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Diversity assessment of vanilla (Vanilla species) in Kenya is a key strategy for germplasm 
conservation and improvement. Production of vanilla crop in Kenya is limited due to inadequate 
knowledge on genetic diversity. This study was carried out to characterize 76 vanilla accessions 
from five counties of Kenya using 14 microsatellite DNA markers. POPGENE version 1.32 was used 
to compute variety factors. Amplicons ranged between 1 and 4. A total of 27 (96.43%) alleles were 
observed and their number ranged from 1.00 to 2.00 with a mean of 1.93. Effective allele values 
ranged from 1.00 to 1.99 with a mean of 1.63. Gene diversity ranged from 0 to 0.50 with a mean of 
0.35, mean Shannon information index was 0.50 and Polymorphic information content values ranged 
from 0 to 0.38 with a mean of 0.35. Jaccard’s similarity coefficient ranged from 0.08 to 1.00 with an 
average of 0.54. Unrooted phylogenetic tree was constructed in DARwin 6.0.8 using Unweighted Pair 
Group Method with Arithmetic Mean, clustering the samples into 3 main clusters (A 99.6%, B 98.96% 
and C 100%) and 6 sub-clusters (A1, A2, B1, B2, B3 and C1). Vanilla accessions grown in Kenya have 
a broad genetic background but low genetic diversity. Results inform the need to introduce other 
vanilla species as sources of genetic variation for breeding. 
 
Key words: Genetic variation, DNA markers, breeding, Kenya. 

 
 
INTRODUCTION 
 
Vanilla (Vanilla species) belongs to the Orchidaceae 
family which comprises more than 25,000 species 
distributed in more than 800 genera (Govaerts et al., 
2006). Vanilla is native to tropical forests of 
southeastern Mesoamerica (Hagsater et al., 2005). In 
the nineteenth century, vanilla species were introduced 
into other tropical countries like Asia and Africa  from 

the original Mexican cultivated stock (Lubinsky and 
Risterucci, 2008). The crop was introduced in Kenya 
from neighbouring countries like Uganda. Vanilla is 
believed to have come from Madagascar and Reunion 
through Christian missionaries to Uganda (Mayawa, 
2001). According to Bory et al. (2008), Madagascar 
and  Reunion were the  leading  producers  of vanilla 
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since its introduction. In 2016, Madagascar, Reunion 
and Kenya produced 2,926, 2,304 and 15 tons year

-1
, 

respectively (FAO, 2016). 
Orchid species are grown for their flowers and 

vanilla is the only genus of the orchid family whose 
species produces a commercially important flavour 
(Stern and Judd, 1999). Stern and Judd (1999) studied 
the comparative vegetative anatomy and systematics of 
the species of vanilla and found that vegetative 
anatomical characters have some phylogenetic value. 
The basic chromosomal number of the vanilla genus is 
16 (x=16), however, Vanilla planifolia, Vanilla pompona 
and Vanilla tahitensis are diploid with 2n=32 (Hurel-
py, 1938; Purseglove et al., 1981). 

Vanilla flavour is the second most expensive spice 
traded in the world market after saffron (Minoo et al., 
2008). According to Oyugi (2018), vanilla crop has a 
huge monetary value. The crop can fetch a farmer as 
much as KES. 16,000 or more per vine if managed 
well (Oyugi, 2018). The high monetary value is on 
account of crop’s many uses that include flavouring 
food, drinks, soaps, ointments, perfumes and cosmetics. 
A vine of vanilla can bear up to 80 beans. One vanilla 
bean measuring 10 to 12 cm long can fetch KES. 200 
and a hectare can accommodate over 200 vines (Oyugi, 
2018). Vanilla venture can act as a source of income to 
farmers and earn the country foreign exchange. 

According to Shabbir (2018), vanilla crop is well grown 
in other countries such as Uganda, Comoros and 
Madagascar in both small and large scale. Most parts of 
Kenya have favourable climatic conditions for cultivating 
vanilla crop and there is both local and export markets 
ready upon its maturity. The major markets for vanilla 
beans include European countries and United States 
(Shabbir, 2018). 

V. planifolia Andrews (syn. V. fragrans), V. tahitensis 
and V. pompona Scheide are commercially cultivated 
species for the production of natural vanilla flavour (Rao 
and Ravishankar, 2000). Natural vanilla flavour is made 
up of a large number of aromatic compounds with 
sweet fragrances (Sharp et al., 2012). Natural vanilla 
flavour is obtained as an extract from cured vanilla 
beans and is universally used as aromatic flavouring in 
food, beverages, pharmaceutical and cosmetic industries 
(Verpoorte and Korthou, 2007; Kaur and Chakraborty, 
2013). Vanillin flavour is found to have antimutagenic, 
anticarcinogenic and antimicrobial properties. The 
antimutagenic property has ability to reduce chromosomal 
damage caused by X-ray and ultraviolet (UV) light 
(Keshava et al., 1998). Anticarcinogenic property have 
effects in a family of DNA-PK inhibitors (Duran and 
Karran, 2003) while antimicrobial property acts against 
the yeasts (Fitzgerald et al., 2003). 

Limited knowledge on genetic diversity is the major 
bottleneck in wider breeding programmes, hybridization 
and dissemination of vanilla crop in Kenya because 
of  unavailability  of  quality  vanilla  planting  materials  
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despite the fact that most parts of Kenya have 
favourable climatic conditions for cultivating vanilla 
crop (Shabbir, 2018). In most cases, when vanilla 
plant vines are transported from one agro-ecological 
zone to another they end up drying. A few vanilla vines 
may adapt to the new environment. According to Oyugi 
(2018), vanilla is one of the orphaned crops in Kenya 
and no information has been documented on available 
vanilla accessions found in Kenya. Studies of genetic 
variation in crop species is an important tool for 
germplasm conservation and crop improvement (Mason 
et al., 2015). It was necessary to assess the extent of 
diversity in vanilla accessions found in Kenya. The 
information will form a base for future vanilla crop 
improvement programmes. The objective of the 
present study was to determine the genetic diversity 
among vanilla accessions from selected counties of 
Kenya using simple sequence repeat markers. 
 
 
MATERIALS AND METHODS  
 
Experimental site 
 

A total of 76 vanilla accessions were collected in-situ from five 
different agro-ecological zones in Kenya; Bungoma county 
(Latitude 0° 45’ 16.799” N and Longitude 34° 30’09.270”E), 
Busia county (Latitude 0° 47’ 11.113” N and Longitude 34° 24’ 
26.339”E), Kwale county (Latitude 4° 09’ 58.223” S and Longitude 
39° 34’ 18.127”E), Kilifi county (Latitude 4°16’ 53” S and Longitude 
39° 44’ 41.306”E) and Mombasa county (Latitude 4° 02’ 12.7608”S 
and Longitude 39° 40’10.4556”E) (Figure 1). Genotyping was done 
in the Marker Assisted Breeding Laboratory at KALRO-FCRI, Njoro 
in Nakuru county. 
 
 

Plant accessions collection 
 

Purposive network sampling method was done in-situ due to 
the fewer number of vanilla farmers in Kenya. Global Positioning 
System (GPS) data was taken in each county of the study. Young 
vanilla leaves were sampled based on morphological distinction of 
the crops and stored in labelled falcon tubes containing silica gel 
(Xtrack) for DNA extraction. Plants with similar features growing 
in ecologically distinct county were assumed to be different; such 
plants were sampled and used in the analysis. All plant materials 
sampled were coded with slight modifications as previously 
described by Oyoo et al. (2015).  

Coding modifications according to the description of Oyoo et al. 
(2015), involved reflection of the county and the number of 
accessions collected. Example; ‘BGM 1, BGM 2, BGM 3…...BGM 8’. 
 
 

Total nucleic acid extraction 
 

Total DNA was extracted from dried young plant leaf samples 
using CTAB protocol according to Ibrahim (2011), with slight 
modifications. Modifications to Ibrahim (2011), involved 
introduction of a preliminary cleaning stage to remove phytates, 
increased centrifugation time for initial stages, this ensured that 
cell debris and the proteins were well decanted and hence 
minimized contamination. Final centrifugation time was reduced in 
final precipitation and washing stages to avoid pelleting of 
carryover  impurities.  Also,  precipitation  time  was increased from  
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Figure 1. Map of the experimental site. 



 
 
 
 
the reported 3 min to 18 h of Ibrahim (2011). This allowed ample 
time for DNA to precipitate and increased the concentration of DNA 
recovered. 
 
 
DNA Quantification 
 
The purity and concentration of DNA samples were determined 
using Nanodrop spectrophotometry and Agarose gel 
electrophoresis. DNA samples were run in a 1% agarose gel 
containing Ethidium bromide staining dye at voltage of 100 V and a 
current of 400 mA for 30 min and visualized on a UV Trans 
illuminator. 
 
 
Selection of SSR markers and PCR genotyping 
 
A total of 14 sets of SSR markers (Table 1) selected from earlier 
publications according to Bory et al. (2008), were amplified using 
PCR process. The SSR markers were selected based on 
coverage and distribution in all the linkage groups, high PIC 
values (>0.6) and maximum number of alleles detected. The 
primers for SSR were synthesized by Inqaba Biotech, South 
Africa. 

Polymerase chain reaction (PCR) was done in a 96 universal 
gradient, 2720 thermal cycler (Applied Biosystems) in 20 µl final 
volume containing DNA template (20 ng) 2.0 μl, primer forward 
(10 μmol/L) 0.5 μl, primer reverse (10 μmol/L) 0.5 μl, 10x PCR 
buffer 2.0 μl, 10 mM dNTPs (2.5 mM each) 1.6 μl, MgCl2 (2.5 mM) 

1.2 μl, Taq DNA polymerase (HiMedia) (5 U/μl) 0.25 U (0.05 μl) 
and dd H2O 12.15 μl. The amplification conditions for PCR 

profile were initial denaturation at 95°C for 5 min, 35 cycles of 
95°C for 30 s, specific annealing temperature for each SSR 
primer for 1 min, extension at 72°C for 2 min and final extension at 
72°C for 10 min and infinite time at 4°C for storage. The PCR 
amplicons were mixed with 5 μl bromophenol blue DNA loading 
dye and run in a 2% agarose gel containing 3 μl ethidium 
bromide staining dye in a 1x Sodium Borate (SB) buffer at voltage 
of 80 V and a current of 400 mA for 1 h and visualized in a UV 
trans illuminator. 

 
 
Scoring of the markers 
 

Scoring of marker alleles of SSRs was done manually from the gel 
images. A simple numerical scoring method was used where 1 was 
used to represent presence of the expected band while 0 was used 
to represent absence of the band. 

 
 
Phylogenetic analysis 
 
The utility of markers was quantified in terms of number of 
amplicons per primer, percent polymorphism, polymorphic 
information content (PIC). [The PIC values of individual primers 
were calculated based on the formula PIC = 2 × F (1- F), where F is 
the frequency of the bands]. 

Genetic variation at each locus was characterized in terms of the 
number of alleles, observed heterozygosity (HO), expected 
heterozygosity (HE), Shannon's diversity index (I), gene flow 
(Nm), and gene differentiation coefficient (Gst) using the genetic 
analysis packages POPGENE Version 1.32 (Yeh, 2000). Gene 
diversity (GD) and polymorphic information content (PIC) were 
measured by calculating the shared allele frequencies (Weir, 1996) 
using PowerMarker 3.25 (Liu and Muse, 2005). 

Nei’s gene diversity (Nei, 1973) for the whole sample (Ht) was 
calculated to estimate the genetic  diversity  across  the  counties  
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while genetic diversity within the populations (Hs) was used to 
determine diversity within counties. The proportion of genetic 
diversity among populations (Gst =1-(HS/Ht)) was also calculated 
for each primer combination and for all the primers. These 
estimates were partitioned into respective county population groups 
using the POPGENE software package Version 1.32. 

Phylogenetic analysis was carried out to estimate evolutionary 
relationships among the vanilla accessions. All phylogenetic 
analyses were done in DARwin 6.0.8 using binary data from the 
gel image marker scores. Single data dissimilarity was 
calculated, and factorial coordinates calculated from the resulting 
dissimilarity data used to determine segregation of individual 
samples. Unrooted phylogenetic tree was constructed using 
Unweighted Pair Group Method with Arithmetic Mean (UPGMA) 
agglomerative hierarchical clustering method (Sokal and Michener, 
1958) from distance matrices based on genetic distances. 

 
 
RESULTS AND DISCUSSION 
 

Quality and quantity of DNA 
 

The quality and quantity of the isolated DNA was good 
for PCR. Sample DNA concentrations ranged from 62.5 
to 3421.7 ng/µl while sample purity was between 1.71 
and 2.09. All the primers produced expected product 
sizes. Some samples showed no bands (indicating 
absence of the target loci), one band (scored as 
homozygous at the amplified loci) while others are 
multiple bands (scored as heterozygous at the amplified 
loci). Representative gel images are as shown in Figure 
2. 
 
 
Polymorphism of the markers 
 

Fourteen SSR primers used in the study resulted in 
amplified fragments which varied in size from 100 to 
500 bp (Figure 2). The utility of markers was quantified 
in terms of observed number of alleles, effective 
alleles, gene diversity and Shannon's Information index 
(Kimura and Crow, 1964). Number of amplicons per 
primers ranged from 1 to 4 with only one marker 
giving one allele (mVplCIR031).  A total of effective 
alleles were 22.76 and the number of alleles per 
primer ranged from 1.00 to 1.99 with a mean of 
1.63. Observed number of alleles was 27 while number 
per primer ranged from 1 to 2 with a mean of 1.93. 
Based on the results, the effective number of alleles 
was lower than the observed number of alleles (Table 
2) showing strong geographic differentiation in the 
population informing that the observed genetic diversity 
was mainly due to geography than the original evolution. 

Gene diversity indices ranged from 0 to 0.50 while 
mean Shannon information index was 0.5 which 
suggested that the vanilla accessions studied had less 
genetic diversity. This finding shows that vanilla 
generally has a narrow genetic background as supported 
by the findings in India (Sreedhar et al., 2007), Mexico 
(Besse et al.,  2004;  Soto,  1996),  and  Reunion Island
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Table 1. List of primer sequences of 14 microsatellite loci in the vanilla orchid (F- forward primer and R - reverse 
primer) 
 

SSR locus Primer sequences Clone size (bp) Annealing T (°C) 

mVplCIR002 
F-TGGATGTGCATTTGTG 

222 53 - 60 
R-CGCATTCATTCACTTGT 

    

mVplCIR003 
F-TATAGATGCACACGAGC 

349 53 - 60 
R- TCACATCCCTACATGC 

    

mVplCIR005 
F-TTTGCTTGAACGTATGTC 

259 53 - 60 
R- GCAAACATAGAAATGCAC 

    

mVplCIR010 
F-GCACATAAATACCTTACACC 

346 53 - 60 
R- GTTCACGTCAGTGTGCT 

    

mVplCIR015 
F-AGTGTCTTTGTGTGCCT 

280 53 - 60 
R-TAGATAGTAAACCCATACTCAC 

    

mVplCIR016 
F- TATGTGTGAGAGGGTGC 

320 53 - 60 
R- CAATTAGTCACATCCATAAAC 

    

mVplCIR019 
F- AAGTGCCCAATCTATC 

222 53 - 60 
R-TGGATTCACCATGAC 

    

mVplCIR022 
F-CAAAACACAAGGAAATGC 

197 53 - 60 
R-TGCAAGCCCACAAGT 

    

mVplCIR025 
F-GTGTAGCGGTTCATACAA 

231 53 - 60 
R-CATTCATGGAAGTGGAG 

    

mVplCIR026 
F-GCACATACATGCTTATTG 

223 53 - 60 
R-CATGTTCTTATTTGAGTGG 

    

mVplCIR028 
F-AACATGCACAAGAAAG 

190 53 - 60 
R-TTTATGCACCTTGTTAG 

    

mVplCIR031 
F--ATTTCCTCCCTCACTGTA 

346 53 - 60 
R-AATCTCAGGTGCTATTGG 

    

mVplCIR047 
F-CATGCTTACATCTTTGTGTT 

301 53 - 60 
R-TAATGGACATGCACACTC 

    

mVplCIR050 
F-CTATGTGCGCTTTGG 

224 53 - 60 
R-CACTCAAGAACATGCAAC 

 

Bory et al. (2008). 

 
 
 
(Cibrian, 1999) who worked in different regions with 
different technologies and found the results within the 
same range. Polymorphic information content of the 
markers ranged from 0 (mVplCIR031) to 0.375 
(mVplCIR025).  The  primer  with  0  PIC  value  was 

monomorphic showing that it lacked the ability to 
differentiate between the accessions while the primer 
with the highest PIC had the highest resolution. This is 
an indication that the markers used revealed little 
polymorphisms between the accessions. 
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Figure 2. Representative gel images of L- Ladder (100bp), single and multiple bands of primers (mVplCIR010, mVplCIR025 
respective), (1 - 8 Bungoma), (9 - 25 Busia), (26 - 38 Mombasa) test samples. 

 
 
 

Table 2. Summary statistics of genetic diversity indices of vanilla accessions studied in five counties in Kenya. 
 

Locus Sample size na* ne* h* I* PIC m 

mVplCIR002 76 2.000 1.877 0.467 0.660 0.364 0.605 

mVplCIR003 76 2.000 1.084 0.077 0.169 0.135 0.921 

mVplCIR005 76 2.000 1.980 0.495 0.688 0.333 0.697 

mVplCIR010 76 2.000 1.685 0.406 0.596 0.375 0.513 

mVplCIR015 76 2.000 1.857 0.462 0.654 0.366 0.592 

mVplCIR016 76 2.000 1.400 0.286 0.460 0.339 0.684 

mVplCIR019 76 2.000 1.929 0.482 0.675 0.353 0.645 

mVplCIR022 76 2.000 1.944 0.486 0.679 0.349 0.658 

mVplCIR025 76 2.000 1.707 0.414 0.605 0.375 0.500 

mVplCIR026 76 2.000 1.442 0.306 0.485 0.349 0.658 

mVplCIR028 76 2.000 1.995 0.499 0.692 0.320 0.724 

mVplCIR031 76 1.000 1.000 0.000 0.000 0.000 1.000 

mVplCIR047 76 2.000 1.178 0.151 0.284 0.231 0.842 

mVplCIR050 76 2.000 1.685 0.406 0.596 0.375 0.513 

Mean 76 1.929 1.626 0.353 0.517 0.350 0.638 
 

*na = Observed number of alleles, *ne = Effective number of alleles (Kimura and Crow, 1964), *h = gene diversity (Nei's, 
1973), *I = Shannon's Information index (Lewontin, 1972), PIC = Polymorphic Information content, m = Major allele frequency. 

 
 
 
A total of 27 (96.43%) alleles were identified and out of 
the 14 markers used in this study, 13 markers were 
polymorphic while one (mVplCIR031) monomorphic. 
This indicated that alleles with high frequencies 
contributed more to the effective number of alleles in 
this study. This frequency is higher than that reported 
by Gigant (2011), who observed 57.83% alleles using 
19 similar primers in Comoros Island. This may be 
due to the large sampling area used in the present 
study and that perhaps the study used more effective 
sample collection strategies. Besse et al. (2004) identified 
76.3% alleles  using  RAPD  markers  in  Mexico. This 

shows that SSR markers have better resolution of 
distinguishing vanilla accessions than RAPDs. However, 
the polymorphic alleles identified in this study are 
significantly lower compared to the findings of Hu et 
al. (2019), who used SNP markers. SNP markers are 
generally more effective than SSR markers. mVplCIR031 
was the most frequently observed allele 1.0 while 
mVplCIR025 was the least frequently observed marker 
because it had 0.5 chance of being observed as 
shown in Table 2. This shows that marker mVplCIR031 
showed the least variation among the accessions studied 
while marker mVplCIR025 was the most variable. 
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Table 3. Nei’s gene diversity indices for subdividing the populations. 
 

Locus Ht Hs Gst Nm* 

mVplCIR002 0.477 0.015 0.969 0.016 

mVplCIR003 0.105 0.087 0.164 2.547 

mVplCIR005 0.470 0.042 0.912 0.049 

mVplCIR010 0.424 0.100 0.765 0.154 

mVplCIR015 0.491 0.187 0.620 0.307 

mVplCIR016 0.303 0.059 0.806 0.121 

mVplCIR019 0.480 0.189 0.607 0.324 

mVplCIR022 0.500 0.147 0.705 0.209 

mVplCIR025 0.440 0.200 0.545 0.417 

mVplCIR026 0.361 0.089 0.753 0.164 

mVplCIR028 0.461 0.087 0.810 0.117 

mVplCIR031 0.000 0.000 *** *** 

mVplCIR047 0.177 0.140 0.209 1.887 

mVplCIR050 0.436 0.156 0.642 0.279 

Mean 0.366 0.107 0.708 0.207 

St. Dev 0.026 0.004 - - 
 

Ht=whole sample, Hs=within populations, Gst=degree of differentiation among populations, Nm* = estimate of gene flow 
from Gst. 

 
 
 

Gene diversity 
 
The average estimated haplotype diversity in the entire 
population (Ht= 0.37) was higher than the weighted 
average of estimated haplotype diversities in the 
subpopulations (Hs=0.11) and the differentiation among 
populations was high (Gst=0.71). The highest Ht was 
observed at locus mVplCIR022 (Ht=0.50) indicating 
that this was the most polymorphic and most 
informative locus within the population. The lowest 
haplotype diversity in the population was observed at 
locus mVplCIR031 (Ht=0.00) showing that this locus was 
monomorphic, and no diversity information could be 
deduced from it. All the other loci showed varied levels 
of genetic diversity ranging from 0.11 to 0.5 (Table 3). 

There was low genetic diversity within subpopulations 
(Hs), and it ranged from 0.00 to 0.19. The highest 
diversity within subpopulations was at locus 
mVplCIR019 (Hs = 0.19) indicating that this locus had 
the highest resolution in segregating vanilla accessions 
from different counties and lowest at locus mVplCIR031 
(Hs= 0.00) showing that this locus was not able to 
differentiate vanilla accessions based on the counties of 
origin (Table 3). 

In the present study, the mean differentiation among 
populations was high (Gst =0.71). The highest Gst was 
recorded at locus mVplCIR002 (Gst = 0.97) while no Gst 
was calculated for locus mVplCIR031 because the 
primer was monomorphic and therefore had zero Hs 
and Ht values. Mean estimated gene flow was high for 
this study (Nm = 0.21). The highest Nm was recorded 
at locus mVplCIR003 (Nm = 2.56) while no gene flow 
was estimates at locus mVplCIR031 because of  nil Gst 

value (Table 3). 
In autogamous plant species, efficient gene dispersion 

is ensured by seeds while pollen is the source of gene 
diversity in allogamous species (Nybom, 2004). As 
such, populations of autogamous species are more 
strongly differentiated, but less variable than populations 
from allogamous species which are less differentiated 
but are more variable (Nybom, 2004). In our study, the 
calculated GST value in Kenyan Vanilla spp. (0.71) was 
higher than that reported by Gigant (2011) in 
Guadalupe for autogamous Vanilla spp. such as Vanilla 
humblotii (Gst = 0.520), Vanilla barbellata (Gst = 
0.558) and Vanilla claviculata (GST = 0.623). The 
strong differentiation but less variability is characteristic 
of self-fertilized plants as is often in vanilla which exhibit 
genetic variability among populations rather than within, 
with high GST and low Hs (Nybom, 2004). Results 
presented herein, therefore confirmed autogamy as the 
major mating system in Vanilla spp. in Kenya. The high 
estimated gene flow (Nm = 0.21) observed in this study 
can therefore be explained to be as a result of inbreeding. 
This was demonstrated by Campagne et al. (2012) in 
Vanilla mexicana populations using reproductive 
biology experiments. This shows that vanilla accessions 
in Kenya have a small genetic diversity due to constant 
inbreeding and informs the need to introduce new 
cultivars to as sources of genetic variation for breeding 
and hybridization purposes. 
 
 
Genetic of vanilla between distance counties 
 
The   highest   genetic   distance   and   lowest  genetic



Simiyu et al.           743 
 
 
 

Table 4. Nei's genetic identity (above diagonal) and genetic distance (below diagonal). 
 

County Bungoma Busia Mombasa Kwale Kilifi 

Bungoma *** 0.937 0.501 0.464 0.775 

Busia 0.065 *** 0.510 0.576 0.712 

Mombasa 0.691 0.673 *** 0.751 0.673 

Kwale 0.769 0.552 0.286 *** 0.459 

Kilifi 0.254 0.340 0.397 0.780 *** 

 
 
 

Table 5. Analysis of molecular variance (AMOVA) for the 76 vanilla accessions from 5 select counties of Kenya. 
 

Source Df SS MS F >F 

Among groups 4 17.196 4.299 307.07 0.000 

Within groups 71 0.962 0.014 - - 

Total 75 18.158 - - - 
 

SS = sum of squares, MS = expected mean squares, F = F-statistics, >F = Significance level. 
 
 
 
similarity were recorded between Kwale and Kilifi 
counties (0.78, 0.46) while the lowest genetic distance 
and highest genetic similarity were between Busia and 
Bungoma (0.07, 0.94). Vanilla accessions in Busia and 
Bungoma showed 94% identity showing that they are 
very close genetically and could have shared a common 
source since the counties border each other closely while 
accessions collected from Kilifi showed the least 
similarity to those from Kwale at 46% identity (Table 4). 

Analysis of molecular variance (AMOVA) was used to 
partition among and within the genetic variation of the 
vanilla accessions. A total of 94.714% of the variation 
was observed among the accessions that were 
produced within the counties while the variation 
revealed within populations was 5.29% (Table 5) 
indicating that Vanilla spp. grown in Kenya has very little 
diversity and some variations observed may be due to 
microclimatic conditions. 
 
 
Factorial analysis 
 
Factor analysis was used to describe variability among 
the vanilla accessions and group them into clusters. 
The accessions were segregated into three distinct 
groups A, B and C according to their county of origin 
(Bungoma and Busia ‘A’, Kwale and Mombasa ‘B’ and 
Kilifi ‘C’). Accessions from Busia and Bungoma counties 
were aggregated together (A) into indistinct group 
showing that vanilla species in these areas are closely 
genetically related. Cluster B was the most inclusive 
containing accessions from Mombasa and Kwale 
indicating that vanilla accessions in these counties 
have similar genetic makeups perhaps due to the same 
original sources. However, some accessions from Busia 
county were closely related to accessions from Mombasa 

and Kwale, moreover, they were found at the 
intersection of the two clusters A and B. This may be 
attributed to the fact that the accessions may have been 
transported by farmers or researchers to these counties. 
Accessions from Kilifi county segregated on their own 
showing that they were genetically distinct from other 
counties as shown in Figure 3. 
 
 
Phylogenetic trees 
 
The primers used clustered the samples into 3 main 
clusters (A, B and C) according to the county of origin 
and 6 sub-clusters (A1, A2, B1, B2, B3 and C1) as 
shown in Figure 4. Most accessions within a sub-
cluster were probably duplicates, meaning they were 
genetically identical. The genetic closeness of vanilla 
accessions may result from asexual reproduction which 
is the most common mode of propagation and 
geographical locations closeness. This observation is 
supported by Divakaran (2006), who observed that 
clonal propagation of vanilla limits the genetic variability 
in the crop especially in countries where the crop was 
introduced. Low genetic diversity may also occur 
because of successful establishment of a few well 
adapted genotypes which are rapidly propagated despite 
multiple introductions (Li et al., 2006). 

Cluster A comprised accessions from Bungoma (A1) 
and Busia (A2) counties. These were the accessions 
with the least diversity with average of 99.6% similarity 
index. Vanilla accessions from Mombasa, Kwale and a 
few from Busia (B1, B2 and B3) clustered together in 
cluster B and showed some level of diversity among 
the accessions ranging from 98.96 to 100% while 
vanilla accessions from Kilifi clustered on its own as C 
with 100%  similarity  index.  The  Jaccard’s similarity
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Figure 3. Factorial plot showing variability among the vanilla accessions, BGM-Bungoma, BSA-Busia, MSA-Mombasa, KWL-Kwale, 
KLF-Kilifi. 

 
 
 
coefficient ranged from 0.083 to 1.00 with an average 
of 0.54 among all the 76 accessions used. The genetic 
relationship among the accessions was presented in 
the dendrogram which was constructed from the gel 
marker. 
 
 
CONCLUSION AND RECOMMENDATION 
 
Little information has been documented on vanilla crops 
in Kenya. This is the first study that used microsatellites 
to characterize vanilla species grown in Kenya. The study 
established that germplasm grown in the five counties 
of Kenya have low genetic diversity. The SSR analysis 
used in this study allowed delineation of vanilla 
accessions and provided a good detail of variations 
among the vanilla accessions indicating that SSR 
markers are suitable for characterizing germplasm and 
studying population genetics of vanilla species in Kenya. 

Molecular characterization of vanilla species from 
select counties of Kenya showed that autogamy was the 

main system of reproduction. This is an important step for 
vanilla breeding programmes in Kenya. The study also 
lays the basis for use of more advanced molecular 
platforms such as genome wide sequencing in order to 
establish more diversity in cultivated vanilla accessions 
in Kenya. 
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