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ABSTRACT

Vanilla production can be a source of income to the farmers in Kenya. In-vitro regeneration is
a rapid mass multiplication of quality plantlets; however, this technology has not been
exploited at large scale for vanilla production in Kenya. Morphological and genetic diversity
is an important tool for crop improvement. Production of vanilla in Kenya is partly limited due
to inadequate knowledge on vanilla diversity. The objectives of the study were to (i) determine
the effect of kinetin (KN) and indole-3-acetic acid (IAA) concentration levels on stem nodal
segments of vanilla in Kenya, (ii) characterize vanilla accessions in Kenya using phenotypic
traits (iii) characterize vanilla accessions in Kenya using microsatellite DNA markers. Shooting
and rooting were established using 0, 0.4, 0.8, 1.2, 1.6, 2.0 mg L"* concentration levels of KN
and IAA on stem nodal segments of vanilla. In-vitro treatments were laid in Completely
Randomized Design with five replications. Data were collected on plants with shoots, shoots
per plant, number of leaves, number of nodes, shoot length, number of plants with roots, roots
per plant, root length, dead plants, dormant plants and contaminated media. Data was subjected
to analysis of variance at p < 0.05 level of significance using general linear model procedure
of SAS version 9.1. Means were separated by Tukeys’ Honestly Significant Difference Test at
5%. Phenotypic traits were used to estimate the level of accessions variation. POPGENE
version 1.32 was used to compute the genetic parameter, while Powermarker version 3.25 was
used to determine molecular variance. Treatment with kinetin at 1.2 mg L resulted in superior
number of plants with shoots (4.2+0.2), shoots per plant (2.6+0.4), number of nodes (2.4+0.4)
and shoot length (11.0+0.6cm). IAA 2.0mgL " resulted in the longest root length (4.6+0.6 cm).
Cluster analysis for qualitative traits grouped accessions into two major clusters and five sub-
clusters based on the county of origin. Cluster analysis for quantitative traits grouped
accessions into three groups. Amplicons ranged from 1 and 4 with 27 (96.43%) alleles being
observed. Effective alleles mean was 1.63. Gene diversity mean was 0.35, while the mean
shannon information index and polymorphic information (PIC) content values were 0.5 and
0.35, respectively. The highest PIC recorded was 0.375. Kinetin at 1.2mgL" and IAA at
2.0mgLt were considered the best treatments for rapid mass multiplication of vanilla and can
be used at large scale production. Phenotypic traits failed to group vanilla accessions into
respective counties. Genetic markers failed to reveal high polymorphism

among the studied vanilla accessions.

Vi



TABLE OF CONTENTS

DECLARATION AND RECOMMENDATION ....cciiiiiiieiie e ii
(L@ ] =4 1€ I SRR i
()] =0 1 [ @ B 1 PSSR iv
ACKNOWLEDGEMENTS ..ottt sttt Y
ABSTRACT ..ttt bbb bR e bt R ettt Ee bttt neans Vi
LIST OF FIGURES ...ttt sttt e e snae e e e e nneeas Xii
LIST OF TABLES ... oottt et e e et e e e e e nne e e ennes Xiii
LIST OF ABBREVIATIONS ...t Xiv
CHAPTER ONE ...ttt sttt te st st saenenneneas 1
INTRODUCTION. .. .ottt ettt s bt e s sbe st et eseabeseeneasense e 1
1.1 Background iNfOrMAtioN ...........coveiiiiieiiese et e e ne e 1
1.2 Statement OF the ProDIEM ..........oiiie et 4
1.3 ODJECTIVES ...ttt bbb bbbt b bbbt n e 4
1.3.1 GENEral ODJECLIVE ....ccvveiiee et ra e 4
1.3.2 SPECITIC ODJECLIVES ...ttt te e e s e e te e esraenreaneens 4
LA HYPOTNESES ...ttt bbbttt bbbttt 5
1.5 JUSHITICAtION OF The STUAY .....ooviiiieic e 5
1.6 A SCOPE AN HMITALIONS ......veivieiieeiie st be e e sbe e e e nreeanee 5
CHAPTER TWO ..ottt sttt e st e neenenteneas 7
LITERATURE REVIEW ...ttt entne e e nne 7
2.1 Origin and distribution of vanilla SPECIES ...........ccciiiiiiiiiieiee e 7
2.2 Botany of Vanilla SPECIES ......ccviiiiieiii e 7
2.3 Genetics Of VAaNIla SPECIES.........coveiiieiceece e 8
2.4 Natural vanillin CONTENT ANG USES ........ciiiieiieiiiiesie sttt nre s 8
2.5 Vanilla SPecies ProPaAgALION ..........ccviiririeieite ettt sttt sb b b e 9
2.5.1 Diseases affecting vanilla SPECIES ........cciviiiiiiiiieiie e 9
2.5.2 Pests affecting Vanilla SPECIES.......c.uiiiiiiiiie e 10
2.6 Vanilla production and market trend in Kenya and worldwide..............cccoovevviiiiieieennns 10
2.6.1 Export of vanilla from KENYa ........cccooiiiiiiiiiiiiee e 12
2.6.2 The import trend of vanillin in KeNya ... 12
2.7 Conventional propagation technique and its limitations...........ccccocvvieeiiiiic e, 13

vii



2.7.1 Micropropagation of vanilla SPECIES ..........ccceviiiiiiiiieeee e 13

2.7.2 In-vitro regeneration protocol of vanilla SPeCIes ..........ccovririiiiiiiceee, 14
2.8 Morphological characterization of vanilla SPECIES .........cccovveiiiiiiiiiece e, 15
2.9 Genetic characterization of vanilla SPECIES........c.ccveiiiiiiieiice e 15
2.9.1 Use of Simple Sequence Repeats (SSRs) marker in plant improvement........................ 16
2.9.2 Use of Inter Simple Sequence Repeats (ISSR) in plant improvement..............cccccecvenee.. 17
2.9.3 Application of Random Amplified Polymorphic DNA (RAPDs) in plant biodiversity

SEUAIES ettt ettt b e bbb e et e 18
2.9.4 Using Restriction Fragment Length Polymorphism (RFLPSs) in plant improvement.....18
2.9.5 Amplified Fragment Length Polymorphism (AFLPS) in plant improvement ................ 19
CHAPTER THREE ...ttt ettt ne e 21
OPTIMIZING In-vitro REGENERATION PROTOCOL FOR VANILLA (Vanilla spp.)
INTKKEINY A ettt bbbt bbbt e Rt b e b e b e et et e st e bt nbe e eseabe s eneerens 21
AADSTTACT ... bbbt bbbttt bbb e nre s 21
20 A 115 oo [ od o] o PSR 22
3.2 Materials and MENOUS ........ccuiiiiiie ettt anee s 24
3.2.1 Plant materials sampling and Experimental Site ..........ccccccovvviiiiieiiievi e, 24
3.2.2 Surface and equipment SteriliZation...........cccoooeiiiii i 24
3. 2.3 EX-Plants COBCTION ....c.ooeieiiiiiieseee e 25
3.2.4 Ex-plants surface Sterilization...........ccooiiiiiiieieieee e 25
3.2.5 Nutrient media COMPOSITION........ciiiiiiiiic e sre e sae e anne s 26
3.2.6 Preparation of nutrient media and sterilization............ccccccoovveiieie i, 26
3.2.7 In-vitro conditions and INOCUIALION...........cceiiiieiiee e 26
3.2.8 MUltiplications O SNOOTS...........oiiiiiiee e 27
3.2.9 Experimental design, layout and data colleCtion .............ccceoveiiii i, 27
3.3 DAtA ANAIYSIS ..ottt et et a et e re e e araenre e 28
3.4 ReSUIES aN0 QISCUSSTON ...ttt bbbttt bbb 29
3.4.1 Number of plants With SHOOTS ...........cooiiiiiiiie e, 30
3.4.2 Number of ShOOtS PEr PIANT.........coiviiiie e 31
3. 4.3 NUMDEE OF IEAVES ...ttt ettt sb et sbe et anee s 32
3.4.4 NUMDEE OF NOUES......ccuiiiieie ettt bbb 33
3.4.5 SNOOT IENGLN ... 34
3.4.6 ROOUING OF SNOOLS ...ttt sre e enee s 35

viii



3.4.7 Number of plants With FOOTS ..........cceiiiiiiiiiiee e, 36

3.4.8 Number Of roots Per PIANT........cooiiie e 37
4.9 ROOLIENGLN ... e 38
3.4.10 Micropropagation CONSIIAINTS ..........cciueiieiiiiieie et re e e 39
3.5 Conclusion and reCOMMENAALION. ........ccueiieiiiriiieii e 41
(O o 1 e I = 1 1 SR 42
MORPHOLOGICAL DIVERSITY OF KENYAN VANILLA (Vanilla spp.)
ACCESSIONS ...ttt s ettt be st et e s e e be st e s e neeteseeneans 42
AADSTTACT ... et bbbt bbbttt et nbenre s 42
o I oo 18 Tox o] OSSPSR PR PRSPPI 43
4.2 Materials and MENOUS ........coviiieiiie et 44
4.2.1 EXPEIMENTAI SITES .. .eoiiiiiiiieieee ettt sr et anee s 44
4.2.2 MOrphologiCal trailS.........cccueieeiiiiciree et ae e 46
4.3 STALISTICAl ANAIYSES ......eeviec et anae s 47
4.3.1 QUANTALIVE TraITS ... .cueeieeeeiieiieieee ettt ste et esreeste st e sreesseeneenreeneeaneens 47
4.3.2 QUANTITALIVE TFAITS ... e ieieeiiciie ettt e sre et sreenaenneeas 48
4.4 RESUILS aNd TISCUSSION ...cvveviirieiieiti sttt sttt bbbttt ee b nbenneas 49
4.4.1 Results of qualitative traits analySiS..........cccveviiieiieiiie s 49
4.4.2 FACIOMTAl ANAIYSIS .....eiviiiieiieieieee e 51
4.4.3 CIUSTET ANAIYSIS ...ttt nb b 53
4.4.4 Results of quantitative traits analySiS.........ccoeiiiiiiiieiiie e 55

4.4.5 Correlations analysis of quantitative traits of vanilla accession from different counties in

T 1)V L PP PR PR 56
4.4.6 Factor Analysis of quantitative traits of vanilla accessions in Kenya ...........cccccceeveneen. 57
4.4.7 Principal Component ANAIYSIS ......c.cooiiiiieiieiie e 58
4.5 Conclusion and reCOMMENTALION. .........cueiiieriri it eneas 62
(O o 1 e I = Y SR 63

DIVERSITY ASSESSMENT OF VANILLA (Vanilla spp.) ACCESSIONS IN FIVE
COUNTIES OF KENYA USING SIMPLE SEQUENCE REPEATS (SSRs)

IMARKERS ...ttt sttt sttt bt e st ettt be et et neens 63
AADSTTACT ...ttt bRttt ae b b nne s 63
5.1 Background OF the STUAY .........coeiiiiiieieieese e 64
5.2 Materials and MELNOGS ........ccueiiiiie et 66



5.2.1 EXPEIIMENTAL SITE ....ocviieiiiie bbb 66

5.2.2 Collection of Plant @CCESSIONS........ccveiviiiiiiiieriieieie e 68
5.2.3 Total Nucleic ACIA EXTraCION .......coviiuiiiiiie e 68
5.2.4 DNA QUANTITICALION......cciiiiirieiie ettt sbe e sae e e be e saa e e sbeesaeeereas 68
5.2.5 Selection of SSR markers and PCR genotyping ........ccccovevieiiereeiesieene e see e, 68
5.2.6 SCOrNG OF the MAIKEIS ......cc.oiiiiiieieee e 71
5.2.7 PRYlOGENETIC ANAIYSIS ... .oiiiiieieie ettt 71
5.3 RESUILS aN0 AISCUSSION ...ttt ettt sttt aesnee s 72
5.3.1 Quality and Quantity OF DNA ........cciiieece e 72
5.3.2 Polymorphism Of the MArkers..........c.ccoeieieiieieee e 72
5.3.3 GENE TIVEISILY ...ttt bbb bbbttt b b ene e 74
5.3.4 Genetic of vanilla among diStanCe COUNIES. .........ccvivirieriiie e 76
5.3.5 FACLOrIal @NAIYSIS .....ecveeiiieieee ettt sbe et sra e e 77
5.3.6 PNYIOGENETIC TTEES....cuviiieeieiiesiee ettt te e e et ta et e te e teeneaneesseeaeeneesreeneaneens 78
5.4 Conclusion and reCOMMENUALION...........ccviiieieiie e nee e 80
CHAPTER SEX .ottt sttt se et e ettt ene b e 81
GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS ............... 81
6.1 GENEIAI TISCUSSION ....vviviiiieie ittt bbbttt b bbb 81
G I o2 Tod [1ES] o] o ISP 82
IR I m(=Too] 101 0 1=T 0 Fo U1 o] 1SRRI 83
6.4 Areas for fUITNEr NESEAICI .........oiii i 83
REFERENCES ..ottt sttt ettt n bt ene et naenes 84
APPENDICES ...ttt et e et e e st e e et a e e s aa e e e nae e e nnaeeannes 104

Appendix A: ANOVA showing the effect of varied kinetin concentrations levels on number of
plants with shoots of vanilla accessions from Busia COUNtY ..........cccccveveeiieeiie e, 104
Appendix B: ANOVA showing the effect of varied kinetin concentrations levels on number of
shoots per plant of vanilla accessions from Busia COUNLY ..........cccccveveiieieenesie e 104
Appendix C: ANOVA showing the effect of varied kinetin concentrations levels on number of
leaves of vanilla accessions from BuSia COUNLY .........cccueiiiiiieiieiie e 104
Appendix D: ANOVA showing the effect of varied kinetin concentrations levels on number of
nodes of vanilla accessions from BuUSIa COUNLY .........cccvveieeiieieeie e 104
Appendix E: ANOVA showing the effect of varied kinetin concentrations levels on shoot

length of vanilla accessions from BuSIa COUNLY...........coouiiiiriieiieiie e 105



Appendix F: ANOVA showing the effect of varied IAA concentrations levels on the number
of plants with roots of vanilla accessions from Busia COUNLY............cccervririeieninenenc e 105
Appendix G: ANOVA showing the effect of varied IAA concentrations levels on the number
of roots per plant of vanilla accessions from Busia CoOUNtY ...........ccccceeveeveeieiiesecse e, 105

Appendix H: ANOVA showing the effect of varied IAA concentrations levels on root length

of vanilla accessions from BUSIA COUNTY ........c.oiviiiiiiiiininiee et 105
Appendix I: ANOVA showing constraints of kinetin and IAA (Dead plants) ...................... 106
Appendix J: ANOVA showing constraints of kinetin and IAA (Dormant plants) ................ 106

Appendix K: ANOVA showing constraints of kinetin and IAA (contaminated media) ....... 106
Appendix L: Data collection table for the effect of varied levels of kinetin on shoots of vanilla
acCeSSIONS fromM BUSIA COUNTY .......oiviiiiiiiiiiiiiiee ettt 106

Appendix M: Data collection table for the effect of varied level of IAA on roots of vanilla

accessions from BUSIA COUNLY .......cuciuiiieieeie e se ettt et e e nenneas 108
Appendix N: Data collection table for micropropagation constraints, dead plants .............. 109
Appendix 0: Data collection table for micropropagation constraints, dormant plants ......... 110

Appendix P: Data collection table for micropropagation constraints, contaminated media.111
Appendix Q: Data collection table for qualitative traits of vanilla accessions from five counties
(0 N1 1Y U PSSR 112

Appendix R: Data collection table for quantitative traits of vanilla accessions from five

COUNTIES OF KEINYA ... bbb bbb 114
Appendix S: DNA exXtraction ProtoCOl .........cccoviiiieiiiiiiie i 116
Appendix T: Preparation of 1% agarose gel electrophoresis for separating DNA by size....118
Appendix U: Table of NaNOUrOP ........cocoiiiiiiiieieiise e 119
Appendix V: Table for DNA DANAS SCOTES ..........oiiiiiiiiiieieieie e 121
AppendixX W: ReSearch PEIMIL..........cccuiiiiiiiieiie sttt sne e 124
Appendix X: Research publiCation ............ccoeiiiiiiiii e 126

Xi



LIST OF FIGURES

Figure 1: Production trends of vanilla in Kenya from 2006 to 2020 in volume....................... 12
Figure 2: Export quantity trend of vanilla in from Kenya, 1993 —2020...........cccccvevvriverurennn. 12
Figure 3: The export trend of vanilla in Kenya, 1993 — 2019.........cccccviiininiiniiieene e 13
Figure 4: Map of the experimental site, Busia County, Kenya...........ccccccevverenininnneninnnennn. 24

Figure 5: Plants with the shoot at varied kinetin concentration levels after two weeks of

shooting of the vanilla PIaNtIELS ............cov i 31

Figure 6: Number of leaves of vanilla crops in Kenya at varied kinetin concentration levels
ATTEE 8 WBBKS ...ttt a et e ene e re et neenne e 33

Figure 7: Shoots length representative at varied Kinetin concentration levels after 8 weeks .35

Figure 8: Images of the effects of different concentrations of IAA on rooting of vanilla shoots,

3 WEEKS after INOCUIALION .......oveiieiiiiiicic e 37
Figure 9: Forms of constraints during MiCropropagation..............ccceoerererenenesesesieeneeneennes 40
Figure 10: Map of Kenya showing the physical location of the experimental sites................. 45

Figure 11: A factorial analysis based on qualitative traits of vanilla accessions from five

COUNLIES OF KBNYA ...ttt e te et e beesbe e steeraesteenreaneeas 52

Figure 12: A dendrogram of vanilla accessions based on qualitative traits characterized from
TIVE COUNTIES TN KEINYA ...ttt b 54

Figure 13: Two-panel Bi-plots of the first two Principle components of the vanilla accessions

.................................................................................................................................................. 60
Figure 14: Dendrogram based on quantitative traitS...........cccceevvevvereiiiesieere e 61
Figure 15: Map of the exXperimental SIES ..........cocoiiriiiiiiiee s 67
Figure 16: Gel images of L - Ladder (100bp), single and multiple bands of primers............. 72
Figure 17: Factorial plot showing variability among the vanilla accessions.................cc...... 78
Figure 18: A dendrogram showing the relationship among the vanilla accessions................. 79

Xii



LIST OF TABLES

Table 1: World vanilla crop production in 2016..........c.cccveieiieiieie e 11
Table 2: Effect of kinetin concentration levels on the shooting of vanilla plantlets................ 29
Table 3: Effect of IAA concentration levels on rooting of vanilla ShootS............c.ccccevenennen. 36

Table 4: Constraints of a combined concentration levels of kinetin and IAA on vanilla plants

throughout the IN-VItro XPerimMeNtS.........c.oiiiiiie i 39

Table 5: The qualitative and quantitative traits according to IPGRI (2001) used to characterize

vanilla accessions from five counties of Kenya.........ccoccooveiiiiiiieiiccc e 46

Table 6: Frequency distribution table of qualitative morphological traits of vanilla accessions
Trom Five COUNTIES IN KEBNYA......cciiiiiiiiie ettt sre e snee s 50

Table 7: Quantitative traits of vanilla accessions from five counties in Kenya...........c.......... 56

Table 8: Linear correlation table of the quantitative traits of vanilla accessions characterized

Trom fIVe COUNTIES TN KEBNYA.....c.eiiiiieiiiiiee e 57

Table 9: Un-rotated factor loadings for the variables of vanilla accessions based on factor

LA 1Y [ SRR 58

Table 10: Eigen Values, Standard deviation, Proportion of variance and Cumulative

proportions of morphological traits that contributed to the five PCs..........cccoovvvviieivccce 59
Table 11: List of primer sequences of 14 microsatellite loci in the vanilla orchid.................. 70

Table 12: Summary statistics of genetic diversity indices of vanilla accessions studied in five

COUNLIES TN KBNYA.....eeiiieie ettt et e e b e e te e b e sbeesteeseeneesreenteaneeas 74
Table 13: Nei’s gene diversity indices for subdividing the populations...........ccccceviveriiineens 76
Table 14: Nei's genetic identity (above diagonal) and genetic distance (below diagonal)......77

Table 15: Analysis of molecular variance (AMOVA) for the 76 vanilla accessions from 5 select

COUNLIES OF KEBNYA ...ttt te e b e e sbe e sae e e e staenaeenneas 77

Xiii



BAP

CTAB

DNA

dNTPs

ELISA

IBA

IPGRI

NAA

SNO.

usb

LIST OF ABBREVIATIONS
6-Benzylaminopurine
Cetyltrimethylammonium Bromide
Deoxyribonucleic Acid

Deoxynucleotide Triphosphates

Enzyme Linked Immuno-Sorbent Essay
Indole-3-Butyric Acid

International Plant Genetic Resource Institute
Naphthalene Acidic Acid

Serial Number

United State Dollar

Xiv



CHAPTER ONE
INTRODUCTION

1.1 Background information

Vanilla (Vanilla spp.) belongs to the Orchidaceae family and originated from Mexico
(Briddon et al., 2019). Orchidaceae family contains more than 25,000 species distributed in
800 genera (Khasim et al., 2020). Vanilla species were introduced into tropical countries like
Asia and Africa from the original Mexican cultivated stock (Havkin-Frenkel & Belanger,
2018). Vanilla planifolia Andrews (syn. V. fragrans), Vanilla tahitensis and Vanilla pompona
Scheide are commercially cultivated species for the production of natural vanillin flavour
(Briddon et al., 2019). According to Limi (2019), Madagascar was the leading producer and
exporter of vanilla crop from the year 2012 to 2017. According to FAO (2018), in 2016
Madagascar, Reunion and Kenya produced 2,926, 2,304 and 15 tonnes of vanilla respectively.

Vanilla flavour, vanillin is the second most expensive spice traded in the world market
after saffron (Kafi et al., 2018). Globe Newswire (2022) reported that in 2021 worldwide
vanilla market was valued at USD 1,434.51 million and is projected to reach USD 1,956.09
million by 2028. Selina (2022) reported that the prices of vanilla in Kenya per tonne for the
years 2017, 2018 and 2019 were USD 625.00, USD 4,000.00 and USD 3,000.00 respectively.
The trending price from the year 2021 to 2022 in Kenya was KES 326.8 per kg, an average
price for a tonne of vanilla in Mombasa and Nairobi was USD 3000 (Selina, 2022).

According to Oyugi (2018), the crop can fetch over KES. 16,000 per vine after harvest
when under recommended husbandry practices. Kenya exports vanilla to Germany, Uganda
and Democratic Republic of Congo (De-Vos, 2020). According to FAO (2020), in 2019, Kenya
produced 45 tonnes of vanilla and this is not projected to drop. The portion of vanilla produced
that was exported in 2019 was less than 1% and the country ranked number 82 in the world
export markets (FAO, 2020). Vanilla exported from Kenya in 2016, 2017, 2018, 2019 and 2020
was 2, 8 2, 1, and 0 tonnes respectively (FAO, 2022).

Vanilla crop has huge monetary value attached to it (Nany & Grisoni, 2021). Vanilla
flavour has a wide area of applications that include flavouring food, beverages, soaps,
ointments, perfumes, cosmetics and in pharmaceuticals industries (Upadhyay & Singh, 2021).
Natural vanillin comprises of a large number of aromatic compounds with sweet fragrances
(Hakeem & Aftab, 2021). Natural vanillin flavour is obtained as an extract from cured vanilla
beans (Schmidt & Cheng, 2017). Vanillin 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 (Uysal et al., 2019). Anticarcinogenic
property have effects in a family of DNA-PK inhibitors (Pollard & Curtin, 2018) while
antimicrobial property acts against the yeasts (Molina et al., 2020).

According to FAO (2022), from the year 2016 to 2020 Kenya imported 1, 1, 2, 0 and
0 tonnes respectively. The demand for vanilla flavour in Kenya went down in 2019 as compared
to 2018 (Fathima-Rafieah & Divakaran, 2021). The demand reduced because the country
imports more synthetic vanilla essence rather than natural vanilla (\Volza, 2020). Kenya imports
synthetic vanilla essence from India, South Africa and Italy (Volza, 2020). Kenya is rated as
the world’s largest importer of synthetic vanilla essence (Volza, 2020).

Most parts of Kenya have favourable climatic conditions for cultivating vanilla crop
(YYahyah et al., 2020) with ready local and export markets upon its maturity (Sowbhagya,
2019). This presents a great opportunity for the developing countries like Kenya to take
advantage of exporting vanilla spice. Despite vanilla crop being of great economic value and
marketable, many vanilla farmers have abandoned its production because of value chain
constraints in production and processing (Chauvin et al., 2017). According to Chauvin et al.
(2017), vanilla production system requires quality planting materials, highly skilled production
and processing personnel.

Traditional propagation of vanilla is labour intensive because all work is done
manually (Nany & Grisoni, 2021). Intensive labour is experienced during planting tutor trees,
training vanilla vines, weeding, hand pollination on each vanilla flower and harvesting the
mature pods (Nany & Grisoni, 2021). According to Nany (2021), establishing plantations and
intensifying production where plant suppliers do not have adequate and quality planting
materials reduces the rate of improving productivity.

Vanilla is commonly propagated by stem cuttings which arrests subsequent plant
growth and development, and serves as a means for spreading varied diseases (Soni et al.,
2022). Tissue culture techniques have emerged as an alternative method for large scale
production of quality planting materials within a relatively short period of time (Robinson,
2020). Vanilla crops have been propagated both through direct organogenesis and indirect
organogenesis (Mariska & Fronika-Sianipar, 2020). A number of studies on multiplication of
vanilla species have been reported in other countries in Africa and worldwide through the
culture of stem nodes (Havkin-Frenkel & Belanger, 2018) root tips (Dolce et al., 2019), shoot
tips (Havkin-Frenkel & Belanger, 2018) and callus culture (Abdin et al., 2017) but limited in-

vitro information is documented in Kenya on vanilla crop.


https://www.volza.com/imports-global/global-import-data-of-vanilla+essence-from-india

The present study was undertaken to determine the suitable level of Kinetin and IAA
concentration on in-vitro regeneration of stem nodal segments of vanilla species grown in Busia
County, Kenya.

Since vanilla crop was introduced in Kenya in 1954, limited research information has
been documented on available vanilla species found in the country. Determining variation in
crop species is an important tool for germplasm conservation, management and improvement
(El-Esawi, 2019). Therefore, it was necessary to assess the extent of diversity in vanilla species
found in Kenya.

The studies were conducted to determine the effect of kinetin and IAA concentration
levels on stem nodal segments of vanilla crops for in-vitro regeneration of the planting

materials and assess diversity of vanilla species found in Kenya.



1.2  Statement of the problem

Vanilla is the second most costly spice in the world after saffron. Many studies have
been done on in-vitro regeneration of vanilla crop through indirect (callus culture) and direct
organogenesis (stem nodes, root tips, shoot tips) in other countries at large scale production.
Unfortunately, in-vitro regeneration of vanilla crop in Kenya is neglected and limited research
on in-vitro production is documented. This partly contributes to scarcity of the planting
materials in Kenya. Success of any plant biotechnology and breeding programmes depends on
availability of extensive level of genetic variability in plants. Vanilla species found in Kenya
have not been characterized both at morphological and molecular levels, this contributes to
difficulties to improve important traits in vanilla crop. Vanilla crop is grown by few farmers in
Kenya partly because of scarcity of planting materials, aspect of plant environmental
adaptability and unimproved species leading to low rate of production in the country. One
metre of vanilla vine is sold at KES.600 which is unaffordable to most farmers. Vanilla flavour
essence used in Kenya are produced artificially from coal tar derivatives, lignin, methyl and
ethyl chemicals that taste the same as natural vanillin and other vanilla essence imported from
other countries. These chemicals are harmful to human body. Through this research,
micropropagation and characterization will help to optimize in-vitro protocol of vanilla crop
and identified important vanilla species available in Kenya. These will promote natural
production of vanillin content that have a lot of economic value. It will also enhance
commercialization of vanilla crop in Kenya which will earn the country foreign exchange and

act as a source of income to the farmers.
1.3 Objectives

1.3.1  General objective

To contribute towards increased natural vanillin production through optimizing in-vitro

protocol and diversity assessment of vanilla accessions from five counties of Kenya.
1.3.2  Specific objectives

i. To determine the effect of phytohormone (kinetin and 1AA) concentration levels on stem
nodal segments of vanilla accessions in Kenya.
Ii. To characterize vanilla accessions from different counties of Kenya using morphological

markers.



iii. To determine the genetic diversity among vanilla accessions from different counties of

Kenya using simple sequence repeat DNA markers.

1.4 Hypotheses

i. There is no significant effect of phytohormone (kinetin and IAA) concentration levels on
stem nodal segments of vanilla accessions in Kenya.
ii. There is no significant morphological variation among vanilla accessions from different
counties of Kenya.
iii. There is no genetic variation among vanilla accessions from different counties of Kenya as

revealed by simple sequence repeat DNA markers.

1.5  Justification of the study

Vanilla is a crop of great economic potential to most food, cosmetic and
pharmaceutical industries. Vanilla crop is highly valued due to its vanillin content. Vanillin has
been found to have antimutagens properties (EI-Shemy, 2017). A study carried out by El-
Shemy (2017), showed that antimutagens properties have the ability to reduce chromosomal
damage caused by X-ray and ultraviolet (UV) light. Vanillin has antimicrobial properties that
act against yeasts (Sabel et al., 2017). Despite its value, limited research has been done on in-
vitro regeneration and improvement of genetic value on vanilla species in Kenya. Conventional
propagation can still be used but has limitations as compared to tissue culture that offers a
means for rapid and mass multiplication of quality, pest and disease free planting materials.
Assessing morphological and genetic relationships among and within the crop species is an
important tool for crop improvement to any successful plant biotechnology (Al-Khayri et al.,
2018). Based on traditional method, plant traits characterizations are based on morphological
descriptor, however, most of these traits are influenced by environment (Bai, 2017). Phenotypic
characterization is highly influenced by environment, hence it is important to complement

morphological and genetic markers.

1.6 A Scope and limitations

Vanilla accessions from 4 counties (Bungoma, Busia, Kilifi and Kwale) were
collected, planted under shade net in hot tanks for shooting and rooting at Egerton University.
Only accessions from Busia County adapted to the new environment and were used as mother

plants for in-vitro regeneration. MS media supplemented with kinetin (KN) and indole acetic



acids (IAA) at different concentration levels were used to determine their effects on stem nodal
segments. Only KN and 1AA were evaluated due to limited research funds.

Morphological characterization was done in-situ in 5 counties in Kenya (Bungoma,
Busia, Mombasa, Kwale and Kilifi). Total number of vanilla accessions characterized both at
morphological and molecular levels were 76 because of the few number of farmers and

institutions that grow vanilla crops in Kenya.



CHAPTER TWO
LITERATURE REVIEW

2.1  Origin and distribution of vanilla species

Vanilla genus belongs to the Orchidaceae family which contains more than 25,000
species (Parizaca, 2019). Vanilla species are native to tropical forests of Mesoamerica (Havkin-
Frenkel & Belanger, 2018). In the nineteenth century, vanilla was introduced into tropical
countries like Asia and Africa (Nair et al., 2022). Vanilla is a terrestrial epiphyte used to
produce important agricultural products (Nargar & Chen, 2020). Vanilla tahitensis J.W. Moore,
Vanilla pompona Scheide and Vanilla planifolia Andrews are the common species of economic
value (Briddon et al., 2019). It was reported by Limi (2019) that in the period 2012 to 2017
Madagascar was the world’s leading producer of vanilla crop, followed by Indonesia, Papua

New Guinea, India and Uganda.

2.2  Botany of vanilla species

Plant botany is the biological study that deals with plant structures, properties, and
biochemical processes (Stevens, 2019). Kowsalya et al. (2017) studied the vegetative anatomy
and systematic of the vanilla species. Vanilla plants have green vines with leaves (Vanilla
planifolia Andrews, Vanilla tahitensis J.W. Moore and Vanilla pompona Scheide) (Briddon et
al., 2019). Leafy vanilla plant vines produce long, branched, terrestrial or absorbing roots
which penetrate the substratum and are unlimited to extension growth (Li et al., 2022).
Vegetative anatomical characters of vanilla species have some phylogenetic values that
differentiate vanilla species (Kowsalya et al., 2017).

Vanilla planifolia Andrews is a perennial climbing orchid with a thick, cylindrical
and succulent green vine with longer pods (Sanchez-Galindo et al., 2018). According to
Sanchez-Galindo et al. (2018), V. planifolia have adventitious, long, aerial roots of 2 mm in
diameter, produced singly opposite the leaves and adhere firmly to the support. The description
of Sanchez-Galindo et al. (2018), the stems are long, cylindrical, 1-2 cm in diameter, branched,
succulent, brittle and dark green. The stem internodes are at 5-15 cm intervals (Sanchez-
Galindo et al., 2018). The leaves are long (8- 20 cm), broad (3-6 cm), flat, fleshy, alternate and
oblong elliptic, and at the joint of each stem a bud or root is formed alternatively (Sanchez-
Galindo et al., 2018).

According to Sanchez-Galindo et al. (2018), inflorescences are stout, simple, long (5-

8 cm) and bears 15-30 flowers which open from the base upwards. Flowers open and last only



for a day. The large, waxy, pale green flowers are about 7-10 cm in diameter (Sanchez-Galindo
et al., 2018). Vanilla planifolia pods turn dark chocolate brown after curing (Briddon et al.,
2019).

Vanilla tahitensis is a man-made hybrid and it is indigenous to Tahiti (Brunschwig et
al., 2017). According to Briddon et al. (2019), Vanilla tahitensis has zigzag slender stems,
narrow elliptic leaves, yellow-green flowers which are followed by bunches of beans like pods.
Vanilla tahitensis has terrestrial roots that anchor within the soil and epiphytic roots anchoring
to the tree trunks (Briddon et al., 2019). The indehiscent pods are 12-14 cm long and about 1.5-
1.8 cm wide which turn red-brown upon curing (Briddon et al., 2019).

Vanilla pompona produces inferior quality vanilla beans, but is the hardiest species
(Khoyratty et al., 2018). Vanilla pompona is a perennial climbing plant with a succulent stem
of 5 metres or more in length (Brunschwig et al., 2017). The plant support itself by means of
aerial roots produced from the stem nodes (Briddon et al., 2019). The pods of Vanilla pompona
are almost cylindrical, short (10-12.5 cm long) and large (2-2.5 cm in diameter) (Khoyratty et
al., 2018).

2.3  Genetics of vanilla species

The basic chromosome number of the vanilla genus is 16 (x=16) (Briddon et al.,
2019). Vanilla planifolia, Vanilla pompona and Vanilla tahitensis are diploid with 2n=32
(Briddon et al., 2019). Brunschwig et al. (2017) detected that somatic chromosome number of
vanilla species ranged from 2n=20 to 32, 28 being the most frequent number. Additionally,
abnormalities in pollen grain mitosis combined with high pollen sterility and chromosome
associations during pollen mitosis were reported by Brunschwig et al. (2017) in vanilla species.
The studies of Yang et al. (2019) indicated that there was possible occurrence of cytotypes in
the seedling progenies of vanilla species. Yang et al. (2019) also reported Polyploidization in
the study that described the source of morphological variation in cultivated vanilla species.

2.4 Natural vanillin content and uses

The primary quality determinant for cured vanilla beans is the aroma/flavour
character (Adawiyah et al., 2019). The unique flavour and fragrance of vanilla beans are
influenced by vanillin (CgHg03) content, the most abundant aromatic constituent of vanilla
beans (Gonzalez et al., 2017). Vanillin is not present at the time of harvest but is produced
during curing by enzyme action on glucosides (Tyupin, 2021). The cured bean contains 1.5-

3.5% vanillin content (Yulianto & Paramita, 2019). Natural vanillin content is the most popular



and widely used flavour on both a monitory and tonnage basis (Moller & Gallage, 2017).
Natural vanilla flavour extracted from cured vanilla beans is universally used as an aromatic
flavouring in food, pharmaceutical, beverages and cosmetic industries (Erady et al., 2020).
Vanillin content was found to have antimutagenic properties, which was further evident when
significantly reduced the number of micronuclei was at all dose levels (Ravindran, 2017).
Vanillin also had anticarcinogenic effects in a family of DNA-PK inhibitors (Ahmed et al.,

2019). According to Sen (2022), vanillin has antimicrobial properties that act against yeasts.

2.5  Vanilla species propagation

Vanilla grow well in warm, humid climates at temperatures between 21 and 32 °C
(33.8-89.6 °F) (Havkin-Frenkel & Belanger, 2018). Vanilla requires a light and well-drained
soil rich in potassium and calcium, with a pH between 6.0 and 7.0 (Ortigao, 2020). Vanilla is
a climbing plant that requires a support (Briddon et al., 2019). It is usually planted alongside a
companion tree like Jatropha plant referred to as a tutor tree (Hill-Saya, 2020). Vanilla is
traditionally propagated by stem cuttings from a mother plant (Briddon et al., 2019). According
to Briddon et al. (2019), 1.5 metres (5 ft) are cut, lower leaves removed and planted at the base
of the supportive tree. Cuttings should be planted at least 2 metres (6.6 ft) apart (Briddon et al.,
2019).

Brunschwig et al. (2017), vanilla plants vines should be kept at a manageable height.
When the plants reach a height of 1.6-1.8 metres, they should be bent back over the nearest
suitable branch and the end of the shoot planted back into the ground and covered with soil
(Brunschwig et al., 2017). Vanilla shoots are also cut at the desired height and planted next to
the same tutor tree after the wound has dried to create a new rooted plant (Erawati et al., 2021).
Mulching is done using organic mulch like grass to suppress weeds and conserve soil moisture
(Cizkova et al., 2021). Vanilla is naturally pollinated by hand and sometimes pollination is
done by using small Mexican bees if present (Ravindran, 2017). Vanilla is ready for harvest
between 6 and 9 months after flowering when the pods are still dark green and the tip is

beginning to turn yellow (Chambers, 2019).
2.5.1  Diseases affecting vanilla species

Vanilla species are susceptible to many bacterial, viral and fungal diseases (Havkin-
Frenkel & Belanger, 2018). Bacterial soft-rot disease is caused by Erwinia carotovora bacteria
(Khedr, 2019). The disease infects vanilla leaves and shoots (Havkin-Frenkel & Belanger,

2018). Viral diseases are caused by cymbidium mosaic virus, odontoglossum ring-spot virus



and vanilla necrosis virus (Havkin-Frenkel & Belanger, 2018). According to Havkin-Frenkel
(2018), virus diseases caused by cymbidium mosaic and odontoglossum ring-spot viruses are
usually symptomless. The diseases are mild chlorotic streaks or mild mottles observed on the
leaves (Havkin-Frenkel & Belanger, 2018). Most vanilla species affected by viral diseases are
Vanilla planifolia and Vanilla tahitensis (Brunschwig et al., 2017).

Fungi stem rot disease is caused by Fusarium oxysporum and Fusarium solani
(Askun, 2018). Stem rot starts at the leaf axil and spreads to the nodal areas resulting in rotting
and drying of the stem above the point of infection (Askun, 2018). Fungi
Anthracnose disease is caused by Colletotrichum gloeosporiodes (Perdani et al., 2021). It
attacks the stem apex, leaves and roots resulting in wilting, falling of the fruits and brown spots
appearing on leaves (Ingram et al., 2020). Fungi phytophthora blight is caused by phytophthora
fungi that cause rotting of the beans, leaves and stems (Singh et al., 2020). Fungi sclerotium
rot disease is caused by Sclerotium rolfsii (Motagi et al., 2020). The disease affects the leaves
of vanilla plants (Brunschwig et al., 2017). The beans develop reddish brown sunken lesions
initially and later the entire bean rots (Brunschwig et al., 2017). Fungi dry rot disease is caused
by Fusarium spp. and Rhizoctonia spp. (Fernandes et al., 2021). Fernandes et al. (2021), this

disease affects plant stems, roots and leaves shrinks and become yellow.
25.2 Pests affecting vanilla species

The common pests that affect vanilla plants are vanilla vine weevil (Sipalus spp.) and
white grubs (Scarabaeidae spp.) that damages vines and shoots of vanilla (Vanilla planifolia)
(Briddon et al., 2019). Both weevils and grubs feed on vanilla plants leading to necrosis and
rotting of the affected portions (Carbajal-Valenzuela et al., 2022). Most of the time weevils
feed on vines and leaves while the grubs feed on the inner tissues of the vine creating tunnels
(Ayemele et al., 2017).

2.6 Vanilla production and market trend in Kenya and worldwide

Vanilla flavour is the second most expensive essence in the world markets after
saffron (Boone et al., 2022). According to Oyugi (2018), vanilla crop has substantial monetary
value. The crop can fetch a farmer over KES. 16,000 per vine, if the recommended husbandry
practices and post-harvest handling procedures are followed. A vine of vanilla can bear up to
80 beans. Vanilla has a wide area of application that include flavouring food, drinks, soaps,
ointments, perfumes, cosmetic and medicines. One vanilla bean measuring 10-12cm long is

sold at KES. 200 and a hectare can accommodate over 200 vines.
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Table 1: World vanilla crop production in 2016

Country Rank Production (tonnes/year)
Madagascar 1 2,926
Indonesia 2 2,304
China 3 885
Mexico 4 513
Papua New Guinea 5 502
Turkey 6 303
Uganda 7 211
French Polynesia 8 203
Portugal 9 180
Reunion 10 24
Malawi 11 20
Kenya 12 15
Comoros 12 15
Zimbabwe 14 11
Cook Islands 15 2
Seychelles 16 1

Source: FAO (2018)

According to FAO (2018), Kenya produced 15 tonnes of vanilla in 2016 and it was
ranked 12" in the world production. Shabbir (2018) reported that vanilla crop is also well
grown in Uganda, Comoros and Madagascar both on 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, though vanilla farmers have abandoned its production (Shabir, 2018).
The major markets for vanilla beans include European countries and United States (Shabbir,

2018). According to FAO (2022), production of vanilla crop in Kenya ranged from 12-15

tonnes per year from 2006 to 2020 (Figure 1).
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Figure 1: Production trends of vanilla in Kenya from 2006 to 2020 in volume
Source: FAO (2022)

2.6.1  Export of vanilla from Kenya

The quantity of vanilla exported to the world trade markets from Kenya in 2016-2020
are shown in Figure 2. Vanilla quantity exported from Kenya in 2016 to 2020 in tonnes were
2, 8, 2, 1and 0, respectively (FAO, 2022).
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Figure 2: Export quantity trend of vanilla in from Kenya, 1993 — 2020

2.6.2  The import trend of vanillin in Kenya

Report made by FAO (2022), from the year 2016 - 2019, Kenya importation quantity
of natural vanilla flavour ranged from 1 to 2 tonnes per year (Figure 3). The demand for vanillin
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in Kenya dropped by 50 percent in 2019 as compared to 2018 (Fathima-Rafieah & Divakaran,
2021).
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Figure 3: The export trend of vanilla in Kenya, 1993 — 2019

2.7 Conventional propagation technique and its limitations

Vanilla is propagated by use of stem cuttings which is often uneconomical, slow,
labour intensive, time consuming, arrests subsequent plant growth and development, and serves
as a means for the spread of varied diseases ( Verdi et al., 2020). Market demand for propagules
is hardly met through cuttings (Masih & Jolly, 2017). According to Robinson (2020), tissue
culture technique is an alternative method for large scale production of planting materials
within a relatively short period of time. Micropropagation techniques are described as more

reliable in the vanilla cultivating areas ( Erawati et al., 2020).
2.7.1 Micropropagation of vanilla species

Micropropagation techniques are used in mass multiplication of plants which are of
high quality, pest and disease free and identical to the selected genotype within a very short
period of time (Starrantino & Caruso, 2021). Application of tissue culture techniques is an
alternative means of asexual propagation of plant species (Nhut, 2022). In-vitro propagation of
vanilla by culturing axillary buds (Faisal & Alatar, 2019), aerial root tips through callus

protocorms (Watanabe & Sakaguchi, 2017), apical meristems, shoot tips and nodal segments
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(Radotic & Pavlovic, 2017) has been observed earlier. Micropropagation using shoot tips or
nodal segments has been found to be an appropriate technique (Faisal & Ahmad, 2018).

True-to-type, clonal fidelity is important for utilizing the advantages of
Micropropagation (Dharman & Anilkumar, 2021). Based on the choice of ex-plants, a major
problem encountered with in-vitro culture is the occurrence of somaclonal variations amongst
sub-clones of one parental line arising as a direct consequence of in-vitro culture conditions
(Gulyaeva et al., 2020). Micropropagated plants obtained from organ segments, especially
from nodal, axillary buds and shoot tips have been observed to maintain clonal fidelity as
organized meristems are more resistant to genetic changes compared to unorganized callus
under in-vitro culture (Arifuzzaman et al., 2016).

Mass multiplication of plants by tissue culture is a costly and labour-intensive
technology (Cyriac et al., 2020). The gelling agents being used are not inert medium
components and do not allow easy automation of commercial mass propagation (Hegele et al.,
2021). Agar and gelrite are the most commonly used non-nutrient gelling agents which are the
cheapest ingredients of the culture medium (Hegele et al., 2021). Liquid media is one of the
automation and improved technology (Hegele et al., 2021). Liquid culturing has been
considered as an ideal technique for mass propagation because it reduces manual labour and
renders automation opportunities of the entire process (Hegele et al., 2021).

According to Hegele et al. (2021), plant tissues from several species are known to
perform better when cultured in liquid medium rather than on solid medium (agar). Liquid
medium is considered for reducing plantlet production costs and the system provides more
uniform culturing conditions (Marazzi et al., 2017). Use of liquid medium allows scale - up in
bioreactors minimizing the number of operations with the advantages of medium manipulation,
hence reducing the cost of production of micropropagules (Lee et al., 2019). Bioreactors are
modified microbial liquid media that are unsuitable for higher plants due to their high
sensitivities to shear force leading to mechanical damages (Tekere, 2019). Aerated types
exhibit foam formation, particularly in bubble aerated bioreactors (Bernauer et al., 2021).
Vanilla shoots when grown in liquid medium undergo hyperhydricity or vitrification problem.

Therefore, it is better to grow vanilla shoots on solid medium (agar) (Erawati et al., 2021).

2.7.2 In-vitro regeneration protocol of vanilla species

In-vitro regeneration attempts and standardization of the basal medium and

phytohormones for micropropagation of plant species with respect to economically important
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species have been practiced worldwide (Aarti-Patel et al., 2018). Most in-vitro regeneration
protocols have been developed and standardized on medicinal plants like Cantranthus roseus
(Kumar, 2018), biodiesel plants like Jatropha curcus (Raj & Mohan, 2016) and herbal
pesticidal plants (Alamgir, 2017). Nodal explants of these species were micropropagated
successfully when cultured onto MS medium containing kinetin and IAAat 1.5,0.5,0.1 mg L
lrespectively. Limited in-vitro studies have been done on vanilla crop in developing countries
including Kenya. Therefore, testing various cytokinin (Kinetin) and auxin (IAA) concentration

levels was necessary.

2.8 Morphological characterization of vanilla species

Morphological characterization refers to a broad subject that involves phenotypic
descriptors which distinguish one plant from another or one accession against the other
(Doussoh et al., 2018). Morphological descriptors which are usually included in morphological
characterization are mature plant height, leaf width, leaf length, flower colour and root type
(Bahar et al., 2018). Morphological and physiological features of plants are used to understand
the genetic variation (Gamrat et al., 2021). Morphological features are indicative of the
phenotype and they are affected by environmental factors and growth practices (Gamrat et al.,
2021).

Many studies have been done on morphological diversity studies of vanilla species
particularly on Vanilla aphyla, Vanilla planifolia, Vanilla tahitensis and Vanilla pompona
which showed low levels of similarity (Briddon et al., 2019). There are several sources of
germplasm in developing countries (Rodrik, 2018). Despite most developing countries having
sources of vanilla germplasm, limited information is documented for vanilla species grown in
Kenya. According to Lu (2019), identification of variation in plants at the DNA level is

described as more reliable.

2.9  Genetic characterization of vanilla species

Genetic characterization refers to the detection of variation as a result of differences
in either DNA sequences, specific genes or modifying factors (Elisha et al., 2022). The genetic
diversity has an impact on levels of biodiversity (Hodgkin & Brown, 2015). Understanding the
patterns of genetic diversity of species is important because it acts as a base for crop
improvement in breeding program (Singh et al., 2021). New approaches to the study of genetic
variation from wild species to cultivated varieties mediated by information on molecular

markers are promising to exploit wild genetic resources (Yadav et al., 2022).
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Biodiversity involves applications of morphological, biochemical and molecular
markers to determine the amount of genetic variability (Hanci, 2019). Characterization of
diversity has long been based on morphological traits only (Tanwar & Bisen, 2018). However,
morphological variability is often restricted, characters may not be obvious at all stages of the
plant development and appearance may be affected by environment (Latheef & Kavino, 2018).
Variety of different genetic markers has been proposed to assess genetic variability as a
complementary strategy to more traditional approaches in genetic resources management (Rao
& Rajasekharan, 2019). Molecular tools provide valuable data on diversity through their ability
to detect variation at the DNA level (Takami, 2019). Molecular techniques differ in a way the
sampling within the genome is done and the type of data generated (Takami, 2019).

Numerous molecular markers have been developed and applied for analyses of
genetic diversity and relatedness (Mondal, 2020). All marker systems have their strengths and
weaknesses (Rahman et al., 2021). Among the molecular markers techniques that are
particularly promising are Restriction Fragment Length Polymorphism (RFLPs), Amplified
Fragment Length Polymorphism (AFLPs), Random Amplified Polymorphic DNA (RAPDs),
Microsatellites and Polymerize Chain Reactions (PCR) based DNA markers such as Sequence
Characterized Amplified Regions (SCARs) or Sequence Tagged Sites (STS), Single
Nucleotide Polymorphism (SNP), Simple Sequence Repeats (SSR) and Inter Simple Sequence
Repeats (ISSR). These markers are the most extensively used and have great potential in
studying plant genetics and genomics (Fowler, 2016).

Most genetic variation studies defines a good genetic marker by being of highly
polymorphic, highly reproducible, requires low quantity of genomic DNA template and being
co-dominant (Wani et al., 2020). All these make SSRs an ideal genetic marker for various
studies most notably on genetic diversity (Grumet et al., 2017), DNA fingerprinting (Litz et
al., 2020), and phylogenetics (Shanker, 2018).

2.9.1  Use of Simple Sequence Repeats (SSRs) marker in plant improvement

Simple Sequence Repeats (SSRs) markers are also known as microsatellites (Singh
& Gupta, 2017). These are short tandem segments of DNA that contain a core motif which
consist of a few nucleotides that are normally 1-6 base pairs in length (Shahabadi et al., 2017).
This core motif can be repeated up to a maximum of 60 times in tandem (Shahabadi et al.,
2017). The number of tandem repeats at a specific locus can vary between two individuals and
it is possible to screen for these differences using primer that anneal to the flanking regions of
the specific microsatellite (Shahabadi et al., 2017).
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The generated PCR products can be size-fractionated on a polyacrylamide or agarose
gel, allowing the discrimination of alleles with a different size of up to one base pair because
of their high mutability (Oginni & Fasina, 2018). Microsatellites are thought to play a
significant role in gene evolution by creating and maintaining genetic variation (Jighly et al.,
2017). Microsatellite markers have several advantages that make them excellent molecular
markers to use (Sme, 2017). Microsatellite markers requires low quantities of genomic DNA
template, are highly polymorphic, highly reproducible and represent co-dominant marker in a
locus to distinguish heterozygotes from homozygotes (Margeta et al., 2019).

Microsatellites (SSRs) are widely used as a tool in plant biotechnology and breeding
programs (Fliege et al., 2022). Simple sequence repeats markers were used in marker-assisted
selection and genomics approaches to broaden the narrow genetic diversity of elite oilseed rape
(OSR) (Brassica napus L.) breeding materials (Havlickova et al., 2014). Specific oilseed rape
targeted genes in breeding goals like oil yield, disease resistance and seed quality were
achieved (Havlickova et al., 2014). According to Havlickova et al. (2014), molecular marker
(SSRs) technologies resulted in the transition of open pollinated line to hybrid varieties of

oilseed rape (Brassica napus L.) in the market.
2.9.2  Use of Inter Simple Sequence Repeats (ISSR) in plant improvement

Inter Simple Sequence Repeats are semi-arbitrary markers amplified by polymerase
chain reaction (PCR) in the presence of one primer complementary to a target microsatellite
(Singh & Kumar, 2020). Each band corresponds to a DNA sequence delimited by two inverted
microsatellites (Spealman et al., 2019). The ISSR markers do not require genome sequence
information, lead to multilocus, have highly polymorphous patterns, and produce dominant
markers (Varma, 2022). Inter Simple Sequence Repeats PCR is a fast, inexpensive genotyping
technique based on variations in the microsatellites' regions. The ISSR markers have been used
in genetic diversity studies in different crop plants (Algady et al., 2021). The ISSR markers are
also suitable for identification and DNA fingerprinting (Panwar et al., 2018). This method has
several benefits over other techniques except for SSRs markers (Panwar et al., 2018). It was
proven reproducible and quick for characterizing many cultivars like poplar (Beser et al.,
2021).

Inter-simple sequence repeat (ISSR) exploits the existence of many copies of highly
conserved repetitive sequences throughout the genomes of many plants (Yadav & Kumar,
2018). The ISSR markers have been widely used for cultivar identification in many species

like sorghum, banana, potato, Arabidopsis and sunflower (Kumar et al., 2021). The ISSR
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markers have also been used for genetic diversity analysis and validation of mango genotypes
(Al-Khayri et al., 2018). The mango varieties grown in different regions like Australia were
analyzed, and amplification patterns revealed that ISSR-PCR were applied to different mango
cultivars (Al-Khayri et al., 2018).

2.9.3  Application of Random Amplified Polymorphic DNA (RAPDs) in plant

biodiversity studies

Random Amplified Polymorphic DNA techniques is a PCR-based method that
involves binding a short single arbitrary primer of approximately 10bp to arbitrary sequences
in the genome under relatively low conditions with annealing temperatures as low as 36 °C
(Kumar et al., 2022). A fragment is amplified when the primer binds on both ends of the
genomic DNA strands but in the opposite orientation and amplifiable distance between the two
primer binding sites (Forsythe, 2020). Unfortunately, this technique has some disadvantages;
it is very sensitive to reaction conditions and low reproducibility, and the primers can amplify
DNA fragments from every type of genome (Singh, 2020).

The RAPDs markers were used to characterize four Pistacia species and determine
the relationships among the species (Al-Khayri et al., 2020). Arbitrary 23 sequence primers
generated a total of 248 DNA fragments, and out of 248 bands, 139 bands were polymorphic
at the inter-specific level (Al-Khayri et al., 2020). The RAPDs data analysed using a parsimony
data interface revealed relationships among four Pistacia species (Al-Khayri et al., 2020).

29.4  Using Restriction Fragment Length Polymorphism (RFLPs) in plant

improvement

Restriction Fragment Length Polymorphism was the first DNA-based marker to be
developed (Singh & Gupta, 2017). A variant of the hybridization-based method is polymerase
chain reaction/Restriction Fragment Length Polymorphism (PCR/RFLP), also known as
cleaved amplified polymorphic sequence (CAPS) (Taylor & Granger, 2020). This method is
much easier and faster and is based on amplifying a specific locus in a genome, followed by
the restriction endonuclease digestion of the amplicon using a particular restriction enzyme
(Buckingham, 2019). Agarose or polyacrylamide gel electrophoresis can be used to reveal
differences in fragment size after staining the gel with ethidium bromide or silver nitrate
(Misra, 2017).

This method is less laborious than the original one and provides results faster (Thi-
Trung-Thu & Quang-Binh, 2016). A negative aspect of the PCR/RFLP method is that it
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requires the presence of mutation, which can be recognized by restriction endonuclease for at
least one allele, and the availability of PCR primers for the amplification reaction (Pass et al.,
2017). Unfortunately, many point mutations do not result in a restriction site, and the
polymorphisms cannot be detected by this approach (Kumar, 2020).

Restriction Fragment Length Polymorphism (RFLP) markers were used to determine
the genome coverage in the species Oryza sativa (Chukwu et al., 2019). Seventy varieties of
rice and ten rice restriction fragment length polymorphism markers were used in the study
(Chukwu et al., 2019). According to Chukwu et al. (2019), polymorphism was detected for all
probes, and 58 of 70 varieties tested were uniquely distinguished from one another by
combining all probe enzyme combinations. Homozygous variant alleles within the population
were found to be 26% of the varieties, as reported by Chukwu et al. (2019).

2.9.5  Amplified Fragment Length Polymorphism (AFLPs) in plant improvement

The Amplified Fragment Length Polymorphism technique is used to simultaneously
determine numerous amplified DNA restriction fragments (Srivastava et al., 2021). This
technique has several advantages; it requires a minimal amount of genomic DNA, no
preliminary genome sequence data is necessary for primer construction, markers are randomly
distributed throughout the genome, and many bands are generated that potentially provide a
large number of polymorphisms (Srivastava et al., 2021). It also has disadvantages; it requires
extremely pure and high molecular weight genomic DNA, co-migration of a non-allelic
fragment of the same size can occur (Parine, 2017), and AFLP markers are dominant; hence it
is not possible to distinguish between the homozygous state of the dominant allele and the
heterozygote (Tronsmo et al., 2020).

Amplified Fragment Length polymorphisms (AFLPs) were used on Indian Cycas
species to reveal the genetic variation of six species collected from eleven populations (Wu et
al., 2020). The study used two sets of primers with four selective nucleotides (Wu et al., 2020).
According to Wu et al. (2020), 78% polymorphism was found, and the study was instrumental
in identifying Indian Cycas species, which has been stated as a highly endangered species. The
AFLP markers were used in identifying species within the genus Caladium (Araceae) using 17
primers on two species of Caladium (C. bicolour and C. schomburgkil) and six cultivars of C.
bicolour (Deng, 2018). According to Deng (2018), the AFLP markers distinguished the two
species by their unique and different banding patterns. The AFLPs markers were also used to

access the genetic relationship among twenty Curcuma species from Thailand (Sihanat et al.,
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2020). According to Sihanat et al. (2020), Amplified Fragment Length Polymorphism showed
98.54% highly polymorphisms with 617 bands ranging between 48 and 80 bands.
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CHAPTER THREE

OPTIMIZING In-vitro REGENERATION PROTOCOL FOR VANILLA (Vanilla spp.)
IN KENYA

Abstract

In-vitro regeneration is useful for rapid multiplication of quality planting materials.
This technology has not been exploited on a large scale for vanilla production in Kenya. An
experiment was conducted to develop efficient protocol for rapid multiplication of vanilla
planting materials in Kenya. Shooting and rooting were established using varying
concentration levels of kinetin (0, 0.4, 0.8, 1.2, 1.6, 2.0 mg L) and indole-3-acetic acid (IAA)
(0, 0.4, 0.8, 1.2, 1.6, 2.0 mg L™) on stem nodal segments of vanilla. Trials were laid in a
Completely Randomized Design with five replications. Data was subjected to analysis of
variance at p < 0.05 level of significance using general linear model (GLM) procedure of
Statistical Analysis System (SAS) and means separated by Tukeys’ Honestly Significant
Difference Test at 5%. Treatment with kinetin at 1.2 mg L™ had the best performance on the
following parameters; number of plants with shoots (4.2+0.2), shoots per plant (2.6+0.4),
number of nodes (2.4+0.4) and shoot length (11.0+0.6 cm). Applying IAA at 1.2 mg L had
the highest number of plants with number of roots (6.8+1.0). Indole-3-acetic acid at 1.6 mg L~
! recorded the highest mean number of roots per plant (4.2+0.6). Treatment with IAA 2.0 mg
L-* resulted in the longest root length 4.6+0.6 cm. Kinetin at 1.2 mg L™* and IAA at 2.0 mg L™
were considered the best treatments for rapid mass multiplication of vanilla in Kenya.
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3.1 Introduction

Vanilla species belong to the Orchidaceae family, which has about 25,000 species
(Parizaca, 2019). Vanillas are native to the tropical rain forests of south-eastern Mexico (Grijp,
2021) and are the only orchids commercially cultivated for vanilla beans (Teoh, 2019). The
main cultivated vanilla species are V. planifolia Andrews, V. pompona Schiede and V.
tahitensis J.W. Moore (Briddon et al., 2019). Botanically, vanilla species produce pods that
contain vanillin content (Yulianto & Paramita, 2019). Vanilla species are perennial climbing
orchids (Teoh, 2019). Vanilla species; Vanilla planifolia, Vanilla pompona and Vanilla
tahitensis are diploid with 2n=32 (Briddon et al., 2019).

The pods have a natural flavouring substance called vanillin (Adawiyah et al., 2019),
which is obtained as an extract from cured vanilla beans (Havkin-Frenkel & Belanger, 2018).
Vanillin is the world's second most expensive spice after saffron (Khan, 2020). Vanilla flavour
is universally used in flavouring food, perfume, beverages, cosmetics and pharmaceuticals
industries (Prescott & Monteleone, 2015). Vanilla has a natural flavour made up of many
aromatic compounds having sweet fragrances (Larsson & Dauncey, 2018). Vanilla compounds
have antimutagenic (Aeschbacher, 2018), anticarcinogenic (Pouramini & Hensel, 2022), and
antimicrobial (Moller & Gallage, 2017) properties.

Vanilla species were introduced in Kenya from neighbouring Uganda and Tanzania
in 1954 (Ponomarev & Logunov, 2020). According to FAO (2018), in 2016, vanilla crop
production in Kenya was 15 tons yr . The level of vanilla production in Kenya was very low
as compared to other countries like Reunion, producing 2,304 tons yr * and Madagascar,
having 2,926 tons yr 1. The major markets for vanilla beans are European countries and the
United States (Conybeare, 2017). Kenya has favourable climatic conditions for cultivating
vanilla crops (Waititu et al., 2020), and there are both local and export markets for the crop
(Oyugi, 2018).

Vanilla farmers in most developing countries like Kenya have abandoned production
of vanilla crop because of production constraints (Chauvin et al., 2017). Highly specialized
skills in terms of experience are required in the production and processing of vanilla crops
(Chauvin et al., 2017). Vanillas are propagated using stem cuttings of mature vines, though
this method is very slow, labour intensive and takes a long time to establish (Smith et al., 2018).
Vegetative propagation of vanilla retards the growth and development of the mother plant
(Martinkova & Klimesova, 2022). Vanilla stem cuttings serve as a means for the spread of
varied diseases (Wiering et al., 2020).
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Shortage of vanilla planting materials, production and processing constraints in
Kenya are partly drawbacks to the broader dissemination and cultivation of the vanilla crop.
Tissue culture techniques have emerged as an alternative method for the mass production of
planting materials within a relatively short period (Robinson, 2020). The in-vitro regeneration
technology can save the situation of vanilla production in Kenya.

According to Daneshvar (2018), vanilla has been propagated through direct and
indirect organogenesis. Recently, vanilla species have been propagated using tissue culture
techniques showing significant advantages compared to the conventional method (Wodrich,
2020). A number of studies on in-vitro mass multiplication of vanilla species have been
reported in other countries through the culture of stem nodes (Chambers, 2019), root tips
(Dolce et al., 2020), shoot tips (Isidro-Adolfo et al., 2019) and callus culture (Park, 2021) but
limited information is documented on in-vitro regeneration production of vanilla crop in
Kenya.

The present study was undertaken to determine the suitable levels of kinetin and
indole-3-acetic acids concentration levels supplemented with MS medium (Skoog &

Murashige, 1962) on stem nodal segments of vanilla species grown in Kenya.
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3.2 Materials and methods

3.2.1  Materials sampling and Experimental site

Purposive network sampling was done in Busia county (Latitude 0° 47" 11.113" N
and Longitude 34° 24' 26.339" E) (Figure 4). This was because there are few vanilla farmers
and agricultural institutions conducting research on vanilla in Kenya. Vines were sampled,
collected and planted under the shade net at Egerton University (Latitude 0° 22' 11.0"S and
Longitude 35°55' 58.0"E) for micropropagation. In-vitro experiments were conducted in the
Tissue Culture Laboratory at the Kenya Agricultural and Livestock Research Organization-
Njoro, located at the latitude of 0° 20" North and longitude of 35°56' East at an elevation of

2120 above the sea level.
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Figure 4: Map of the experimental site, Busia County, Kenya

3.2.2

A laminar airflow cabinet was prepared for use by switching it on for 15 minutes, its
surfaces were sterilized with 70% ethanol, followed by exposure to UV light for 30 minutes.

All metallic tools were placed in an aluminium foil and sterilized in an autoclave for 30 minutes

Surface and equipment sterilization
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at 121 °C. During their use in the cabinet, tools were frequently dipped in 70% ethanol,
followed by heat sterilization in a steribead sterilizer maintained at 25 °C for 30 seconds. All
glassware and vessels were washed in hot water at 55 °C into which few drops of liquid
detergent had been added. Glassware were rinsed in distilled water three times, followed by a
final rinse with water to which a few drops of commercial bleach (JIK®) containing sodium
hypochlorite had been added. All these were carried out in a clean dust free washing room. The

glassware were then dried in the oven at 60 °C.

3.2.3  Ex-plants collection

Nodal segments were used as the ex-plants. The newly, young growing vines with
two to three nodes were excised from healthy mother plants in the research field at Egerton
University, placed in a beaker containing tap water, and transported to the plant tissue culture
laboratory at KALRO, Njoro, Kenya.

3.2.4 Ex-plants surface sterilization

Ex-plants were surface sterilized according to Sharma (2011), with minor
modifications which involved cutting ex-plants into 2.0 cm long sections with a node. Initial
washing was done by thoroughly washing under running tap water for 30 minutes to remove
soil. Ex-plants were rinsed four times with distilled water, followed by soaking in a fungicide
solution of Benlate® (two drops in 100 ml of distilled water) for an hour. Ex-plants were also
washed in a solution of Tween 20 (wetting agent - two drops in 100 ml of distilled water) for
5 minutes and were rinsed five times with distilled water to remove any traces of detergents.

The sterilized ex-plants were again treated with fungicide 0.5% Caberndezim for 8
minutes under aseptic conditions and washed eight times with distilled water to remove traces
of fungicide. The above step was followed by transferring the ex-plants to the laminar hood.
The ex-plants were sterilized a second time by dipping them in 25% commercial JIK® for 25
minutes, then rinsed three times in distilled water to completely get rid of sterilizing agent.
Finally, ex-plants were immersed in 70% ethanol for 30 seconds. After decontamination, ex-
plants were rinsed three times with distilled water in a laminar hood. The wounded sites
exposed to sterilizing agents were trimmed properly and subsequently inoculated into culture

media.
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3.25 Nutrient media composition

Initiation culture media contained Murashige and Skoog (MS) media premix (Skoog
& Murashige, 1962), vitamins (0.1 g L™* myo-inositol, 0.15 g L™ ascorbic acid, 0.15 g L™ citric
acid), Antioxidant (1.0 g L™ polyvinylpyrrolidone ‘PVP”), 5.0 ml L fungicide (Benlate®), 0.2
g L bactericide (Ampicillin trihydrate), carbon and energy source (sucrose 30 g L) and
solidifying agent (gelrite 2.5 g L™).

Kinetin and 1AA at concentrations at 0, 0.4, 0.8, 1.2, 1.6, 2.0 mg L were included

during shooting and rooting processes.
3.2.6  Preparation of nutrient media and sterilization

The culture media were prepared by making concentration stock solutions which were
diluted to the required concentration before use. The MS media premix stock solution was
prepared by dissolving 4.40 g L in distilled water and stored in a refrigerator at 2 — 4 °C until
used. Kinetin and 1AA stock solutions were prepared according to their molecular weights.
Kinetin with molecular weight of 215.2 grams was dissolved in one litre of sodium hydroxide
(1N NaOH). The suitable working concentration of kinetin range from 0.1 - 5.0 mg L. To
prepare one litre stock solution of kinetin, 0.005 gram of kinetin was dissolve in one litre of
distilled water. Indole —3— acetic acid has a molecular weight of 175.2 grams and it was
dissolved in one litre of sodium hydroxide (1N NaOH). The working concentration of I1AA
ranged from 0.01 - 3.0 g L and 0.006 gram of IAA was used to prepare one litre stock solution
of IAA.

Murashige and Skoog culture media were dispensed in glass containers sealed with
plastic closures and sterilized by autoclaving for 30 minutes at 15 Pa and 121 °C. Vitamins
(myo-inositol, ascorbic acid and citric acid) and phytohormones (kinetin, indole —3— acetic
acid) were sterilized by using millipore filter papers of 0.2 um pore diameter. This solution of

compounds was added after the media was autoclaved and cooled but not solidified.
3.2.7 In-vitro conditions and inoculation

All media were adjusted to a 5.8 pH with 1 N NaOH prior to autoclaving. Nine
sterilized ex-plants were inoculated onto the surface of solidified nutrient media under aseptic
conditions for culture initiation. The cultures were incubated in the growth tissue culture room
at 26 +1 °C air temperatures, 50 to 60 % relative humidity and a 16-hour photoperiod under

the illumination of 20 umol ms? photons provided by fluorescent light. Roots were removed
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from grown plantlets in initiation culture media without phytohormones after four weeks and

transferred to shooting media.

3.2.8  Multiplications of shoots

After four weeks of shooting, elongated shoots with nodes were cut into individual
nodal segments 2.0 cm long. Nine nodal segments were inoculated onto each fresh media
containing kinetin at 0, 0.4, 0.8, 1.2, 1.6, and 2.0 mg L. Shoots were re-inoculated onto fresh
medium for further multiplication after four weeks. These sub-cultures were done for optimum
multiplication at four weeks intervals over 56 days. Based on the number of shoots per plant at
a given Kinetin treatment level, newly developed shoots from the best performed kinetin
treatment level were transferred to the rooting media of IAA at varying concentration levels of
0,0.4,0.8,1.2,1.6,20mg L™

3.2.9  Experimental design, layout and data collection

The experiments were laid out in a completely randomized design (CRD) as a two-
factor experiment with five replications.

Data was recorded on a number of shoot parameters at the final stage of shoot
multiplication. Number of plants with shoots (number of plants having newly developed
shoots) was recorded two weeks after the last stage of shoot multiplication. Number of shoots
per plant (newly developed shoots per plant) and leaves (newly developed leaves), data were
recorded after eight weeks. Additionally, the number of nodes (newly developed nodes) and
shoot length (cm) (emerged shoots, measured from the point of emergence to the tip using a
linear meter) were also recorded after eight weeks.

Rooting parameters were recorded after transferring the shoots to rooting media,
where eight shoots were placed in each rooting bottle. The transferred shoots were selected on
the basis of their good performance depending on kinetin concentration level. Number of plants
with roots (number of plants having newly developed roots) and number of roots per plant
(newly developed roots per plant) were recorded after three weeks of rooting. Root length (cm)
(measuring the roots from the point of emergence to the tip using a linear meter) data recorded
after five weeks.

Dead plants were determined by counting the number of plants which could not
survive under kinetin and IAA treatments. Data for dormant plants was determined by
measuring plants which could not initiate either shoots or roots. Recorded data for

contaminated media was based on fungi and bacteria according to Mesay et al. (2015). Dead
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plants, dormant plants and contaminated media data were recorded throughout the in-vitro

regeneration processes.

3.3  Data analysis

Data were subjected to analysis of variance (ANOVA) at p £0.05 level of significance
using the general linear model (GLM) procedure of the Statistical Analysis System (SAS)
program version 9.1 (SAS Institute, Cary Inc, 2001). Treatment means were separated by
Tukeys’ Honestly Significant Difference test at p < 0.05.

The linear statistical model used for the experiment was:

Yij= pTi+ g

i=1,2,3,4,5,6 i=1,2,3,4,5

Where;

Yij— An individual observation for i levels of phytohormone concentration and j™ replication,

i - overall mean, Ti- effect due to i™ levels of phytohormone concentration, &ij - random error

component associated with each observation.
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3.4 Results and discussion

Vanilla stem nodal ex-plants were inoculated onto MS media without phytohormones
for culture initiation. Initial experiments exhibited more contamination, especially where
mature ex-plants were used. Younger ex-plant showed limited contamination, and this
observation is in agreement with that of Furukawa (2019). Mature ex-plants showed more
contamination probably because their tissues may harbour bacteria and fungi contaminants that
were more difficult to eliminate.

All ex-plants exhibited direct shoot organogenesis. This means that adventitious
shoots have the ability to protrude directly from the ex-plants in the free-plant growth regulator
culture media. Similar observation was reported by Patil et al. (2017) who demonstrated direct
and indirect shoot organogenesis using internodes of Abutilon ranadei Wooder.

Shoots induction was derived from vanilla stem nodal ex-plants cultured on MS
media supplemented with Kkinetin concentration levels. The effects of kinetin at varying

concentration levels were observed as shown in Table 2.

Table 2: Effect of kinetin concentration levels on the shooting of vanilla plantlets

No. Plant Number of ~ Number of  Number Number of  Shoot length
Growth plants with  shoots per of leaves  nodes (cm)
Regulator  shoots plant
(mg L™)

Kinetin

1 0 2.2+0.60c 1.2+1.0c 2.6+0.6a 1.2+0.8b 4.2+0.2c

2 0.4 2.6+0.20c 2.0+0.6a 3.0£0.2a  1.4+1.0b 4.4+3.8c

3 0.8 2.8+1.4bc 2.2+0.4ab 3.2+0.0a  1.6+0.8ab  8.2+0.2b

4 1.2 4.240.2a 2.6+0.4a 3.0£0.2a 2.4+0.4a 11+0.6a

5 1.6 4.0+1.4ab 1.8+0.8a 3.0£0.2a  2.0+0.4ab  10.4+0.6a

6 2.0 2.0+0.8c 1.6+1.0b 3.2#0.0a  1.4+1.0b 8.4+2.6b

Means followed by the same letter in a column are not significantly different at p< 0.05,

according to Tukey’s HSD test.
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34.1 Number of plants with shoots

The ex-plants showed varied successes in shooting depending on the concentration
levels of kinetin in the media after two weeks of shooting treatment. The number of plants with
successfully established shoots varied significantly between 2.0 and 4.2 at 2.0 mg L and 1.2
mg L ! respectively (Table 2). MS media containing 1.2 mg L™ (4.2) and 1.6 mg L (4.0) levels
were not significantly different at 5%. Kinetin at 0 mg L (2.2), 0.4 mg L (2.6), 0.8 mg L™
(2.8) and 2.0 mg L* (2.0) were not significantly different from each other, however, they were
significantly different from treatment at 1.2 mg L (4.2) and 1.6 mg L™ (4.0) except for 1.6 mg
L%, Treatment at 1.6 mg L™ (4.0) was not significantly different from concentration at 0.8 mg
L1 (2.8) at 5% level (Table 2 and Figure 5).

These findings indicated that stem nodal ex-plants cultured on MS media with 1.2 mg
L% of kinetin performed significantly better with 4.2 plants with shoots as compared to other
concentration levels (Table 2). Kinetin at 1.2 mg L™t may be the optimum concentration level
for the production of vanilla shoots in Kenya. However, the optimum concentration of kinetin
is species dependent (Foo et al., 2020). Similar observation was made by Abu-Romman et al.
(2015) on cucumber (Cucumis sativus) when kinetin concentration of 1 mg L™ was used.
According to Abu-Romman et al. (2015), the highest number of cucumber (Cucumis sativus)
with shoots recorded at 1.0 mg L (7.93 shoots). Generally, cytokinins including kinetin are
widely known as shoot promoting agents in many in-vitro cultured organs (Li et al., 2022).

The present study indicated that kinetin at 2.0 mg L™ gave the lowest number of plants
with shoots (2.0) (Table 2). The lowest number of plants with shoot occurred because the level
may be beyond the optimum ratio for shoot formation. The results are in agreement with those
made by Satish et al. (2016), who reported that higher concentration of kinetin beyond the
optimum concentration level induced necrosis and reduction in shoot formation of finger millet
(Eleusine coracana L.). When the plant growth regulator (GPRS) is higher than the surrounding
plant cells, such plant cells experiences mechanical stress (Arif et al., 2021). According to Arif
et al. (2021), higher GPRs concentration causes cells at the lateral parts of the wing disc of the

plant to stop growing, as central plant cells experience mechanical stress.
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Figure 5: Plants with the shoot at varied kinetin concentration levels after two weeks of
shooting of the vanilla plantlets @ —0mg L, b—04mgL% c-08mgLYd-12mgL?e

—1.6mg L' and f-2.0 mg L™ concentration levels)
3.4.2  Number of shoots per plant

The mean values on number of shoots per plant ranged from 1.2 (0 mg L) to 2.6 (1.2
mg L. Kinetin concentration at 0.4 mg L™, 0.8 mg L'?, 1.2 mg L™ and 1.6 mg L™* were not
significantly different from each other. They were however significantly different from kinetin
concentration levels of 0 mg L and 2.0 mg L™ except for 0.8 mg L™ which was not
significantly different from 2.0 mg L treatment (Table 2). Plants inoculated on MS media
supplemented with 1.2 mg L™ kinetin produced significantly higher value on shoots
regeneration per plant (2.6 shoots) as compared to plants inoculated on MS media that were
not supplemented with kinetin (1.2 shoots) and at kinetin level 2.0 mg L™ (1.6 shoots) after
eight weeks.

In this study, kinetin treatment at 2.0 mg L yielded 1.6 shoots. These results are in
contrast with those of Erawati et al. (2021), who recorded the highest number of shoots per
Vanilla planifolia ex-plant (6.00 shoots) from the medium supplemented with 2.0 mg L*
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Kinetin after 56 days. This could be caused by genotypic differences of vanilla species studied.
It was observed in the present study that MS media without hormone as well as higher hormone
concentrations were ineffective in shoot regeneration of vanilla ex-plants (Table 2).

The present results are in agreement with those of Abu-Romman et al. (2015), who
demonstrated the effect of kinetin on shoots regeneration of cucumber (Cucumis sativus). Abu-
Romman et al. (2015) reported that increasing kinetin concentration to 2.0 mg L™ reduced the
rate of regeneration to 4%. This explains the relationship of plant growth hormonal dose with
physiological response of the plants. Physiological response increases significantly until the
plant reaches the saturation level. However, below or above the saturated concentration point
of plant growth regulator, regardless the type of cytokinin will result to decline in physiological
response (Abu-Romman et al., 2015).

Many research studies have reported higher proliferation rate at low concentration
level of BAP as compared to kinetin. In the present study, the highest number of shoots per ex-
plant under MS media supplemented with kinetin recorded were however lower than that
recorded by Arafah et al. (2021) using 1.0 mg L™ BAP on Solanum tuberosum. Nair (2019)
also observed that the proliferation rate of turmeric ex-plants grown on the media supplemented
with Kinetin was generally lower than BAP. This may be attributed to the fact that BAP has
been widely documented as a more effective cytokinin for the induction of shooting in plant
tissue culture (Park, 2021).

3.4.3 Number of leaves

The number of leaves counted after 8 weeks of shooting were not significantly
different at different kinetin concentration levels. The values ranged between 2.6 (0 mg L),
3.2 (0.8 mg L'rand 3.2 (2.0 mg L) (Table 2, Figure 6). Kinetin levels 0.8 mg L and 2.0 mg
L produced shoots with highest mean number of leaves (3.2+0.0) while the least number was
recorded for kinetin level 0 mg L (2.60.6).

Number of leaves regenerated is an indicator of plant survival (Vynnycky &
Papadopoulos, 2021). Results in this study is in contrast with those of Adugna et al. (2020)
who recorded highest mean number of leaves per explant of 7.97+4.18, after 4 weeks where
MS premix media contained 0.5 mg L kinetin on Moringa stenopetala. This suggests that
treatment levels and time could be species related.

Premix MS media with kinetin levels of 0.8 mg L*and 2.0 mg L (3.2+0.0) gave the
most suitable survival environment for vanilla plantlets initially (3 weeks) but at 8 weeks

(Figure 6), the plantlets had stunted growth. Based on the results, stunted growth may have
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occurred due to higher concentration level of kinetin that inactivated the growth hormones in
plantlets (Winnicott, 2016). The present results concurred with those of Ferrando et al. (2018),
who observed that higher concentrations of cytokinin increased leaf production initially but the

plantlets became stunted in the culture after 4 weeks of shooting.

Figure 6: Number of leaves of vanilla crops in Kenya at varied kinetin concentration levels
after 8weeks @a-0mg LY, b-04mgL*c-08mgLYd-1.2mgLt e—-1.6mgLtandf
-2.0mgL?)

344 Number of nodes

The number of nodes recorded under MS media supplemented with Kinetin ranged
from 2.4 (1.2 mg L) to 1.2 (0 mg L) after 8 weeks of shooting (Table 2). The current results
indicated that kinetin influenced growth response of vanilla species. However, Kinetin
concentration level of 1.2 mg L™ was significantly different from 0 mg L™, 0.4 mg L and 2.0
mg Lt concentration levels except at 0.8 mg L't and 1.6 mg L™t which were not significantly
different at 5% (Table 2).
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Premix MS media with kinetin concentration at 1.2 mg L™? (2.4) gave the highest
mean value as compared to 0 mg L™ (control) and 2.0 mg L. The number of nodes increased
with the increasing concentration of kinetin up to the saturation point when the number of
nodes started to decline. These results are in concurrence with those of Hesar et al. (2011), who
reported on the effect of kinetin on number of nodes of Matthiola incana species. According
to Hesar et al. (2011), MS media supplementation of 0.5-2 mg L™ kinetin evaluated on nodal
segments of Matthiola incana, revealed that the maximum number of nodes observed was at 2
mg L (4.64). Hesar et al. (2011) noted that the number of nodes increased with the increase
of kinetin concentration. The highest number of nodes recorded in Matthiola incana species
was higher than the number recorded in vanilla species in this study, indicating that kinetin
effects is species dependent. The number of nodes regenerated is important because it is a
measure of how rapid vanilla plants have multiplied and it informs how many plantlets can be

produced from the initiated plantlets in case of nodal propagation.
345  Shoot length

Shoot length varied significantly from 4.2 cm (0 mg L™?) to 11.0 cm (1.2 mg L)
(Table 2 and Figure 7). Premix MS Media supplemented with 1.2 mg L (11+0.6 cm) and 1.6
mg L (10.4+0.6 cm) were not significantly different from each other. They were however
significantly different from kinetin concentration at 0 mg L (4.2+0.8), 0.4 mg L (4.4+3.8),
0.8 mg Lt (8.2+8.2) and 2.0 mg L (8.4+2.6) at 5% level of significant (Table 2). Kinetin
concentration at 1.2 mg L* (11+0.6 cm) performed best in enhancing shoot elongation in
vanilla shoots (Table 2). Media supplemented with Kkinetin at any concentration performed
better than media without kinetin (0 mg L™). This finding highlights the importance of using
plant growth regulators to increase efficiency of vanilla in-vitro regeneration. According to
Kameni et al. (2021), kinetin is made up of adenine that carries a Furan-2-ylmethy substituent
at the exocyclic amino group that promotes cell division, plant growth and elongation. The
present observation underlined the important role of cytokinins in initiating the regeneration
response in the nodal explants in orchid species as was suggested by Hussain et al. (2017).

Generally, the results obtained here clearly indicated that shoot initiation and
proliferation increased with increase in kinetin concentration up to 1.2 mg L™ and then
gradually decreased when kinetin concentration level was increased. This is supported by
evidence that high levels of cytokinins have deleterious effects on shoot length in vanilla
(Erawati et al., 2020).
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Figure 7: Shoots length representative at varied Kinetin concentration levels after 8 weeks (a -
OmgLLb-04mgLYc-08mgLYd-12mgLYe-1.6mgL? f-2.0mgL?)

3.4.6  Rooting of Shoots

In-vitro shoots were separated and transferred to the rooting media to obtain complete
plantlets. Solid MS media fortified with different concentration levels of IAA and auxin were
used for rooting. The effects of different concentration levels of IAA (0.0 mg L, 0.4 mg L?,
0.8mgL?, 1.2mgL? 1.6 mg L and 2.0 mg L) on the root formation on vanilla shoot (Table
3).
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Table 3: Effect of IAA concentration levels on rooting of vanilla shoots

No. Plant Growth Number of Rooted Number of Root length
Regulator plantlets with plantlets roots per (cm)
(mg LY roots % plantlet
IAA
1 0 2.4+1.2hc 10.17 2.4+0.6¢ 2.0+0.6c
2 0.4 3.4+0.2b 14.41 2.6+0.8c 1.8+0.8c
3 0.8 3.6+£3.2b 15.25 3.0+0.4bc 2.6x1.4c
4 1.2 6.8+1.0a 28.81 3.6+0.2ab 4.0+0.4ab
5 1.6 5.8+1.0a 24.58 4.2+0.6a 3.6+1.0b
6 2.0 1.6+2.0c 6.78 3.4+0.8b 4.6+0.6a

Results show mean + standard error (SE) of treatments. Different letters within a column

indicate significant differences at p < 0.05 level.
3.4.7  Number of plants with roots

Results observed after 3 weeks of rooting indicted that indole-3-acetic acid
concentration levels at 1.2 mg L™ (6.8+1.0) and 1.6 mg L™ (5.8+1.0) were not significantly
different at 5% but they were different from concentration levels at 0 mg L™ (2.4+1.2), 0.4 mg
! (3.4+0.2), 0.8 mg L™ (3.6+3.2) and 2.0 mg L™ (1.6+2.0) on the effects on number of plants
with roots. Treatments 0 mg L™ (2.4+1.2), 0.4 mg L (3.4+0.2), 0.8 mg L* (3.6+3.2) were not
significantly different but were different from 2.0 mg L™ (1.6+2.0) except 0 mg L (2.4+1.2)
which was not different from 2.0 mg L (1.6+2.0) on number of rooted plants at 5% level of
significant (Table 3 and Figure 8).

A significantly higher percentage of rooted plants was achieved on MS media
fortified with 1.2 mg L™ IAA (28.81%) than 2.0 mg L1 IAA (6.78%) after 3 weeks, (Table 3).
Significantly lower percentage of rooted plantlets was observed on MS media that was not
supplemented with IAA (10.17%). The lowest percentage on MS media supplemented with 2.0
mg LT IAA (6.78%), (Table 3). In other studies using NAA (an auxin) Adugna et al. (2020),
reported that the least mean number of rooted shoots were produced on growth regulator free
media (O0mg L) NAA (0.26 +0.57) and 2.0 mg L (0.27+0.45) of Moringa stenopetala. These
results showed that IAA and NAA increased their effects on roots to certain saturated point,

followed by a decline.
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Figure 8: Images of the effects of different concentrations of IAA on rooting of vanilla shoots,
3 weeks after inoculation (@a—0mg L, b—-04mgLY c-08mgLY d-12mgL?e—1.6
mg Ltand f—2.0 mg LY)

34.8 Number of roots per plant

The results recorded after 3 weeks of rooting indicated that shoots grown on MS
media supplemented with 1.6 mg L™ IAA produced roots (4.2+0.6). These were significantly
different from other treatments (Table 3). Shoot buds grown on MS media that was not fortified
with any 1AA resulted in least number of roots per plant (2.4+0.6) (Table 3 and Figures 8).
Despite that IAA at 2.0 mg L™ concentration level gave lowest percentage of rooted plants
(6.78%), 2.0 mg L* IAA concentration level had the highest root length 4.6+0.6cm as
compared to other treatments (Table 3).

These findings are comparable with those of Thapa (2020) who reported 2.9 and 2.4
roots per plant of Pisidium guajava on media supplemented with IBA and NAA respectively.
Thapa (2020) noted that shoots cultured on media supplemented with IBA alone was observed
to have increased in mean number of roots per shoot at a higher concentration (2.0 mg L™?)
whereas the less effect was observed for NAA. These findings confirmed that auxins including
IAA have positive effect on rooting under tissue culture conditions (Biniari et al., 2018).

Khan et al. (2017) also reported that response of shoots to rooting was dependent on

the combination and concentrations level of auxins used. The combination of 1.0 mg L™* IBA
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+ 0.5 mg L IAA was the best medium for rooting. The effect of IBA and IAA for root
induction and proliferation has also been reported in medicinal plants (Kumar, 2018).

The current findings are in contrast to those of Erawati et al. (2020), who reported
that root induction in Vanilla planifolia was strongly stimulated by a growth regulator free MS
medium as compared to that MS media with IBA and NAA. Auxin free medium gave the higher
number of roots, percentage of rooting and root length (Erawati et al., 2020). This may be due
to the less effect of NAA and IBA as compared to the present study that involved the use of
IAA on vanilla crops.

3.49  Root length

Results obtained after 5 weeks indicated that the highest value achieved for root
length was 4.6+0.6 at 2.0 mg L™* IAA and the least value 1.8+0.8 at 0.4 mg L™ (Table 3). Based
on the results, IAA concentration level 0 mg L?, 0.4 mg L and 0.8 mg L were not
significantly different but were different from concentration level at 1.2 mg L, 1.6 mg L™ and
2.0 mg L at 5% level of significance. Concentration levels at 1.2 mg L™t and 1.6 mg Lt IAA
were not significant different but 1.6 mg L™ was significant different from 2.0 mg L%, (Table
3).

The observations recorded indicated that IAA concentration at 2.0 mg L? (4.60.6)
was the highest value obtained on mean root length. The roots elongated with the increased
IAA concentration, was however not uniform as observed in Table 3. These observations are
similar to those of Adugna et al. (2020), who reported the highest mean root length (0.87 £
1.22 cm) at 1.0 mg L™t when NAA was increased from 0 mg L™ to 1.0 mg L in-vitro culture
of Moringa stenopetala. The NAA increment from 1.0 mg L™ to 2.0 mg L™ in a culture of
Moringa stenopetala, resulted in a reduction in mean root length from 0.84 £0.54 to 0.14 +
0.24 cm (Adugna et al., 2020). This revealed that suitable in-vitro concentration conditions for
Moringa root elongation is at 1.0 mg L* NAA. The variations between IAA and NAA effects

may be species dependent and the type of plant growth regulators used.
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3.4.10 Micropropagation constraints

Table 4: Constraints of a combined concentration levels of kinetin and IAA on vanilla

plants throughout the in-vitro experiments

No. Phytohormones
(mg LY Dead plants Dormant plants Contaminated
Kinetin IAA
1 0 0 2 .8+1.0b 4.8+1.6bc 8.2+6.6b
2 0.4 0.4 3.848.2b 3.4+3.0c 3.8+2.6d
3 0.8 0.8 9.6+2.4a 5.6 £0.8b 6.0£0.4c
4 1.2 1.2 9.2+2.8a 6.4+4.4b 6.4+1.8c
5 1.6 1.6 1242.4a 9.8+1.0a 6.4+1.8c
6 2.0 2.0 9.4+2.6a 10.8+1.0a 14.8 +6.6a

Different letters within a column indicate significant differences at p<0.05.

The limiting factors of kinetin and IAA on common plant tissue culture are; dead
plantlets, dormancy and contamination (Table 4 and Figure 9). Highest plantlets mortality
(12+2.4) was recorded for MS supplemented with 1.6 mg L of Kinetin and IAA as a
combination, while MS without hormones (0 mg L™) resulted in least mortality (2 .8+1.0)
which was significantly different from other treatments. The results of dead plantlets indicated
that the higher the concentration, the more negative effects on the survival of vanilla plantlets.
Plants that were dormant in culture media were significantly higher (10.8£1.0) in MS media
supplemented with 2.0 mg L™ Kinetin and IAA and least (3.4+3.0) in MS supplemented with
0.4 mg L kinetin and IAA.

Contamination is one of the major bottlenecks in vanilla tissue culture (Herman,
2017). In this study, observation was on an endogenous fungal contaminant that was resistant
to the surface sterilization and to the broad-spectrum fungicide used (Benlate® SP fungicide
contain Benomyl Methyl 1-(butylcarbamoyl)-2-benzimidazolecarbamate). Plantlets grown in
culture media fortified with 2.0 mg L* showed significantly higher contamination (14.8 +6.6)
while those cultured on MS media supplemented with 0.4 mg L kinetin and IAA showed the
least (3.8+2.6) contamination. This suggests that contamination in the media could also be due

to the plant growth regulators.
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The success in tissue culture depends on the effectiveness of the sterilization methods
used on the ex-plants prior to the culture initiation (Park, 2021). It is also important to screen
for diseases using ELISA method so that disease free materials can be micropropagated. It is
essential that all the materials used in the plant tissue culture be sterilized to kill
microorganisms (Yadav, 2019). According to Franco (2021), sterilization of plant tissue culture
minimizes contamination to 5%. Contaminants of microorganisms such as viruses, bacteria,
yeast and fungi are the reason for plants losses during in-vitro culture of plants regeneration
(Thomas & Franco, 2021). The disinfectants widely used are sodium hypochlorite which dates
back to the mid-18th century (Maffettone et al., 2018).

(a)

(e) ) (g) (h)
Figure 9: Forms of constraints during Micropropagation (a, b — dead plants, ¢, d — dormant,
and e, f, g, h — contaminated).
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3.5 Conclusion and recommendation

The present study confirmed that in-vitro regeneration protocol could be used for
rapid multiplication method of producing Vanilla planifolia Andrews crops in Kenya. The
study demonstrated that premix MS media supplemented with kinetin and indole-3-acetic acid
had varied effects on shooting and rooting of vanilla depending on the concentration used.
Premix MS media supplemented with kinetin at 1.2 mg L™ was the most suitable for in-vitro
regeneration of vanilla shoot induction while indole-3-acetic acid at 2.0 mg L™ was preferable
for roots differentiation and elongation on shoot plants.

Kinetin at 1.2 mg L™ and indole-3-acetic acid at 2.0 mg L™ are considered the best
for in-vitro rapid mass multiplication of vanilla plant and can be recommended for use at large

scale production of clean planting materials in Kenya.
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CHAPTER FOUR

MORPHOLOGICAL DIVERSITY OF KENYAN VANILLA (Vanilla spp.)
ACCESSIONS

Abstract

Several countries have successfully bred vanilla crops based on variations in
morphological traits. However, such programmes in Kenya are limited by lack of information
on phenotypic diversity. The objective of this study was to characterize vanilla accessions from
Bungoma, Busia, Kwale, Mombasa and Kilifi counties in Kenya using morphological
variations. Morphological traits analyses were based on eighteen qualitative and nine
quantitative characteristics. Qualitative and quantitative data were analyzed using STATA
software (version 7, edition 5.0). Factorial analysis for qualitative traits clustered the samples
into two, (I - Inland western counties) and (Il - Coastal counties). Five factor analyses for
guantitative traits was strongly negative for overall stem height (-0.1441) and aerial root length
(-0.1329), and strongly positive for number of flowers, leaf petiole length, stem internode
length, leaf blade width and leaf blade length accounting for 80.12%. The highest uniqueness
was recorded for aerial root length (0.825) and overall stem length (0.734) indicating that these
traits were more variable. The least uniqueness was recorded for leaf blade width (0.1099), leaf
petiole length (0.1754) and stem internode length (0.180), implying that these traits were more
uniform in among the accessions.
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41 Introduction

Vanilla species are the only orchids commercially grown for their pods (Chase et al.,
2017). Orchids comprise 7% of flowering plants and are considered one of the most prominent
families among flowering plants (Rao & Rajasekharan, 2019). Vanilla is derived from the
Spanish name vainilla, which means “little pod” and refers to the long and slender fruit
(Sanchez-Galindo et al., 2018). Vanilla pompona Scheide, Vanilla tahitensis and Vanilla
planifolia Andrews (syn. V. fragrans) are the main species commercially grown for natural
vanillin flavour production (Briddon et al., 2019). Vanilla species are in the Orchidaceae family
and belong to Plant Kingdom (Havkin-Frenkel & Belanger, 2018) and are native to Mexico
South Eastern parts of the country (Wodrich, 2020).

Brunschwig et al. (2017) investigated the comparative vegetative anatomy and
systematics of the species of vanilla and found that vegetative anatomical characters have some
phylogenetic value. The vanilla genus has 16 (x=16) chromosomes whereas, Vanilla pompona,
Vanilla planifolia, and Vanilla tahitensis are diploid with 2n=32 (Briddon et al., 2019). Vanilla
species are cultivated in tropical climates where rainfall is evenly distributed between 150 to
300mm annually (Romps, 2020). Excessive rainfall cause mildew and root rot diseases in
vanilla crops, while drought conditions result in a small number of flowers and low yield
(Gaznayee & Al-Quraishi, 2019). Suitable temperatures for vanilla crops are between 24 °C
and 30 °C (Nany & Grisoni, 2021). The vanilla plant is usually cultivated on various types of
soils, from sandy loam to laterites (Mohamed & Aly, 2019).

Phenotypic characterization differentiates one crop from another (Doussoh et al.,
2018). The common phenotypic descriptors used in individualizing plant species are mature
plant height, leaf length, leaf width, root type and flower colour (Bahar et al., 2018). Phenotypic
traits are influenced by agricultural practices and environmental factors (Gamrat et al., 2021).

Vanillin is present in the vanilla bean at 20 grams per kilogram dry weight (Adawiyah
et al., 2022). It contains other compounds like vanillic acid, sugar, fats, cellulose, minerals,
water, p-Hydroxybenzaldehyde and p-Hydroxybenzyl methyl-ether (Kranz & Jahns, 2014).
Natural vanillin has antimutagenic, anticarcinogenic and antimicrobial properties (Ravindran,
2017). The antimutagenic property has the ability to reduce chromosomal damage caused by
X-ray and ultraviolet (UV) light (Cassar et al., 2020). The anticarcinogenic property provides
a natural defence mechanism against cancer, deactivate carcinogens and block the means by

which carcinogens act (Soloneski & Larramendy, 2021), while antimicrobial property prevent
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the spread of microorganisms such as protozoa, bacteria, virus and fungi like mildew and molds
(Singh, 2020).

Adawiyah et al. (2022) reported that natural vanillin is extracted from cured vanilla
beans and is universally used in flavouring food, pharmaceutical, beverage, cosmetic and
perfumery industries. Production of vanilla crop acts as a source of income for small-scale
farmers and earns foreign exchange for most tropical countries in the world (Wilson, 2021).
The global market for the vanilla bean is projected to record 3.9% growth during the forecast
period 2020-2025 (FAO, 2020). About 20 countries including Kenya import natural vanilla, of
which America, Germany, France, the United Kingdom and Japan are the leading importers
(Tenedios et al., 2018).

According to Oyugi (2018), vanilla is one of the orphaned crops in Kenya and was
introduced in Kenya from neighbouring countries like Uganda and Tanzania in 1954. The
vanilla crop was believed to have come from Madagascar and Reunion through Christian
missionaries in Uganda (Nany & Grisoni, 2021). Since its introduction, vanilla species found
in Kenya have not been characterized. This hinders the breeding programme, dissemination
and cultivation of the crop in Kenya. Limited or no information on available vanilla species
found in Kenya has been documented. Determining morphological variations in crop species
is essential for crop improvement (Magbool et al., 2021). Therefore, assessing the extent of
diversity in vanilla species found in Kenya was necessary. The study was conducted to
determine the diversity of vanilla species found in Kenya using qualitative and quantitative

vanilla descriptors.

4.2 Materials and methods
4.2.1 Experimental sites

The in-situ evaluation was conducted in five select counties 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 10). The counties were selected purposively because they host

institutions and farmers who grow vanilla in Kenya.
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Figure 10: Map of Kenya showing the physical location of the experimental sites
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4.2.2 Morphological traits

Eighteen qualitative and nine quantitative morphological traits were used to
determine variation level among vanilla accessions in five counties (Table 5). Phenotypic
characterization (Vegetative, flowering and maturing traits) was done according to vanilla
descriptor (IPGRI, 2001).

Table 5: The qualitative and quantitative traits according to IPGRI (2001) used to

characterize vanilla accessions from five counties of Kenya

SNO. Code Trait Phenotypic scale
Qualitative traits

1 LBC Leaf Blade Colour 1=white yellow, 2=light green, 3=dark green

2 LBV Leaf Blade 1=absent, 2=present.
Variegation

3 PLBS Plant Leaf Blade 1=symmetric/slightly asymmetric, 2=moderate
Symmetry asymmetric, 3=strongly asymmetric.

4 LBB Leaf Blade Base 1= clasping, 2=tapering.

5 LBSA Leaf Blade Shape of  1=obtuse, 2=acute, 3=acuminate.
Apex

6 LBCM  Leaf Blade 1 = weakly visible, 2=slightly visible, 3=clearly
Conspicuousness of  visible.
the main vein

7 LBTS Leaf Blade 1=flat/slightly concave, 2=moderately concave,
Transverse Section 3=strongly concave.

8 LBS Leaf Blade Shape 1=narrow ovate, 2=medium ovate, 3=elliptic,

4=obovate, 5=oblong.

9 SC Stem Colour 1=light green, 2=medium, 3=dark green.

10 SSCS Stem Shape in Cross  1=round, 2=round to angular, 3=angular.
Section

11 SV Stem Variegation 1=absent, 2=present.

12 SST Stem Surface Texture 1=smooth, 2=medium, 3=rough.

13 FS Fruit Shape 1= ovate, 2 = oblong, 3 = obovate.

14 FST Fruit Surface Texture 1= smooth, 2= medium, 3= rough.
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15 FTSS Fruit Transversal 1=circular, 2=elliptic, 3=medium ovate, 4=broad
Section Shape ovate, 5=trullate, 6=triangular.
16 OH Overall Health 1=dead, 2=stressed, 3=well-nourished and health.
17 oLV Overall Leaf Vigour  1=no new leaf growth, 2=leaf growth development.
18 PAR Plant Aerial roots 1=long, strong aerial roots, 2=short, strong aerial
roots 3=long, weak aerial roots, 4=short, weak aerial
roots.
Quantitative traits
1 OSL  Overall stem length (m)  Stem length measured from the proximal end (base
end) to the distal end (apical end).
2 LAR  Length of Aerial roots Lengths of the root from the root base (at the point of
(m) emergence) to the tip.
3 NOF  Number of flowers The grown flowers from sampled vanilla plants were
counted, and the average number recorded.
4 LPL  Leaf petiole length (cm)  The length of the petiole from the point of attachment
to the leaf blade base.
5 SIL Stem internode length The lengths of the internode between the nodes.
(cm)
6 LBW  Leaf blade width (cm) Measured across between the margins at the broadest
point.
7 LBL Leaf blade length (cm) Leaf blade length from the base of the blade to the
apex.
8 SC Stem circumference A string was used to determine stem circumference.
(cm)
9 FL Fruit length (cm) Measure from the point of attachment to the tip.
4.3  Statistical analyses

qualitative and quantitative data.

43.1

Qualitative traits

and phylogenetic analyses were also done.

Statistical analyses were computed using STAT A software (version 7, edition 5.0) for

Results of qualitative traits were presented in a frequency distribution table. Factorial
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4.3.2 Quantitative traits

Quantitative data were presented in analysis of variance (ANOVA) table. Pearson’s
simple correlations were used to compare the degrees of association in the traits. The
quantitative data were automatically standardized using Pearson's simple correlations (to avoid
inflating the impact of variables with high variances on the results) before they were used as

input for Principal Component Analysis (PCA) and cluster analysis.

Statistical model for quantitative data:

Yij =p+ai +Bji)+ &ij

Where,

Yi - an individual observation for i*" county and j™" vanilla accession, p - overall mean,
oi - effect of i county, Bjq) - effect due to j™ vanilla accession nested within the i county, &ij -

random error component associated with each observation.
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4.4 Results and discussion
4.4.1  Results of qualitative traits analysis

The overall health of vanilla in the five counties was fair as most of the plants sampled
(52.5%) exhibited well-nourishing characteristics, while 47.5% were stressed (Table 6). All the
vanilla sampled in Kwale (26) and Mombasa (21) counties showed better overall health, while
all the vanilla accessions in Busia (17) were stressed. However, all five counties' vanilla
accessions showed good overall leaf vigour characterized by leaf growth and development.

Stem colour was mainly medium green for all counties except Mombasa, where all
accessions had dark green stems. Vanilla accessions in Bungoma (8) and Busia (17) had
variegated stems, while those from coastal counties (Mombasa (21), Kwale (26) and Kilifi (4))
did not show variegation on the stems. Most counties had vanilla with a medium stem surface
texture and a flat to slightly concave transverse section with a round cross-section shape.

All vanilla accessions had narrow ovate-shaped, moderately asymmetric, non-
variegated leaf blades with acute apexes. The colour of the leaf blade was either light or dark
green, and either clasping or tapering bases were observed. All types of aerial roots were
observed in the vanilla accessions. However, most accessions had either long or short, strong
aerial roots. Fruits observed on vanilla accessions were few and scanty. However, all the
observed fruits were oblong with smooth surface texture and a trullate transversal section shape
(Table 6).

Cota et al. (2021) discovered that most of the species have similar habitat and exhibit
strong similarities in morphological traits. However, this discovery is comparable with the
results found in this study, where most accessions in all counties had either long or short strong
aerial roots despite being in varied agro-ecological zones. According to Pausic et al. (2018),
orchid species are highly variable in their morphological traits based on varied agro-ecological
zones. The current results are aligned to those of Pausic et al. (2018), as the Inland Western
counties (Bungoma and Busia) showed a variation in variegated stems as opposed to the non-
variegated stems from coastal counties (Mombasa, Kwale and Kilifi).
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Table 6: Frequency distribution table of qualitative morphological traits of vanilla
accessions from five counties in Kenya

Plant Traits/ Site Bungoma Busia Kwale Mombasa Kilifi Total

(%) (%) (%) (%) (%) (%)
Overall health Stressed 62.5 100 0 0 75 47.5
Well-nourished  37.5 0 100 100 25 52.5
Overall Leaf leaf growth 100 100 100 100 100 100
Vigour development
Stem Colour Medium green  65.5 100 76.9 0 75 63.05
Dark Green 375 0 23.1 100 0 36.95
Stem Variegation Present 100 100 0 0 0 40
Absent 0 0 100 100 100 60
Stem Surface Texture Medium 100 100 100 100 100 100
(smooth/rough)
Leaf Blade flat/slightly 65.5 100 100 100 100 93.1
Transverse Section concave
moderately 37.5 0 0 0 0 6.9
concave
Stem Shape in Cross  Round 375 100 100 100 100 86.9
section Round to 65.5 0 0 0 0 13.1
angular
Plant Aerial roots Long, strong 375 76.5 885 0 0 43
Short, strong 12.5 175 115 100 100 48.3
Long, weak 37.5 0 0 0 0 7.5
Short weak 12.5 6 0 0 0 3.7
Leaf Blade Colour Light green 87.5 100 53.8 0 75 43.2
Dark green 12.5 100 46.2 100 25 56.8
Leaf Blade Base tapering 100 100 100 0 0 60
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Clasping 0 0 0 100 100
Plant Leaf Blade moderate 100 100 100 100 100
Symmetry asymmetric
Leaf Blade Absent 100 100 100 100 100
Variegation
Leaf Blade Shape of  Acute 100 100 100 100 100
Apex
Leaf Blade Shape Narrow ovate 100 100 100 100 100
Leaf Blade Weakly visible 0 0 100 100 100
Conspicuousness of  gjintyy visible 100 100 0 0 0
main vein
Fruit Shape Oblong 0 175 26.9 0 0
Fruit Surface Texture Smooth 0 175 26.9 0 0
Fruit Transversal Trullate 0 175 269 0 0

Section Shape

40

100

100

100

100

60

40

8.9

8.9

8.9

4.4.2  Factorial analysis

Factorial analysis grouped the samples into two clusters, 1 and II. Cluster I contained
vanilla accessions from inland western counties (Bungoma and Busia), while cluster Il
contained accessions from coastal counties (Mombasa, Kwale and Kilifi). The factorial
analysis showed that diversity existed among accessions within and between clusters. Cluster

| showed a higher level of diversity than cluster Il as shown in Figure 11.
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Figure 11: A factorial analysis based on qualitative traits of vanilla accessions from five

counties of Kenya

The accessions in cluster I showed poor overall health, variegated stems and light
green leaf blades with a weak visible main vein. Cluster Il was characterized by well-nourished
accessions with non-variegated stems and dark green leaf blades with slightly visible main
veins. Chanda et al. (2021) explained that morphological characterization is a broad subject
that includes botanical or taxonomy descriptors. It distinguishes one plant from another or
accessions against the others (Chanda et al., 2021). Morphological descriptors involved in
Chanda et al. (2021) study are plant height, panicle length, leaf length and width, flower colour
and root type. Chanda et al. (2021) findings were in-line with those of the current study, where
poor overall health, variegated stems and light green leaf blades with a weakly visible main
vein, well-nourished accessions with non-variegated stems and dark green leaf blades with
slightly visible main veins were used to cluster the accessions from five counties into two

clusters.
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443  Cluster Analysis

The coded qualitative traits were used to construct a complete linkage dendrogram
presented in Figure 12. The accessions were grouped into two major clusters A and B, and five
sub-clusters (Al, All, BI, Bll and BIII) based on the county of origin. Cluster A comprised
accessions from Bungoma and Busia counties, while cluster B comprised accessions from
Mombasa, Kwale and Kilifi. Sub-cluster Al comprised accessions from Busia county. Busia
county Al sub-cluster was based on all accessions having good overall health and medium
green stem colour. Sub-cluster All was made up of all accessions from Bungoma county and a
few from Busia county. These accessions had mixed characteristics; stressed and good overall
health, variegated stems, dark and light green leaf blades and slightly visible leaf blade
conspicuousness of the main vein.

Sub-cluster BI comprised most of Kwale county's accessions and was characterised
by a tapering leaf blade base. All accessions from Mombasa county and one from Kwale county
were grouped in sub-cluster BIl because they all had well-nourished overall health, dark green
coloured stems and leaf blades. Sub-cluster BIlI consisted of more accessions from Kilifi and
three from Kwale characterised by accessions with mixed traits; stressed and good overall

health, light green and dark green leaf blades colour.
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Figure 12: A dendrogram of vanilla accessions based on qualitative traits characterized from

five counties (Bungoma, Busia, Kwale, Kilifi and Mombasa) in Kenya
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Vanilla is cultivated in many tropical countries (Carbajal-Valenzuela et al., 2022).
Carbajal-Valenzuela et al. (2022) discovered that the success of the vanilla crop depends on
the proper management of light because it is the environmental factor with the most significant
influence on plant photosynthesis, growth survival and ultimately the ability to acclimation to
different habitats. According to Ji et al. (2018), vanilla is a hemi-epiphyte orchid that faces
seasonal water stress throughout its life cycle under natural conditions, which explains its CAM
photosynthetic pathway meaning that this species faces different light environments.

The results of the current study validate those of Petrauskas et al. (2020), where
vanilla accessions from Bungoma county and a few from Busia counties had the characteristic
of mixed stressed and good overall health, variegated stems, dark and light green leaf blades,
and slightly visible leaf blade conspicuousness of main vein meaning that these phenotypic
traits exhibited depended on proper management of light and seasonal water stresses that

prevails in vanilla species throughout its life cycle under normal conditions.
4.4.4 Results of quantitative traits analysis

On overall stem height, Kwale county accessions were significantly longer (22.78)
than vanilla accessions from the other counties (Table 7). Stem circumference was significantly
larger in accessions from Busia (2.74), Bungoma (2.66) and significantly smaller in accessions
from Kwale (2.37), Mombasa (2.32) and Kilifi (2.21) (Table 7). Stem internode length was
significantly highest in accessions from Busia (11.05) and shortest in Kilifi (2.18). Aerial root
length was significantly longer in accessions from Kwale (15.78) and significantly shorter in
Mombasa (1.86) (Table 7).

Vanilla accessions from Busia and Bungoma had significantly wider leaf blades (4.52
and 4.44, respectively) with longer petioles (1.50 and 1.50) than those from Kwale, Mombasa
and Kilifi (Table 7). Bungoma and Busia counties had significantly longer leaf blades (11.95
and 13.82 respectively). Vanilla in Busia (0.59) and Bungoma (0.38) had significantly more
flowers than the other counties, where none was observed, and there was no significant
difference in fruit length across the counties (Table 7).

De-Camargo et al. (2018) studied descriptions of new species in the Brazilian
Amazon. During their survey for the taxonomy of orchids in Para State, they found that
specimens in the Para State resembled some Amazonian types despite having no designated
holotype. The discoveries of the current study correspond with the study of Krahl et al. (2020),
where vanilla accessions from Busia and Bungoma were similar to each other; they had

significantly wider leaf blades with longer petioles and many flowers. According to Krahl et
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al. (2020), Vanilla odorata and Vanilla labellopapillata differ by stem internode length, where
Vanilla odorata range from 7-10.5cm long while Vanilla labellopapillata range was 12.6—
16.2cm long despite resembling each other.

The current research concurred with those of Krahl et al. (2020) in the manner that
accessions from Busia county had the highest stem internode length (11.05cm) as compared to
those from Kilifi county (2.18cm) despite showing similarity. The results of the current study
also agreed with the report of Brunschwig et al. (2017). They reported that Vanilla
labellopapillata (12.6-16.2 cm) differs from Vanilla tahitensis based on the internode length
(5.0 cm).

Table 7: Quantitative traits of vanilla accessions from five counties in Kenya

Site OSH ARL NOF LPL SIL LBW LBL SC FL
(m) (m) (cm)  (cm) (cm) (cm) (cm)  (cm)
Bungoma 2.82b 514b 0.38a 1.50a 9.96a 4.44a 11.95a 2.66ab 0.00a
Busia 4.99b 246b 0.59a 1.50a 11.05a  4.52a 13.82a 2.74a 3.41a
Mombasa 1.71b 1.86b 0.00a 0.68c 4.63b 2.06¢ 7.05b  2.32b  0.00a
Kwale 22.78a  15.78a 0.00a 1.05b  4.65b 253b 884b  237b  4.73a
Kilifi 4.49b 4690 0.00a 0.70bc 2.18c 2.25bc  2.10b  2.21c 0.00a
Pr(>F) 0.00*** 0.01* 0.08 4.9e- 2e- <2e- <2e- 0.00**  0.05

14*** 16*** 16*** 16***

Key: OSL- Overall Stem Height, ARL- Aerial Root Length, NOF- Number Of Flowers, LPL-
Leaf Petiole Length, SIL- Stem Internode Length, LBW — Leaf Blade Width, LBL-Leaf Blade
Length, SC-Stem Circumference, FL- Fruit Length

445  Correlations analysis of quantitative traits of vanilla accession from different

counties in Kenya

Overall stem height was significant (p=0.05) and positively correlated with length of
aerial roots (r = 0.35) and negatively correlated with stem internode length (r =-0.19) and leaf
blade width (r = 0.16) (Table 8). Aerial root length was positively significantly correlated with
flower length and a strong negative correlation with stem internode length (-0.14), leaf blade
width (-0.17) and leaf blade length (-0.10). There was a strong positive correlation between the
number of flowers and leaf petiole length (0.22), stem internode length (0.29), leaf blade width
(0.34), leaf blade length (r = 0.30) and stem circumference (r = 0.14) (Table 8). Leaf blade
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width was significant and was positively correlated with leaf blade length (r = 0.84) and stem
circumference (r = 0.43) (Table 8).

Table 8: Linear correlation table of the quantitative traits of vanilla accessions

characterized from five counties in Kenya

OSH ARL NOF LPL SIL LBW LBL SC FL

(m) (m) (cm) (cm) (cm) (cm) (cm)
OSH (m)
ARL (m)  0.35*
NOF -0.07  -0.02

LPL (cm) -0.01 -0.02  0.22*
SIL (cm)  -0.19* -0.14*  0.29*  0.67*

LBW (cm) -0.16* -0.17* 0.34* 0.70* 0.80*

LBL (cm) -0.07 -0.10* 0.30* 0.72* 0.85% 0.84*

SC(cm) -0.06 002  0.14* 0.38% 055% 0.43* 0.56*

FL 100 035% -007 -001 -019 -0.16 -007 -0.06

Key: OSH- Overall Stem Height, ARL- Aerial Root Length, NOF- Number Of Flowers, LPL-
Leaf Petiole Length, SIL- Stem Internode Length, LBW — Leaf Blade Width, LBL-Leaf Blade
Length, SC-Stem Circumference, FL- Fruit Length. Significant at p<0.05*, 0.01**, 0.001***

Strong positive correlations existed between stem internode length and leaf blade
length (r = 0.85) and leaf blade width and leaf blade length (r = 0.84) while strong negative
correlations were observed between overall stem height and stem internode length (r = -0.19)
and leaf blade width (r = -0.16).

4.4.6  Factor Analysis of quantitative traits of vanilla accessions in Kenya

The overall stem height and aerial root length of the five factors accounted for all the
variations observed in the vanilla accessions (Table 9). The overall stem height (-0.1441) and
aerial root length (-0.1329), which were strongly negative significant and positive for all the
other traits that accounted for 80.12% of all the variance observed. The highest uniqueness was
recorded for aerial root length(0.825) and overall stem height (0.734), showing that these traits
were more variable, while the least uniqueness was recorded for leaf blade width (0.1099), leaf
petiole length (0.1754) and stem internode length (0.180), showing that these traits were more

uniform in the among the accessions.

S7



Table 9: Un-rotated factor loadings for the variables of vanilla accessions based on factor

analysis

Variable Factorl Factor2 Factor3 Factor4 Factor5  Uniqueness
OSH (m) -0.1441  0.7109 0.0585 0.0395 0.0157 0.7337
ARL (m) -0.1329  0.3140 0.3815 0.0644 -0.0159  0.8251
NOF 0.3283  0.0933 -0.0868 0.2166 0.0635  0.4063
LPL cm 0.7493  0.1360 0.0100 0.0830 -0.0820  0.1754
SIL cm 0.9010  0.0732 0.0355 -0.0779  -0.0086  0.180
LBW cm 0.8891  0.0301 -0.1092 0.1261 0.0048  0.1099
LBL cm 0.9371  0.0989 -0.0032  -0.0432 0.0150  0.6044
Eigen value 3.5030 1.0012 0.2884 0.1297 0.0124 -

Df 2.5020  0.7127 0.1587 0.1173 0.0785 -
Proportion 0.8012  0.2290 0.0660 0.0297 0.0028 -

Cumulative 0.8012 1.0302 1.0962 1.1258 1.1287

Key: OSH- Overall Stem Height, ARL- Aerial Root Length, NOF- Number Of Flowers, LPL-
Leaf Petiole Length, SIL- Stem Internode Length, LBW — Leaf Blade Width, LBL-Leaf Blade
Length, SC-Stem Circumference, FL- Fruit Length

4.4.7  Principal Component Analysis

Principal component (PC) analysis was used to cluster the variance in the multiple
crop variables into different components so that the first principle component would be the
independent cause of the most available variance and the following components justify
gradually less variance of the variations. Principal component analysis (PCA) of the nine
quantitative traits is presented in Table 10. The fifth PCs had Eigen values > 0.5, and they
explained 88.9% of the total variation for quantitative morphological traits of the accessions.
Explained variance by the first principle component was 42.4% while component 2 explained
18.3%; the two (Compl °0.424’. and Comp2 °0.183) most significant components explained
60.7% of the total variance. Aerial root length, overall stem height and fruit length loaded

highly in PC1, accounting for 42.4% of the total variation of the vanilla accessions.
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Table 10: Eigen Values, Standard deviation, Proportion of variance and Cumulative

proportions of morphological traits that contributed to the five PCs

Traits Comp.1 Comp.2 Comp.3 Comp.4 Comp.5
ARL(m) 0.082 0.378 0.761 0.187 0.271
FL - 0.054 0.592 -0.488 0.159 -0.142
LBL(cm) -0.479 0.079 -0.028 0.043 0.051
LBW(cm) - 0.464 -0.014  -0.068 -0.077 0.194
LPL(cm) -0.412 0.125 -0.002 0.034 0.453
NOF -0.206 -0.109 0.366 -0.838 -0.286
OSH(cm) 0.084 0.684 0.049 -0.137 -0.105
SC(cm) -0.324 0.045  0.199 0.447 -0.751
SIL(cm) - 0.468 -0.040 -0.000 0.088 0.046
Eigen Values 3.822 1.637 1.038 0.879 0.626
Standard deviation 1.955 1.279 1.019 0.938 0.791
The proportion of Variance 0.424 0.183 0.115 0.098 0.070
(%)

Cumulative Proportion (%) 0.424 0.607 0.722 0.820 0.889

Key: Comp - component, OSH- Overall Stem Height, ARL- Aerial Root Length, NOF-
Number Of Flowers, LPL- Leaf Petiole Length, SIL- Stem Internode Length, LBW — Leaf
Blade Width, LBL-Leaf Blade Length, SC-Stem Circumference, FL- Fruit Length

Principle component analysis revealed that very small variances in quantitative traits
exist between vanilla accessions from select counties in Kenya. Most quantitative traits had
very small variances except for overall stem height, aerial root length and fruit length, which

showed significant variances (Figure 13).
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Figure 13: Two-panel Bi-plots of the first two Principle components of the vanilla accessions

Cluster analysis using complete linkage hierarchical clustering grouped the
accessions into three phylogenetic groups (I, I and 111) (Figure 14). Group I, contained all the
accessions from Mombasa, Kwale, Busia, Bungoma and Kilifi. Group Il contained one
accession from Bungoma and three accessions from Busia, while Group 11l contained three
accessions from Busia and seven from Kwale. No significant pattern could be deduced from

the clustering of accessions in this study. Quantitative traits did not have enough resolution to
distinguish the vanilla accessions into respective counties of origin.
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Cluster analysis of quantitative traits of vanilla accessions from five counties in Kenya
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45 Conclusion and recommendation

Morphological markers grouped accessions into different clusters irrespective of their
geographical areas in which they were found growing showing that selecting accessions for
crop improvement on the basis of morphological traits alone may be inadequate.

Complementing molecular techniques in crop selection was needed.
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CHAPTER FIVE

DIVERSITY ASSESSMENT OF VANILLA (Vanilla spp.) ACCESSIONS IN FIVE
COUNTIES OF KENYA USING SIMPLE SEQUENCE REPEATS (SSRs) MARKERS

Abstract

Diversity assessment of vanilla (Vanilla spp.) in Kenya is the critical strategy for
germplasm conservation, utilization and improvement. Production of the vanilla crop in Kenya
is limited partly due to inadequate knowledge of 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 a variety of factors. Amplicons ranged
between 1 and 4. A total of 27 (96.43%) alleles were observed, ranging 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, the mean shannon information index was
0.50, and Polymorphic information content was 0.375 less than the expected value >0.6 and
ranged from 0 to 0.38 with a mean of 0.35. Jaccard’s similarity coefficient ranged from 0.08 to
1.00, averaging 0.54. The unrooted phylogenetic tree was constructed in DARwin 6.0.8 using
the Unweighted Pair Group Method with Arithmetic Mean, clustering the samples into three
main clusters (A 99.6%, B 98.96 % and C 100%) and six sub-clusters (Al, 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 more molecular markers and vanilla species as

sources of genetic variation for breeding.
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5.1 Background of the study

Vanillas are tropical climbing orchids that belong to the Orchidaceae family (Teoh,
2019). The Orchidaceae family comprises more than 25000 species distributed in 800 genera
(Laman & Beehler, 2020). Vanilla species originated from tropical forests of south-eastern
Mesoamerica (Havkin-Frenkel & Belanger, 2018). In the nineteenth century, vanilla species
were introduced in tropical countries like Asia and Africa from the original Mexican cultivated
stock (Ellestad et al., 2022). Christian missionaries introduced vanilla species in Kenya
(Chambers, 2019). According to Nany (2021), Madagascar has been vanilla's leading producer
since its introduction. The natural vanilla global market was projected to increase by 1.3% per
year from 2016 to 2025 based on demand for natural vanilla in the food, perfumery, cosmetic
and medicinal sectors (Gu et al., 2017).

Orchid species are grown for their flowers, and vanilla is the only genus of the orchid
family whose species produces a commercially important flavour (Thammasiri, 2020).
Brunschwig et al. (2017) studied the comparative vegetative anatomy and systematics of the
species of vanilla and found that vegetative anatomical characters have some phylogenetic
value. The chromosomal number of the vanilla genus is 16 (x=16) (Briddon et al., 2019).

The vanilla flavour is an expensive spice traded in the global markets after saffron
(Kafi et al., 2018). According to Oyugi (2018), the vanilla crop has a substantial monetary
value. A farmer can earn sixteen thousand or more per vine when managed well (Oyugi, 2018).
The high monetary value is on account of the crop’s uses, including flavouring food, drinks,
soaps, ointments, perfumes and cosmetics (William-Shurtleff, 2021). A vine of vanilla can bear
up to 80 beans. One vanilla bean measuring 10-12 centimetres long can fetch KES. 200 and a
hectare can accommodate over 200 vines (Hernandez & Guenette, 2018). The vanilla venture
can act as a source of farmer income and earn the country foreign exchange.

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

Vanilla planifolia Andrews (syn. V. fragrans), Vanilla tahitensis and Vanilla
pompona Scheide are commercially cultivated species for producing natural vanilla flavour
(Briddon et al., 2019). The natural vanilla flavour is made up of a large number of aromatic
compounds with sweet fragrances (Moller & Gallage, 2017). Vanillin flavour is found to have
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antimutagenic, anticarcinogenic and antimicrobial properties (Swamy, 2020). Antimutagenic
property has the ability to reduce chromosomal damage caused by X-ray and ultraviolet (UV)
light (Cassar et al., 2020). Anticarcinogenic property affects a family of DNA-PK inhibitors
(Pollard & Curtin, 2018), while antimicrobial property acts against the yeasts (Baspinar et al.,
2018).

Limited knowledge of genetic diversity is the major bottleneck in wider breeding
programmes, hybridization and dissemination of vanilla crops in developing countries
(Cowling, 2020) like Kenya. According to Oyugi (2018), vanilla is one of the orphaned crops
in Kenya, and limited information on available vanilla accessions found in Kenya is
documented. Studies of genetic variation in crop species are an essential tool for germplasm
conservation and crop improvement (Nunes, 2021). Assessing the extent of diversity in vanilla
accessions found in Kenya was necessary. The information forms the base for future vanilla
crop improvement programmes. The objective of the present study was to determine the genetic
diversity among vanilla accessions from five counties of Kenya using simple sequence repeat

markers.
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5.2 Materials and methods
5.2.1  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 15). Genotyping was done in the
Marker Assisted Breeding Laboratory at KALRO-FCRI, Njoro, in Nakuru county, Kenya.
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5.2.2  Collection of plant accessions

The purposive network sampling method was done in-situ due to fewer vanilla
farmers in Kenya. Global Positioning System (GPS) data were taken in each study
county. Young vanilla leaves were sampled based on the morphological distinction of the
crops and stored in labelled falcon tubes containing silica gel (Xtrack) for DNA extraction.
Plants with similar features growing in the ecologically distinct county were assumed to be
different; such plants were sampled and used for analysis. All plant materials sampled were
coded with slight modifications, as 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,
BGM3,......... BGM 8.

5.2.3 Total Nucleic Acid Extraction

Total DNA was extracted from dried young plant leaf samples using the CTAB
protocol, according to Ibrahim (2011), with slight modifications. Modifications to Ibrahim
(2011) involved the introduction of a preliminary cleaning stage to remove phytates using TAE
buffer and increased centrifugation time for initial stages from 10000rpm for 5 minutes to 10
minutes, which ensured that cell debris and the proteins were well decanted and hence
minimized contamination. Final centrifugation time was reduced in the last precipitation from
14000rpm for 10 minutes to 5 minutes and washing stages from 80% to 70% ethanol to avoid
pelleting carryover impurities. Also, precipitation time was increased from the reported 20
minutes to 18 hours of lbrahim (2011). This allowed ample time for DNA to precipitate and

increased the concentration of DNA recovery.
5.2.4 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 a voltage of 100 Volts and a current of 400mA

for 30 minutes and visualized on a UV Trans illuminator.
52,5  Selection of SSR markers and PCR genotyping

A total of 14 sets of SSR markers (Table 11), selected from earlier publications
according to Bory et al. (2008), were amplified using the PCR process. The SSR markers were
selected based on; coverage and distribution in all the linkage groups, High PIC values (>0.6)
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and the maximum number of alleles detected. The primers for SSR were synthesized by Ingaba
Biotech, South Africa.

Polymerase chain reaction (PCR) was done in a 96 universal gradient, 2720 thermal
cycler (Applied Biosystems) in 20ul final volume containing DNA template (20ng) 2.0ul,
Primer Forward (10pumol/L) 0.5ul, primer Reverse (10umol/L) 0.5ul, 10 x PCR buffer 2.0ul,
10mM dNTPs (2.5mM each) 1.6ul, MgClz (2.5mM) 1.2ul, Taqg DNA polymerase (HiMedia)
(5 U/ul) 0.25 U (0.05ul) and dd H20 12.15ul. The amplification conditions for the PCR profile
were: initial denaturation at 95°C for 5 min, followed by 35 cycles at 95°C for 30 seconds of
denaturation, 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 5ul bromophenol blue DNA loading dye and run in a 2% agarose
gel containing 3ul ethidium bromide staining dye in a 1x Sodium Borate (SB) buffer at the
voltage of 80 Volts and a current of 400mA for 1 hour and visualized ina UV Trans illuminator.
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Table 11: List of primer sequences of 14 microsatellite loci in the vanilla orchid (F-

forward primer and R - reverse primer)

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

mVpICIR002 F-TGGATGTGCATTTGTG 222 53- 60
R-CGCATTCATTCACTTGT

mVpICIR003 F-TATAGATGCACACGAGC 349 53-60
R- TCACATCCCTACATGC

mVpICIR005 F-TTTGCTTGAACGTATGTC 259 53-60
R- GCAAACATAGAAATGCAC

mVpICIR010 F-GCACATAAATACCTTACACC 346 53-60
R- GTTCACGTCAGTGTGCT

mVpICIR015 F-AGTGTCTTTGTGTGCCT 280 53-60
R-TAGATAGTAAACCCATACTCAC

mVpICIR016 F- TATGTGTGAGAGGGTGC 320 53 -60
R- CAATTAGTCACATCCATAAAC

mVpICIR019 F- AAGTGCCCAATCTATC 222 53-60
R-TGGATTCACCATGAC

mVpICIR022 F-CAAAACACAAGGAAATGC 197 53-60
R-TGCAAGCCCACAAGT

mVpICIR025 F-GTGTAGCGGTTCATACAA 231 53-60
R-CATTCATGGAAGTGGAG

mVpICIR026 F-GCACATACATGCTTATTG 223 53 -60
R-CATGTTCTTATTTGAGTGG

mVplICIR028 F-AACATGCACAAGAAAG 190 53-60
R-TTTATGCACCTTGTTAG

mVpICIR031 F--ATTTCCTCCCTCACTGTA 346 53 -60
R-AATCTCAGGTGCTATTGG

mVplICIR047 F-CATGCTTACATCTTTGTGTT 301 53-60
R-TAATGGACATGCACACTC

mVpICIR050 F-CTATGTGCGCTTTGG 224 53-60

R-CACTCAAGAACATGCAAC

Bory et al. (2008)

70



5.2.6  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 one was used to represent the presence of the

expected band while 0 was used to represent the absence of the band.
5.2.7  Phylogenetic analysis

The utility of markers was quantified in terms of the number of amplicons per primer,
percent polymorphism and polymorphic information content (PIC). [The PIC values of
individual primers were calculated based on the formula PIC = 2 x 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 (1),
gene flow (Nm), and gene differentiation coefficient (Gst) using the genetic analysis packages
POPGENE Version 1.32 (Victoria-Garcia & Eugenia-Barrandeguy, 2021). Gene diversity
(GD) and the polymorphic information content (PIC) were measured by calculating the shared
allele frequencies (Martinez, 2019) using PowerMarker 3.25 (Sunseri & Mercati, 2021).

Nei’s gene diversity for the whole sample (Ht) was calculated to estimate the genetic
diversity across the counties (Onder & Mercan, 2020), while genetic diversity within the
populations (Hs) was used to determine diversity (Linlokken, 2018) within counties. The
proportion of genetic diversity among populations (Gst =1-(HS/Ht) was also calculated for
each primer combination and 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 the segregation
of individual samples. The unrooted phylogenetic tree was constructed using Unweighted Pair
Group Method with Arithmetic Mean (UPGMA) agglomerative hierarchical clustering method

(Hibbert, 2017) from distance matrices based on genetic distances.
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5.3 Results and discussion

5.3.1  Quality and Quantity of DNA

The quality and quantity of the isolated DNA were suitable for PCR. Sample DNA

concentrations ranged from 62.5 to 3421.7ng/ul, while sample purity was between 1.71 and

2.09 absorbance. All the primers produced the expected product sizes. Some samples showed

no bands (indicating the absence of the target loci), one band (scored as homozygous at the

amplified loci), and others multiple bands (scored as heterozygous at the amplified loci).

Representative gel images are shown in Figure 16.
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Figure 16: Gel images of L - Ladder (100bp), single and multiple bands of primers
(mVpICIR010, mVpICIR025 respective), (1 — 8 Bungoma), (9 — 25 Busia), (26 — 38 Mombasa)

samples

5.3.2  Polymorphism of the markers

Fourteen SSR primers used in the study resulted in amplified fragments ranging in

size from 100 to 500 bp (Figure 16). The utility of markers was quantified in terms of the

observed number of alleles, effective alleles, gene diversity and shannon's information index

(Aravanopoulos, 2018). The number of amplicons per primer ranged from 1 to 4, with only

one marker giving one allele (mVpICIR031). The total 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. The observed

number of alleles was 27.00, while the 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 (Table12), showing a strong geographic differentiation in the population, informing

that the observed genetic diversity was mainly due to geography rather than the original

evolution.
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Gene diversity indices ranged from 0 to 0.50, while the mean shannon information
index was 0.5, suggesting 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 (Ravindran, 2017), Mexico (Havkin-Frenkel & Belanger, 2018), and Reunion
Island (Pearlstine, 2022). These authors worked in different regions with different technologies
and observed the results within the same range. Polymorphic information content of the
markers ranged from 0 (mVpICIR031) to 0.375 (mVpICIR025). The primer with 0 PIC value
was monomorphic, showing that it could not differentiate 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.

A total of 27 (96.43%) alleles were identified, and out of the 14 markers used in this
study, 13 were polymorphic, while one (mVpICIR031) was monomorphic. This indicated that
alleles with high frequencies contributed more to the effective number of alleles. This
frequency is higher than that reported by Gigant (2012), who observed 57.83% of alleles using
19 similar primers on Comoros Island. This may be due to the large sampling areas used in the
present study, and perhaps the study used more effective sample collection strategies. Besse et
al. (2004) identified 76.3% of alleles using RAPD markers in Mexico. This shows that SSR
markers have better resolution in distinguishing vanilla accessions than RAPDs. However, the
polymorphic alleles identified in this study are significantly lower than Hu et al. (2019), who
used SNP markers. The SNP markers are generally more effective than SSR markers. Primer
mVpICIR031 was the most frequently observed allele 1.0, while mVpICIR025 was the least
frequently observed marker because it had a 0.5 chance of being observed, as shown in Table
12. This indicates that marker mVpICIR031 showed the least variation among the accessions

studied, while marker mVpICIR025 was the most variable.
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Table 12: Summary statistics of genetic diversity indices of vanilla accessions studied in

five counties in Kenya

Locus Sample na* ne* h* I* PIC M
Size

mVpICIR002 76 2.000 1.877 0.467 0.660 0.364 0.605
mVpICIR003 76 2.000 1.084 0.077 0.169 0.135 0.921
mVpICIR005 76 2.000 1980 0.495 0.688 0.333 0.697
mVpICIR0O10 76 2.000 1.685 0.406 0.596 0.375 0.513
mVpICIR0O15 76 2.000 1.857 0.462 0.654 0.366 0.592
mVpICIR016 76 2.000 1.400 0.286 0.460 0.339 0.684
mVpICIR019 76 2.000 1.929 0482 0.675 0.353 0.645
mVpICIR022 76 2.000 1.944 0486 0.679 0.349 0.658
mVpICIR025 76 2.000 1.707  0.414 0.605 0.375 0.500
mVpICIR026 76 2.000 1442 0.306 0.485 0.349 0.658
mVpICIR028 76 2.000 1.995 0499 0.692 0.320 0.724
mVpICIR031 76 1.000 1.000 0.000 0.000 0.000 1.000
mVpICIR047 76 2.000 1178 0.151 0.284 0.231 0.842
mVpICIRO50 76 2000 1.685 0.406 0.596 0.375 0.513
Mean 76 1929 1626  0.353 0.517 0.350 0.638

* na = Observed number of alleles, * ne = Effective number of alleles (Aravanopoulos, 2018),
* h = gene diversity (Onder & Mercan, 2020), * | = Shannon's Information index (Caliskan,

2012), PIC = Polymorphic Information content, m = Major allele frequency
5.3.3  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 mVpICIR022 (Ht=0.50), indicating that this was the most polymorphic and
informative locus within the population. The lowest haplotype diversity in the population was
observed at locus mVpICIR031 (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 13).

There was low genetic diversity within subpopulations (Hs), ranging from 0.00 to
0.19. The highest diversity within subpopulations was at locus mVpICIR019 (Hs = 0.19),
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indicating that this locus had the highest resolution in segregating vanilla accessions from
different counties and the lowest at locus mVpICIR031 (Hs= 0.00) showing that this locus was
not able to differentiate vanilla accessions based on the counties of origin (Table 13).

The present study's mean among the populations was high (Gst = 0.71). The highest
Gst was recorded at locus mVpICIR002 (Gst = 0.97), while no Gst was calculated for locus
mVpICIR031 because the primer was monomorphic and therefore had zero Hs and Ht values.
This study's mean estimated gene flow was high (Nm = 0.21). The highest Nm was recorded
at locus mVpICIR003 (Nm = 2.56), while no gene flow was estimated at locus mVpICIR031
because of the nil Gst value (Table 13).

In autogamous plant species, efficient gene dispersion is ensured by seeds, while
pollen is the source of gene diversity in allogamous species (Ma & Ellison, 2020). As such,
populations of autogamous species are more strongly differentiated, but less variable than the
populations of allogamous species, which are less differentiated but more variable (Ma &
Ellison, 2020). In the study, the calculated GST value in Kenyan Vanilla spp. (0.71) was higher
than that reported by Gigant (2012) in Guadalupe for autogamous Vanilla spp. such as V.
humblotii (Gst = 0.520), V. barbellata (Gst = 0.558) and V. claviculata (Gst = 0.623). The
strong differentiation but less variability is characteristic of self-fertilized plants as it is often
in vanilla, exhibiting genetic variability among populations rather than within, with high Gst
and low Hs. (Ma & Ellison, 2020).

Therefore, the results 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 be explained
by 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 low genetic diversity due to constant inbreeding and informs the need to introduce

new accessions as sources of genetic variation for breeding and hybridization purposes.
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Table 13: Nei’s gene diversity indices for subdividing the populations

Locus Ht Hs Gst Nm*
mVpICIR002 0.477 0.015 0.969 0.016
mVpICIR003 0.105 0.087 0.164 2.547
mVpICIR005 0.470 0.042 0.912 0.049
mVpICIR010 0.424 0.100 0.765 0.154
mVpICIR015 0.491 0.187 0.620 0.307
mVpICIR016 0.303 0.059 0.806 0.121
mVpICIR019 0.480 0.189 0.607 0.324
mVpICIR022 0.500 0.147 0.705 0.209
mVpICIR025 0.440 0.200 0.545 0.417
mVpICIR026 0.361 0.089 0.753 0.164
mVpICIR028 0.461 0.087 0.810 0.117
mVpICIR031 0.000 0.000 kK Fkk
mVpICIR047 0.177 0.140 0.209 1.887
mVpICIR050 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 and Gst = degree of differentiation among the

populations and Nm* = estimate of gene flow from Gst
5.3.4  Genetic of vanilla among distance counties

The highest genetic distance and lowest genetic 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. In comparison, accessions
collected from Kilifi showed the least similarity to those from Kwale at 46% identity (Table
14). This means that accessions from Kilifi are genetically different and could not have shared

the source with other counties.
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Table 14: Nei's genetic identity (above diagonal) and genetic distance (below diagonal)

County Bungoma Busia Mombasa Kwale Kilifi
Bungoma falekad 0.937 0.501 0.464 0.775
Busia 0.065 fololad 0.510 0.576 0.712
Mombasa 0.691 0.673 Fkk 0.751 0.673
Kwale 0.769 0.552 0.286 Fkk 0.459
Kilifi 0.254 0.340 0.397 0.780 fleled

Analysis of molecular variance (AMOVA) was used to partition among and within
the genetic variation of the vanilla accessions. A total of (0.947) 94.7% of the variation was
observed among the accessions collected within the counties. In comparison, the variation
revealed within populations was (0.053) 5.3% (Table 15), indicating that Vanilla spp. grown
in Kenya have very little diversity, and some variations observed may be due to microclimatic
conditions.

Table 15: Analysis of molecular variance (AMOVA) for the 76 vanilla accessions from 5

select counties of Kenya

Source DF SS MS E. Var. Var. %
Among groups 4 17.196 4.299 0.708 94.7%
Within groups 71 0.962 0.014 0.107 5.3%
Total 75 18.158 0.815 100%

DF= Degree of freedom, SS = sum of squares, MS= expected mean squares, E. Var. =

Estimated variance, Var. %= Variation percentage
535 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 counties 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 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 (Figure 17). This may be attributed to the fact that farmers or
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researchers may have transported the accessions to these counties. Accessions from Kilifi
county were segregated alone, showing that they were genetically distinct from other

counties, as shown in Figure 17.
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Figure 17: Factorial plot showing variability among the vanilla accessions, BGM-Bungoma,
BSA-Busia, MSA- Mombasa, KWL-Kwale, KLF-Kilifi

5.3.6  Phylogenetic Trees

The primers clustered the samples into three main clusters (A, B and C) according to
the county of origin and six sub-clusters (A1, A2, B1, B2, B3 and C1), as shown in Figure 18.
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,
the most common mode of propagation and geographical location closeness. This observation
is supported by Mulpuri et al. (2019). They observed that plant species' clonal propagation
limits the crop's genetic variability, especially in countries where the crop was introduced. Low
genetic diversity may also occur because of successfully establishing a few well-adapted
genotypes which are rapidly propagated despite multiple introductions (Selechnik et al., 2019).

Cluster A comprised accessions from Bungoma (A1) and Busia (A2) counties. These
were the accessions with the least diversity, averaging 99.6% similarity index. Vanilla

accessions from Mombasa, Kwale and a few from Busia (B1, B2 and B3) clustered together in
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cluster B. They showed the highest level of diversity among the accessions ranging from
98.96% to 100%, while vanilla accessions from Kilifi clustered on their own as C with a 100%
similarity index. The Jaccard’s similarity 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 constructed from the gel marker.

0 0.1

Figure 18: A dendrogram showing the relationship among the vanilla accessions BGM-
Bungoma, BSA-Busia, MSA- Mombasa, KWL-Kwale, KLF-Kilifi
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5.4 Conclusion and recommendation

Limited information has been documented on vanilla crops in
Kenya. The use of microsatellites to characterize vanilla species grown in Kenya
established that accessions found in Kenya have low genetic diversity, and the highest
polymorphic information content recorded was 0.375, which was less than the expected value
of >0.6. The SSR markers used were less polymorphism, hence not suitable for
characterizing vanilla accession found in Kenya.

The molecular study lays the basis for introducing more markers and germplasm to

establish variations in vanilla accessions found in Kenya.
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CHAPTER SIX

GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

6.1 General discussion

Plant biotechnology is essential for crop regeneration and improving food security
worldwide. The vanilla crop has economical value in food, beverages, cosmetics, perfumery
and medicinal industries. Vanillin flavour contains various valuable compounds, such as
antimutagen, that can reduce chromosomal damage caused by x-ray and ultra-violet light
(Uysal et al., 2019). Anticarcinogenic property affects a family of DNA-PK inhibitors (Pollard
& Curtin, 2018), while antimicrobial property acts against the yeasts (Molina et al., 2020).

The study evaluated the effect of different concentration levels of kinetin and indole-
3-acetic acid on nodal stem segments of vanilla (Vanilla spp.) species from Busia county in
Kenya and assessed the extent of diversity in vanilla species found in Kenya. In-vitro
regeneration, morphological characterization and genotyping experiments were done in the
study.

Generally, different concentration levels of phytohormone induce bud break and root
initiation at varying degrees in vanilla plants. Shoot induction and root initiation are influenced
by the concentration level of phytohormones and the type of phytohormone used. The present
study evaluated the effects of different concentration levels of kinetin on vanilla shooting and
indole-3-acetic acid on vanilla rooting.

The study found that among the phytohormone levels evaluated (0.0, 0.4, 0.8, 1.2,
1.6, 2.0 mg L), kinetin at 1.2 mg L™gave the highest number of shoots per plant and shoot
length, while IAA at 2.0 mg L*gave the most increased root length (chapter 3). Li et al. (2022)
noted that cytokinins are shoot promoting agents in many in-vitro-cultured plant organs.
Ahmad (2018) gave a related report to the present results of using cytokinins, including kinetin
that induced shoot break and multiplication. Based on the current results, a higher degree of
performance depends on the optimum level of kinetin concentration. A higher concentration
level of kinetin beyond its optimum level was reported to induce necrosis and reduction in
shoot formation (Endres, 2017). According to Foo et al. (2020), the optimum concentration of
cytokinin is species dependent.

The present study shows that IAA at 2.0 mg L 2gave the highest root length compared

to other concentration levels. The best results of root length recorded in this study contrast with
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Izzati et al. (2013). They reported that root induction in Vanilla planifolia was strongly
stimulated by a growth regulator-free MS medium as compared to that MS media with IBA
and NAA. According to lzzati et al. (2013), an auxin-free medium gave a higher number of
roots, percentage of rooting and root length. This may be due to the less effect of NAA as
compared to the present study that involved the use of IAA on vanilla crops.

Determining variation in crop species is an essential tool for germplasm conservation
and crop improvement (Nunes, 2021). The studies assessed vanilla species found in Kenya
using morphology and DNA markers. The current morphological markers study revealed that
vanilla accessions found in Kenya are not significantly different though cluster analysis
grouped accessions into two clusters and five sub-clusters. Based on the results, vanilla
accessions from different counties were morphologically similar (chapter 4). This may result
from the aspects of environmental factors and accessions being transported from one county to
another. According to Bai (2017), phenotypic traits are influenced by environment.
Morphological markers failed to cluster accessions into respective counties of origin, hence
were supplemented with DNA markers.

Genotyping was done using 14 SSRs markers to determine the level of diversity in
vanilla accessions found in Kenya (chapter 5). According to Farsangi et al. (2018), the utility
of the markers was quantified based on the number of amplicons per primer, percent
polymorphism, and polymorphic information content. Based on the results, the recorded
polymorphic information content (PIC) value was 0.375. The results revealed that vanilla

accessions found in Kenya have low genetic diversity.

6.2 Conclusions

i. MS media supplemented with 1.2 mg L concentration levels of kinetin had more effects
on shoot induction, the number of shoots per plant, number of nodes and shoot length. MS
media containing indole-3-acetic acids at 2.0 mg L™positively affected the elongation of
roots on generated shoots.

ii. Geographical differences had a highly significant effect on phenotypic traits, both
qualitative and quantitative. Cluster analysis based on morphological traits failed to group
vanilla accessions into respective counties of origin.

iii.  The present study established that accessions found in Kenya have low genetic variation.
The highest polymorphic information content value recorded was 0.375, the value was

lower than the expected value of >0.6.
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6.3

6.4

Recommendations

Kinetin at 1.2 mg L™and Indole-3-acetic acids at 2.0 mg L are considered the best for in-
vitro mass multiplication of vanilla crops. This in-vitro regeneration protocol can be applied
in various research institutions to produce vanilla crops on both small and large scale in
Kenya and worldwide.

Morphological markers grouped accessions into different clusters showing their
importance in selecting accessions for crop improvement, but its performance was not
efficient. A morphological study should be complemented by genetic diversity studies
using molecular markers.

The molecular study lays the basis for introducing more DNA markers and germplasm to

establish diversity in vanilla accessions found in Kenya.

Areas for further research

Further studies should consider other phytohormones ‘cytokinins and auxins’ on vanilla
accessions found in Kenya.
Further research should be done using other molecular markers, which are more

polymorphism on vanilla accessions found in Kenya.
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APPENDICES

Appendix A. ANOVA showing the effect of varied kinetin concentrations levels on

number of plants with shoots of vanilla accessions from Busia county

Source of D.F S.S M.S F p-value
Variation

Treatment ) 21.37 4.274 3.7165 0.0124
Error 24 27.6 1.15

Total 29 48.97

Appendix B. ANOVA showing the effect of varied kinetin concentrations levels on

number of shoots per plant of vanilla accessions from Busia county

Source of D.F S.S M.S F p-value
Variation

Treatment 5 5.9 1.18 1.6857 0.1764
Error 24 16.8 0.7

Total 29 22.7

Appendix C. ANOVA showing the effect of varied kinetin concentrations levels on

number of leaves of vanilla accessions from Busia county

Source of D.F S.S M.S F p-value
Variation

Treatment 5 1.2 0.24 0.1871 0.9647
Error 24 30.8 1.283

Total 29 32

Appendix D. ANOVA showing the effect of varied kinetin concentrations levels on

number of nodes of vanilla accessions from Busia county

Source of D.F S.S M.S F p-value
Variation

Treatment 5 5.77 1.154 1.832 0.1467
Error 24 15.2 0.63

Total 29 20.97
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Appendix E. ANOVA showing the effect of varied kinetin concentrations levels on shoot

length of vanilla accessions from Busia county

Source of D.F S.S M.S F p-value
Variation

Treatment 5 210.17 42.034 18.4699 | <.0001
Error 24 54.62 2.2758

Total 29 264.79

Appendix F. ANOVA showing the effect of varied IAA concentrations levels on the

number of plants with roots of vanilla accessions from Busia county

Source of D.F S.S M.S F p-value
Variation

Treatment 5 99.47 19.894 16.817 <.0001
Error 24 28.40 1.183

Total 29 127.87

Appendix G. ANOVA showing the effect of varied 1AA concentrations levels on the

number of roots per plant of vanilla accessions from Busia county

Source of D.F S.S M.S F p-value
Variation

Treatment 5 11.2 2.24 4.638 0.0042
Error 24 11.6 0.483

Total 29 22.8

Appendix H. ANOVA showing the effect of varied 1AA concentrations levels on root

length of vanilla accessions from Busia county

Source of D.F S.S M.S F p-value
Variation

Treatment 5 32.3 6.46 10.82 <.0001
Error 24 14.32 0.597

Total 29 46.62
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Appendix I. ANOVA showing constraints of kinetin and IAA (Dead plants)

Source of D.F S.S M.S F p-value
Variation

Treatment 5 332.0 66.4 4.442 0.0053
Error 24 358.8 14.95

Total 29 690.8

Appendix J. ANOVA showing constraints of kinetin and IAA (Dormant plants)

Source of D.F S.S M.S F p-value
Variation

Treatment 5 210.8 42.16 17.44 <.0001
Error 24 58 2.417

Total 29 268.8

Appendix K. ANOVA showing constraints of kinetin and IAA (contaminated media)

Source of D.F S.S M.S F p-value
Variation

Treatment 5 360.4 72.08 28.49 <.0001
Error 24 60.8 2.53

Total 29 421.2

Appendix L. Data collection table for the effect of varied levels of kinetin on shoots of

vanilla accessions from Busia county

No. of No. of

plants shoots Shoot

with per No. of No. of length
Site Treat | Rep shoots plants leaves node (cm)
Busia 0 0|3 1 2 1 5.2
Busia 0|4 1 3 2 3.8
Busia 0|2 2 4 0 5.6
Busia 0]0 1 1 2 2.4
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Busia 0|2 1 3 1 4
Busia 0.4 044 2 4 3 4.5
Busia 042 2 3 0 4.6
Busia 0413 3 5 2 4.5
Busia 041 1 2 1 6
Busia 043 2 1 1 2.4
Busia 0.8 084 3 3 2 7.8
Busia 083 3 2 2 5.2
Busia 082 2 4 1 8.9
Busia 0813 2 3 2 10
Busia 082 1 4 1 9.1
Busia 1.2 1.2 |5 3 3 3 9.7
Busia 12 |4 4 2 3 11
Busia 12 |4 2 5 2 9.3
Busia 1.2 |3 2 3 3 12.6
Busia 125 2 2 1 12.4
Busia 1.6 16 |4 2 5 2 11.8
Busia 16 |5 2 3 1 11.2
Busia 163 0 2 3 9.4
Busia 16 |4 3 2 2 9.6
Busia 16 |4 2 3 2 10
Busia 2.0 203 2 4 2 9.6
Busia 20|10 0 3 1 9.4
Busia 20| 2 2 3 1 10.2
Busia 20 |3 2 3 1 5.8
Busia 20| 2 2 3 1 7
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Appendix M. Data collection table for the effect of varied level of IAA on roots of vanilla

accessions from Busia county

No. of plants No. of roots | Root length

Site Treat | Rep with roots per plant (cm)
Busia 0 0|1 2 2.4
Busia 0|3 2 2.6
Busia 0|3 3 1.8
Busia 04 2 2.2
Busia 0|1 3 1

Busia 0.4 0415 3 1.9
Busia 043 2 3.1
Busia 044 3 2.4
Busia 0412 3 0.6
Busia 0413 2 1

Busia 0.8 08 |4 3 3.8
Busia 083 2 2.2
Busia 08 |4 3 2.9
Busia 084 3 3.1
Busia 083 4 1

Busia 1.2 127 3 4.3
Busia 125 4 3.7
Busia 1.2 |6 4 4.6
Busia 128 3 4.4
Busia 1.2 |8 4 3

Busia 1.6 165 5 3.6
Busia 167 4 3.4
Busia 16 |6 3 3.1
Busia 16 |5 4 3.9
Busia 16|6 5 4

Busia 2.0 201 4 5.2
Busia 2012 3 3.8
Busia 203 2 4

Busia 2010 4 5.3
Busia 202 4 4.7
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Appendix N. Data collection table for micropropagation constraints, dead plants

Kinetin Kinetin IAA IAA Total of
(After 4 (After 4 (After 3 (After 5 KN &
Site | Treat | Rep weeks) weeks) weeks) weeks) IAA
Busia 0 0|1 0 2 1 4
Busia 0|2 2 0 1 5
Busia 0|2 0 1 0 3
Busia 0|0 0 1 0 1
Busia 0|1 0 0 0 1
Busia 0.4 042 1 1 1 5
Busia 0411 2 0 1 4
Busia 0412 0 2 1 5
Busia 0411 1 0 1 3
Busia 041 0 1 0 2
Busia 0.8 08 |3 1 4 3 11
Busia 0819 2 2 1 14
Busia 08 |2 6 2 3 13
Busia 0810 1 1 0 2
Busia 081 0 5 2 8
Busia 1.2 1.2 |3 4 5 2 14
Busia 1.2 |1 2 2 1 6
Busia 1.2 14 1 3 2 10
Busia 1.2 |6 2 1 3 12
Busia 121 0 2 1 4
Busia 1.6 169 3 4 3 19
Busia 16 |4 2 3 1 10
Busia 16 |6 4 5 3 18
Busia 163 2 2 1 8
Busia 1.6 |2 1 1 1 5
Busia 2.0 2014 2 5 1 12
Busia 201 4 3 2 10
Busia 20 (3 2 4 2 11
Busia 20|5 1 1 1 8
Busia 202 1 2 1 6
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Appendix O. Data collection table for micropropagation constraints, dormant plants

Kinetin Kinetin IAA IAA Total of
(After 4 (After 4 (After 3 (After 5 KN &
Site | Treat | Rep weeks) weeks) weeks) weeks) IAA
Busia 0 0|2 1 1 1 5
Busia 01 0 2 1 4
Busia 01 1 1 0 3
Busia 02 1 1 2 6
Busia 03 0 2 1 6
Busia 0.4 041 0 1 1 3
Busia 0411 1 1 1 4
Busia 0412 0 0 1 3
Busia 0411 0 2 0 3
Busia 0412 0 1 1 4
Busia 0.8 08 |2 1 1 0 4
Busia 0813 0 1 1 5
Busia 082 1 1 2 6
Busia 0813 1 2 0 6
Busia 082 3 2 0 7
Busia 1.2 122 1 3 1 7
Busia 1.2 |3 2 2 2 9
Busia 121 0 2 2 5
Busia 1.2 |3 2 1 1 7
Busia 122 1 0 1 4
Busia 1.6 16 |3 2 2 2 9
Busia 16| 4 1 2 2 9
Busia 16 |3 2 1 2 8
Busia 16 |4 2 2 2 10
Busia 16 |4 3 3 3 13
Busia 2.0 2013 2 4 1 10
Busia 2013 2 2 2 9
Busia 20 | 4 2 3 2 11
Busia 206 4 2 2 14
Busia 205 2 2 1 10
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Appendix P. Data collection table for micropropagation constraints, contaminated media

Kinetin Kinetin IAA IAA Total of
(After 4 (After 4 (After 3 (After 5 KN &
Site | Treat | Rep weeks) weeks) weeks) weeks) IAA
Busia 0 0|2 1 3 2 8
Busia 0|2 1 1 1 5
Busia 0|3 2 2 1 8
Busia 0|4 2 2 1 9
Busia 0|5 2 2 2 11
Busia 0.4 042 1 1 1 5
Busia 0411 1 1 1 4
Busia 0412 1 1 1 5
Busia 0412 0 1 0 3
Busia 041 0 1 0 2
Busia 0.8 0812 1 1 1 5
Busia 0812 1 2 1 6
Busia 083 0 2 1 5
Busia 08 |4 1 1 0 6
Busia 083 3 1 1 8
Busia 1.2 122 1 3 0 6
Busia 123 1 3 1 8
Busia 1.2 1 1 1 1 4
Busia 1.2 |3 1 2 1 7
Busia 1.2 | 4 2 1 0 7
Busia 1.6 162 1 2 1 6
Busia 1.6 |3 2 2 1 8
Busia 163 2 2 2 9
Busia 16 |2 1 1 1 5
Busia 16 |1 1 1 1 4
Busia 2.0 2014 2 4 4 14
Busia 20|5 3 3 4 15
Busia 20 (5 4 4 3 16
Busia 204 4 3 3 14
Busia 205 4 3 3 15
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Appendix Q. Data collection table for qualitative traits of vanilla accessions from five

counties of Kenya

QUALITATIVE DATA
BUNGOMA COUNTY ACCESSIONS
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KILIFI COUNTY ACCESSIONS

1 2 |1 |2 |12 |1 |1 |1 |2 |2 |2 |1 |2]1 |1
2 2 |2 |2 |12 |1 |1 |1 ]2 |2 |2 |1 2|1 |1
3 312 |2 |12 |1 |1 |2 |2 |2 |2 |1 |2]|1 |1
4 2 |2 |21 ]2 |1 |1 |1 |3 |2 |2 |1 2|1 1

Appendix R. Data collection table for quantitative traits of vanilla accessions from five

counties of Kenya

QUANTITATIVE

BUNGOMA COUNTY ACCESSIONS
LP
L LB

N | OSH | AR |[NO | (c SIL W LBL | SC |FL
O | (mM | (m | F [m)| (cm) | (cm) | (cm) | (cm) | (cm)

1| 3.83 | 1.93 15| 875 | 453 | 12 | 2.83

2| 3.8 2.9 15| 1138 | 433 | 13 2.8

3] 195 | 16 15| 788 | 433 | 115 | 2.38

4| 268 | 1.3 1.5 8 3.88 | 9.75 | 2.03

5| 22 0.8 15| 925 | 42 | 105 | 2.65

6| 24 1.5 15| 10.63 | 488 | 11.38 | 2.23

7| 347 | 15.2 15| 125 | 425 | 155 | 3.25

8| 219 | 159 | 3 | 15| 1125 | 512 | 11.95 | 3.08

BUSIA COUNTY ACCESSIONS

1| 44 1.9 15| 1125 | 445 | 145 | 3.03

2| 3.3 1.9 15| 1325 | 4.6 15.5 3.1

3| 35 1.8 15| 13.75 | 455 | 13.75 | 2.58 17

4 5 4 5 |15 11 445 | 1493 | 2.73

5 5 2.6 15| 1013 | 4.2 | 12,58 | 2.85

6 6 2.8 15| 1063 | 455 | 14 | 2.68

7 4 2.4 15| 11.13 | 46 | 12.88 | 2.05

8| 25 1.5 1.5 8 4.08 | 10.63 | 2.8

9 5 2 15| 11.75 | 3.83 | 11.38 | 2.5
10 5 2.5 15| 1263 | 433 | 13.38 | 3.35
11 6 4 15| 11.67 | 448 | 15.13 | 2.73 20
12| 35 1.6 15 10 503 | 15.13 | 245 | 21
13 1 2.5 15| 1138 | 47 | 13.13 | 2.8
14 8 1.8 15| 9.67 | 448 | 1475 | 2.93
15| 75 3 3 |15 10 4.88 | 12.08 | 2.38
16 8 2.5 2 |15] 1163 | 518 | 17.05 | 2.6
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l17] 72 | 3 |  |15] 10 | 4531405 2.95 |

MOMBASA COUNTY ACCESSIONS

1 1 1 05| 35 2.5 7.7 1.6
2| 0.92 6 05| 538 1.7 75 | 185
3| 128 11 0.7 45 24 | 105 | 21
4| 1.25 6 0.5 9 2.5 9 3.25
5| 147 | 15 0.3 6 2 9 3.1
6| 1.82 7 0.5 6 2.2 8.7 | 3.05
7] 132 5 1 5.3 2.9 10 2.5
8| 1.09 4 06| 45 2.1 9.3 | 2.93
9| 21 4.5 03] 55 1.2 7.5 2.5
10| 0.89 2 05| 35 2.7 6.2 | 1.38
11| 281 | 54 09| 64 2 85 | 213
12| 208 | 3.5 08| 37 2.1 6.6 | 2.35
13| 208 | 45 05| 45 1.2 6.6 | 2.05
14 | 1.08 2 03| 55 2.4 8 2.7
15| 1.52 5 0.7] 37 1.8 75 |1.88
16| 5.2 2 0.3 1.3 2.9 6.3 1.5
17| 14 5 05| 28 1.5 6 2.35
18| 1.8 6 1 3.6 14 6.5 | 2.13
19| 2.2 4.5 1.2 5 1.5 9 2.63
20 14 2.6 16| 35 2.2 8 2.7
21| 1.2 4 1 3.5 2.1 7.5 2.1
KWALE COUNTY ACCESSIONS
1] 18.2 14 05| 25 2.2 5.5 | 2.68
2| 22,36 | 13.6 12| 34 2.3 7 2.4
31755 | 10.9 1 5 35 | 108 | 2.13
4| 0.79 3 04| 23 2.3 5 1.93
5| 209 | 438 12| 56 3.3 10 2.38
63948 | 94 12| 47 2.5 9 2.38
712124 | 89 11| 36 2 76 | 213
8| 295 | 118 1 6.3 1.9 72 | 213
9| 304 | 915 1.2 6 2.7 9.7 | 253
10| 21.3 | 104 12| 31 3.2 10 23 | 191
11| 213 | 31 1 4 3.1 9.8 | 2.33
12| 75 6.3 1 6.9 3 108 | 2.9
13| 414 | 13.2 1 6.4 2.6 86 | 2.18
14| 094 | 115 0.7 1.2 2 44 | 2.25
15| 20.64 | 89.5 1 4 2 8 2.38
16 | 16.8 | 10.2 1 6.2 22 | 111 | 24
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171 19.76 | 11 14| 45 33 | 115 | 28
18 | 3255 | 12.1 12| 54 35 | 113 | 258 | 145
19| 212 | 6.8 15| 48 2.5 7.5 26 | 184
20| 256 | 104 15| 45 3 11 25 | 19.2
21| 59.2 | 15.2 1 6 1.9 11 21 | 173
22| 22.1 | 13.2 1 3.5 2 8.2 | 248
23| 171 | 51 0.9 5 2 85 |1.88
24 | 4488 | 4.8 08| 46 1.4 6.8 | 213 | 164
25| 64.8 | 12.2 0.5 4 3.4 95 | 2.78 18
26| 8.1 6.8 2 7.5 2 10 2.3

KILIFI COUNTY ACCESSIONS

1| 7.67 | 1.67 0.5 4 2.5 43 | 213
2 3 0.75 1 1.7 3 9.3 2.3
3| 16 3.5 0.8 1 2 7.8 | 2.48
4| 5.7 1.5 0.5 2 1.5 6.8 | 1.93

Appendix S. DNA extraction protocol

Genomic DNA were extracted from dried young plant leaf samples stored in silica gel
using CTAB protocol according to Ibrahim (2011) with slight modification.

The day before DNA were extracted, polyvinylpyrrolidone (PVP) and -mercaptoethanol
were added to CTAB buffer and put in a water bath at 65% to dissolve PVP (antioxidant).
(For 5ml CTAB buffer add 0.015g PVP and 15ul B-mercaptoethanol). CTAB buffer with
PVP was used within 2-3 days stored capped.

Vanilla accessions samples were cleaned at initial stage to remove phytates using TAE
buffer (Tris Acetate-EDTA).

Grinded about 0.02g of silica dried leaf samples in a 1.5ml eppendorf tubes using pelleted
pestle and mortar over liquid nitrogen. Added small amount of sand using a small spatula,

to aid the grinding.
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10.

11.

12.

13.

14.

Added 500ul (five hundred microliters) of the pre-warmed (65°) CTAB buffer onto the
powder and grinded a bit more. Incubated for 30minutes at 65°c. Mixed by inverting
every bminutes as | put to water bath in 30minutes.

Centrifuged at 10000rpm for 10minutes. Following centrifugation, two layers were
formed: top: aqueous phase, bottom: debris. Went on to the next step quickly so that the
phase do not remix.

Using a pipette 1ml, carefully transferred the upper aqueous phase to new 1.5ml
eppendorf tubes. (A void removing any material from the debris).

Added (400ul) an equal volume of Chloroform: I1so-amyl alcohol (24:1) (in the fume
hood) and mixed well using a rotary shaker for 5 minutes or converting the tubes
manually for 5 minute to obtain an emulsion. (Excessive shaking degrade the DNA).
Centrifuged at 10000rpm for 10minutes. Following centrifugation, three layers were
formed: top: aqueous phase, middle: debris and proteins, bottom: chloroform. Went on
the next step quickly so that the phase do not remix.

Using appetite (1ml), carefully transferred the upper aqueous phase to a new 1.5ml
eppendorf tubes. (Avoiding to remove any material from the interface).

Repeated the Chloroform extraction (step 7-9) to increase purification of DNA for long
storage term.

Added 200 pl of ice-cold Iso-propanol and mixed by inversion or swirling.

Then centrifuged at 14000rpm for 5 minutes. The solutions were allowed to precipitate
for 18 hours (overnight) at -20 %. (Longer time tend to yield more DNA).

At this point, whitish DNA pellets became visible. Poured or pipetted off the liquid
carefully and DNA pellets left on the bottom of the tube.

Added 500 pl of cold 70% ethanol and mixed by vortexing. Left them to stand for 5

minutes.
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15. Centrifuged the DNA solution at 14000rpm for 5 minutes to avoid pelleting carryover
impurities. Poured or pipetted off the liquid alcohol carefully leaving the DNA pellets at
the bottom of the centrifuged tubes.

16. Ethanol washing process was repeat to have more purified DNA.

17. Drying the DNA pellet: tubes with DNA pellets were inverted on sterile tissue paper for
10 minutes on lab-bench. (a void over-drying, pellets were suspend when damp).

18. Then DNA pellets were re-suspended (dissolved) in 50ul of TE buffer for each. (Tris —
EDTA buffer helps to maintain constant pH between 6-8 in order to prevent hydrolysis at
lower pH, and DNA denaturation at high pH).

19. The DNA extracted were ran on agarose gel 1% on electrophoresis to quantify the DNA

and the bands compared to a DNA standard.

Appendix T. Preparation of 1% agarose gel electrophoresis for separating DNA by size

v' Equipment - Casting tray, Well combs, Voltage source, Gel box, UV light source,
Microwave.

v' Reagents - TAE buffer, Agarose powder, Ethidium bromide (stock concentration of 10
mg/mL).

Procedure

1. Measure 1 g of agarose.

2. Mix 1gram of agarose powder in 100 ml TAE in a microwavable flask.

(Note: The same buffer was used in the gel box)

3. Microwaved for 1-3 minutes until the agarose was completely dissolved (but do not
overboil the solution, as it may cause the buffer to evaporate, thus altering the final
percentage of agarose in the gel. Microwaving was done in pulses of 30 seconds, stop
and swirl as the solution heats up).
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4. Let the agarose solution cool down to about 50 °C (about when you can comfortably
keep your hand on the flask) for about 5 minutes.

Appendix U. Table of Nanodrop

Sample ID | Nucleic Acid Conc Unit 260/280 Sample Type
1 75 ng/ul 1.75 DNA
2 88.4 ng/ul 1.68 DNA
3 30.3 ng/ul 1.76 DNA
4 54.9 ng/ul 1.7 DNA
5 152.6 ng/ul 1.52 DNA
6 74.2 ng/ul 1.51 DNA
7 325.1 ng/ul 2.06 DNA
8 111.4 ng/ul 1.87 DNA
10 74.2 ng/ul 2.37 DNA
11 116.1 ng/ul 2.17 DNA
13 82.1 ng/ul 2.36 DNA
14 101.1 ng/ul 2.09 DNA
15 119.9 ng/ul 1.79 DNA
17 238.4 ng/ul 1.5 DNA
26 374.3 ng/ul 1.61 DNA
18 65.7 ng/ul 2.4 DNA
19 114.8 ng/ul 1.76 DNA
20 51.6 ng/ul 2.88 DNA
21 132.5 ng/ul 2.22 DNA
22 149.6 ng/ul 1.63 DNA
23 163.9 ng/ul 2.11 DNA
24 92.9 ng/ul 1.78 DNA
25 74 ng/ul 2.41 DNA
16 136.6 ng/ul 1.82 DNA
28 40.8 ng/ul 2.23 DNA
30 64.6 ng/ul 2.53 DNA
31 81.8 ng/ul 2.16 DNA
32 111.6 ng/ul 2.39 DNA
33 294.2 ng/ul 2.02 DNA
34 288 ng/ul 2.17 DNA
35 11.4 ng/ul 2.09 DNA
36 19.4 ng/ul 1.98 DNA
37 37.1 ng/ul 2.05 DNA
39 30.9 ng/ul 2.06 DNA
40 17.2 ng/ul 2.05 DNA
41 28.2 ng/ul 2.09 DNA
45 56.4 ng/ul 1.99 DNA
44 18.1 ng/ul 2.12 DNA
46 87 ng/ul 1.98 DNA
48 111.7 ng/ul 1.91 DNA
49 48.5 ng/ul 1.72 DNA
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51 91.3 ng/ul 1.94 DNA
52 83.6 ng/ul 1.94 DNA
53 144.6 ng/ul 1.88 DNA
54 64.3 ng/ul 1.93 DNA
55 59.4 ng/ul 2.12 DNA
56 215.3 ng/ul 1.99 DNA
57 93.1 ng/ul 2.02 DNA
58 62.3 ng/ul 1.96 DNA
59 92.6 ng/ul 1.95 DNA
60 119.7 ng/ul 1.67 DNA
61 583.1 ng/ul 1.93 DNA
62 117.1 ng/ul 2 DNA
63 168.3 ng/ul 2.24 DNA
64 132.1 ng/pl 2.03 DNA
65 170.9 ng/ul 2.04 DNA
66 36.6 ng/ul 2.49 DNA
67 167.6 ng/ul 2.07 DNA
68 168 ng/ul 2.01 DNA
69 201.5 ng/ul 1.79 DNA
70 39.5 ng/ul 1.91 DNA
71 83.7 ng/ul 2.08 DNA
72 190.3 ng/ul 2.27 DNA
73 169.4 ng/ul 2.4 DNA
74 -1.7 ng/ul 0.86 DNA
75 -2.9 ng/ul 0.88 DNA
76 229.1 ng/ul 2.28 DNA
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Appendix V. Table for DNA bands scores

M02 | MO3 | MOS5 | M10 | M15 | M16 | M19 | M22 | M25 | M26 | M28 | M31 | M47 | M50

Sample

BGM/1
BGM/2
BGM/3
BGM/4
BGM/5
BGM/6
BGM/7
BGM/8
BSA/1
BSA/2
BSA/3
BSA/4
BSA/5
BSA/6
BSA/7
BSA/8
BSA/9

BSA/10
BSA/11
BSA/12
BSA/13
BSA/14

BSA/15
BSA/16
BSA/17
MSA/1
MSA/2
MSA/3
MSA/4
MSA/5
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MSA/6

MSA/7

MSA/8

MSA/9

MSA/10
MSA/11
MSA/12
MSA/13
MSA/14
MSA/15
MSA/16
MSA/17
MSA/18
MSA/19
MSA/20
MSA/21
KWL/1

KWL/2

KWL/3

KWL/4

KWL/5

KWL/6

KWL/7

KWL/8

KWL/9

KWL/10
KWL/11
KWL/12
KWL/13
KWL/14
KWL/15
KWL/16
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KWL/17
KWL/18
KWL/19
KWL/20
KWL/21
KWL/22
KWL/23
KWL/24
KWL/25
KWL/26
KLF/1

KLF/2

KLF/3

KLF/4

123



Appendix W. Research permit

G-Oa
_._d'—-:'-’
NATIONAL COMMISSION FOR
SCIENCE, TECHNOLOGY & INNOVATION

Ref No: 720006 Date of Issue: 12/August/2020

RESEARCH LICENSE

This is to Certify that Ms.. LEAH NASIMIYTU SIMIYTU of Egerton University, has been licensed to conduct research in Bungoma,
Busia, Kilifi, Kwale, Mombasa, Nakuru on the topic: MICROPROPAGATION AND DIVERSITY ASSEESSMENT OF
VANILLA (Vanilla spp.) FROMSELECTED COUNTIES OF KENYA USING MORPHOLOGICAL AND DNA MARKERS for
the period ending : 12/August/2021.

License No: NACOSTLP/20/5987

720096 wj'fy‘“z{!ﬁh

Applicant Identification Number Director General
NATIONAL COMMISSION FOR
SCIENCE.TECHNOLOGY &
INNOVATION

Verification QR Code

MNOTE: Thus is a computer generated License. To venfy the authenticity of this document,
Scan the QR Code using QR scanner application.

124



THE SCIENCE, TECHNOLOGY AND INNOVATION ACT, 2013
The Grant of Research Licenses is Guided by the Science, Technology and Innovation (Research Licensing) Regulations, 2014

CONDITIONS

1. The License 15 valid for the proposed research, location and specified period

2. The License any nghts thereunder are non-transferable

3. The Licensee shall inform the relevant County Director of Education, Counfy Commissioner and County Govemor before
commencement of the research

4. Excavation, filming and collection of specimens are subject to further necessary clearence from relevant Government Agencies

3. The License does not give authonify fo tranfer research materials

6. NACOSTI may monitor and evaluate the licensed research project

1. The Licensee shall submuf one hard copy and upload a soft copy of their final report (thesis) within one of completion of the research

§. NACOSTI reserves the nght to modify the conditions of the License including cancellation without prior nofice

National Commission for Science, Technology and Innovation
off Watyaki Way, Upper Kabete,
P 0. Box 30623, 00100 Narabi, KENYA
Land line: 020 4007000, 020 2241349, 020 3310571, 020 8001077
Mobdle: 0713 788 787/ 0735 404 45
E-mail: dg@nacost.go ke / registry(@nacost go ke
Website: www.nacosti.go ke

125



Appendix X. Research publication

Vaol. 19[10), pp.736-746, October, 2020
DO 10.5857/AJB2020.17216

Asficle Numier: A7AS1ESE5147 ﬁuﬁm

I55M: 1584-5315 S YO AT AR

Copyright 82020 . .

Author(s] refain the copyright of this aricle African Journal of Biotechnology

http:/fwww academicjournats.ong/AJB

Full Length Research Paper

Diversity assessment of vanilla (Vanilla species)
accessions in selected counties of Kenya using simple
sequence repeats (SSRs) markers
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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. POPGEMNE 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 & sub-clusters (A1, A2, B1, B2, B3 and C1). Vanilla accessions grown in Kenya have
a broad genetic background but low genefic 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.
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