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Abstract

Seventeen populations of niger (Guizotia abyssinica), representing all regions in Ethiopia
where this crop is grown, were investigated using the amplified fragment length polymorph-
ism (AFLP) technique, in order to determine the extent and distribution of its genetic diversity.
A total of 539 AFLP loci were scored using seven primer combinations applied to 170 individ-
ual plants. Of these, 90% were polymorphic and all the individuals investigated were geneti-
cally unique. Despite the fact that most of the variation was within populations, populations
were differentiated at a significant level (analysis of molecular variance; P < 0.001). There
were no significant differences between populations in relation to the extent and altitude of
cultivation. A significant positive correlation was revealed between Nei’s standard genetic dis-
tance and geographic distance. Cluster analysis and principal coordinate analysis revealed that
populations from the same regions were clustered together in most cases. Further collection of

niger germplasm from areas underrepresented in gene bank collections is recommended.

Keywords:

Introduction

Guizotia abyssinica (L.f.) Cass. is an economically import-
ant edible oilseed crop that belongs to the tribe Heliantheae
in the family Asteraceae. This crop, commonly known as
‘noug’ (in Amharic) or ‘niger’ (in English), is the only dom-
esticated species of the small Afro-montane endemic and
exclusively diploid (27 = 30) genus Guizotia (Baagoe,
1974; Hiremath and Murthy, 1992; Dagne, 1995). It is an
annual crop widely cultivated in Ethiopia and India (Riley
and Belayneh, 1989; Getinet and Sharma, 1996), and also
on a small scale in several other African and Asian
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countries, as an edible oil crop (Murthy et al., 1993; Getinet
and Sharma, 1996), and in the USA, mainly as a component
of birdseed (Kandel and Porter, 2002). Additionally, the oil
is used for various industrial purposes such as soaps,
paints, illuminants and lubricants (Baagoe, 1974; Riley
and Belayneh, 1989; Kandel and Porter, 2002), and for cul-
tural and medicinal purposes (Geleta et al., 2002). Niger
seed oil is rich in linoleic acid (Dutta et al., 1994; Alemaw
and Teklewold, 1995; Dagne and Jonsson, 1997; Ramadan
and Morsel, 2002). The species is strictly outcrossing via a
self-incompatibility mechanism(s) (Riley and Belayneh,
1989; Nemomissa et al., 1999), and is pollinated mainly
by insects (particularly bees) (Fichtl and Adi, 1994
Geleta et al., 2002). Some evidence has been presented
which indicates that the domesticated species originated
from G. scabra ssp. schimperithrough selection and further
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cultivation (Baagge, 1974; Hiremath and Murthy, 1988;
Murthy et al., 1993; Dagne, 1994, 1995, 2001).

Ethiopia is the centre of origin and diversity of niger
(Harlan, 1969; Zeven and de Wet, 1982), where it has
the longest history of cultivation (Baagee, 1974; Hiremath
and Murthy, 1988). It can be cultivated on waterlogged,
marginal and poor soils where most other crops fail to
grow (Getinet and Sharma, 1996), because of its ability
to withstand salinity and anoxia (Abebe et al., 1978). It
is also known for its suitability for multiple cropping,
especially as a border crop in fields of other crops
(Geleta et al., 2002). In Ethiopia, it is grown mainly
from 1600 to 2200m above sea level (asl), where the
range in temperature is 15-23°C, and in annual rainfall
is 500-1000mm (Getinet and Sharma, 1996). Niger
occupies about 50% of the total oil crop area and pro-
duction volume in Ethiopia, where its production is
mainly based on local landraces in need of genetic
improvement in terms of various traits such as seed
yield, seed oil content, oil fatty acid composition
and pest/disease resistance. Such genetic improvement
through breeding depends on the magnitude of genetic
diversity and the extent to which this diversity is utilized.
The few genetic diversity studies published to date are
based on morphological characterization (Nayakar,
1976; Alemaw and Teklewold, 1995; Pradhan et al.,
1995; Genet and Belete, 2000), and the only published
marker-based study used random amplified polymorphic
DNA (RAPD) (Geleta et al., 2007).

The present study was undertaken to investigate the
extent of genetic variation within and among populations
of Ethiopian niger using the amplified fragment length
polymorphism (AFLP) marker technique. It also set out to
identify any hotspots of diversity that may be important
in optimizing both conservation strategies and the utiliz-
ation of existing genetic diversity.

Materials and methods
Plant material and DNA extraction

Seventeen populations of niger were collected from
farmers’ fields in Ethiopia. A single farmer’s field
was considered as a population, and each population
was represented by a single seed collected from
each of ten individual plants. The populations were
sampled from a wide range of altitudes (1590—2550 m
asD representing all regions where niger is currently
cultivated. Each region was represented by at least
one population (Fig. 1, see also Table 1). Seeds were
grown in a greenhouse and fresh 15- to 30-day-old
leaves were used for genomic DNA extraction, using

https://doi.org/10.1017/51479262108913903 Published online by Cambridge University Press

Mulatu Geleta et al.

Tigray-1

¢ Gonder

Welo-
Welo-2 —s%

ABARBA

4 2
ewa-1 & Hare/r;e-1

- | o Arsi-1
Hlubgpor 1 & \¥Arsi2
\ )
Jimma-1
Bale-1

Fig. 1. The collection sites of the niger populations used in
this study.

the modified cetyl trimethyl ammonium bromide
(CTAB) procedure described in Assefa et al. (2003).

Amplified fragment length polymorphism

AFLP analysis was performed according to Vos et al.
(1995) with modifications as follows. Genomic DNA
(1 ng) was sequentially digested first with 5U Msel at
65°C for 1h and then with 5U EcoRI at 37°C for 90 min
in a volume of 50pl in 6.6mM Tris-acetate, pH 7.9,
2mM magnesium acetate, 13.2mM potassium acetate
and 20 ng/pl bovine serum albumin (BSA). Ligation was
effected in a 10 ul mixture of 0.5 wmol EcoRI adapter,
6 pmol Msel adapter, 50mM Tris—HCIl, pH 7.6, 10 mM
MgCl,, 1 mM adenosine triphosphate (ATP), 1 mM dithio-
threitol (DTT), 5% (w/v) polyethylene glycol-8000 and
1U T4 DNA ligase, incubated for 3h at 37°C. The product
was diluted 1:2.3 with ToEq; (10mM Tris—HCI, pH 8.0,
0.1mM EDTA), of which 10 ul was used as a template
in a 20 pl pre-amplification reaction containing 20 mM
Tris—HCI, pH 8.55, 16 mM (NH, SO, 0.01% Tween20
and 2mM MgCl,, 30 ng each of EcoRI-A and Msel-C pri-
mers, 0.2mM dNTP, 1.5mM MgCl, and 0.5U Thermo-
white 7agq DNA polymerase (Saveen Werner AB).
The reaction was subjected to 20 cycles of 92°C/1 min,
60°C/30s and 72°C/1 min, diluted 1:25 with TyoEq 1, and
used as a template for selective amplification.

Seven selective primer combinations (PCs) were
selected (see Table 2) from a set of 56, on the basis that
they detected sufficient polymorphism and generated
amplification profiles which were easy to score. The
selective amplification primers carried three selective
nucleotides (SNs). The 20wl amplification reaction
contained polymerase chain reaction (PCR) buffer
(as above), 25ng EcoRI primer + three SNs, 30 ng Msel


https://doi.org/10.1017/S1479262108913903

43

Genetic diversity of niger from Ethiopia

“(%d S1 1dd 40 @njea Suipuodsaii0) 19y1280) PAISPISUOD DIIM S[ENPIAIPUL |[B UDYM Jojowesed (des Jo sanjea Suipuodsainio)

“(44 S1 1dd Jo anjea Suipuodsauiod) suoiejndod /| sy Joy Jojoweled yoes jo uesapy,

‘s1ojowrered JUDIOJIP JOJ SON[EA UBDW IOY) PUE (YINEN) Suordar Sunpoid-1o81u Jofewr WoIj pajda[od suonendod,,
‘s1ojowered JUDIYIP JOJ sanjea UedW JoY) pue (YJNIA) Suordal Suronpold-1981u Jounu wolj pajoo[od suonendod,

07€0 879°0 968 €8y qleoL
0020 0€7°0 ¥1°0 na €18 §9/¢ LB
7070 6Cr0 910 S/L 01S SVLT 5 UBIN
9070 8E0 €10 aall 9'LS 78T +UBAN
8810 S6€°0 000 0 v'8Y 192 BUBYSEN) 0] BUSJ /AN WOLJ W | € 0Tre Ol9M «CIM
1%2°0 0050 070 L 6'6S €ze 1eg O} BYDJOqUIO}| WOL) Wi L€ 0591 O[3 # L7 IM
8070 6570 070 L 81s 64T oquuy 0} JWAYAN WOy Wy |7 o6l EETENVY +xCOM
961°0 L0 010 L 7’6V 99¢ eD|0qWIOY 0} B,BYDULY WOl) W 7] 0££¢ EETENNY R
€81°0 90%°0 SH°0 z 79y 6vC OJBIIYS O} DIYS W G'6 7L61 Aeidy w1l
981°0 76€°0 090 L v'9v 0S¢ eUIS/ 01 NIGOY/YS WOy W €] 0v91 eMays «xCYS
707°0 6v7°0 010 L 9°¢g 68C OSI[9M 0} BARQY/Y WOy W g | 661T emays «x17YS
7o 90 010 L 675 96C eqRqY/Y O} BLIWI( WO WD §T 0981 ewiwif o=l
9770 LLV0 000 0 1°GS 16T 9100 0} NBW WO W € 5981 logeqny]| Ll
070 970 G0 z €0S 1/2 OSWa[eN) 0} LIDJR] /Y WOI) WX 9¢ 0€81 9d1aleH «1-H
061°0 00t°0 000 0 9'8¥ 79¢ elawnH o] Aeduiq/L wolj wy 6 0651 19puon w10
0070 €70 010 L £0S €/T eI/} O} JBpUOD) WOl) W 97 6507 19puon o 171D
€07°0 STH0 000 0 10§ 04T aing 0) [aNuUeWY WOy W G¢ 0681 wefon w1
87T0 18+°0 810 6 04§ £0€ uale 01 eIOW WOy Wy G/ 0SS¢ wefon w 17D
6070 €70 010 € 50§ 7.2 e|0pO(] 0} BARPY WO W) £°T 0S¥ aleg «1-d
681°0 90%°0 000 0 €Ly 66¢ OYdI| 0} 9GOy WOy W €| LT 1S1y «TV
€61°0 8cr 0 SL°0 z 0°Zs 08¢ 9joyD 03 tfoxag woly wy 7§ 08€T 11y MR

' P VAW VNN 1dd TdN uo1129]|02 JO 3de|d (W) uond3||0d uo129]|0d 9pod uone|ndog

Jo apmnly Jo uoigay

eaiuissAqge -0 jo suonendod ayy 1oy iy pue _uof (VN4W) s9ja][e anbiun jo Aouanbayy

ueaw ‘(YNN) s9|a|je anbiun jo saqunu ‘(1dd) 190] oydiowAjod adejusasad ‘(1dN) 120] d1ydiowAjod jo saqunu ‘uonduosap diydeidoad ‘sepoo uone|ndod L ajqer

https://doi.org/10.1017/51479262108913903 Published online by Cambridge University Press


https://doi.org/10.1017/S1479262108913903

44
c
s @ § N OIS N — S
Qs D Hlwosoonn—mn
EQ Wlmas ===y
Sy > Cooococooo
<3 <
o=
Zs
~ c © TOOVOOOOND
O ® D — N K NN O
2L Gl —aaN
28 SfeR=f=R=R=f=F=
o "
e | %
Q *
g0 El FlotTtrrTO—m—
c= S| Il fTorTmaTm
> Z $| | Lo
535 > I coccococococao
5 E 5
5 9 o
Eu > —— DOV ANOO
5O S| oL ONTON
g ol T e
<= c coocococooo
S5 |8
oo O
= . | moonovan
‘o < n| O—— O —— OO
e IT| - N ANAN— A
=5 coococococoo
O
L3
o
QU’)
s s [N OInT NO
RS — 00O WO AN ™M
£ G Tomaannm
=3 S oS
o)
Q% 0
g‘b( g Q0 .
T E o wn
= = g * [
c = = INIA N — LA O 0 O o)
Y S| | maao— NN =
5w S| gltmLeLeLengoe ®©
g2 2| Poccoccsasas £
g ¢ T g
= £ g £
= = 3
Z o © =
~ c| o N OO O™ N © 9]
05 ] ol DO I mNaa =
89 1=l B ol It i Rt i e =
=2 S sNelololeNeNeNa S <
o E c cS
= © 2 o0
[oNN] )
5 & L MO OON O zZ
Q o g owmRdoamnm £ <
= o I I R S B N A 2 >
>0 T|coccocococsoso — 0
[oN) n =
Q> o3
B S
) < oo
== S| oownar e = >
29 ol s Rl Bt A [
= = oOoOocoOoOoOo S
5 S Ry
c S n »n
< S
s . —_—
2 <
@2 2 S B ==
Zc Z|lmost <t S =S5
g o20
7 e
= »n 3 =
8 3 J|oemnn—mno o OS'::G
@ .2 | 00w oN D |02 Z
w5 @ O O O O © O Q.EUU
s —50F
o
B2 522G
u—<3( | —@atTNINO M OS0oX
5 A NODOVOOOND® 000
oL z < £z
o= . 9208
< 020
IS £ c=0UE
5<% N ONO OO AN v <<
[} ano | 3850355
c=12° D] ONNNONONM B&CU
g = V4 LA s g
oz Sy
>\%C .94—'3:;:_
s T ® m%'_ad)ﬂ.)
Ec? U<UUU':(|§ 0 S - EE
S5 & [l = iy S CCS
EZS VoYL < = =g ac
3\‘6 R A SR -1 §CU__
@2 E >S33>3>>¢ D2
jele) T o T < T T E = s 5@
i §.5 0220E00 S2%83
o~ = = = =20
v S2 <0900u0Qge_ | §52 1
-lealts) n| <<<<<CLC<L O ool
® o Ol Sl RB [ ST Zw=
[l = ORI 52 0o

https://doi.org/10.1017/51479262108913903 Published online by Cambridge University Press

Mulatu Geleta et al.

primer + three SNs, 0.2M dNTP, 1.5 mM MgCl,, 0.5U Taq
DNA polymerase and 10 pl diluted pre-amplification pro-
duct. The amplification profile was 94°C/2 min, followed
by 36 cycles as described in Ferdinandez and Coulman
(2004), and a final step of 72°C/2 min. The amplified pro-
duct was denatured by adding 15 pl of 98% formamide,
10mM EDTA, 0.05% (w/v) each of bromophenol blue
and xylene cyanol FF, and incubating at 96°C for 5 min.
Seven microlitres of the amplification product was
loaded on 5% (w/v) polyacrylamide gels and separated
at 90 W constant power until the xylene cyanol FF dye
had run two-thirds of the length of the plate. Before load-
ing the samples, the gel was pre-run for 45 min. DNA
bands were visualized using the silver staining technique
of Caetano-Anollés and Gresshoff (1994) with the follow-
ing modifications: (1) 10% acetic acid was used as
fixer solution and stopping solution; and (2) the concen-
tration of sodium thiosulphate in the developing solution
was 2mg/l.

Data scoring and analysis

Each AFLP fragment was considered as a single bi-allelic
locus with one amplifiable and one null allele. Data were
recorded as 1 for the presence and 0 for the absence of
each amplified fragment in the size range 50-600bp.
Gels were routinely scored twice. Genetic diversity was cal-
culated based on: (1) Shannon diversity index and (2) Nei’s
gene diversity with the modification provided by Lynch
and Milligan (1994), as described in Geleta et al. (2007),
using polymorphic loci only. Gene flow was estimated
using Wright’s (1951) equation, as modified by Crow and
Aoki (1984). The NTSYSpc program (Rohlf, 2000) was
used to calculate genetic distances, matrix correlation coef-
ficients, the Mantel test, and to perform cluster and princi-
pal coordinate analyses. POPGENE version 1.31 (Yeh and
Boyle, 1997) was used for analysis of number and percen-
tage of polymorphic loci. Analysis of molecular variance
(AMOVA) was conducted using Arlequin version 2
(Schneider et al., 2000), and the FreeTree-Freeware pro-
gram (Pavlicek et al., 1999) was used for bootstrap analysis.

Results

Genetic polymorphism and AFLP primer
combinations

A total of 539 fragments were detected among the 170
individual plants, of which 483 (over 89%) were poly-
morphic (Fig. 2, Table 1). The number of polymorphic
loci averaged 69 per primer combination (PC).
When each population was considered separately, the
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Fig. 2. Amplified fragment length polymorphism profiles generated by primer combination E-ACA/M-CTA for three popu-
lations. M, Molecular size marker; individuals of WI-1, WI-2 and I-1 populations are represented in lanes 1-10, 11-20 and
21-30, respectively.
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percentage of polymorphic loci ranged from 46% (T-1) to
60% (WI-1) with the mean (Pp) of about 51% (Table 1).
Comparisons of profiles of individuals across all loci
revealed that each individual was genetically unique, imply-
ing the presence of a high level of genetic polymorphism.

AFLP PCs used in this study were significantly different
in the number and percentage of polymorphic loci (NPL
and PPL) they detected (P < 0.01). Of the seven PCs, the
highest mean number of polymorphic loci (77) was
revealed by E-AGG/M-CTA, while the highest number of
unique alleles specific to a given population was revealed
by E-ACA/M-CTA (Table 2). There was no significant
difference between PCs in terms of total (H’SP and Hy)
and within-population (H’POP and Hs) genetic variation.
Contrary to this, there was a significant difference in GJST
(P<0.001) and Gsr (P <0.01) between the PCs.
Among the PCs, E-AAG/M-CTC revealed the highest esti-
mate of population differentiation (G;’f = 0.415;
Ggr = 0.354; Fsp = 0.357; Table 2).

Total and within-population genetic variation

The overall genetic diversity estimated by Shannon diver-
sity index as H;P and gene diversity estimate (Nei, 1978)
as Hr was 0.628 and 0.320, respectively. Similarly, the over-
all within-population variation estimated by Shannon
diversity index (ﬁpop) and Nei’s gene diversity estimate
(Fls) were 0.434 and 0.205, respectively (Table 2). The
extent of genetic diversity of each population was calcu-
lated using Shannon diversity and gene diversity estimates
as Hy,; and Hj, respectively, which are the average values
across the whole polymorphic loci. H/loCi ranged from
0.392 (Sh-2) to 0.500 (WI-1), while H; ranged from 0.183
(T-1 to 0.241 (WI-1) (Table 1). Taking the two parameters
into consideration, Sh-2, T-1 and WI-2 showed lower gen-
etic diversity as compared to other populations, while W1-1
showed the highest genetic diversity, followed by Gj-1.

The evaluation of the AFLP fingerprints revealed unique
alleles in 12 of the populations (Table 1). We grouped the
17 populations according to the major (MaNPR) and
minor (MiNPR) niger-producing regions to determine
whether there is any significant difference in the level of
genetic variation between them. The mean ij)d and H,
for populations from MiNPR were 0.438 and 0.206, respect-
ively, while these parameters were 0.430 and 0.200,
respectively, for populations from MaNPR, indicating a
similar level of genetic variation in both groups.

Genetic variation between populations and groups

The population differentiation was calculated as GJST from
Shannon diversity index, as Gsr from gene diversity
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estimates (Nei, 1973) and as Fgr from AMOVA, which
resulted in the overall corresponding means of 0.330
(Gop), 0.269 (Gsr) and 0.234 (Fsp) (Table 2). AMOVA
revealed that the observed genetic variation among
populations is highly significant (P < 0.001; Table 3A).
On the other hand, AMOVA showed that the genetic vari-
ation between MaNPR and MiNPR populations was less
than 1% of the total variation (P> 0.100) (Table 3B).
Similarly, AMOVA conducted by grouping the popu-
lations into a higher altitude group (>2000m asD) and a
lower altitude group (<2000m asD revealed no signifi-
cant difference between them (Table 3C). We also
grouped populations into five groups based on their geo-
graphic proximity and better access to germplasm
exchange (Table 3D), where AMOVA revealed significant
variation between the groups (7.5%; P < 0.001). The pre-
sence of unique alleles in each group contributed to the
significant variation obtained. For example, 12 unique
alleles were recorded in group II (Gj-1 and Gj-2) with fre-
quencies ranging from 0.05 to 0.35 (data not shown). The
estimate of gene flow (Nm), calculated based on AMOVA-
derived Fsr, was 0.924 (Table 3).

Genetic distance, cluster analysis and principal
coordinate analysis (PCoA)

The significant population differentiation was further
analysed using genetic distance coefficient and multivari-
ate analyses to identify populations that are more differ-
entiated from the majority and to reveal their clustering
pattern. Nei’s standard genetic distance coefficient (Nei,
1972) was used to evaluate the extent of genetic similarity
between each pair of populations. A more than fourfold
variation in genetic distance between pairs of popu-
lations that ranged from 0.040 (Gr-1 versus Gr-2; Gr-2
versus Wg-1) to 0.175 (H-1 versus T-1) was obtained,
with the overall mean genetic distance of 0.118 (Sup-
plementary Table 1, available online only at http://
journals.cambridge.org). The comparison of matrices of
Nei’s standard genetic distances and geographic distances
through normalized Mantel statistics (Mantel, 1967) with
1000 permutations revealed a significant positive corre-
lation (r=0.258; P < 0.0D).

The cophenetic correlation coefficients between
genetic distance and its cophenetic value matrix, and
between genetic distance and distance matrix calculated
from eigen vector matrix were 0.91 and 0.90, respectively
(see Fig. 3a, b). Three clusters (I, I and IID) were revealed
in the unweighted pair group method with arithmetic
average (UPGMA) cluster analysis (Fig. 3a), which was
also clearly depicted in the PCoA (Fig. 3b). Clusters I, II
and TIT consist of nine, three and five populations,
respectively. The bootstrap value for branching of cluster
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Fig. 3. (@) UPGMA phenogram of the 17 populations of niger based on Nei’s (1972) standard genetic distance, estimated
from amplified fragment length polymorphism (AFLP) profiles. (b) Two-dimensional plot generated by principal coordinate

analysis.

I from the other two clusters was the maximum (100),
while the other two clusters were separated from one
another with a lower bootstrap value (53; Fig. 3a). In
the case of PCoA, the first three principal coordinate
axes explained 67% of the total variation in the AFLP
data. The first principal coordinate axis (PC-D explained
34% of the total variation, and the three clusters were
more clearly discriminated on this axis (Fig. 3b). The
second axis (PC-ID explained 20% of the total variation
and was better than PC-I in discriminating populations
within clusters.

Discussion

Genetic polymorphism and within-population
genetic variation

The overall genetic polymorphism within the species was
high, with about half of the loci in each population
being polymorphic. This allows for an easy means to
distinguish between niger populations and even between
individuals within populations. Several different app-
roaches have been used to estimate within-population
genetic variation. We used both H’POP and Hs in order
to broaden the comparison with previous studies. The
overall means of these parameters revealed in this
study were slightly higher than that obtained from a
RAPD-based study (Geleta et al., 2007), indicating the
superiority of AFLP over RAPD in detecting genetic vari-
ation in niger populations. The proportion of within-
population variation reported by Geleta et al. (2007) for
AMOVA and Shannon diversity index was 65% and
57%, respectively, which is lower than that revealed in
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the present study (77% and 67%, in that order). Despite
the relatively higher proportion of within-population
variation revealed by AFLP as compared to RAPD, both
marker systems demonstrated that a higher proportion
of the total variation is to be found within, rather than
between, populations.

The extent of genetic variation in niger populations
was wide ranging and the number of unique alleles per
population also varied. Despite its highest genetic diver-
sity, only one unique allele with a frequency of 0.2 was
recorded in WI-1 (Table 1). Thus, the highest genetic vari-
ation revealed in this population is mainly due to the fact
that both alleles were maintained in a relatively higher
frequency per locus. Here, it is interesting to note that
WI-1 (designated as WI-2 in Geleta et al., 2007) showed
the highest diversity of the 70 populations studied using
RAPD, indicating a reasonable degree of agreement
between the two marker systems in detecting the extent
of genetic diversity. The second most genetically diverse
population revealed in the present study was Gj-1
(Table 1). This population was different from WI-1 in
that it contained several unique alleles revealed by five
of the seven PCs. The maximum possible values of
HioCi and Hj that could be obtained for dominant markers
of two alleles at each locus for a population represented
by ten individuals are 1.000 and 0.538, respectively
(Geleta et al., 2007). Comparing the mean H,, (0.430)
and H; (0.200) obtained in the present study to these
maximum possible diversity estimates leads to the con-
clusion that Ethiopian niger has sufficient genetic varia-
bility to be able to breed varieties with desirable traits.

The significantly higher genetic variation in MiNPR
populations over MaNPR populations reported for
a RAPD-based study (Geleta et al., 2007) was not
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supported by the present study. The fact that the extent
of genetic diversity was not associated with either the alti-
tude or the extent of cultivation, both in this and in the
RAPD-based study, leads to the conclusion that the exist-
ing genetic diversity of Ethiopian niger is distributed
within all growing regions regardless of the altitude and
the extent of cultivation.

Genetic variation and genetic distance between
populations and groups

The main evolutionary forces responsible for population
differentiation are selection, gene flow and genetic drift,
which operate within the historical and biological context
of each plant species (Loveless and Hamrick, 1984).
Thus, the extent of population differentiation depends
on the relative strength of these individual forces in inter-
action with the type of mating system and other life his-
tory traits of the species. Genetic differentiation of
populations may occur for any genetically variable trait
that is favoured under the existing selection conditions
(Bossdort et al., 2005) and the estimate of such popu-
lation differentiation can be calculated using various par-
ameters such as G/ST, Gsr and Fsr. Nybom (2004) analysed
eight AFLP-based studies of outcrossing species and
obtained a mean Fsr and Ggr value of 0.23 and 0.24
respectively, which is comparable with that of the present
study. Therefore, this study demonstrated an average
level of population differentiation with significant vari-
ation among populations.

Some loci were polymorphic in only one population but
monomorphic in all others. Such unique alleles may serve
as population-specific markers in future generations, pro-
vided that they are favoured under both natural and artifi-
cial selection conditions and that gene flow between
populations is limited. The significant genetic variation
between groups of populations based on geographical
proximity and access of gene flow is strong evidence to
suggest a considerable degree of ‘regional’ differentiation
of niger populations. Such population differentiation into
ecotypes is important for the selection of parental materials
to maximize heterozygosity in the progeny. Furthermore,
genetically differentiated populations are often suggested
as candidates for genetic conservation to prevent the loss
of unique genetic variants. Thus, conserving a large
number of populations from all its growing regions ex
situ in gene banks as a complement to on-farm conserva-
tion is the best policy for conserving a high level of
unique genetic variants in the gene pool.

Although the populations were differentiated to a sig-
nificant degree, the among-population variation was
less than the within-population variation. Moreover,
population-specific monomorphic markers were not
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detected for all the 483 polymorphic loci. The
absence of such population-specific markers is an indi-
cation of strong gene flow between niger populations
(Nm = 0.924; Table 3), most likely through germplasm
exchange. The lower proportion of among-population
variation as compared to the proportion of within-popu-
lation variation is likely a result of the high level of gen-
etic variability maintained by the outcrossing nature of
the plant, 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; Nybom, 2004).

The overall mean Nei’s genetic distance (0.118)
revealed in this study is lower than that of the RAPD-
based study (0.176) and significant positive correlations
between geographic distances and Nei’s genetic distance
were obtained. Positive correlations between geographic
distance and genetic distance in outcrossing species have
been reported by several authors (e.g. Ayres and Ryan,
1997; Shim and Jorgensen, 2000).

UPGMA cluster analysis and PCoA

It has been suggested that the use of cluster analysis in
combination with PCoA helps to extract maximum infor-
mation from molecular data (Messmer et al., 1992) as
PCoA facilitates the detection of intermediate populations
(Lessa, 1990). Our cluster analysis and PCoA fit well with
the genetic distance data, as shown by high cophenetic
correlation coefficients (Rohlf, 2000). PCoA is used to
allow for a visualization of differences among the popu-
lations and the identification of possible groups, as long
as the first two or three axes (PCs) explain most of the
variation (Mohammadi and Prasanna, 2003). Three clus-
ters were obtained, by applying the principle of an
‘acceptable number of clusters’ (i.e. where the within-
cluster genetic distance is less than the overall mean gen-
etic distance and where the between-cluster distances are
greater than the within-cluster distance of the two clusters
involved; Brown-Guedira er al., 2000). All three clusters
(Fig. 3a, b) contain populations from geographically dis-
tinct regions, which may indicate long-distance gene flow
along with human movement. On the other hand, popu-
lations from the same region were clustered together,
except for Arsi and Shewa, where the two populations
from each region were placed into different clusters.
This further supports the, previously reported, consider-
able degree of population clustering according to
region of origin (Geleta et al., 2007).

This study generated comprehensive
regarding the genetic diversity of niger and demonstrated
that AFLP is an appropriate technique for its evaluation.
With more than 20% of the total genetic variation found

information
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between populations, we conclude that all the populations
have unique genetic properties that make each niger popu-
lation a significant unit for conservation and breeding pur-
poses. Thus, our recommendation is that as many
populations as possible should be conserved, as this
reduces the risk of losing unique genetic variants due
to shifting of cultivation practices and other factors. Fur-
thermore, conserving a large number of genetically
differentiated populations would also preserve a larger
evolutionary potential of the crop that exists due to co-
adaptation of gene complexes and local adaptation of
populations. The extent and distribution of genetic vari-
ation in niger accessions conserved ex situ could be evalu-
ated reasonably by as few as two AFLP PCs. If populations
are to be ranked, emphasis should be given to those with
high genetic variation and genetic distance, to capture
unique genetic variation. The study also strengthens our
previous recommendation of further germplasm collection
by giving special emphasis to regions and areas under-
represented in the gene bank collections.
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