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Abstract

The African savannah elephant (

 

Loxodonta africana

 

) is a ‘keystone’ species that plays a
vital role in regulating the dynamics of both plant and animal communities and yet it is
endangered and its numbers have been reduced to approximately 500 000 across their entire
continental range. Molecular genetic markers are important tools for providing genetic
information useful in formulating effective management and conservation strategies for
the surviving elephant populations. We describe the isolation and characterization of six new
polymorphic microsatellite markers in the African savannah elephant and demonstrate that
these loci can be PCR (polymerase chain reaction)-multiplexed, a desirable attribute that saves
costs in large-scale microsatellite screening.
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Ever since the first elephant microsatellite loci were isolated,
characterized and shown to be highly variable (Nyakaana
& Arctander 1998), they have increasingly become the
marker of choice for elephant population biologists in
addressing behavioural and phylogenetic questions at
different hierarchical levels (e.g. Nyakaana 

 

et al

 

. 2001,
2002). This is mainly attributed to their high variability, the
speed and ease with which they can be analysed in large
sample sets and their ability to be amplified from degraded
DNA collected noninvasively from dung.

Although a number of elephant microsatellite loci have
been isolated and characterized to date (see Nyakaana &
Arctander 1998; Comstock 

 

et al

 

. 2000; Eggert 

 

et al

 

. 2000;
Fernando 

 

et al

 

. 2001; Comstock 

 

et al

 

. 2002; Archie 

 

et al

 

. 2003),
there is a continual demand for new polymorphic genetic
markers for studying the behaviour, ecology and biology
of this endangered species’ effective management and
conservation. In this study, we report the isolation and
characterization of six new polymorphic loci from the
elephant genome.

An enriched genomic library was constructed from total
genomic DNA digested to completion using 

 

Sua3A1

 

 as
described in Nyakaana & Arctander (1998), directly cloned
using the PCR-Script Amp SK(+) cloning kit (Stratagene)
and transformed into 

 

Escherichia coli

 

 XL1-Blue MRF

 

′

 

 Kan
supercompetent cells (Stratagene). Recombinant clones
were selected, amplified directly using T3 and T7 primers
and then cycle sequenced.

Six of the sequenced recombinant clones had good flank-
ing regions to allow for the design of suitable primers using
the program 

 

amplify

 

 1.2 (Engels 1992). We 

 

blast

 

- searched
our new clones against the previously isolated and published
microsatellite loci in the GenBank database [Nyakaana &
Arctander 1998 (AF061840–AF061844); Comstock 

 

et al

 

. 2000
(AF206275–AF206286); Comstock 

 

et al

 

. 2002 (AF364123–
AF364125); Eggert 

 

et al

 

. 2000 (AF311670–AF311675);
Fernando 

 

et al

 

. 2001 (AF352833–AF352837); Archie 

 

et al

 

. 2003
(AY172173–AY172184)] and found no significant sequence
similarity between any of them and those previously pub-
lished, thereby confirming their uniqueness.

Four of the loci (LafMS06, LafMS07, LafMS08 and
LafMS09) were amplified in 15 

 

µ

 

L reaction volumes
containing 25–50 ng of DNA, 1.5 m

 

m

 

 MgCl

 

2

 

, 10 m

 

m

 

 Tris,
50 m

 

m

 

 KCl, 200 

 

µ

 

m

 

 of each dNTP, 2 pmol of each primer and
0.5 units of Ampli

 

Taq

 

 Gold DNA polymerase (Boehringer
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Mannheim GmbH). The forward primers for LafMS06 and
LafMS08 were labelled with the fluorescent dyes, JOE and
FAM. Similarly, the forward primers for loci LafMS07
and LafMS09 were also labelled with the dyes, JOE and
FAM, respectively. LafMS06 and LafMS08 were multi-

plexed and LafMS07 and LafMS09 were also multiplexed
and PCR-amplified using a touch down protocol (see
Table 1). Amplification products for these four loci were
size-fractionated on a 4% polyacrylamide gel using an ABI
377 DNA sequencer and sized using ROX-500 as an inter-
nal lane standard (Applied Biosystems), scored using the
programs 

 

genescan

 

 3.1 and 

 

genotyper

 

 2.1 (Applied Bio-
systems).

Forward primers for the last two loci (LafMS10 and
LafMS11) were labelled with infrared dyes 700 and 800,
respectively, and amplified in 10 

 

µ

 

L reaction volumes
containing 1 pmol of each primer using the multiplex PCR
kit (QIAGEN) following the manufacturer’s instructions.
A touchdown PCR procedure was used with the cycling
parameters indicated in Table 1.

The PCR products were genotyped using the global IR
2LI-COR DNA system and the data scored using the

 

saga

 

gt

 

 software. Polymorphism for all loci was analysed
using the program 

 

popgene

 

 (Yeh 

 

et al

 

. 1997).
All the loci were polymorphic and the number of alleles

among up to 48 individuals randomly sampled from pop-
ulations from east, west and southern Africa ranged from
4 to 12. Their characteristics, primer sequences, observed
and expected heterozygosities are shown in Table 2.

Significant genotypic linkage disequilibrium was only
observed between loci LafMS06 and LafMS08 while all the
loci significantly deviated from Hardy–Weinberg proportions
as calculated using 

 

popgene

 

 (

 

P <

 

 0.05) (Yeh 

 

et al

 

. 1997).
As the loci were tested on a set of individuals randomly
sampled from various populations from eastern, southern
and western Africa, we attribute these deviations to non-
random mating and/or a Wahlund effect but not to null
alleles as no heterozygote deficiency was observed at all loci.

Their cross-species amplification was not investigated in
the African forest elephant or the Asian elephant, 

 

Elephas
maximus

 

, because of the lack of samples of this species.

Table 1 PCR cycling parameters for the six isolated elephant loci

Multiplexed 
loci Step T (°C) Time Remarks

LafMS06 & 
LafMS08

1 95 10 min
2 95 30 sec 5

6
7

10 cycles; 1 °C drop for
each cycle up to 59 °C

3 69 30 sec
4 72 30 sec
5 95 30 sec 5

6
7

28 cycles6 58 30 sec
7 72 30 sec
8 72 60 min
9 4 Infinity

LafMS07 & 
LafMS09

1 95 10 min
2 95 30 sec 5

6
7

10 cycles; 1 °C drop for
each cycle up to 58 °C

3 68 30 sec
4 72 30 sec
5 95 30 sec 5

6
7

28 cycles6 57 30 sec
7 72 30 sec
8 72 60 min
9 4 Infinity

LafMS10 & 
LafMS11

1 95 15 min
2 94 30 sec 5

6
7

5 cycles; 1 °C drop for 
each cycle up to 56 °C

3 60 1 min 30 sec
4 72 1 min
5 94 30 sec 5

6
7

25 cycles6 55 1 min 30 sec
7 72 1 min
8 60 30 min
9 4 Infinity

Table 2 Characteristics of six African elephant microsatellite loci. The number of individuals analysed/number of alleles per locus (n/NA),
observed heterozygosity (HO) and expected heterozygosity (HE) are also provided
 

Locus Repeat motif Primer sequence (5′–3′) Size range n/NA HO HE Accession no.

LafMS06 (AC)14 F: AGCTGTCCTAAGTCATAAATACACA 138–156 48/12 0.96 0.82 AY817498
R: ACAGCCACTGAAACCCCATGGA

LafMS07 (GATA)4(GACA)13(GATA)3 F: TACCCCCACTCCAATTCCATGTCT 154–170 21/4 0.86 0.62 AY817499
R: GGACAGGCAGAATCTAGTGGAGG

LafMS08 (TC)8(AC)13 F: CTGTGGCCTCCAAATGAAGGG 175–189 47/8 0.89 0.68 AY817500
R: CAGACACTGGGAGGGAGATG

LafMS09 (GATA)2(GACA)7 F: CTGGGGCAGTAAGCTGTATTTATC 144–160 41/5 0.27 0.48 AY817501
R: ACGAGGATGACAGACCAGGCAACA

LafMS10 (CA)4CT(CA)6CT(CA)11 F: GTCATGGGGGATACACAGTCA 108–116 35/5 0.69 0.62 AY817502
R: TCATGTGTGCATGGGGT

LafMS11 (CA)5TA(CA)11 F: TAGGTTCATAGATCATAGGGT 130–136 35/4 0.49 0.47 AY817503
R: TACGTCTGTGATCAGTGGGCCT

F, forward primer; R, reverse primer.
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