurs with the rare taxa, was also screened to evaluate
variability in a species not of conservation concern.
Microsatellite loci were amplified in 10 pl reactions using
the Type-it Microsatellite PCR Kit (Qiagen). When pos-
sible multiplex PCR with 2-3 loci was used. Manufacturer
protocols and thermal cycler programs were used for all
amplifications. PCR products were diluted with water and
mixed with Hi-Di formamide and LIZ 500 size standard
(Applied Biosystems) before electrophoresis on an Avant
3100 Genetic Analyzer. Fragments were sized using the
GENEMAPPER software (Applied Biosystems). We cal-
culated observed (Hp) and expected (Hg) heterozygosity,
and tested for deviation from Hardy—Weinberg equilibrium
(HWE) and linkage disequilibrium using GENEPOP
version 3.4 (Raymond and Rousset 1995). MICRO-
CHECKER version 2.2.3 was used to infer the presence of
null alleles with 1,000 bootstrap replicates (Van Oosterhout
et al. 2004).

All loci were found to be polymorphic in at least one
population. The mean number of alleles per locus ranged
from 1.3 to 7.3, with an average of 3.5 (Table 1). The
observed and expected mean heterozygosity ranged from
0.09 to 0.47 and 0.10 to 0.79, respectively, with the com-
mon taxon, L. argophyllus var. argenteus, exhibiting the

highest levels of diversity. Three loci, LOAR_70B,
LOAR_104, and LOAR_201, showed significant (P <
0.01) deviations from HWE in all three taxa. One taxon,
L. argophyllus var. adsurgens showed significant (P <
0.01) deviations from HWE at every locus. Of the 105
interlocus comparisons, ten exhibited significant (P < 0.01)
linkage disequilibrium. The observed linkage disequilib-
rium is likely driven by population differentiation. Tests for
null alleles (P < 0.01) identified one locus (LOAR_104)
that exhibited potential null alleles for each population
sampled. Cross amplification was evaluated in 15 addi-
tional Lofus subgenus Syrmatium taxa, including the two
other taxa that are USFWS species of concern (Table 2).
The markers described in this paper will be used to
investigate the population structure, levels of genetic var-
iability, and patterns of evolutionary history within Lotus
subgenus Syrmatium.

Acknowledgments This research was funded by the Natural
Resource Office, Staff Civil Engineer, Naval Air Station, North
Island, San Diego, California, and the National Science Foundation
(DEB 0842332). Cross amplification screening was funded by a
REDI Fellowship from the University of Northern Colorado to
M. McGlaughlin.

References

Allan GJ, Porter J (2000) Tribal delimitation and phylogenetic
relationships of Loteae and Coronilleae (Faboideae: Fabaceae)
with special reference to Lotus: evidence from nuclear ribosomal
ITS sequences. Am J Bot 87:1871-1881

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

Glenn TC, Schable M (2002) Microsatellite isolation with dynabeads
2002. Unpublished manual. Savannah River Ecology Labora-
tory, Aiken, South Carolina

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

Isely D (1998) Native and naturalized Leguminosae (Fabaceae) of the
United States: (exclusive of Alaska and Hawaii). Monte L. Bean
Life Science Museum, Brigham Young University, Provo, Utah

Raymond M, Rousset F (1995) Genepop (Version-1.2)—population-
genetics software for exact tests and ecumenicism. J Hered
86:248-249

Rozen S, Skaletsky HJ (2000) Primer3 on the WWW for general users
and for biologist programmers. In: Misener S, Krawetz SA (eds)
Bioinformatics methods and protocols. Humana Press, Totowa,
New Jersey, pp 365-386

USFWS (1977) Listing of seven California Channel Island animals
and plants. Fed Regist 42:40682-40685

USFWS (1980) Review of plant taxa for listing as endangered or
threatened species. Fed Regist 45:82480-82569

Van Oosterhout C, Hutchinson WF, Wills DPM, Shipley P (2004)
MICRO-CHECKER: software for identifying and correcting
genotyping errors in microsatellite data. Mol Ecol Notes
4:535-538

@ Springer



	Isolation of microsatellite loci from endangered members of Lotus (Fabaceae) subgenus Syrmatium
	Abstract
	Acknowledgments
	References


