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Chapter 2
Genetic relationships among populations of Cosmopolites

sordidus based on AFLP analysis
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Abstract

The banana weevil, Cosmopolites sordidus, is a serious pest of banana and plantain
(Musa) and has been distributed to most areas where the crops are grown. Pest status
is variable around the world, and may be influenced by genetically distinct
populations of weevil. The limited mobility of banana weevils suggests restricted
gene flow and the evolution of biotypes within areas. The aim of the study was to
quantify the genetic relatedness within and among geographically separated
populations of C. sordidus. Six populations from four countries were sampled:
Australia, Costa Rica, South Africa (South Coast, North Coast and Tzaneen) and
Uganda. DNA was isolated from 12 individuals per population and subjected to
amplified fragment length polymorphism (AFLP) analysis. The AFLP analysis
involved DNA restriction with EcoRI and Pstl enzymes, ligation of adapters, and a
pre-selective and five selective PCR amplifications. Empirical analysis of the AFLP
fingerprints showed that, within populations, genetic diversity varied from 16-53%
(the proportion of polymorphic loci), with the South Coast and Tzaneen/Australian
populations the least and most variable, respectively. The coefficient of gene
differentiation showed that the Tzaneen population were the most differentiated from
the South Coast population, while the South and North Coast populations were the
most similar. All the populations showed statistically distinct marker frequencies,
except for the Costa Rican and South and North Coast populations, which were
similar. Based on the simple mismatch coefficient, a neighbour-joining tree showed
the Australian, Ugandan and South African coastal populations produced
monophyletic groups, while the South African Tzaneen population were removed

from the other populations and presented an ancestral state.

Keywords: AFLP, insect, population genetics, Cosmopolites
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2.1 Introduction

The banana weevil borer, Cosmopolites sordidus (Germar), has been recorded as the
most important insect pest of banana and plantain in the world (Waterhouse & Norris
1987; Gold et al. 1999). The weevil is found in almost all banana growing areas, with
only regions of North Africa and Israel apparently free of the pest (Cardenosa 1953,
Cuillé & Vilardebd 1963, Simmonds 1966, Castrillon 1991, Gettman et al. 1992;
Robinson 1996). Damage results from larvae tunnelling in the rhizome, thereby
causing a reduction in yield and lodging of plants. Yield losses of between 20 and
100% have been associated with banana weevil infestations (Mitchell 1980,
Anonymous 1986, Koppenhofer & Schmutterer 1993, Pefia er al. 1993; Rukazambuga
et al. 1998). Dissemination most often takes place by means of infested plant material,
but crawling adults also colonise nearby plantations (Feakin 1971, Franzmann 1972,
Waterhouse & Norris 1987; Seshu Reddy et al. 1999). The cryptic nature of the
banana weevil, and the fact that infestation symptoms of the weevil resemble
nematode and bacterial head rot (rhizome rot) (Erwinia spp.) damage (Jones 2000)
has caused the time of its introduction(s) to be underestimated, and allowed the pest to
remain undetected in certain areas (Gold et al. 2003).

The weevil has been reported as a major production constraint in several
tropical and subtropical localities (Froggatt 1926, Harris 1947, Braithwaite 1963,
Sikora et al. 1989, Seshu Reddy 1993, Davide 1994; Maolin 1994), including the
Indo-Malayian region, its presumed area of origin (Zimmerman 1968c, Stover &
Simmonds 1987; Vittayaruk et al. 1994). Empirical pest status, however, is unsure
(Ostmark 1974), and appears to be related to several factors, including weevil
biotypes (Fogain & Price 1994; Gowen 1995). Biotypes have been defined as
organisms that share a specified genotype or the genotype (or peculiarities) so shared
(Anonymous 2005), and as a population within an insect species that differs in their
ability to utilise a crop plant (Gallun & Khush 1980). Maxwell & Jennings (1980)
described a biotype as an individual or a population that is distinguished from the rest
of its species by criteria other than morphology, e.g. a difference in parasite ability.
The latter definition should be applied with caution, as dimorphic biotypes have been
reported (Starks & Burton 1972; Saxena & Rueda 1982).

The Cosmopolites genus (Coleoptera: Curculionidae: Rhynchophorinae)

comprise only two species, the banana weevil, C. sordidus and C. pruinosus Heller
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(Zimmerman 1968a, b, c). Cosmopolites pruinosus is morphologically very similar to
C. sordidus, but differs externally in the nature of pruinosity on the dorsum and the
character of the elytral striae (Zimmerman 1968a, c). The former is associated with
bananas in Borneo, Philippines and the Caroline Islands (Zimmerman 1968a, b) and
considered to be a secondary pest species (Masanza 2003). Zimmerman (1968c)
provided taxonomic keys for the species. The limited mobility of banana weevils
suggests the existence of isolated populations with restricted gene flow, and also the
evolution of new biotypes (Gold et al. 2003). The occurrence of weevil biotypes has
been postulated after pathogenicity of an entomopathogenic nematode strain varied
between geographically different populations of C. sordidus (Parniski et al. 1990;
Kermarrec et al. 1993). Traore et al. (1993) also suggested that weevil biotypes exist
with different developmental temperature requirements. Studies on banana tolerance
or resistance were cautioned to consider possible geographical differences between
weevil populations (Fogain & Price 1994). Different biotypes could also have
contributed to variable weevil responses to semiochemical trapping in different
countries (De Graaf et al. 2005). Genetic research using random amplified
polymorphic DNA (RAPD)-PCR produced variable results, but generally supported
the existence of weevil biotypes (Ochieng 2001; Gold et al. 2003). The applicability
of the method, however, is limited (Vos et al. 1995; Zhu-Salzman et al. 2003),
because of extreme sensitivity to variations in experimental conditions (Ellsworth et
al. 1993, Muralidharan & Wakeland 1993, Vos et al. 1995; Mueller & Wolfenbarger
1999).

Amplified fragment length polymorphism (AFLP) analysis is considered to
be the ideal marker system for resolving genetic relatedness among individual
organisms, populations and species (Mueller & Wolfenbarger 1999). The technique,
developed by Vos et al. (1995), and originally known as selective restriction
fragment amplification (SRFA) (Zabeau & Vos 1993), is a high-throughput, highly
reproducible genome wide DNA fingerprinting technique. AFLP generates a large
number of potential markers across the genome that may counteract the low
information content of its dominant markers. The identity of same sized fragments is
unknown, but the possibility that products of different loci have the same molecular
weight is probably very small for closely related species (Yan et al. 1999; Kosman &
Leonard 2005). It has proven to be a powerful method for characterising infraspecific

polymorphism among insects (Reineke et al. 1999, Yan et al. 1999, Parsons & Shaw
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2001, Ravel et al. 2001, Garcia et al. 2002; Carisio et al. 2004) and distinguishing
known insect biotypes (Cervera et al. 2000; Zhu-Salzman et al. 2003). Restriction
fragment length polymorphism (RFLP) and sequencing require more development
time with greater costs, and the number of independent loci assayed is often low
(Parsons & Shaw 2001).

The aim of the study was to determine the genetic relatedness within and
among populations of C. sordidus from different geographic origins using AFLPs.
The study will help to clarify the role of biotypes in host plant susceptibility, weevil
development and behaviour. In future it might provide useful information before the
implementation of integrated pest management strategies for countries affected by the

pest.

2.2 Material and methods
2.2.1 Sample collection and DNA extraction

Banana weevils, identified as C. sordidus according to the key provided in
Zimmerman (1968c), were collected from three geographical areas in South Africa
during 2004, and also from Australia, Costa Rica and Uganda (Table 2.1). Dissection
of residual pseudostems (Australian samples), split pseudostem traps (Ugandan and
South African South Coast samples) and pheromone (Cosmolure®) trapping (Costa
Rican and South African North Coast and Tzaneen samples) were used to collect
weevils. Before DNA extraction, all the weevils were preserved in absolute ethanol.
For molecular analysis, a total of 12 individuals (six females, six males) were
randomly selected per locality. Sitophilus orizae (L.) (Coleoptera: Curculionidae:
Rhynchophorinae), a weevil pest of stored grain, was used to serve as outgroup in this
study (Table 2.1).

Total genomic DNA was isolated from beetles with the abdomen, elytra and
wings removed. Weevils were first placed in a heat block at 55 °C for 10 minutes to
evaporate the ethanol and then re-hydrated in distilled water for 10 minutes. Samples
were frozen in liquid nitrogen and ground with Eppendorf micro-pestles in 1.5 ml
Eppendorf tubes (Hamburg, Germany). DNA extractions followed a commercial
protocol (High pure PCR template preparation kit, Roche Diagnostics, Mannheim,

Germany) and were stored at -20 °C.
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2.2.2 AFLP procedure

The method described by Vos et al. (1995) was followed with minor modifications.
Isolated DNA (100 ng) was restricted with two six-base recognition restriction
enzymes, EcoRI (Roche Molecular Biochemicals, Manheim, Germany) and Pstl
(Fermentas International Inc., Ontario, Canada). The corresponding double stranded
adapters (Table 2.2) (Ingaba Biotechnical Industries (Pty) Ltd.) were subsequently
ligated to the sticky ends of fragments. EcoRI and Pstl primers (Inqaba Biotechnical
Industries (Pty) Ltd.) with no selective nucleotides were used for preselective PCR
amplification (Table 2.2). An initial screening using 12 selective primer pair
combinations was performed on a randomly selected individual of each population.
Combinations providing clear and reproducible electrophoretic patterns with the
highest levels of polymorphisms between individuals were determined. Five EcoRI
(Biolegio BV Nijmegen/ Malden, The Netherlands) and PsfI (Ingaba Biotechnical
Industries (Pty) Ltd.) primer combinations were selected for further analysis (Table
2.2).

Selective amplification products were analysed with a LI-COR® model 42008
Automated DNA Analyser (LI-COR® Biotechnology Inc., Nebraska, USA).
Fragments were scored with the automated programme AFLP-Quantar Pro 1.0 (Key
Gene Products 2000) and confirmed by a visual check. Loci showing clear and
unambiguous banding patterns were scored and uncertain fragments were considered
as missing data. Band sizes were estimated with a standard size (50-700 bp) IRD-

labelled marker (LI-COR® Biotechnology Inc.).

2.2.3 Statistical analysis
To estimate the genetic diversity in and among C. sordidus populations, the following
assumptions were made: AFLP markers behave as diploid, dominant markers with
alleles either present (amplified, dominant alleles) or absent (not amplified, recessive
alleles), co-migrating fragments and fragments not amplified were identical among
and within populations; AFLP fragments segregated according to Mendelian
expectations, and genotypes at all AFLP loci were assumed to be in Hardy-Weinberg
equilibrium (Yan et al. 1999; Despres et al. 2002).

All the loci obtained with the five primer combinations were used in the
analyses. Genetic diversity within weevil populations was estimated from the

percentage of polymorphic loci out of all polymorphic loci (%PL), Shannon’s
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Information Index (/) (Lewontin 1972) and Nei’s (1973) gene diversity (4), using
POPGENE version 1.31 (Yeh et al. 1997). Pair-wise Product-moment correlations of
the different indices were conducted in STATISTICA version 7 (Statsoft Inc. 2004).
To evaluate population structure in terms of among-population and among-group
differentiation, total genetic diversity was partitioned among groups, among
populations within groups, and within populations by conducting a hierarchical
analysis of molecular variance (AMOVA) on (the required) squared Euclidian pair-
wise distances (1000 permutations) (Excoffier et al. 1992, Huff et al. 1993, Peakall et
al. 1995; Despres et al. 2002) using ARLEQUIN version 2.000 (Schneider et al.
2000). Genetic differentiation among populations was assessed by calculating Nei’s
coefficient of gene differentiation, Gy, (equivalent to Wright’s Fy) (Nei 1973) and
estimating gene flow, N, (Slatkin & Barton 1989) from Gy, (POPGENE version 1.31).
Interpopulation differentiation was scrutinised by using TFPGA version 1.3 (Miller
1997) to perform Monte Carlo approximations of Fisher’s exact (RxC) test (Raymond
& Rousset 1995) on marker frequencies at each locus between all pairs of
populations. To determine the phylogenic relationships among individuals, a
neighbour-joining dendrogram (Saitou & Nei 1987), based on the simple mismatch
coefficient (squared Euclidian distance), was constructed with 5000 bootstrap
(Felsenstein 1985) replications, using the program MEGA version 3.1 (Kumar et al.
2004) (Kosman & Leonard 2005). A correlation between Nei’s unbiased genetic
distance (Nei 1978) and simple mismatch coefficients and geographic distance (in
km) among populations (Garcia et al. 2002; Carisio et al. 2004) was investigated with
a Mantel test (Mantel 1967) using TFPGA version 1.3. The distance matrices were
transformed (In (x+1)) and 10 000 random permutations used in the analysis (TFPGA

version 1.3).

2.3 Results

2.3.1 AFLP patterns

Each primer combination produced approximately 100 to 150 amplified fragments
between 50-700 bp (Fig. 2.1), to give a total of 659 fragments, with 604 loci
polymorphic for C. sordidus. Visual assessment of all the raw data suggested that,
within banana weevil populations, the Tzaneen and Australian individuals showed

relatively high marker variability (Fig. 2.1). Unique bands were identified most
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frequently for these populations, especially for Tzaneen, where bands were often
specific to individual level (Fig. 2.1). The Costa Rican and North and South Coast
populations from South Africa appeared to share relatively high levels of marker
homogeneity, with differences essentially based on band frequency. Similarities of the
Australian and Ugandan populations were also evident with the Costa Rican and
South African North and South Coast populations, while the South African samples
from Tzaneen showed a more distinct fingerprint. The outgroup demonstrated little
conformity with the other samples, and displayed the highest proportion of population

specific bands (Fig. 2.1).

2.3.2 Intra population genetic diversity

Empirical analysis of the loci showed that the Tzaneen (South Africa) and Australian
populations were the most variable, with 53.48% and 45.03% polymorphic loci,
respectively (Table 2.3). The South African South Coast population was the most
uniform (16.06 %PL), while the diversity of the remaining populations was close to
the overall mean of 35.02% polymorphic loci. The indices of Shannon (/) and Nei (&)
peaked at 0.169 and 0.101 for Tzaneen and 0.2 and 0.132 for Australia. The two
indices also supported the South Coast (South Africa) population as the least variable
(I=0.075, h=0.05). The three measures of intra population diversity were correlated (/
vs. h: R?=0.982; %PL vs. I: R°=0.787; %PL vs. h: R*=0.668, all P<0.001). Among all
the South African populations the percentage polymorphic loci, Shannon (/) and Nei
(h) diversity measures were (mean + SD) 34.33 + 18.73%, 0.126 £ 0.048 and 0.079 +
0.026, respectively (data not shown).

2.3.3 Population structure

The AMOVA revealed that the genetic variation within C. sordidus was, in general,
equally divided among and within the populations studied (Table 2.4). Genetic
differences between populations were highly significant. Grouping of populations
showed significant structure when the South African coastal populations and the
Costa Rican population were combined and compared to the other populations. As a
group, the three South African populations were also significantly differentiated from
the other populations, but the proportion of variance contained in the former grouping
was higher (10.85%) than the latter (3.19%). In both groupings, the most variation

was contained within populations, while variation amongst populations was also high
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(>40%) and showed significant differentiation. Amongst the South Coast, North
Coast and Tzaneen populations in South Africa, significant differences existed
(P<0.001), with 51.59% and 48.41% of genetic variation contained amongst and
within the populations, respectively (Table 2.4).

The global Gy, value among all populations and among South African
populations was 0.4744 and 0.4316, respectively, while associated gene flow (N,,) for
all the populations and for South African populations was 0.5540 and 0.6586 (data
not shown). The coefficient of gene differentiation and gene flow calculated for pair-
wise population comparisons indicated that, among all the populations, the greatest
differentiation occurred between the South African South Coast and Tzaneen
populations, with about 47% difference between the populations, equating to a mean
of 0.57 migrants per generation (Table 2.5). The populations sharing the most genetic
similarity were the South and North Coast populations from South Africa, with a G,
and N, value of 0.13 and 3.35 respectively (Table 2.5). Based on the Monte Carlo
approximation of Fisher’s exact test (through 1000 dememorisation steps, in 10
batches with 2000 permutations per batch), most population pairs were significantly
different (P<0.001) (data not shown). Only the Costa Rican population was not
significantly (P>0.999) differentiated from the two South African coastal populations,
whom also showed no significant (P=1.000) among population differences (Table

2.5).

2.3.4 Phylogeny

The neighbour-joining phenogram showed high bootstrap support for the partitioning
of banana weevil populations (Fig. 2.2). The outgroup provided an alternative root.
The Tzaneen population from South Africa was separated (bootstrap value 99%), and
the basal divergent population of the other C. sordidus individuals (Fig. 2.2).
Monophyletic clusters of the South African South and North Coast, Australian and
Ugandan populations were supported by high bootstrap values (>90%) (Fig. 2.2). The
node grouping the South African coastal populations with Costa Rican individuals
was not very robust (bootstrap value 43%) (data not shown). A recent common
ancestor between Australia and Uganda was supported by a 99% bootstrap value (Fig
2.2). The Australian and the Tzaneen populations showed relatively low levels of
similarity between individuals, whilst the highest level of similarity between samples

was found in the South Coast population from South Africa (Fig. 2.2).
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2.3.5 Isolation by distance

The correlation between Nei’s unbiased genetic distance and geographic distance for
all pair-wise comparisons among the six banana weevil populations, indicated an
overall non-significant pattern of isolation by distance (R=0.053, P=0.849). The Costa
Rican and Tzaneen (South Africa) samples generally showed a negative relation
between genetic and geographic distance (data not shown). Removal of these
populations from the data matrix improved the fit of the isolation pattern, but not
significantly so (R=0.935, P=0.083). Correlation between the simple mismatch
coefficient and geographic distance supported a non significant pattern of isolation by

distance (R=-0.201, P=0.737).

2.4 Discussion
Diversity in C. sordidus, collected from four countries in three continents revealed
that, within all populations, the percentage of polymorphic loci ranged from 16-53%,
with an average diversity of 35%. Among the South African populations, within-
population diversity was slightly lower. These results are in contrast to a mean of
92% polymorphic loci (percentage of all loci), ranging from 78-98%, reported for the
species following RAPD analysis of a worldwide population (Ochieng 2001). The
diversity reported within a region (Uganda) ranged from 78-100%, with a mean of
949% polymorphic loci. RAPD analysis of C. sordidus (Ochieng 2001) was based on
46 loci and 15 worldwide populations, while 37 loci and 15 populations were studied
in Uganda. The present study is based on 659 loci (91% polymorphic loci) and the
information content is, therefore, more than 14 times higher. The proportion of
polymorphic loci in the present study is comparable to recent AFLP studies in
termites (8-39%) (Garcia et al. 2002), crickets (28-43%) (Parsons & Shaw 2001) and
three species of dung beetles (44.2-79.7%) (Carisio et al. 2004).

The low within-population diversity of the South Coast population in South
Africa suggests a founder effect, where the current population was introduced as a
small number of genetically related individuals. Alternatively, or in combination with
a founder effect, strong selection pressures (including chemical control) may have
contributed to the lower levels of diversity. In turn, the higher genetic diversity

observed for the Australian and Tzaneen (in South Africa) populations suggests a
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relatively large establishment population and/or lower selection pressures. The
unique bands observed within these populations suggested intra-populational sub-
structuring, or pooling of populations that differed in genetic composition.

Genetic variation among banana weevil populations was significantly
genealogically and spatially clumped, despite relatively high levels of variation
within populations. Molecular variance analysis indicated that the South African
coastal populations grouped more closely with the Costa Rican population than with
the Tzaneen population. Nevertheless, even for the former grouping, 89% of genetic
variance was still partitioned (almost equally) among and within the populations.
Among all the populations and the South African populations, most variation was
equally divided or between, and not within populations, as reported by Ochieng
(2001).

The coefficient of gene differentiation (Gy) can be interpreted according to
Wright’s (1978) suggestions for Fy; (= Gy): The range O to 0.05 may be considered as
little, 0.05 to 0.15 as moderate, 0.15 to 0.25 as great and values above 0.25 as very
great genetic differentiation. Similarly, gene flow (N,,) values of less than one can
indicate little or no gene flow (Crow & Aoki 1984). The overall genetic
differentiation of C. sordidus populations, and also the populations from South
Africa was, therefore, very great, with migration between populations very rare. Pair-
wise comparisons indicated a very great differentiation between most populations,
with a great separation between the South African coastal and Costa Rican
populations, and with moderate genetic differences between the North and South
Coast population from South Africa. As expected, results on gene differentiation
were supported by the dependent gene flow parameter. Some degree of gene flow
was suggested between populations of great genetic differentiation i.e. the South
African coastal populations and Costa Rica. According to the Monte Carlo
approximation of Fisher’s exact test, most populations were separate entities, except
for the Costa Rican and South African South and North Coast populations, which
were similar. The significance should be interpreted with caution, as the
approximation for diploid dominant data sets can only be performed on marker
frequencies (Miller 1997) and thus may lead to an overestimate of population
differentiation (Arafeh et al. 2002). The neighbour-joining dendrogram of C.
sordidus showed that the South African coastal, Australian and Ugandan populations

were distinct groupings, while the South African Tzaneen population presented the
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ancestral state of the banana weevils. Phylogenetically, a recent common ancestor
between the Costa Rican and South African coastal populations was not strongly
supported.

Most of the data suggested that, under similar ecological and agronomical
conditions, the most robust comparisons can be made between local coastal
populations and studies conducted in Costa Rica. All the data suggested that the
South African coastal, Australian, Ugandan, and Tzaneen populations could be
classified as separate taxonomic units. Especially the Tzaneen population had a
relatively unique AFLP fingerprint, but then also showed high within population
diversity. Results were relative to a low number of C. sordidus populations sampled
and even though three continents were included, analysis of additional populations is
required to test the hypothesis. Biotype status of the different C. sordidus populations
should be quantified under controlled studies in relation to host plant susceptibility,
development and behaviour.

Genetic inter-populational differences are assumed to depend on genetic drift
and gene flow (Carisio et al. 2004). Based on a model of population structure among
organisms whose dispersal ability is constrained by distance (Kimura 1953; Kimura
& Weis 1964), a positive correlation between geographical and genetic distances
suggests a basic equilibrium between drift and gene flow, while no correlation
indicates drift prevalence (Hutchison & Templeton 1999; Despres et al. 2002). No
correlation between genetic and geographical distance for C. sordidus was found in
the present study. Genetic drift could, therefore, be most important in shaping present
day genetic diversity patterns of the banana weevil. Nevertheless, the data indicated
that C. sordidus probably does not strictly conform to the model. The relative close
genetic relationship and geographic distance between the North and South Coast
populations in South Africa suggests gene flow or recent separation. The genetic
disparity between the coastal populations and the Tzaneen population, in turn, can
support isolation and genetic drift. However, the underlying genetic data (high
genetic differentiation, high within population diversity and unique bands) of the
Tzaneen population suggested that it could be the result of random dissemination
from a number of populations rather than extreme genetic drift from a common or
local ancestor. The species was first reported in South Africa in the 1920s (Cuille
1950; Simmonds 1966), but the original timing and source of the introductions are

unknown. The current and future population genetics of the species may, therefore,
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be complicated by the past and future dissemination of infested plant material within

and between areas, of which no reliable records exist.
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Table 2.1. The geographical origin and global positioning system (GPS) co-ordinates

of Cosmopolites sordidus populations and Sitophilus orizae (outgroup) sampled in

2004 for genetic analysis.

GPS co-ordinates

Species Geographic origin
Latitude Longitude
Australia (New South Wales, Tweed
C. sordidus 28°22°15°°S 153°29’15’E
Shire)
C. sordidus Costa Rica (Limén, Guapiles) 10°36’10’N  84°17°11”°W
South Africa (KwaZulu-Natal, North
C. sordidus 20998°52°°S 31°07°18”°E
Coast)
South Africa (KwaZulu-Natal, South
C. sordidus 30°58°14°S  30°15°33”E
Coast)
South Africa (Limpopo Province,
C. sordidus 23°48°09°S 30°07°41"’E
Tzaneen)
C. sordidus Uganda (Busoga Province, Kawanda) 0°25°05°°N 32°31°54"°E
S. orizae South Africa (Gauteng, Pretoria) 25°39°00°°S 28°22°30"°E
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Table 2.2. The sequences of adapters, primers and primer combinations used for

amplified fragment length polymorphism (AFLP) analysis of different Cosmopolites

sordidus populations.

Description Sequence
5" CTCGTAGACTGCGTACC
EcoRI adapter
CTGACGCATGGTTAA 5
5" TGTACGCAGTCTAC
Pst adapter
ACGTACATGCGTCAGATGCTC 5°
Pstl primer 5" GACTGCGTACATGCAG
EcoRI primer 5" GACTGCGTACCAATTC

Preselective amplification primers
Selective amplification primers
(combination 1)
Selective amplification primers
(combination 2)
Selective amplification primers
(combination 3)
Selective amplification primers
(combination 4)
Selective amplification primers

(combination 5)

Pstl (+0) and EcoRI (+0)

Pstl (+ACA) and EcoRI (+AT) !

Pstl (+ACC) and EcoRI (+AT) '

Pstl (+AGG) and EcoRI (+AT) !

Pstl (+AGG) and EcoRI (+TC) !

Pstl (+ACC) and EcoRI (+CC) 2

' IRD-labelled EcoRI primer (800 nm) (LI-COR® Biotechnology Inc., Nebraska,

USA).

* IRD-labelled EcoRI primer (700 nm) (LI-COR® Biotechnology Inc., Nebraska,

USA).
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Table 2.3. Intra population genetic diversity of Cosmopolites sordidus expressed as

the percentage of polymorphic loci (%PL), Shannon’s Information Index (/) and Nei’s

gene diversity (k). Standard deviations are in parenthesis.

Genetic diversity parameter

Geographical
Polymorphic
population 9%0PL I H
loci

Australia 272 45.03 0.200 (0.2666)  0.132 (0.1848)
Costa Rica 190 31.46 0.122 (0.2209)  0.078 (0.1518)
SA (NC) ! 202 33.44 0.134 (0.2307)  0.087 (0.1584)
SA (SC) * 97 16.06 0.075 (0.1942)  0.050 (0.1342)
SA (TZ)? 323 53.48 0.169 (0.2117)  0.101 (0.1424)
Uganda 185 30.63 0.142 (0.2476)  0.095 (0.1715)
Mean 211.5 (78.05) 35.02 (12.92) 0.142 (0.0425) 0.091 (0.0270)

" South Africa (North Coast).
% South African (South Coast).
3 South Africa (Tzaneen).
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Table 2.4. Analysis of molecular variance (AMOVA) of Cosmopolites sordidus
populations from six geographical areas. Analysis is indicated for all banana weevil

populations with no hierarchical structure and for groupings of different populations.
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Grouping

Source of variation

Cosmopolites sordidus
Among populations
Within populations

Total

SA (SC), SA (NC), CR vs.
AUS, UG, SA (T2)
Among groups

Among populations within
groups

Within populations

Total

SA vs. AUS, CR, UG *
Among groups

Among populations within
groups

Within populations

Total

South Africa’

Among populations in S.A.
Within populations in S.A.

Total

Sum of

d.f.

66

71

66

71

66

71

35

squares

748.792

774.167

1522.958

225.625

523.167

774.167

1522.958

171.375

577417

774.167

1522.958

367.333

439.500

806.833

AMOVA parameter
Variance Percentage
components of variation
11.50238 49.51
11.72980 50.49
23.23218 100
2.63426 10.85
9.92182 40.85
11.72980 48.30
24.28588 100
0.75058 3.19
11.05203 46.97
11.72980 49.85
23.53241 100
14.19571 51.60
13.31818 48.41
27.51389 100

P-

value

<0.001

<0.001

<0.001

<0.05

<0.001

<0.001
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"A grouping of the South African North Coast, South African South Coast and the
Costa Rican populations compared to a grouping of the Australian, Ugandan and
South African Tzaneen populations.

A grouping of the three South African populations (North Coast, South Coast and
Tzaneen) compared to a grouping of the Australian, Costa Rican and Ugandan
populations.

} Considering only the South African populations with no grouping.
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Table 2.5. The coefficient of gene differentiation (Gy,) and gene flow (&V,) among

Cosmopolites sordidus populations from six different geographical areas.

Population
Population AUS' CR? SANC)?® SAGSC* SA(TZ)° UG?®
Gy
I
AUS 0.3553 03174 0.3856 0.3554  0.2969
CR? - a b
0.9071 0.2311 0.2177 0.4004  0.3054
3
SA (NC) 1.0755 *1.6636 ) ©0.1299  0.4045  0.3163
S
4 = _
SA (5C) 0.7966 °1.7970  €3.3489 0.4675  0.3586
5
SA (TZ) 0.9067 0.7488  0.7362 0.5696 i 0.4003
UG ° -

1.1841 1.1374 1.0807 0.8941 0.7491

! Australia.

* Costa Rica.

3 South Africa (North Coast).

* South Africa (South Coast).

> South Africa (Tzaneen).

6 Uganda.

* Exact test: X°=1130.44, P=0.9999.
® Exact test: X’=1030.81, P=1.0000.
¢ Exact test: X°=579.60, P=1.0000.
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Figure legends

Figure 2.1. Amplified fragment length polymorphism (AFLP) fingerprint of
selectively amplified DNA fragments from different Cosmopolites sordidus
populations and Sitophilus orizae (outgroup). Molecular weight markers (M) and their
sizes (in bp) are indicated. The inverted gel image of the selective primers Psfl
(+ACC) and EcoRI (+AT) is presented for 12 individuals per population (six females
and six males, respectively) between approximately 800 and 50 bp. Arrows mark
selected polymorphisms. Not all polymorphisms are marked. ! Australia, > Costa Rica,
3 South Africa (South Coast), * South Africa (North Coast), > Outgroup, ® South

Africa (Tzaneen) and ' Uganda.

Figure 2.2. Neighbour-joining phylogram of Cosmopolites sordidus individuals from
six populations and the outgroup population (Sitophilus orizae), based on the simple
mismatch coefficient. Bootstrap values (5000 replications) are indicated on the branch

nodes (only >70%) and a scale bar at the bottom of the graph indicates branch lengths.
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Figure 2.2
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