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Abstract Genetic diversity of 70 populations of
niger (Guizotia abyssinica) representing all its
growing regions in Ethiopia was investigated using
random amplified polymorphic DNA (RAPD) to re-
veal the extent of its populations genetic diversity.
Ninety-seven percent of the loci studied was revealed
to be polymorphic for the whole data set. The within
population diversity estimated by Shannon diversity
index and Nei gene diversity estimates was revealed
to be 0.395 and 0.158, respectively. The extent of
genetic variation of populations from major niger
producing regions was significantly lower than that of
populations from other regions; however, it is dis-
tributed regardless of altitude of growth. Genetic
differentiation between populations was estimated
with Shannon index as Ggp (0.432), Nei’s Gsr
(0.242) and AMOVA based Fgsr (0.350) and appears
to be equivalent to the average values calculated from
various RAPD based studies on outcrossing species.
Higher proportion of the variation detected by AM-
OVA resided within populations (64.58%) relative to
the amount of variation among populations (35.42%).
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UPGMA cluster analysis showed that most of the
populations were clustered according to their region
of origin. However, some populations were geneti-
cally distant from the majority and seem to have
unique genetic properties. It is concluded that the
crop has a wide genetic basis that may be used for the
improvement of the species through conventional
breeding and/or marker assisted selection. Collection
of germplasm from areas not yet covered and/or
underrepresented is the opportunity to broaden the
genetic basis of genebank collection.

Keywords AMOVA - Genetic diversity -
Germplasm - Guizotia abyssinica - Niger -
Population - RAPD

Introduction

Guizotia abyssinica (L. f.) Cass., commonly known
as ‘niger’, belongs to the family Asteraceae, tribe
Heliantheae and subtribe Coreopsidinae. Niger is the
only domesticated species of the small exclusively
diploid genus, Guizotia Cass. It is an economically
important oilseed crop species with 2n=30 chromo-
somes (Hiremath and Murthy 1992; Dagne 1995).
This crop is widely cultivated particularly in Ethiopia
but also in India (Riley and Belayneh 1989; Hiremath
and Murthy 1992). It is also cultivated in small scale
in several other African and Asian countries as an
edible oil crop (Murthy et al. 1993; Getinet and
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Sharma 1996) and currently in the United States of
America, mainly as bird seed (Kandel and Porter
2002). Niger is an outcrossing species with self-
incompatibility mechanisms (Riley and Belayneh
1989; Nemomissa et al. 1999). Guizotia abyssinica is
suggested to be evolved from Guizotia scabra (Vis.)
Chiov. ssp. schimperi (Sch. Bip. in Walp.) Baag.
based on evidences from phytogeography, cytoge-
netics and morphology (Baagge 1974; Hiremath and
Murthy 1988; Murthy et al. 1993; Dagne 1994; Da-
gne 1995; Dagne 2001).

Niger seed is used for various purposes. Its yellow,
edible, semi-drying oil is used mainly for cooking
purpose. It is also used for soaps, paints, illuminants,
and lubricants (Baagge 1974; Riley and Belayneh
1989; Kandel and Porter 2002). The Press cake left
after the oil has been extracted is found to be an
excellent animal feed as it contains about 33% pro-
tein (Kandel and Porter 2002). The oil content of the
niger seed vary considerably and the most abundant
fatty acid is linoleic acid as reported by different
authors (Dutta et al. 1994; Alemaw and Teklewold
1995; Dagne and Jonsson 1997; Ramadan and Morsel
2002).

Ethiopia is the center of origin and diversity of
G. abyssinica (Harlan 1969; Zeven and DeWet 1982),
where it has been under cultivation for much longer
than any other places (Baagge 1974; Hiremath and
Murthy 1988) and stands first with coverage of about
60% of the total area and production volume of oil
crops. Niger is suitable for multiple cropping, espe-
cially as border crop (Geleta et al. 2002), which is a
strategy to stabilize production, especially under
unfavorable environmental conditions. In Ethiopia, it
is grown mainly in an altitudinal range of 1600-
2200 m asl with temperature range of 15-23 °C, and
annual rainfall range of 500-1000 mm (Getinet and
Sharma 1996).

Crop improvement through breeding depends on
the magnitude of the genetic diversity and the extent
to which this diversity is utilized. Although there are
few morphological studies on genetic diversity of
niger (Nayakar 1976; Alemaw and Teklewold 1995;
Pradhan et al. 1995, Genet and Belete 2000) no
molecular marker based genetic diversity study has
been reported at least for Ethiopian niger. Random
amplified polymorphic DNA (RAPD) technique is a
method of choice for studying genetic diversity for
crop species where there is little or no molecular
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genetics research (Nybom 2004), as it does not re-
quire sequence information for the target species.
Furthermore, it is specially suited for studying large
number of samples as it is relatively simple, fast and
cheap.

Hence, the present study was under taken to
investigate the extent of genetic variation within
populations and genetic differentiation among popu-
lations of Ethiopian niger using RAPD markers with
the goal of identifying hotspots for conservation and
utilization of its genetic diversity.

Material and methods
Plant material

Seventy populations of niger, with 10 individuals
each, collected from 11 regions of Ethiopia were used
for this study (Fig. 1; Table 1). All populations were
collected directly from farmers’ fields from early
November to the end of December 2003. The crop on
a single farmer’s field was considered as a popula-
tion. Individuals were sampled at equidistant along
the longest line found across the field. Different
number of populations was sampled per region
depending on the extent of cultivation. The sampled
populations represent the altitudinal ranges and geo-
graphic regions where niger is currently grown within
the country.

DNA extraction

Young and fresh leaves from 15 days to 1 month
old plants grown in the greenhouse were used for
genomic DNA extraction. DNA was extracted by
modified CTAB procedures as described by Aga
et al. (2003).

PCR amplification and electrophoresis

Several protocols that have been used for plant DNA
amplification were tested and the one with best
amplification profiles was chosen. PCR components,
DNA concentration and PCR amplification tempera-
ture profiles were then optimized. After protocol
optimization, 150 RAPD primers from QIAGEN
(QIAGEN Operon GmbH, Germany) were tested
with the objective of screening primers that can de-
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Fig. 1 Map of Ethiopia showing the 11 regions from where the Guizotia abyssinica populations were sampled (Shaded regions).
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tect polymorphism, show clearly resolvable banding
patterns and amplify larger number of loci per sam-
ple. Twenty five primers that fulfilled the above cri-
teria were initially screened. This was followed by
repeated checking for the reproducibility of the
banding patterns using replicated samples within a
gel and across different gels, as suggested by Skroch
and Neinhuis (1995). This led us to consider 10
primers that were highly reproducible (see Table 2).

The DNA amplification reaction was performed in
a total volume of 20 pL containing 1X reaction buffer
(75 mM Tris-HCl pH 8.8, 20 mM (NH4),SO4,
0.01% (v/v) Tween 20), 3.5 mM MgCl,, 20 ng pri-
mer, 0.1 mM of each dNTPs, 0.6 units of Tag DNA
polymerase from ABgene (ABgene house, UK), and
25 ng of sample DNA. RAPD amplification was
carried out using GeneAMP PCR system 9700 ther-

mocycler with the following temperature profiles:
initial 3 min denaturing at 94 °C and final 10 min
extension at 72 °C with the intervening 45 cycles of
1 min denaturing at 94 °C, 1 min of primer annealing
at 37 °C, and 2 min of primer extension at 72 °C.
The amplified product was stored at 4 °C until elec-
trophoresis.

The amplified product was loaded on 1.5% (w/v)
agarose gels after adding 5 pL loading buffer (0.024%
(w/v) bromophenol blue, 0.024% (w/v) xylene cyanol
and 5% glycerol) and electrophoresed in 1x TAE
(0.04 M Tris—Acetate and 0.002 M EDTA) buffer for
3 h at constant voltage of 90 V. A 100-basepair ladder
was loaded on marginal and central lanes to estimate
the size of the fragments. After electrophoresis, the gel
was stained in ethidium bromide (5 pg/mL) on a
shaker for 30 min and then washed in water for
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Table 1 Population codes, altitudes and collection sites of the Guizotia abyssinica populations studied

Popn™* Altitude Place of collection Popn™* Altitude Place of collection

code (m asl) code (m asl)

A-1 2380 52 km from Bekoji to Chole J-2 1860 25 km from Jimma to A/Ababa
A-2 2570 9 km from Diksis to Kula S-1 2660 53 km from G/guracha to D/Tsige
A-3 2565 13 km from Robe to Ticho S-2 1590 5 km NW of Ataye town

A-4 2510 7 km from Robe to Diksis S-3 2540 2 km from G/Tsion to G/Guracha
A-5 2470 21 km South of Adele S-4 2372 78 km from A/Ababa to Weliso
B-1 1460 2 km D/Mena to Goba S-5 2500 7 km from Gedo to Ambo

B-2 2450 2.7 km from Adaba to Dodola S-6 2030 19 km from Welkite to Hos’ana
B-3 2425 63 km from Ginir to Gasera S-7 2460 21 km from Ambo to A/Ababa
B-4 1835 5.5 km NE of Ginir S-8 2470 6 km from Holeta to Muger

B-5 2410 35 km SE of Bale-Robe S-9 2340 56 km from M/Turi to A/Ketema
Gj-1 2550 29 km from Dejen to D/Markos S-10 2155 18 km from A/Ababa to Weliso
Gj-2 2550 75 km from Mota to Dejen S-11 1640 13 km from Sh/Robit to D/Sina
Gj-3 2055 19 km from Dangla to B/Dar S-12 2570 1 km from Sendafa to Ch/Donsa
Gj-4 1890 35 km from Amanuel to Bure T-1 1972 9.5 km Shire to Shiraro

Gj-5 2495 10 km from Bichena to Dejen T-2 2180 10 km from Adwa to Axum
Gj-6 2205 34 km from Injibara to Dangla T-3 2070 11 km from Slakleka to Shire
Gj-7 2250 8 km from D/Markos to Dangla T-4 2150 18 km from Adwa to Axum
Gj-8 2070 33 km from F/Selam to Injibara T-5 1400 86 km from Shire to A/Arkay
Gj-9 2610 10 km from Injibara to Dangla We-1 2450 26 km from Shambu to Finch’a
Gj-10 2300 36 km from B/Dar to Adet Wg-2 2190 18 km from Nekemt to Gimbi
Gr-1 2100 17 km from Azezo to Aykel Wg-3 1486 77 km from Nekemt to Gimbi
Gr-2 2055 26 km from Gondar to K/Diba We-4 2310 50 km from Bako to Shambu
Gr-3 2630 41 km from Werota to D/Tabor Wg-5 2370 12 km from Fincha’a to Kombolcha
Gr-4 2130 27 km from Werota to B/Dar Wg-6 2325 46 km from Fincha’a to Gedo
Gr-5 1880 14 km from A/Zemen to Werota Wg-7 2685 54 km m Bedele to Argo

Gr-6 1400 42 km from A/Arkay to Debark Wg-8 2210 18 km from Bako to Shambu
Gr-7 1590 9 km from T/Dingay to Humera Wg-9 1940 21 km from Nekemt to Ambo
Gr-8 1975 48 km from Werota to B/Dar Wi-1 1620 18 km from Wergesa to Mersa
Gr-9 2000 32 km from Gondar to B/Dar WI-2 1650 31 km from Kombolcha to Bati
H-1 1860 49 km from A/Teferi to Gelemso WI-3 1740 25 km from Woldia to Kobo
H-2 1830 36 km from A/Teferi to Gelemso Wi-4 1820 58 km from Dessie to W/Tena
I-1 1865 3 km from Metu to Gore WI-5 2135 10 km Haik to Bistima

I-2 2095 82 km from Agaro to Bedele WI-6 1800 4 km from Karakore to Kemisie
I3 1900 53 km from Gore to Bure WI1-7 1882 18 km from Woldia to Lalibela
J-1 1900 3 km from Asendabo to O/Nadda WI-8 2420 31 km from W/Tena to Gashena

“Population code. *Letter(s) in population code indicate(s) the region from where the corresponding population was collected.
A=Arsi, B=Bale, Gj=Gojam, Gr=Gonder, H= Harerge, I=Illubabor, J=Jimma, S=Shewa, T=Tigray, Wg=Welega, WI=Welo

20 min. The stained gel was photographed using
Saveen Werner AB UV camera equipped with Sony
Black and white Monitor SSM930CE and Sony
Video graphic printer UP-895CE. The photograph
was printed and also saved on floppy diskettes and
transferred into computer for band scoring.

Data scoring and analysis

Each RAPD band was considered as a single bi-allelic
locus with one amplifiable and one null allele. Data
were scored as 1 for the presence and O for the absence
of a DNA band for each locus across the 700 geno-
types. The locus was considered polymorphic when
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the frequency of present allele or null allele is less than
95% across the whole genotypes investigated. Genetic
diversity was calculated based on (1) Shannon
diversity index using both monomorphic and poly-
morphic loci and (2) Nei’s unbiased gene diversity
(Nei 1978) with the modification provided by Lynch
and Milligan (1994) using polymorphic loci only.
Shannon index was calculated for each locus for
each population as H; = -} p;log, p;, where p;
is the frequency of the presence or absence of RAPD
band in that population. The average diversity
per population for each locus was calculated
as H' = ZHJ’/n, where n is the number of

pop
populations, while the mean observed Shannon
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diversity of each population was calculated as
Hy,; = > H;/L, where L is the number of loci
studied. Similarly, the overall Shannon diversity
within the species for each locus was calculated as
H{, = — 3 pslog, ps where p; is the frequency of the
presence or the absence of RAPD band across the 700
genotypes. The overall diversity within the species
(Hg,) was then partitioned into proportion of within
and between population genetic diversity for each
locus as Hy, /Hg, and (1 — H, /H), respectively.
The extent of population differentiation was calcu-
lated as G, for each polymorphic loci and the overall
mean was given as G'sr.

Gene diversity was calculated for each population
for every locus according to Lynch and Milligan
(1994) “as  Hj(i) = 24;(0)[1 — q,(i)] + 2Varlg ()
where ¢ is the frequency of null allele at a locus for a
given population. g was calculated from x, which is
the frequency of individuals within a population that

lack the RAPD band, as ¢ = x!/2 [1 _Var<x>}‘

8x2

Var(q) and Var(x) were calculated as (1 — x)/4N and
x(1 — x)/N, respectively, where N is number of
individuals per population. The mean observed gene
diversity within each population was then calculated
as H; = 1/LY % H;(i), where L is the number of
polymorphic loci. Estimates of genetic differentiation
between populations (Gst) (Nei 1973) was calculated
as Gst = (Hr — Hs)/Hr, where Hjg is the mean gene
diversity per population averaged across all popula-
tions for each polymorphic locus while Hr is the total
gene diversity calculated from the overall frequency
of the amplifiable and null allele for each polymor-
phic locus.

NTSYSpc program (Rohlf 2000) was used to
calculate Nei (1972) standard genetic distances and
unweighted pair group method with arithmetic aver-
age (UPGMA) cluster analysis using the sequential
agglomerative hierarchical nested cluster analysis
(SAHN). POPGENE version 1.31 (Yeh and Boyle
1997) was used for analysis of percentage of poly-
morphic loci for each population. Analysis of
molecular variance (AMOVA) was done using
Arlequin version 2 (Schneider et al. 2000). FreeTree-
Freeware program (Pavlicek et al. 1999) was used to
generate Nei (1972) standard genetic distances be-
tween regions for bootstrap analysis and the gener-
ated trees were viewed using TreeView (Win32)
1.6.6 program (Page 1996). Minitab statistical soft-
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ware (MINITAB release 14) was used for further
analysis of some of the outputs from other software.

Results and discussion
RAPD primers and percentage of polymorphic loci

Table 2 summarizes the characteristics of the 10
primers used in this study, genetic variation and ex-
tent of population differentiation revealed by each
primer used. The primers applied to the 700 indi-
viduals generated 194 consistently amplified loci, of
which 188 (97%) were polymorphic when the whole
material was considered. When each population was
taken into account, percent polymorphic loci ranged
from 37% for a population from Gonder (Gr-2) to
66% for a population from Welo (WI1-2), with a mean
of 52% (Table 3).The high percentage of polymor-
phic loci and the wide range of percentage of poly-
morphic loci for populations investigated suggest the
existence of high genetic polymorphism in niger. The
polymorphism detected as percent of polymorphic
loci in the present study was higher than the 64% of
polymorphic loci reported by Sivolap et al. (1998)
using RAPD marker for analysis of molecular genetic
polymorphism in sunflower (Helianthus annuus L.).

When the diversity recorded for each locus was
averaged across the loci within a primer, it became
clear that primer OPB-18 detected the highest within
population variation, which means that this primer
might be better suited for niger to detect the within
population variation when one wishes to select
genotypes with desirable traits from the heteroge-
neous landrace populations for breeding purposes. On
the other hand, primer OPD-20, primer-OPF-5 and
primer-OPG-17 seem to be better suited to identify
populations that have lost amplifiable RAPD alleles,
as they revealed a relatively higher proportion of
between population variations.

Genetic diversity

The evaluation of the RAPD fingerprints by 10
primers resulted in the overall species diversity of
0.712 and 0.248 respectively when estimated by
Shannon diversity index as A’ sp and Nei’s unbiased
(Nei 1978) gene diversity with modification of Lynch
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and Milligan (1994) as (H't) (Table 2). The overall
within population genetic diversity estimated with
Shannon diversity index as ITPOP as was revealed to
be 0.400 (Table 2), which is higher when compared
with the mean (0.260) for the 24 outcrossing species
reported in a review by Nybom and Bartish (2000).
Similarly, the overall within population genetic
diversity estimated by Nei’s gene diversity as H's
was found to be 0.176 (Table 2).

Nei’s gene diversity is one of the most commonly
used approaches to estimate within population
diversity (Nybom and Bartish 2000; Nybom 2004). A
modification of the Nei’s formula proposed by Lynch
and Milligan (1994) was applied to our data set as it
is more unbiased estimate for RAPD markers. How-
ever, The pruning of loci suggested by them based on
the 3/N criterion was not used due to various reasons
including the small sample size used that allow the
pruning of large number of loci with null allele fre-
quency of below 0.3.

Use of the AMOVA to analyze RAPD marker
variation has been shown to be effective for popula-
tion analysis of highly heterogeneous, outcrossing
plant species (Huff et al. 1993). AMOVA calculated
using the present/absent (phenotypic) data for the
populations of the 11 regions revealed percentage of
variations among regions, among populations within
regions and within populations to be 13.68%, 22.64%
and 63.68%, respectively, which was found to be
highly significant at all the three hierarchical levels
(P<0.00001) (Table 5). Additionally, partitioning of
the total Shannon genetic diversity into within and
between population diversity components revealed

Table 4 Nei’s standard genetic distances between regions

that 57% of the variation resided within populations
(Table 2).

The extent of diversity of each population was
estimated using both Shannon and gene diversity as
Hj ., and Hy, respectively, which is the average value
across the whole loci. Hj ; ranged from 0.282 (Gr-2)
to 0.518 (WI1-2). The Hy for these two populations
was 0.119 (Gr-2) and 0.245 (W1-2), which is still the
two extremes with exception of another population
from Gonder (Gr-6) with Hy of 0.112 (Table 3).
Thus, The extent of genetic diversity for niger pop-
ulations was found to be more than twofold, which is
in agreement with Buckler IV and Thornsberry
(2002) that described the substantial variation in ex-
tent of polymorphism between populations/species
and sampled loci.

Genetic diversity of this crop at regional level
was also estimated by averaging Hj ; and Hyw over
the populations within a region. Welo stands first
with diversity estimates of 0.449 (mean of Hj ) and
0.208 (mean of Hy), while Gonder stands last with
diversity estimates of 0.349 (mean of H ) and
0.142 (mean of Hy) (Table 3). As indicated above,
AMOVA calculated by grouping populations into
their respective regions revealed highly significant
variation between regions (P<0.0001). Pair-wise
comparison of regions also showed that 45% of
pairs were significantly different from one another
in the extent of diversity as revealed by analysis of
variance (ANOVA) calculated based on Nei’s gene
diversity estimates (Table 4). When the extreme
cases were considered it is interesting to note that
the mean within population genetic diversity for

Arsi Bale Gojam Gonder  Harerge  Illubabor  Jimma  Shewa Tigray = Welega  Welo
Arsi 0
Bale 0.1 0
Gojam 01™ 017 0
Gonder 01" 017 0028 0
Harerge 0.1 0.1"  0.095 0.095 0
Illubabor 0.1 0.1 0.145™  0.146™  0.157 0
Jimma 0.1 0.1 0.125™  0.129" 0.101 0.142 0
Shewa 0.1 0.1 0.079™  0.073™  0.108 0.112 0.078 0
Tigray 0.1 0.1 0.058"™  0.063""  0.073 0.112 0.079  0.057 0
Welega 01" 017 0078 0.073"  0.146 0.14" 0.12 0.055" 0.086 0
Welo 0.1 0.1" 0.088™  0.095"  0.082" 0.1 0.058 0.065  0.044°  0.098" 0

Superscripts are codes for ANOVA of Nei’s gene diversity estimates for a pair of regions

“Variation in Nei’s gene diversity was significant (0.01<P<0.05)

“*Variation in Nei’s gene diversity estimates was highly significant (P<0.01)
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Gojam, a major niger producing region, was sig-
nificantly lower than the means for the seven of the
ten regions (P<0.01) (Table 4), suggesting that the
extent of cultivation of crop’s landraces does not
always result in higher genetic diversity. Contrary to
Gojam, the mean within population genetic diversity
for Welo was found to be the highest and signifi-
cantly higher than most of the means of other
regions.

Thus, this study provides further illustration of the
reported agromorphological variation (Alemaw and
Teklewold 1995; Genet and Belete 2000) and varia-
tion in oil content (Dutta et al. 1994; Dagne 1994;
Alemaw and Teklewold 1995) for Ethiopian niger.
Genet and Belete (2000) estimated the diversity of
Ethiopian niger using phenological and morphologi-
cal characters and indicated that regionally the
highest Shannon diversity index was recorded for
Gojam. They also described that the major niger
producing regions (Gojam, Shewa and Welega),
which they considered to be the center of diversity
for the species, have greater diversity. Unlike their
report, our RAPD based study revealed that the
diversity estimated using both Shannon and gene
diversity estimates was not higher for these regions
in comparison with other regions, rather the reverse
was the result. This was also supported by lower

Table 5 AMOVA calculated for 70 populations (a) without
grouping (b) by grouping the populations into 11regions, (c) by
grouping into major and minor niger producing regions, and (d)

percentage of polymorphic loci for these regions
(Table 3).

The 70 Populations studied were grouped into
populations from major niger producing regions and
populations from minor niger producing regions and
analyzed using AMOVA. About 6% of the total
variation was resided between these groups
(Table 5). This analysis revealed significantly lower
level of genetic variation in populations from major
niger producing regions as compared with the other
group, which might be due to stronger selection for
desirable trait such as yield and quality as this crop is
produced mainly as cash crop in major niger pro-
ducing regions. Our results in this study suggest that
minor niger producing regions such as Arsi, Bale and
[llubabor need to get due attention as these popula-
tions might have unique genetic properties. This
helps to further enrich the gene pool at genebank,
increases the genetic diversity of populations in
major niger producing regions and broaden the ge-
netic bases of breeding material.

In contrary, AMOVA computed by grouping
populations into higher altitude group (>2000 m asl)
and lower altitude group (<2000 m asl) revealed no
significant differences between the groups. Further-
more, correlation analysis revealed the absence of
correlation between extent of genetic diversity and

by grouping the populations into two lower and higher altitude
groups

Source of variation DF* Sum of squares Variance components % of variation Fixation indices P value
(a) Without grouping

Among populations 69 8789.40 Va: 10.77 35.42 FST: 0.35 0.000
Within populations 630  12,373.50 Vb: 19.64 64.58

Total 699  21,162.90 30.41

(b) By grouping the populations into 1lregions

Among regions 10 3510.57 Va: 4.22 13.68 FSC: 0.26 0.000
Among populations within regions 59 5278.83 Vb: 6.98 22.64 FST: 0.36 0.000
Within populations 630  12,373.50 Ve: 19.64 63.68 FCT: 0.14 0.000
Total 699  21,162.90 30.84

(c) By grouping into major and minor niger producing regions

Among groups 1 798.27 Va: 1.99 6.32 FSC: 0.33 0.000
Among populations within groups 68 7991.13 Vb: 9.79 31.16 FST: 0.37 0.000
Within populations 630  12,373.50 Ve: 19.64 62.52 FCT: 0.06 0.000
Total 699  21,162.90 31.41

(d) By grouping the populations into two lower and higher altitude groups

Among groups 1 152.82 Va: 0.08 0.26 FSC: 0.35 0.138
Among populations within groups 68 8636.58 Vb: 10.74 35.25 FST: 0.35 0.000
Within populations 630  12,373.50 Ve: 19.64 64.48 FCT: 0.001 0.000
Total 699  21,162.90 30.46
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altitude, indicating that the existing genetic variation
within the species was distributed in all growing re-
gions regardless of the wide range of altitudes of
collection (1400-2685 m asl) (Table 1).

The extent of diversity per population generated
from our data could be explained in terms of the
maximum possible level of diversity to be attained
for biallelic loci from 10 individuals per population.
Under this condition the maximum possible value for
Shannon diversity is 1.00, and it is attained when the
frequency of band presence and band absence is 0.5
each. However, the highest per population value ob-
tained in our study was 0.518, and the overall mean
was 0.400 (40% of the maximum possible value)
(Table 2). Using the same formula Birmeta et al.
(2004) reported an overall mean of 0.630 for wild
enset (Ensete ventricosum (Welw.) Cheesman) while
Bussell (1999), reported an overall mean of 0.043 for
Isotoma petraea F. Muell. Similarly, the maximum
Nei’s gene diversity to be attained under our condi-
tion is 0.538, which could be achieved when the
frequency of the null allele and present allele is 0.471
and 0.529, respectively. However, the highest gene
diversity recorded in our study was 0.245, and the
overall mean was 0.176 (32.7% of the maximum
value) (Table 2). Thus, comparing the extent of ge-
netic diversity revealed in our study with these
maximum possible values and other RAPD based
studies led us to the conclusion that the extent of
genetic diversity in Ethiopian niger might be suffi-
cient enough for producing varieties of great interest
through breeding.

Population differentiation

The overall mean of population differentiation calcu-
lated from Shannon diversity (G'st) and from gene
diversity (Gst) was 0.436 and 0.242 respectively
(Table 2). Additionally, the mean Fgr value obtained
from AMOVA was 0.350 which is highly significant
(P<0.00001) (Table 2). (G'st) was revealed to be
higher than Gst and mean Fg obtained with AM-
OVA, which is in agreement with Nybom et al. (2001).
On the other hand, F'st was higher than Ggr unlike the
report by Nybom (2004) who indicated that Gg, and
Fst obtained by AMOVA usually produce very sim-
ilar estimates when applied to the same plant material
using the same set of marker data. The Gg; estimates
revealed in this study was about average when com-

@ Springer

pared with other RAPD based G, estimates for sev-
eral outcrossing species (see Bussell 1999). Similarly,
the Gt (0.242) revealed by our study was found to be
equivalent to the mean Ggt (0.23) obtained for 18
outcrossing species as reported in a review of RAPD
based studies (Nybom and Bartish 2000).

The relatively low level of population differenti-
ation observed between niger populations would
therefore seem to result from a high level of genetic
variability maintained by outcrossing nature of the
plant, which is in agreement with the general
understanding that outcrossing species tend to be
more diverse within, with less genetic differentiation
between populations (Hamrick and Godt 1996),
which was also concluded specifically from RAPD
based studies (Nybom 2004).

Genetic distance and cluster analysis

Nei’s standard genetic distance between pair of
populations ranged from 0.05 (Gr-6 vs. Gr-7 and Gr-
3 vs. Gr-2) to 0.30 (S-9 vs. A-1) with the mean of
0.176 (see Fig. 2). The cluster analysis was tested
for its goodness of fit to genetic distance estimates.
The cophenetic correlation between the genetic
distance matrix and its cophenetic distance matrix
was found to be 0.751, which indicates that the
goodness of fit of the cluster analysis to genetic
distance estimates is not good, as described in Rohlf
(2000). However, it does not mean that clustering is
not possible, but only indicates that some distortion
might have occurred (Mohammadi and Prasanna
2003). This low cophenetic correlation coefficient
might be due to larger number of populations used
for clustering as this value decreases as the number
of populations increases up to 50 (Rohlf and Fisher
1968).

The UPGMA clustering, based on Nei’s standard
genetic distance, for the 70 populations revealed three
major clusters (III, IV, V), three minor clusters
(I, ILVI) and one solitary (VII) at mean genetic dis-
tance of 0.176 (Fig. 2). This clustering pattern is
interesting in that the majority of the populations
from the same region were clustered together. Fur-
thermore, populations from adjacent regions were
clustered together to a considerable degree (Fig. 3).
For example, all the 19 populations from the two
neighboring regions (Gojam and Gonder) clustered
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together (Cluster IV). In such cases it seems reason-
able to suggest that geographic proximity contribute a
lot to genetic similarity between populations of
adjacent regions, due to high chance of gene flow.
However, this was not always the case as reflected in
cluster III that contains populations from geographi-
cally distant regions. The clustering together of
populations from geographically distant regions
might be due to the movement of niger populations
together with movement of human populations to
new settlement areas in the past. Cluster V contained
all populations from Welega and 10 of the 12 popu-
lations from Shewa, which were completely sepa-
rated into different clusters at a genetic distance of
about 0.150.

Nei’s standard genetic distance was also calcu-
lated by grouping populations into their respective
regions. It ranged from 0.028 (Gojam vs. Gonder,

which are neighbor regions) to 0.157 (Harerge vs.
Illubabor, located east and south-west of the country
respectively) with the mean of 0.092. Thus, genetic
distances between regions was found to be lower
than that of between populations, which is also
supported by AMOVA due to the fact that the
contribution of among regions variation to the total
variation was 13.68% while the contribution of
among populations within region variation was
22.64% (Table 5). Bootstrap analysis with 500 rep-
etitions generated 285 different trees, with the most
frequent tree and the original tree generated 19 and
13 times, respectively. Bale and Illubabor regions
were separated from the rest regions at higher ge-
netic distances, with Illubabor region separating
first, which further strengthens the importance of
conserving populations from minor niger producing
regions as described above.

— Welega
57

Shewa

Gonder

29

90

100

Gojam

— Welo

74
—Tigray

55

Arsi

63

Jimma

100

27

Harerge

Bale

lllubabor

I I
013 ol

1
008

Coefficint

1 |
005 003

Fig. 3 UPGMA Phenogram of G. abyssinica of the 11 regions based on Nei’s standard genetic distance. Numbers near branches are

bootstrap values
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Generally, Ethiopian niger seems to have a wide
genetic basis, regardless of altitude and extent of
cultivation that makes it suitable for the adaptation to
diverse environmental conditions as the chance of
finding adaptive genotypes is high due to its high
percentage of polymorphic loci. Some of these
polymorphic loci might be linked to economically
important traits, and can thus be used for marker
assisted selection (MAS), which is much more pow-
erful than conventional breeding methods (Snowdon
and Friedt 2004). Populations from some regions
such as Bale and Illubabor, where niger cultivation
seems to be declining, were found to be at a relatively
higher genetic distance from other populations and
have higher genetic variation within populations.
However, these regions are underrepresented in the
genebank collection. Thus, future germplasm collec-
tion mission should give special attention for such
regions to further broaden the genetic basis of gene-
bank collection and to increase the chance of con-
serving important genotypes that can be used for
breeding programs.
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