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ABSTRACT 
In the present study, genetic relationships among 40 genotypes of khat (Catha edulis Forsk.) obtained from diverse locations of Yemen 
were analysed by RAPD (Randomly Amplified Polymorphic DNA) markers. PCR-amplifiable DNA was isolated using the CTAB method 
and 152 amplified fragments were obtained using 10 random primers with 78.3% polymorphism. Studies of gene diversity revealed a 
maximum diversity among the genotypes of the North geographical region, ‘Abyadh’ variant and genotypes within tree growth habits. 
Nei’s genetic distance demonstrated the South and Centre geographical populations and ‘Abyadh’ and ‘Azrad’ variants were genetically 
close. The genetic dissimilarity matrix was calculated based on Euclidian Distances and revealed a maximum genetic distance (40%) 
between genotypes ‘2N’ and ‘40N’ and minimum genetic distance (11%) between the genotypes ‘18S’ and ‘19S’. The Ward’s method of 
cluster analysis grouped all the individuals on the dendrogram into three major clusters ‘A’, ‘B’ and ‘C’ at 46 linkage distances. The 
cluster analysis grouped the khat genotypes according to geographical region and growth habit but there was no correlation with 
pigmentation. RAPD proved to be a quick, simple and significant testing method to assess genetic diversity among khat genotypes. 
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INTRODUCTION 
 
Catha edulis Forsk. (Celastraceae) commonly known as qat 
or khat, is an evergreen tree indigenous to East Africa, 
South Arabia and Yemen (Luqman and Danowski 1976). 
The leaves and tender twigs are chewed in certain countries 
of East Africa and the Arabian Peninsula, mainly Yemen 
(Dhaifalah and Santavy 2004; Warfa et al. 2007) for their 
central nervous system stimulating properties (Luqman and 
Danowski 1976). Khat chewing had become an integral part 
of that region’s culture and represents an element of ethnic 
identification (Rousseau 2004). It has a deep-rooted social 
and cultural tradition (Kalix and Braenden 1985) and is usu-
ally chewed to enhance working capacity (Elmi 1983; Kalix 
and Braenden 1985; Kennedy 1987). Cathinone is believed 
to be the main active ingredient in fresh khat leaves (Hassan 
et al. 2007). 

The habit of chewing khat has been common for many 
centuries. The earliest record with more factual bases 
showed the Arabic source Al-Biruni (973-1051 A.D.), indi-
cated the ancient use of khat (Schopen 1978). Historically, 
khat has been used for medicinal purposes (Kennedy et al. 
1987) as well as an aphrodisiac (Margetts 1967; Krikorian 
1984), though it was also used for recreational purposes 
(Kennedy 1987). It is most valued for its stimulant effects 
(Baasher 1980). It is also used for avoiding sleepiness, eu-
phoriatic effects, to boost efficiency of work and to increase 
sexual performance (Elmi 1983). Chewing is the most com-
mon mode of administration, it has been taken as a tea and 
occasionally smoked (Hodgkinson 1962; Kennedy 1987). In 
Ethiopia, processed leaves and roots are used to treat influ-
enza, cough, gonorrhea, asthma and other chest problems, 
the roots are used for stomachache and an infusion made 
from them are taken to treat boils (Lemessa 2001). Recent 
clinical diagnostic studies reveal the evidence of mental ill-
ness (Warfa et al. 2007), oral squamous cell carcinoma (Fa-
sanmade et al. 2007; Sawair et al. 2007), stroke (Vanwalle-

ghem et al. 2006), acute myocardial infarction (Al-Motar-
reb et al. 2005), gastrointestinal and genito-urinary symp-
toms (Hassan et al. 2002), associated with khat chewing. 

Local cultivars of khat were described based on geogra-
phical location, growth habit, and physical appearance, i.e. 
colour of the leaf, stem sizes, and potency of effect. It has 
been known for a long time that different kinds of khat have 
different degrees of pharmacological action. Yemeni far-
mers recognized four cultivars based on the colour of shoots 
and growing twigs as ‘Abyadh’ predominantly pale green in 
colour, ‘Azraq’ purplish, ‘Aswad’ crimson and ‘Ahmar’ an 
intermediate between ‘Azraq’ and ‘Aswad’ reddish. In Ethi-
opia two prominent cultivars have been described as dimma 
(red) or ahde (white) (Getahun and Krikorian 1973; Kriko-
rian 1984). Barbier (1883) classified khat into three types 
namely ‘Madness-causing’, ‘intoxicating-like spirit’ and 
‘insomnia-causing’ based on their effect while Getahun and 
Krikorian (1973) classified them into two major groups 
namely kudda and kudda Kerti mainly based on harvesting 
time. Forty kinds of khat based on geographical origin were 
recognized in Yemen by Ramadan et al. (1981). Hence, a 
detailed genetic study was undertaken for the first time 
among the cultivars in Yemen. 

Diversity of khat germplasm in Yemen based on mor-
phological characteristics has been performed (Krikorian 
1984, 1985). However, due to the effects of environmental 
factors on these attributes, their use can be ambiguous. 
Therefore, markers independent of the environment are 
necessary for reliable identification and discrimination of 
cultivars. Different types of marker systems have been used 
for genetic analysis and genotyping, including morphologi-
cal, cytological, biochemical and DNA markers. The value 
of markers depends on their heritability and on the level of 
polymorphism they can reveal (Porter and Smith 1982; Pra-
kash et al 2002). DNA markers are independent from envi-
ronmental interactions, unlimited in number and show high 
level of polymorphism. Therefore, they are considered as 
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valuable tools for determining genetic relationships/diver-
sity. The most frequently used DNA markers include res-
triction fragment length polymorphisms (Sambrook et al. 
1989), random amplified polymorphic DNAs (Williams et 
al. 1990) or RAPDs, simple sequence repeats (Gupta et al. 
1996), amplified fragment length polymorphism (Vos et al. 
1995) and inter simple sequence repeats (Provost and Wil-
kinson 1999). These molecular markers are based on dif-
ferent principles and are obtained by using procedures of 
varying complexity and generate different amounts of poly-
morphic data. RAPD markers gained importance due to 
their simplicity, efficiency, the relative ease to perform the 
assay and non-requirement of DNA sequence information 
(Khanuja et al. 1998). They have been used in studies of 
genetic diversity (Chalmers et al. 1994), phylogeny and 
systematics (Sun et al. 1998), genetic linkage mapping 
(Cheung et al. 1997) and gene tagging (Tiwari et al. 1998). 
In the present study, genetic diversity among 40 khat geno-
types classified based on their physical appearance and geo-
graphical location were analysed by RAPD markers. 

 
MATERIALS AND METHODS 
 
Plant materials 
 
Forty genotypes of khat were collected from different geogra-
phical locations of Yemen and were used for the analysis (Table 1). 
The genotypes were classified into three categories based on their 
main geographical region (13 - North, 14 - Central and 13 - South), 

pigmentation (10 - Abyadh, 9 - Ahmar, 16 - Azraq and 5 - Aswad) 
and growth habits (28 tree and 12 shrub types). The four variants 
based on the pigmentation of leaves and twigs are shown in Fig. 1. 
Approximately 50 g of recently matured leaves (10-12 days old) 
were collected, washed using distilled water, wiped with 70% 
(v/v) ethanol, then dried in oven at 30-35°C for 20 h and powered 

Table 1 Geographical details and growth characters of 40 C. edulis genotypes. 
Code Variant Name 

(Local Name) 
Colour of young 
twigs 

Growth 
habits 

Location Name Sub-location Name Latitude 
(ºN) 

Longitude
(ºE) 

Altitude 
(MSL) 

1N Ahmar Purplish red Tree Hamden Wadi Dhulla’a 15 27 05 44 08 21 2200 
2N Abyadh Pale green Tree Hamden Al-Qarya 15 25 23 44 07 18 2400 
3N Azraq (Thehabi) Purplish Tree Hamden Wadi Dhaher 15 26 45 44 05 30 2200 
4N Azraq Purplish Tree Hamden Wadi Dhaher 15 26 45 44 05 40 2200 
5N Aswad Crimson Tree Hamden Wadi Dhaher 15 26 45 44 05 20 2200 
6N Abyadh Pale green Tree Hamden Bait Athafeef 15 31 47 44 07 13 2200 
7N Azraq (Tuffahi) Purplish Tree Bani Matter Khusha’an 15 12 03 44 04 18 2560 
8S Abyadh (Saffi) Pale green Tree Sabir Mawa’dim 13 33 18 44 01 20 2200 
9S Abyadh (Saffi Habashi) Pale green Tree Sabir Mawa’dim 13 33 08 44 01 10 2200 
10S Azraq (Se-ni areedh Alawraq) Purplish Tree Sabir Mawa’dim 13 33 08 44 01 20 2200 
11S Azraq (Se-ni Raffa Alawraq) Purplish Tree Sabir Mawa’dim 13 33 00 44 01 20 2200 
12S Ahmar (Ashrag Shebh Aswad) Purplish red Tree Sabir Mawa’dim 13 32 45 44 01 12 2300 
13S Azraq (Ashrag Hindi) Purplish Tree Sabir Mawa’dim 13 32 45 44 01 02 2300 
14S Ahmar Purplish red Tree Sabir Mawa’dim 13 32 45 44 01 25 2400 
15S Aswad (Ashrag Hindi) Crimson Tree Sabir Mawa’dim 13 32 45 44 01 35 2400 
16S Azraq Purplish Tree Qadas Mattaran 13 16 29 44 07 53 2000 
17S Ahmar Purplish red Tree Qadas `Halaqan 13 17 28 44 09 00 1800 
18S Azraq (Aswad Maqttart) Purplish Tree Al-Maqattera Adahamesha 13 12 18 44 11 16 1900 
19S Azraq (Sag) Purplish Tree Al-Maqattera Adahamesha 13 11 53 44 11 16 1840 
20S Azraq (Mushattitah) Purplish Tree Al-Maqattera Al-how-ishah 13 11 34 44 11 01 1800 
21S Ahmar (Rome) Purplish red Shrub Mawyah Wadi Alesaab 13 34 05 44 21 17 1200 
22C Abyadh (Rome) Pale green Shrub Assyani Wadi Nakhlan 13 48 23 44 10 25 1720 
23C Azraq (Rome) Purplish Shrub Assyani Wadi Nakhian 13 48 06 44 10 17 1720 
24C Abyadh Pale green Tree Thee Suffai Al-Khuryff 13 49 28 44 01 57 2000 
25C Aswad Crimson Tree Thee Suffai Al-Khuryff 13 49 28 44 01 57 2000 
26C Aswad (Rome) Crimson Shrub Al- `Hada` Al-Magel 14 45 41 44 27 47 2270 
27C Ahmar (Rome) Purplish red Shrub Al- `Hada` Wadi Lubb 14 47 02 44 29 27 2280 
28C Abyadh (Kahrabi) Pale green Shrub `Anns Thee Guzab 14 26 02 44 26 33 2550 
29C Azraq (Rome) Purplish Shrub `Anns Wadi Al-Har 14 27 05 44 24 01 2400 
30N Aswad (Hrami) Crimson Shrub Al-Mahabisha Al-Gediah, Mhabishah 15 57 03 43 26 59 1200 
31N Azraq (Shami) Purplish Shrub Al-Mahabisha Al-Gediah, Mhabishah 15 57 21 43 26 03 1200 
32N Abyadh (Raffa Alawraq) Pale green Tree Al Ahjer Azeelah 15 26 36 43 55 03 2080 
33C Ahmar (Qat Hiss) Purplish red Tree Yaff`a Wadi H`ass 13 46 54 45 26 46 1300 
34C Azraq (Yaff`ai) Purplish Tree Yaff`a Wadi Al-Qarnine 13 44 29 45 26 23 1600 
35C Abyadh (Dhal`ai) Pale green Shrub Adhal`ai Wadi Nasham 13 42 11 44 45 33 1500 
36C Ahmar (Dhal`ai) Purplish red Shrub Adhal`ai Wadi Nasham 13 41 54 44 45 25 1500 
37C Azraq (Moraisi) Purplish Shrub Adhal`ai Muraiss 14 01 05 44 40 39 2000 
38N Azraq (Sawtti) Purplish Tree `Amran Ah-noom 15 55 40 43 47 45 1960 
39N Ahmar (Sawtti) Purplish red Tree `Amran Ah-noom 15 55 40 43 47 29 1900 
40N Abyadh (Swatti) Pale green Tree `Amran Ah-noom 16 13 42 43 38 17 1300 

 

Fig. 1 Variants. Four types of variants among Catha edulis based on their 
pigmentation. 
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by using a ‘Remi’ mixer for 45 to 60 sec, prior to storage at room 
temperature in sealed plastic bags. 
 
DNA extraction and purification 
 
All the reagents and chemicals were obtained form Bangalore 
Genei, Bangalore, India of molecular biology grade. DNA was 
extracted from the dried leaf powder of khat by the cetyl trimethyl 
ammonium bromide (CTAB) method according to a modified pro-
tocol of Porebski et al. (1997). Half a gram of leaf powder was 
mixed with 20 ml extraction buffer, preheated to 65°C, which con-
tained 100 mM Tris-Base, pH 8.0, 20 mM EDTA, pH 8.0, 1.4 M 
NaCl, 3% (w/v) CTAB, 2% polyvinyl pyrrolidone and 1% �-mer-
captoethanol, then incubated at 65°C for 30 min with gentle sha-
king. The mixture was cooled to room temperature, 10 ml cold 
24:1 (v/v) chloroform: isoamylalcohol was added, and the contents 
were mixed well. After centrifugation at 6000 × g for 20 min at 
4°C, the supernatant was transferred to a fresh tube and the chlo-
roform: isoamylalcohol step was repeated until a clear supernatant 
was obtained. 5 M NaCl was added to the supernatant (0.5 v/v) 
and mixed gently followed by the addition of 0.8 vol of cold iso-
propanol to precipitate the DNA. The mixture was incubated over-
night at 4°C, and then centrifuged at 8,000 × g for 20 min. The re-
sulting pellet was washed with 70% (v/v) ethanol, air-dried, and 
dissolved in TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0). 
Two μg RNase (bovine pancreatic ribonuclease, Bangalore Genei, 
Bangalore, India) was added to each sample which was incubated 
for 3 h at 37°C, mixed with an equal volume of phenol and centri-
fuged at 6000 × g for 20 min at room temperature. This step was 
followed by a wash with an equal volume (1:1 (v/v)) of phenol: 
chloroform then with chloroform alone. DNA was precipitated 
overnight at 4°C with 0.5 vol of 5 M NaCl and 1 vol cold isopro-
panol, and the resulting pellet obtained after centrifugation was 
dissolved in TE buffer, analysed on an agarose gel and quantified 
using a spectrophotometer (NanoDrop Technologies, Wilmington, 
USA). 
 
PCR amplification 
 
PCR amplification followed the protocol of Williams et al. (1990) 
with minor modifications. Of the 71 primers screened using the 
genotype ‘40N’, 10 showing clear and distinguishable bands were 
selected for RAPD-PCR analysis (Table 2). Reproducibility of the 
primers was tested by repeating the PCR amplification twice under 
similar conditions. PCR reactions were carried out in a volume of 
25 μl containing 50-75 ng template DNA, 250 �M each dNTP, 1.5 
mM MgCl2, 1 unit Taq DNA polymerase (Bangalore GENEI, Ban-
galore, India), 5 pmol primer (G, U, V, W and X series in addition 
to primer numbers 1, 2, 3, 4 and 5, Metabion Gmb H Technologies 
Inc, Germany) in PCR buffer (50 mM KCl, 10 mM Tris-HCl pH 
8.3, 0.001% (v/v) gelatin, 0.05% (v/v) NP40 and 0.05% (v/v) 
Triton X-100). Amplifications were performed in a MJ Research 
PTC-100 Thermocycler (Bio-Rad Laboratories, Bangalore, India), 
programmed for an initial denaturation at 93°C for 3 min, fol-
lowed by 50 cycles of denaturation at 93°C for 1 min, annealing at 
35°C for 30 sec, primer extension at 72°C for 2 min, and a final 
extension at 72°C for 8 min. PCR products were resolved in a 

1.5% (w/v) agarose gel, visualised and documented using an 
Alpha Digidoc system (Alpha Innotech, San Leandro, CA, US). 
The sizes of the fragments were estimated using 500 bp standard 
DNA markers (Sigma Aldrich Chemicals, Bangalore, India), co-
electrophoresised with the PCR products. 
 
Statistical analysis 
 
Amplified fragments from each primer were manually scored for 
their presence (1) or absence (0) and a matrix of the different 
RAPD phenotypes of all ten primers were assembled for statistical 
analysis. A genetic dissimilarity matrix (Table 3) was developed 
using Euclidean Distances, which estimates all pair-wise differen-
ces in the amplification products (Sokal and Sneath 1973) and a 
cluster analysis was based on Ward’s method using a minimum 
variance algorithm (Ward 1963) by STATISTICA programme. 
Based on the presence and absence data of the amplified products, 
genetic diversity parameters such as gene diversity, Shannon’s in-
formation index and percent polymorphism, mean similarity index, 
frequency distribution of similarity index and Nei’s genetic dis-
tance were analyses using the population genetics software 
(POPGENE version 1.32; Yeh and Boyle 1997). 
 
RESULTS AND DISCUSSION 
 
The work presented here is the first to describe genetic vari-
ability and molecular differentiation among cultivated po-
pulations of Catha edulis from Yemen. Genetic diversity 
among crop plant species is important for efficient utiliza-
tion of plant genetic resources since geographical isolation 
of a population may cause its genome to drift away from 
other populations of the same species (Biron et al. 2002). 
Hence, authentic identification of taxa is necessary both for 
breeders to ensure protection of intellectual property right 
and also for propagators and consumers. The traditional me-
thod of identifying species by morphological characters is 
now been replaced by DNA profiling which are more reli-
able due to several limitations of their morphological data 
(Nayak et al. 2003). Many papers have reported the ef-
fectiveness of RAPD markers in discriminating between 
species, subspecies and populations in a wide range of orga-
nisms, which were confirmed by results of the present study, 
since considerable levels of genetic divergence were detec-
ted between the C. edulis genotypes analysed. 

Recently matured leaves preferably, 10-12 days old 
were used to extract DNA, as mature leaves were rich in 
polyphenols that hindered the extraction of PCR quality 
DNA. The pre-treatment of the leaves removed dust parti-
cles and external microbial contaminations. The CTAB me-
thod for DNA extraction was found optimal to release the 
nucleic acid from the cell and to remove RNA and protein-
aceous contamination rendering the DNA suitable for PCR 
amplifications. PCR amplification was followed by a stan-
dard protocol (Williams et al. 1990) with minor modifica-
tions, which produced good amplifications with 50-75 ng of 
template DNA. The amplifications using 1 unit of Taq DNA 
polymerase and 1.5 mM MgCl2 produced intense and clear 

Table 2 RAPD-PCR Primers. The sequence and level of polymorphism of primers. 
Primer name Sequence (5'-3') Total � of 

bands 
� of polymorphic 
shared bands 

� of polymorphic 
unique bands 

� of monomorphic 
bands 

Primer 02 TGCCGAGCTG 18 10 1 7 
KIT V 02 CATCGCCGCA 17 15 2 0 
KIT V 08 AGGCAGAGCA 10 05 2 3 
KIT V 09 AGCAGCGCAA 20 11 2 7 
KIT V 11 GAGCGATGGG 18 18 0 0 
KIT V 18 GTGGAGTCAG 12 10 0 2 
KIT V 19 TGAGGGTGGC 16 10 1 5 
KIT W 06 AGGCCCGATG 14 09 1 4 
KIT W 13 CACAGCGACA 15 13 0 2 
KIT W 16 CAGCCTACCA 12 08 1 3 

Total 152 109 10 33 
Percentage (%)  71.7 6.6 21.7 
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banding patterns. A primary screening of 71 RAPD primers 
resulted in the selection of 10 primers that produced clear 
fragment patterns. Screening is essential to save time and 
cost, and to reject primers not informative for the analysis 
(Prakash et al. 2002). 

About 152 readable and reproducible RAPD markers 
were produced using the 10 primers selected. The number 
of bands obtained per primer (Table 2) varied from 10 to 20 
with an average of 15.2 bands per primer and the size ran-
ged from 150 bp to 4.2 kbp. Of the 152 bands, 109 (71.7%) 
were polymorphic and shared between at least two indivi-
duals, 33 (21.7%) was monomorphic and common to all the 

individuals. Only ten (6.6%) were polymorphic and unique. 
The representative polymorphic gel profiles of primer V2 is 
shown in Fig. 2. A pair-wise genetic dissimilarity matrix 
(Table 3) was calculated using Euclidian Distance (Sokal 
and Sneath 1973). The highest genetic dissimilarity of 40% 
was between genotypes ‘2N’ and ‘40N’, while the least gen-
etic dissimilarity (11%) was between the genotypes ‘18S’ 
and ‘19S’, belonging to the same regions of collections. 

Among the main geographical regions, the North region 
showed maximum gene diversity of (0.186 ± 0.175) while 
the lowest diversity was revealed in the Southern region 
(0.131±0.171). This might probably be due to the greater 

Table 3 Genetic dissimilarity matrix of 40 khat genotypes based on polymorphism of RAPD markers. 
1N  0 

2N 24   0 

3N 19  23   0 

4N 21  20  19   0 

5N 29  29  25  25   0 

6N 23  25  17  23  29   0 

7N 21  24  17  17  20  20   0 

8S 21  14  19  21  19  25  21   0 

9S 17  23  14  21  24  17  16  18   0 

10S 23  28  21  21  21  24  12  22  19   0 

11S 24  21  15  12  24  21  12  18  17  16   0 

12S 25  24  22  24  27  21  27  21  21  29  25   0 

13S 22  18  16  21  25  23  22  19  15  18  18  19   0 

14S 24  24  18  25  27  24  24  21  19  24  23  23  17   0 

15S 23  25  21  27  29  21  20  25  16  20  23  23  18  20   0 

16S 24  25  22  16  25  28  16  23  24  21  16  32  25  25  23   0 

17S 27  24  19  21  27  23  24  25  20  25  23  21  17  16  23  27   0 

18S 28  27  23  29  31  23  23  26  21  24  25  29  26  24  29  21  23   0 

19S 25  25  23  23  27  25  21  28  23  18  25  33  25  21  21  18  29  11   0 

20S 29  34  25  26  29  26  21  29  30  23  22  30  31  27  26  17  33  19  20   0 

21S 23  27  27  26  37  22  27  29  27  27  27  26  23  23  23  30  23  27  32  31   0 

22C 22  29  17  27  29  19  21  20  19  22  21  25  23  19  19  25  25  22  21  24  27   0 

23C 27  28  27  28  36  24  29  30  31  27  27  28  27  29  24  27  29  24  29  26  22  26   0 

24C 27  26  24  21  27  23  23  23  27  25  17  30  29  33  27  23  30  30  31  23  36  25  29   0 

25C 33  37  31  31  36  28  27  35  31  31  29  33  31  32  31  31  35  33  33  30  30  31  28  33   0 

26C 28  36  29  28  29  27  25  30  28  28  23  27  27  32  27  27  32  31  29  29  31  26  25  29  25   0 

27C 28  39  27  28  29  28  28  34  32  27  31  29  30  32  27  31  28  33  31  34  29  29  29  33  28  25   0 

28C 34  39  35  33  31  26  26  35  31  29  29  37  35  34  29  33  31  31  33  33  29  29  27  33  25  26  21   0 

29C 29  31  26  27  32  21  28  34  24  25  25  31  26  25  21  28  28  27  26  31  26  29  24  31  33  28  28  29   0 

30N 31  37  25  31  37  22  29  35  27  33  30  29  28  29  26  33  26  26  28  31  29  27  25  33  31  23  25  28  26   0 

31N 30  37  27  31  34  26  33  33  27  31  34  29  31  31  25  30  26  25  28  31  25  25  27  36  30  26  26  27  23  23   0 

32N 31  31  29  26  34  27  25  27  30  29  25  34  29  33  30  26  37  37  35  28  29  29  27  27  25  23  30  27  29  31  31   0 

33C 28  33  23  31  31  23  23  29  24  27  20  31  29  25  29  29  31  27  27  23  30  21  24  25  32  24  28  27  31  22  29  26   0 

34C 28  33  23  24  24  29  19  30  27  24  17  32  30  29  28  25  29  32  31  22  29  27  32  25  31  28  25  30  31  30  35  26  16   0 

35C 35  31  29  27  31  29  29  31  31  31  26  34  33  29  29  30  29  33  32  33  32  25  30  29  38  30  27  27  30  28  29  31  22  25   0 

36C 33  35  29  30  29  27  31  31  31  31  25  29  33  34  29  33  35  33  32  31  33  27  27  23  29  23  27  29  25  32  29  24  25  23  25   0 

37C 25  29  21  17  23  25  21  27  25  25  17  26  25  29  29  19  25  30  24  25  32  27  29  21  29  26  29  35  27  33  32  32  25  23  29  27   0 

38N 29  29  27  25  33  25  25  29  30  29  23  29  32  30  27  26  33  30  28  25  28  23  23  23  29  27  30  28  31  28  31  31  19  25  19  27  25   0 

39N 27  27  22  27  28  23  23  25  25  27  21  31  29  28  27  29  28  27  33  26  29  19  27  23  31  29  32  27  31  33  29  27  19  23  22  27  27  18   0 

40N 33  40  31  29  31  30  26  37  30  30  29  37  35  33  34  29  33  35  31  29  32  33  30  32  27  25  26  29  29  29  28  27  23  25  29  25  25  31  30   0 

 

Fig. 2 Gel profile. Amplification profile by RAPD-PCR primers KIT V2 among Catha edulis genotypes. Lanes 1-46, contain the amplification profile 
obtained using the genotypes ‘1N’, ‘2N’, ‘3N’, ‘4N’, ‘5N’, ‘6N’, ‘7N’, ‘8S’, ‘9S’, ‘10S’, ‘11S’, ‘12S’, ‘13S’, ‘14S’, ‘15S’, ‘16S’, ‘17S’, ‘18S’, ‘19S’, 
‘20S’, ‘21S’, ‘22C’, ‘23C’, ‘24C’, ‘25C’, ‘26C’, ‘27C’, ‘28C’, ‘29C’, ‘30N’, ‘31N’, ‘32N’, ‘33C’, ‘34C’, ‘35C’, ‘36C’, ‘37C’, ‘38N’, ‘39N’ and ‘40N’. 
Lane M, standard 100 bp DNA markers. 

 

4



Comparative phenotypic and genetic study of Yemeni khat. Al-Thobhani et al. 

 

expansion of khat cultivation areas in the North and Centre 
(Muharram et al. 2002) leading to the establishment of new 
plantations with collections from different parts of the coun-
try. Among the four variants recorded the mean gene diver-
sity of ‘Abyadh’ (0.202 ± 0.172) was significantly higher 
than other variants. The genotypes of tree habitat (0.173 ± 
0.167) revealed the maximum gene diversity, more than the 
shrub types. Correspondingly, the Shannon’s diversity index 
and the percent polymorphism also confirmed a similar out-
come (Table 4). The comparison of gene diversity con-
firmed previous results of maximum difference (2.651) bet-
ween the Northern and Southern regions. Among the vari-
ants the lowest difference (-1.612) was noticed between 
‘Ahmar’ and ‘Aswad’, while a maximum difference (3.609) 
between ‘Abyadh’ and ‘Ahmar’ (Table 5). 

The mean similarity indices among the categories re-
vealed that North populations had the least (0.799 ± 0.058), 
which was significantly different from the South population 
(0.859 ± 0.035) indicating the individuals of North popula-
tions were diverse than those of South region. The higher 
similarity of South populations may be due to less geogra-
phic distance separating individuals (Table 1) and C. edulis 
was first domesticated in southern parts of Yemen (Kennedy 
1987). Among the variants the highest mean similarity 
index was computed for ‘Ahmar’ (0.860 ± 0.048), while 
‘Abyadh’ recorded the lowest index (0.775 ± 0.071) which 
was on par with the ‘Aswad’ variant (0.797 ± 0.042). The 
histogram representing the mean similarity indices are 
shown in Fig. 3. However, tree genotypes had lower mean 
similarity index as compared to the shrub types. The dif-

ferences among the mean similarity indices showed a maxi-
mum between North and South regions and ‘Ahmar’ and 
‘Aswad’ variants (Table 6). 

The frequency distribution of similarity index was ana-
lysed using Kolmogorov-Smirnov (KS) test revealed the 
frequencies between the Centre and each of North and 
South were significant. Among the variants ‘Abyadh’ and 
‘Azraq’ showed wider distributions as compared to ‘Aswad’ 
and ‘Ahmar’, indicating the individuals of later variants 
were less diverse among themselves (Table 7). It was also 
observed that the trees and shrubs were not considerably 
different. The histogram representing the frequencies of 
genotypes based on main geographical regions and variants 
are shown in Fig. 4. The Nei’s genetic distance between 
South and Centre populations (0.0317) were higher whereas, 
the distances between North and South populations was 
least (0.0172), indicating that the later populations were 
genetically close (Table 8). Comparison among the variants 
revealed that ‘Abyadh’ and ‘Azrad’ were genetically close 
with the least distance (0.0174) in contrast to ‘Abyadh’ and 
‘Aswad’ (0.0452). 

In the dendrogram (Fig. 5), all 40 genotypes were 
clearly clustered into three major clusters ‘A’, ‘B’ and ‘C’ at 
46 linkage distance. Cluster ‘A’ consisted of one genotype 
‘40N’ identified from the Amran location of Northern re-
gion. This genotype was characterized as a tree type com-
monly called ‘Abyadh’ (Swatti) with pale-green twigs. Two 
polymorphic and unique bands specific to the genotype 
‘40N’ sized 3,850 and 3,200 bp were produced by primers 
V09 and W16, respectively. Cluster ‘B’ consisted of 15 

Table 4 Genetic diversity parameters based on RAPD data of C. edulis grouped under three categories. 
Gene diversity Shannon’s diversity index Category Sample size 

Mean SD± Mean SD± 
Percent polymorphism
(%) 

A. Main geographical regions 
North 13 0.186 0.175 0.291 0.252 64.29 
Centre 13 0.174 0.174 0.274 0.251 62.14 
South 14 0.131 0.171 0.205 0.251 45.71 

B. Variants 
Abyadh 10 0.202 0.172 0.315 0.250 66.43 
Azraq 16 0.164 0.178 0.257 0.257 57.86 
Ahmar 9 0.126 0.179 0.192 0.263 37.14 
Aswad 5 0.162 0.195 0.242 0.285 42.86 

C. Growth habits 
Tree 28 0.173 0.167 0.279 0.236 73.57 
Shrub 12 0.161 0.175 0.251 0.256 54.29 

 
Table 5 Differences in the mean gene diversity among categories of C. edulis 

Main geographical regions  
North Centre South 

North 0 0.567 (0.571) 2.651 (p<0.008) 
Centre  0 2.086 (p<0.038) 
South   0 

Variants  
Abyadh Azraq Ahmar Aswad 

Abyadh 0 1.801 (0.073) 3.609 (p<0.000) 1.803 (0.072) 
Azraq  0 1.778 (0.078) 0.085 (0.932) 
Ahmar   0 -1.612 (0.108) 
Aswad    0 

 
Table 6 Differences in mean of similarity indices among categories of C. edulis 

 Main geographical regions 
 North Centre South 
North 0 1.564(0.120) 8.388(p<0.00) 
Centre  0 7.855(p<0.00) 
South   0 

 Variant s 
 Abyadh Azraq Ahmar Aswad 
Abyadh 0 -6.073(p<0.00) -6.7(p<0.00) -0.941(0.351) 
Azraq  0 -5.529(p<0.00) 2.441(p<0.016) 
Ahmar   0 5.389(p<0.000) 
Aswad    0 
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genotypes clustered at 44 distances and further classified 
into two prominent sub-clusters ‘B1’ and ‘B2’. Sub-cluster 
‘B1’, comprising of 11 genotypes, was divided into two 
groups (I and II) at 42 linkage distance. Group I consisted 
of eight genotypes belonging to North and Central geogra-
phical regions. Genotypes ‘38N’ and ‘39N’, and ‘33C’ and 
‘34C’ were closely clustered among the group at 28 and 25 
linkage distances, respectively. Genotypes ‘30N’ and ‘31N’ 

were closely linked and clustered with genotype ‘29C’ at 39 
linkage distances in group II of ‘B1’. A polymorphic band 
specific to sub-cluster ‘B1’ was obtained using primer V18. 
Sub-cluster ‘B2’, consisting of four genotypes (‘25C’, ‘26C’, 
‘27C’, ‘28C’) from the Central region, clustered at 39 lin-
kage distances. The genotypes grouped in group II of ‘B1’ 
and sub-cluster ‘B2’ predominantly characterized a shrub 
habitat. The RAPD clustering of cluster ‘B’ revealed that all 
the genotypes of the cluster belong to the North and Central 
geographical regions of Yemen. 

Cluster ‘C’ consists of 24 khat genotypes segregated 
into two sub-clusters ‘C1’ and ‘C2’ at 42 linkage distance. 
Sub-cluster ‘C1’ consists of a single genotype ‘24C’ ob-
tained from Thee Suffai in the Central region of Yemen. 
The genotype was classified under variant ‘Abyadh’ with 
pale-green twigs. Sub-cluster ‘C2’ was segregated into three 
groups (I, II and III) linked at 40 distances. Group I had two 
genotypes ‘21S’ and ‘23C’ associated at 37 distance. Both 
genotypes showed a shrub habitat but were collected from 
different places and identified as variants ‘Ahmar’ and 
‘Azraq’, respectively. Genotypes ‘21S’ and ‘23C’ were cha-
racterized by a RAPD marker of 1,300 bp in size produced 
by primer W06. Group II of ‘C2’ consists of one genotype 
‘22C’ collected from Assyani in the Central region. The 
genotype was identified as a shrub of the variant ‘Abyadh’. 
Group III consisted of 21 genotypes clustered at 35 linkage 
distance. Genotypes ‘18S’ and ‘19S’, ‘13S’ and ‘14S’, and 
‘10S’ and ‘11S’ were closely related members of the group. 
The RAPD clustering of cluster ‘C’ predominantly showed 
that the genotypes belong to North and South geographical 
regions of Yemen. 

It appears from the results that the four variants of C. 
edulis are not strongly differentiated from each other gene-
tically (Fig. 5). This could be related to the collection of a 
small number ‘Abyadh’ (10), ‘Aswad’ (5), ‘Azraq’ (16) and 
‘Ahmar’ (9). However, a small sample size can lead to a 
significant bias in the population genetics (Fischer et al. 
2000) and a sample size of 10-15 individuals are adequate 
for largely unbiased results (Isabel et al. 1999). Low to mo-
derate polymorphism (11-40%) was obtained among the 

Fig. 3 Histogram. Mean Similarity Indices among 40 genotypes of C. 
edulis based on three categories. 

Table 7 Kolmogorov-Smirnov test for frequency distribution of simila-
rity values among categories of C. edulis. 
Combinations D max Table value 

(5%) 
P value 

North vs Centre 0.167 0.218 0.115 
North vs South 0.383 0.210 0.000 
Centre vs South -0.427 0.210 0.000 
Abyadh vs Azraq 0.347 0.238 0.000 
Abyadh vs Ahmar 0.600 0.304 0.000 
Abyadh vs Aswad 0.356 0.475 0.126 
Azraq vs Ahmar 0.292 0.258 0.009 
Azraq vs Aswad 0.525 0.448 0.006 
Ahmar vs Aswad 0.800 0.486 0.000 
 

Table 8 Nei’s unbiased measures of genetic distance among the catego-
ries of C. edulis. 

Main geographical regions  
North Centre South 

North 0   
Centre 0.0216 0  
South 0.0172 0.0317 0 

Variants  
Abyadh Azraq Ahmar Aswad 

Abyadh 0    
Azraq 0.0174 0   
Ahmar 0.0181 0.0203 0  
Aswad 0.0452 0.0420 0.0334 0 

Growth form   
Tree Shrub 

1 Tree 0  
2 Shrub 0.0241 0 
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genotypes which could be the result of vegetative propaga-
tion of khat by cuttings and suckers, since seeds of C. edulis 
show a poor germination rate (Lemessa 2001). Although, 
somatic mutations could occur in populations where asexual 
propagation is common (Lamote et al. 2002) recent studies 
reveal that genetic diversity will decrease at a constant rate 
with an increase in the rate of asexual reproduction (Bal-
loux et al. 2003; Bengtsson et al. 2003). 

The results indicate that populations from different geo-
graphical regions and growth habits in Yemen showed a 
clear genetic differentiation. The variants classified based 
on pigmentation are independent from geographical regions 
indicating their random distribution across the study area. 
Similar results were obtained by Zhayi et al. (2003) among 
Loropetalum chinense samples resulting in no correlation 
between RAPDs and the colour of leaves and flowers. 
However, analysis in Kaempferia parviflora by Pojanaga-
roon et al. (2004) showed cultivars segregated into clusters 
based on leaf colour. Further studies on chemical analysis 
of the chemotypes and their correlation with morphological 
and molecular markers would help to understand the varia-
tions among khat. Understanding the spatial organization of 
genetic diversity within plant populations is of critical im-
portance for the development of strategies designed to pre-
serve genetic variation (Brown and Briggs 1991; Hamrick 
et al. 1991). Hence, the present study could help in the con-
servation of genetically distinct C. edulis genotypes collec-
ted from Yemen. 
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