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Abstract. Western flower thrips (WFT) (Frankliniella occidentalis) is an introduced pest that
harms French bean production in Kenya and other countries. Since new WFT management
approaches are being developed, a closer look at the genetic makeup of WFT populations
can give new insights into source habitats, crop colonization patterns or host plant
preferences, which are prerequisites for integrated pest management (IPM) strategies. For
this purpose, we used six microsatellite loci to analyse the genetic structure, diversity
and gene flow of WFT sampled on French beans, intercrops and weeds in Kenyan
French bean production areas. The results of this preliminary study indicate that the
available microsatellites are sufficiently polymorphic for more detailed analyses on local
dispersal patterns of WFT in Kenya. Even with the limited data set, the results reveal
that F occidentalis populations show considerable genetic differentiation between host
plant species but not between regions, which suggests reduced gene flow and a possible
development of biotypes. Possible consequences of the results on IPM are discussed.
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Introduction new control strategies need to be developed. Recent

Western flower thrips (WFT), Frankliniella oc- approaches to manage F occidentalis in Kenya

cidentalis (Pergande 1895), is an introduced pest
that was detected in Kenya presumably in 1989
(Kedera and Kuria, 2005). WFT has rapidly become
an important pest on several crops and ornamentals
and is now one of the most important pests of
French bean (Phaseolus vulgaris L.) in East Africa
(Nderitu et al., 2007). So far, farmers mostly use
synthetic insecticides to control this pest, but
due to issues such as stringent regulations on
the export market and development of insecticide
resistance (Brodsgaard, 1994; Nderitu ef al., 2008),

*E-mail: hondelmann@ipp.uni-hannover.de

include improved monitoring techniques (Muvea
et al., 2014), intercropping (Nyasani et al., 2012),
integration of Metarhizium-based products with
kairomones (Niassy et al., 20124, 2012b; Mfuti et al.,
2016) and predatory mites (Nyasani et al., 2015).
However, little is known about field ecology and
population genetics of F. occidentalis in Kenya,
including host preferences, adaptation potential and
genetic variation on local and regional scales, thus
constraining development and implementation of
new control approaches.

In general, not all host plants are equally suitable
and attractive for F. occidentalis depending on factors
such as plant age, morphology, colour and scent,
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but also the nutritional value of plants (e.g. Lewis,
1997; Pearsall, 2000; Baez et al., 2011; Nyasani et al.,
2013). WFT, therefore, shows complex selection
behaviour and prefers certain host plants (e.g.
flowering or fertilized plants) with consequences
for its fitness (Lewis, 1997; de Kogel et al., 1999;
Chau et al., 2005). Finally, there are indications for
host race development in F. occidentalis suggesting
a certain degree of specialization to host plants
(Cao et al.,, 2014). For plant protection strategies,
the impacts of specialization are manifold. For
example, it might explain the high variability in
thrips population densities on crops, which can
depend on the composition of surrounding plant
species (e.g. Nault et al., 2014) and which may
affect crop and intercrop selection at farm level.
As a result, specific trap crops, intercropping, and
other management approaches (entomopathogenic
fungi and nematodes, beneficial insects, biological
strategies involving pheromones, etc.) to reduce
thrips damage, could be developed.

This pilot study is meant as a starting point
to investigate if the available microsatellites (Yang
et al., 2012a) are suitable to answer more detailed
questions regarding WFT population genetics in the
French bean agroecosystem in Kenya. Therefore, we
focused on the following research questions:

(A) Are available microsatellites suitable for
Kenyan WFT populations and are they
sufficiently polymorphic for studies on WFT
population genetics in Kenya?

(B) Is there genetic structuring and how strong
is gene flow between Kenyan WFT popula-
tions?

(C) Do allelic frequencies vary in different
regions and on different host plant species?

Material and methods

Thrips were collected in August 2011 from sev-
eral host plant species, including crops, intercrops
and weeds growing within and around French bean
fields, in seven different field sites located in the
Rift Valley and Central regions of Kenya (Table 1).
The two regions were chosen, because they are
the main French bean production areas of Kenya.
Except the farm near Thika of more than 16 ha, all
other samples were collected on small-scale farms
(0.5-1.0 ha). Sampled farm fields were characterized
by fairly structured landscapes and are located
in the high-altitude zone (1900-2700 masl), except
Loitokitok and Thika, which are located in the mid-
altitude zone (1000-1800 masl) of Kenya. The main
crop on all farm fields was French bean, which is
grown throughout the year in rotation with other
vegetables such as sweet pepper (Capsicum annuum

L.) or zucchini (Cucurbita pepo L.) or side-by-side
with the latter crops and baby corn (Zea mays L.).

Thrips were collected from different host plants
(Table 1) and transferred to 90% ethanol. After
determination of morphological identity using a
microscope and the key from Moritz et al. (2004;
2013), specimens were stored at 6 °C in a fridge until
transport to Germany and further use. As an out-
group for tree building, WFT specimens from a long-
term lab reared colony at IPP in Hannover (Lower
Saxony, Germany) were used.

DNA of female individuals was extracted using a
modified protocol from Sunnucks and Hales (1996).
To test for possible cryptic species of Frankliniella,
a diagnostic PCR (Rugman-Jones et al., 2010)
was performed following the authors’ protocol
with minor modifications. To genotype individu-
als, six microsatellite primers (WFT02, WFTO03,
WEFT04, WFT05, WFT07, WFTO08) designed by Yang
et al. (2012a), that proved to be polymorphic and
could be scored unambiguously were used with
a modified protocol using Bioline Taq polymerase
(Bioline GmbH, Berlin, Germany) and tetramethyl-
ammonium chloride (Roth GmbH, Karlsruhe, Ger-
many) to increase PCR specificity (Chevet et al,,
1995). PCR products were then separated on an Ori-
gins gel electrophoresis system (Elchrom Scientific
AG, Cham, Switzerland) with precast Spreadex®
gels and visualized by ethidium bromide staining.
Bands were scored using the program Labimage 1
D (Kapelan Bio-Imaging GmbH, Leipzig, Germany)
and also checked by eye. Genetic differentiation
was analysed at three hierarchical levels using the
analysis of molecular variance (AMOVA) supplied
by the software Arlequin 3.5.1.3 (Excoffier and
Lischer, 2010) and significance was tested using
10100 non-parametric permutations (Excoffier et al.,
1992). Hierarchical levels included within popu-
lations, among populations within groups, and
several groupings (e.g. French bean vs. other plant
species, grouping according to geographic vicinity).
Also, pairwise Fst values and pairwise number of
migrants (Nm) were estimated using the Arlequin
software.

The program Micro-Checker 2.2.3 (Van Ooster-
hout et al., 2004) was used to search for null alleles,
allele dropout and scoring errors (95% confidence
interval). Allele frequencies, genetic diversity (mean
squared allele size differences among individuals
within samples averaged over samples), mean num-
ber of different alleles (number of alleles/number
of loci), number of private alleles (mean number
of alleles unique to a single population), observed
heterozygosity and expected heterozygosity (ge-
netic diversity, calculated as 1 minus the sum of
the squared gene frequencies) averaged over loci
were calculated using Genepop 4.2 (Rousset, 2008)
and GenAIEx 6.501 (Peakall and Smouse, 2012).

Downloaded from https://www.cambridge.org/core. Technische Informationsbibliothek, on 05 Feb 2018 at 12:38:24, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/51742758417000066


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S1742758417000066
https://www.cambridge.org/core

990000£ L¥8SLZYL1LS/L101°01/640"10p//:5d1Yy *swusy/2103/6.10 8bpLquied mmmy/:sdny

1e 3|qe|IeAR ‘BSN JO SWIS) 3407 abplquie) ayl 01 198[qNs “pz:8€:Z 1 18 8107 24 SO UO 3Y301|qIgSUORBWIONU] BYISIUYID] *2102/6.10 aBpLIquied mmm//:sd1y woly papeojumoq

Table 1. Collection sites with coordinates, altitude above sea level, diversity, expected and observed heterozygosity, and host plants of Frankliniella occidentalis
samples from Kenyan French bean production areas. While geographical distance between Morro & Subukia as well as between Malewa & Naivasha is less
than 2 km, distances between regions (except Hannover) range between 74 and 336 km. (n/a = not applicable)

Sampling Altitude  Host plant species within No. priv.
site Coordinates (masl)!  sampling site Plant family Diversity? alleles® Na* Ho® He® N’
Hannover  52°23"41.56” N 55 Phaseolus vulgaris L. Fabaceae 2.0713 1.17 3.33 0.294 0.512 10
9°42"16.94” E
Morro-1 0°0"11.08” N 2013 Phaseolus vulgaris Fabaceae 5.3929 0.50 3.33 0.353  0.488 12
36° 13" 36.87” E Galinsoga parviflora Cav. Asteraceae 1.5385 0.17 1.50 0.111 0.213 3
Sesbania sesban (L.) Merr. Fabaceae 1.0833 0.17 1.83 0.167 0.375 2
Morro-II 0°0’8.02” N 2016 Phaseolus vulgaris Fabaceae 1.2750 0.00 2.83 0.167  0.509 10
36°13"30” E Galinsoga parviflora Asteraceae 3.3333 0.00 1.67 0.333 0.271 2
Nicandra physaloides (L.) Solanaceae 2.1667 0.17 1.83 0.167  0.292 2
(Gaertn.)
Subukia 0°00" S 2015 Phaseolus vulgaris Fabaceae 3.6667 0.00 2.00 0.126 0.236 10
36° 13’ E
Malewa 0°39"46.08” S 1908 Phaseolus vulgaris Fabaceae 6.4063 0.00 2.50 0.110 0.408 8
36°23"7.29” E Galinsoga parviflora Asteraceae 4.000 0.00 1.33 0.167 0.167 2
Solanum tuberosum L. Solanaceae 2.5385 0.33 1.33 0.250 0.146 4
Solanum lycopersicum Solanaceae n/a 0.00 1.50 0.500 0.250 1
Naivasha  0°38"59.20” S 1903 Phaseolus vulgaris Fabaceae 1.0577 0.33 3.5 0.140 0.507 12
36°2310.03” E
Thika 1°0"23.25” S 1486 Phaseolus vulgaris Fabaceae 2.9009 0.17 417 0.186 0.548 22
37°7"59.59” E
Loitoktok ~ 2°44’50.13” S 1231 Amaranthus hybridus L. Amaranthaceae  n/a 0.00 1.67 0.167  0.083 1
37°3026.85” E
Total 227 0214 0334 101

lasl = above sea level; 2Genetic diversity; *No. priv. alleles = Number of private alleles; *“Na = Mean number of different alleles; >Ho = Observed heterozygosity;

®He = Expected heterozygosity; ’N = sample size.
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Table 2. Analysis of molecular variance (AMOVA) of Frankliniella occidentalis samples from Kenyan French bean
production areas (Hannover samples not included). Two groups were defined a priori using all samples from weeds and
intercrops as a group and all samples from French beans as a second group

Sum of Variance Percentage Fixation
Source of variation d.f. squares components of variation indices
Among groups 1 738.443 10.29145 12.07 0.12070*
Among populations 12 2448.652 11.31131 13.27 0.15087**
within groups
Within populations 168 10695.053 63.66103 74.66 0.25336***
Total 181 13882.148 85.26379

Significance tests (10100 permutations): *P = 0.02653; **P = 0.00030; ***P = 0.00693.

To identify first generation migrants of potential
source populations, we used the assignment test
as implemented in the program GeneClass2 (Piry
et al., 2004) between weed and bean populations
and within populations of the same host plant
type. Monte Carlo resampling was used by the test
procedure to compute the likelihood that a specific
genotype originates from other populations (1000
simulated individuals; exclusion threshold = 0.01)
(Paetkau et al., 2004).

For analysis of isolation by distance, Fst values
were transformed into Fsr/(1—Fsr) and regression
calculated with the natural logarithm of geograph-
ical distance in kilometres. The correlation between
the distance matrices was assessed using a Mantel
test with 1000 permutations as implemented in
Genepop (Rousset, 2008).

A tree was calculated using Nei’s genetic dis-
tance Do (Nei et al, 1983) and the Neighbor-
Joining algorithm (Saitou and Nei, 1987) provided
with the software Populations 1.2.32 (Langella,
1999). For tree building, populations of adjacent
locations were pooled (Morro: Morro-I, Morro-
II, and Subukia; Malewa: Malewa and Naivasha).
Loitokitok was omitted because the sample size was
too small.

Results and Discussion

A total of 101 WFT individuals from 15 locations
and seven host plant species were collected (Table 1).
To exclude effects of possible cryptic Frankliniella
species, all specimens were checked with a dia-
gnostic PCR (Rugman-Jones et al., 2010) with the
result of a~400 bp band, indicating that all Kenyan
and German individuals belonged to the western
flower thrips G genotype, which is widespread in
Africa and Europe (Rugman-Jones et al., 2010).

PCRs of all microsatellite loci gave fragments
that could be analysed unambiguously and all loci
proved to be polymorphic with an average of 2.27
alleles per locus (Table 1).

All markers showed highly significant deviation
from the Hardy-Weinberg Equilibrium (HWE) with

a deficiency of heterozygotes (P<0.001; multisample
score test; Raymond and Rousset, 1995). This result
could be attributed to population structuring (e.g.
by close association to host plants), but also the
effects of small sample size and null alleles cannot
be excluded. Micro-checker indicated that three loci
may have null alleles (WFT03, WFT04, WFT08) but
without large allele dropout or scoring errors (at 95%
confidence interval). Correcting for null alleles by
using adjusted allele frequencies in the subsequent
analyses (as calculated by Micro-Checker) failed
to change the results, and therefore, we present
uncorrected data.

The overall Fsr value of 0.253 is highly signi-
ficant (Table 2), indicating substantial population
differentiation. With an AMOVA, we tested sev-
eral groupings, but only by grouping weeds and
intercrops against French bean, at least 12% of the
detected genetic variation between groups could
be explained (Table 2), whereas other groupings
resulted in much higher explained variation within
but not between populations (data not shown). This
indicates a considerable population differentiation
between thrips populations found on French bean
and other plant species.

A Mantel test showed that there is a marginal
correlation between genetic and geographic distance
only between populations from weeds (Fig.1),
indicating negligible isolation by distance effects
between more distant populations. Among popu-
lations from French bean, no isolation by distance
could be detected. This is also supported by the
pairwise comparison of the number of migrants per
generation (Nm), which indicates little exchange
between populations (Table 3).

Using a neighbour-joining tree analysis with
pooled populations, WFT populations from P.
vulgaris plants (except the out-group) were grouped
in a distinct branch (Fig. 2) and weeds and intercrops
into a second one with moderate support by
bootstrap analysis. Within both branches, distinct
differences between populations on the same host
plant species but not between different regions were
found. These results indicate effects of host plants on
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Fig. 1. Scatterplots of pairwise Fsr/1-Fsr values and pairwise natural logarithms of geographical distance between
Kenyan WFT populations on beans (triangles and dashed line) and weeds/intercrops (circles and continuous line). The

Hannover population was not included.
Phaseolus/Hannover
- [ Weeds/Morro
Weeds/Malewa
Phaseolus/Malewa

nl:PhasequsfMorro
Phaseolus/Thika

Fig. 2. Neighbour joining tree using Nei’s D, genetic
distance (Nei et al., 1983) between Kenyan WFT pop-
ulations, which are pooled by vicinity and host plant
(Morro includes Morro-I, Morro- IT and Subukia; Malewa
includes Naivasha; Loitokitok is omitted). Numbers
indicate bootstrap support (1000 bootstrap replicates) for
branchings. The Hannover WFT population was used as
an out-group.

53

48

population differentiation with moderate bootstrap
support (Fig. 2).

These results are supported by an assignment
test, by which we tried to identify FO migrants
between populations. The assignment revealed no
migrants between French bean and weed /intercrop
populations, but two migrants within French bean
and seven migrants within weed/intercrop popu-

lations. Such host associations were also reported
in other studies and attributed to preference for
different host plant species (e.g. Baez ef al., 2011;
Nyasani et al., 2013; Cao et al., 2014), which is then
reflected in differences in genotype distribution,
leading to more specialized biotypes (e.g. Brunner
et al., 2004; Mirnezhad et al., 2012; Cao et al., 2014;
Nault et al., 2014). Doederlein and Sites (1993) found
host plant preferences of WFT in onion fields and
accompanying weeds changed with phenological
stage of the crop and other environmental factors
that induce plant stress (e.g. drought). But since
dispersal was not recorded and populations were
not genotyped, it is uncertain whether individuals of
the same or of different sub-populations contributed
to the observed preferences.

The genetic diversity in the Kenyan thrips
population seems to be rather low compared to
other studies on WFT (Brunner and Frey, 2010;
Yang et al., 2012a). This might be an effect of
the relatively small sample sizes (low individual
numbers correspond with lower diversity).

These preliminary results indicate that the in-
vestigated Kenyan WFT populations have little
exchange and show a genetic structure that could
lead to development of biotypes or host races in the
future. Geographical distance seemed to have no or
only little effect on population structure. With regard

Downloaded from https://www.cambridge.org/core. Technische Informationsbibliothek, on 05 Feb 2018 at 12:38:24, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/51742758417000066


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S1742758417000066
https://www.cambridge.org/core

990000£ L¥8SLZYL1LS/L101°01/640"10p//:5d1Yy *swusy/2103/6.10 8bpLquied mmmy/:sdny

18 9|ge|IeAR ‘BsN JO sWs) 840D abprquie) ayl 03 193[gns ‘YZ:8E:Z1 18 8107 ga4 SO UO “ay301|qIgSuonewIou] 3Ydsiuyda] "a403/6.10 a6pliquieds mmm//:sdiy woly papeojumod

Table 3. Matrix of the number of migrants between sites and crops (Nm; upper triangle) and pairwise Fsr values between each Kenyan western flower thrips
population (lower triangle) sampled on different plant species. Significant Fsr values are displayed in bold (P<0.05)

Subukia— Morro— Morro— Thika— Malewa— Naivasha— Morro- Morro- Morro— Malewa—
French II-French I-French French French French II-Chinese Morro— II-gallant Malewa— Loitokitok— I-gallant Malewa— gallant
bean bean bean bean  bean bean lantern I-Sesbania soldier tomato pigweed soldier potato  soldier

Subukia— - 1 1 1 1 1 1 1 1 0.3 0.4 0.4 0.5 0.3
French

bean

Morro-II- 0.319 - 4 6 5 2 3 2 4 1 1 1 3 1
French

bean

Morro-I- 0.368 0.105 - 3 4 2 3 2 3 1 1 3 17 1
French

bean

Thika— 0.275 0.075 0.142 - 2 2 2 2 3 1 1 1 3 1
French

bean

Malewa— 0.356 0.085 0.125  0.191 - 3 2 16 1 0.5 1 1 1 1
French

bean

Naivasha— 0.296 0.187 0.201 0.211 0.166 - 1 1 2 0.4 0.5 2 1 1
French

bean

Morro-II- 0.426 0.125 0.150 0.199 0.230 0.259 - 4 1 1 2 1 1 1
Chinese

lantern

Morro-I- 0.398 0.169 0217 0.247  0.030 0.397 0.111 - 3 2 7 1 1 1
Sesbania

Morro-II- 0.482 0.115 0.126 0.125 0.254 0.220 0.256 0.132 - 2 0.5 2 1 1
gallant

soldier

Malewa— 0.646 0.418 0463 0426  0.527 0.543 0.322 0.200 0.200 - 0.4 04 04 1
tomato

Loitokitok—  0.555 0.380 0431 0377 0.281 0.512 0.238 0.070 0.510 0.556 - 0.3 0.2 0.2
pigweed

Morro-I- 0.546 0.308 0.161 0.253  0.380 0.232 0.338 0.405 0.217 0.591 0.653 - 1 1
gallant

soldier

Malewa— 0.519 0.150 0.029 0.129  0.400 0.313 0.384 0.270 0.255 0.568 0.721 0.353 - 0.4
potato

Malewa— 0.603 0.383 0.333 0.370  0.522 0.436 0.362 0.402 0.455 0.253 0.690 0.462 0.571 -
gallant

soldier
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to plant protection strategies, the results suggest that
weeds may be rather unimportant as a source for
WEFT colonizing French bean compared to other crop
plants. The tested microsatellites gave promising
results even with small sample sizes, making this
study and the set of microsatellite markers a good
starting point for a more detailed analysis of
field dispersal and host plant specialization of F.
occidentalis in Kenya with extensive sampling and
further microsatellite markers, which are available
from Yang et al. (2012b).

Conclusion

WET is a serious pest of Kenyan French bean
production and the strong demand to develop new
plant protection strategies requires a sound under-
standing of WFT population genetics, e.g. in terms of
source habitats and population structure. The study
revealed for the first time that WFT populations
from weeds and intercrops are genetically different
to populations on French bean and seem to be
unimportant source habitats for WFT. Therefore,
IPM strategies based on intercropping need to be
reconsidered.
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