Journal of Tropical Forest Science 28(2): 121-131 (2016)

Purieiro R et al.

ISOLATION, CHARACTERISATION AND CROSS-SPECIES
AMPLIFICATION OF NUCLEAR MICROSATELLITES IN THE
AFRICAN TREE GENUS GREENWAYODENDRON (ANNONACEAE)

R Pifeiro’ 2, C Micheneau!, G Dauby' & O] Hardy'

!Evolutionary Biology and Ecology Unit CP 160/12, Faculté des Sciences, Université Libre de Bruxelles, Av FD Roosevelt
50, B-1050 Brussels, Belgium
2]odrell Laboratory, Royal Botanic Gardens, Kew, TW9 3DS, Richmond, Surrey, UK; rosalia. pineiro@gmail.com

Received July 2014

PINEIRO R, MICHENEAU C, DAUBY G & HARDY 0O]. 2016. Isolation, characterisation and cross-
species amplification of nuclear microsatellites in the African tree genus Greenwayodendron (Annonaceae).
Greenwayodendron is a genus of rainforest trees endemic to tropical Africa. Eight nuclear microsatellite loci,
amplifiable in two multiplexed reactions, were developed in G. suaveolens and cross-amplified in the second
species of the genus, G. oliveri, as well as in all subspecies and varieties recognised by current taxonomic
treatments. Characterisation of the microsatellite markers in one population of G. suaveolens from Cameroon
revealed polymorphism levels suitable for characterisation of the spatial genetic variation (7 to 16 alleles
per locus and expected heterozygosity ranging from 0.57 to 0.89). The eight microsatellite loci optimised
could help estimate genetic diversity levels in populations of G. suaveolens, G. oliveri and new local endemic
species of Greenwayodendron in rainforests from western and central Africa.
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INTRODUCTION

Greenwayodendron (Annonaceae) is a monophyletic
tree genus from tropical Africa (Mols et al. 2004).
Current taxonomic treatments recognise two
species, namely, G. oliveri in western Africa, and
G. suaveolens with two disjoint subspecies in central
and eastern Africa: G. suaveolens ssp. suaveolens
and G. suaveolens ssp. usambaricum respectively
(Aubréville 1959, Le Thomas 1969, Verdcourt
1971). In rainforests of central Africa, two taxa,
currently considered as varieties of G. suaveolens
ssp. suaveolens, are recognised, i.e. a widespread
taxon, var. suaveolens, and a narrowly-distributed
variety restricted to Gabon, var. gabonica. These
two varieties may grow in sympatry, have exclusive
plastid haplotypes (Dauby et al. 2010) and display
clear morphological differences in terms of leaf
and floral dimensions and pubescence of leaves
(Le Thomas 1969), suggesting that they may
deserve the status of species. In addition, based
on their divergent morphology, two putative
new local species may exist, although they have
not been formally described yet (G Dauby,
personal observation). The first occurs in Sao
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Tomé Island, in the Gulf of Guinea, hereafter
referred to as G. cf. "Sao Tomé"). The second is
distributed along the south-west coast of Gabon
(hereafter referred to as G. cf. "littoral"). In this
study we intended to isolate and characterise
the first set of nuclear microsatellite markers
for G. suaveolens ssp. suaveolens var. suaveolens,
and examine cross-amplification in all taxa
within Greenwayodendron.

MATERIALS AND METHODS

A microsatellite library was generated by pooling
1 pg of genomic DNA from a single individual
of G. suaveolens ssp. suaveolens var. suaveolens,
and two individuals of two unrelated species
with a sequencer at the Genoscreen genomic
platform in Lille, France, following the methods
by Malausa et al. (2011) and Micheneau et al.
(2011). From a total of 23,901 reads, 7789 primers
for 846 loci containing SSR for the three pooled
species were designed. After discarding short
reads and reads containing short microsatellites,
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primers were designed automatically by
Genoscreen genomic platform using Primer3
in the software QDD, version 2 (Meglécz et.
al. 2010). Seventy-two primer pairs were tested
for robust amplification and polymorphism on
seven individuals from different populations
of G. suaveolens ssp. suaveolens var. suaveolens
according to Pineiro et al. (2012). For 29 loci,
where faint amplifications were observed, new
primer pairs were redesigned manually using
Primer3 (Rozen & Skaletsky 1999). Eight loci
were finally optimised in two multiplex reactions,
which consistently amplified either five (GMF2)
or three loci (GMG3) (Table 1). PCR reactions
were carried out in a total volume of 15 pL using
Qiagen multiplex kit. Fluorescent labelling was
performed via amplification with (1) reverse
primer, (2) forward primer with a Q1-Q4
universal sequence at the 5" end and (3) Q1
labelled with 6-FAM, Q2 with NED, Q3 with VIC
and Q4 with PET (Schuelke 2000, Micheneau
et al. 2011). The PCR protocol was: 7.5 pL
multiplex PCR master mix, 0.1 pL (0.07 pM)
of forward primers, and 0.15 pL. (0.1 pM) of
reverse primers, 0.15 pL (0.1 pM) of labelled
primers Q1, Q2, Q3 and Q4, 1.5 pL DNA (10-100
ng uL!), and H,O. Multiplex PCR programs
consisted of 95 °C (15 min), followed by 20
cycles of 94 °C (30 s), 57 °C (90 s) for GMF2 or
55 °C (180 s) for GMG3, 72°C (60 s), followed
by 10 cycles of 94 °C (30s), 53 °C (45s), 72 °C
(45 s), and a final extension at 60 °C (30 min).
PCR products were run on DNA sequencer
with 12 pL. HiDi and 0.3 pL of size standard
LIZ®500. The resulting electropherograms were
automatically scored with Genemapper 3.7 and
manually corrected.

Sixty-three individuals from a single
population of G. suaveolens ssp. suaveolens var.
suaveolens from south-east Cameroon were
genotyped (see Appendix). The quality of
microsatellite markers isolated was evaluated
by calculating the allele size range, number of
alleles per locus, observed (Ho) and expected
(He) heterozygosities and inbreeding coefficient
(Fis). Hardy—Weinberg equilibrium (HWE)
tests were performed for each locus using
SPAGeDi 1.4 (Hardy & Vekemans 2002). Null
alleles were coded differently from missing data.
The frequency of null alleles was estimated by
taking into account average inbreeding of the
population using the software INEst 1.0 (Chybicki
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& Burczyk 2009). Linkage disequilibrium tests
among pairs of loci were performed using the
software GENEPOP 4.1.4 (Raymond & Rousset
1995, Rousset 2008).

RESULTS AND DISCUSSION

All eight microsatellite loci were shown to be
polymorphic within G. suaveolens ssp. suaveolens
var. suaveolens (Table 1). The number of alleles
per locus ranged from 7 to 16, with an average
of 11.2. Observed heterozygosity varied between
0.55 and 0.95 (average 0.71) and expected
heterozygosity between 0.57 and 0.90 (average
0.72). The microsatellite loci in the multiplex
reaction, namely, PIPE3-67B and, to a lesser
extent, PIPE3-40B, exhibited slightly high null
allele frequencies (9.8 and 4.2% respectively)
and departure from HWE due to homozygote
excess. Linkage disequilibrium was detected
between pairs of loci PIPE3-21/PIPE3-65,
PIPE3-21/PIPE3-72B and PIPE3-18/PIPE3-72B.
Amplification of the two multiplexed
PCR reactions was tested on all taxa of the
genus Greenwayodendron (Table 2, Appendix),
i.e. the western African species G. oliveri (13
individuals from three locations in Ivory Coast),
the narrowly-distributed taxon from Gabon
G. suaveolens ssp. suaveolens var. gabonica (63
individuals largely distributed across Gabon),
the subspecies from east Africa G. suaveolens
ssp. usambarium (1 individual), the putative new
local species from Sao Tomé island (3 individuals
from one location) and from the south-west
coast of Gabon (1 individual). All eight loci were
successfully genotyped in var. gabonica (seven of
them polymorphic), and seven loci amplified in
G. oliveri (six of them polymorphic) (Table 2).
Genwayodendron suaveolens ssp. usambaricum
was successfully genotyped for six loci and the
putative local species from Sao Tomé, G. cf. "Sao
Tomé", and from coastal Gabon, G. cf. "littoral",
worked for seven and five loci respectively.
The eight microsatellite loci constituted
significant contribution to the genetic resources
available for the family Annonaceae. This is one
of the major families of tropical trees in the
Neotropics and in the Old World (Couvreur et al.
2011, Chatrou et al. 2012). Since abundance and
species richness of Annonaceae correlate well
with temperature and precipitation, this family
provide a good proxy for tropical rainforests. To
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date, microsatellite markers have been developed
only for a few of the 109 validly-described genera,
mostly those containing cultivated species such as
cherimoya (Escribano et al. 2008, Ribeiro et al.
2014) or pawpaw (Pomper et al. 2010).
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