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Abstract: The patterns of Y chromosome and M7-COX2 Variations were studied in five ethnic
groups from Afro-Asiatic and Nilo-Saharan language families of Ethiopia. The Y chromosome
macro-haplogroups (A, B, E and F) were genotyped in 120 unrelated adult males. The result
shows haplogroup A-M13, B-M60, E-M78 and F-M89 were present with percentages of 44.04,
39.28, 86.11 and 21.42 % respectively, showing higher Y chromosome diversity than elsewhere
in Africa. The ancient haplogroups A-M13 and B-M60 and the most widespread haplogroup E-
M78 was present at high frequencies in Nilo-Saharan than Afro-Asiatic speaking groups.
Intersetingly, haplogroup E-M78 subclade E1blblal was remarkably high. Based on MT-COX2
sequence (Genbank acc. no. MK955250-MK955274), 15 substitutions (SNPs) were observed, of
which the majority (80%) were Transitions. Haplotype variations analysis revealed a total of 13
haplotypes with 138 polymorphic sites. Evidence for the sign of past demographic expansion and
high genetic diversity was noted. Phylogenetic analyses indicated that East Africans in general
and Western Ethiopia in particular are at the root of the human evolutionary tree as a more
ancestral lineages and the most probable location from which dissemination of human out of
Africa has taken place, and suggest for further detailed studies on Ethiopian and African
populations to contribute in filling the existing gaps in the MT-COX2 database.
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1. INTRODUCTION

The studies of human population genetics in Ethiopia and the whole of Africa are crucial to
understand the relationship of humans living outside Africa and the population genetic pattern
within the African region. The characteristic of Y chromosomes and mtDNA makes them a
much powerful tool for the evolutionary genetic studies of Ethiopian populations. Few studies
made previously on the distribution of Y chromosomal haplogroup, and have shown that
Ethiopian gene pools possess a considerable component variations, indicative of admixture with
sub-Saharan African populations, Arabian and/or Near Eastern origin [1-5]. In other few studied
groups, similar pattern of mtDNA variation was observed from Ethiopian populations [4,6]
where both Sub-Saharan (L) and Eurasian mtDNA (M and N) haplogroups are observed. It was
found that around one-half of Ethiopian (52.2%) mtDNA lineages belong to clades specific to
sub-Saharan Africa, whereas the other half was divided between derived subclades of
haplogroups M and N that are common outside Africa [6]. These finding gave an intermediate
position of Ethiopian population, consistent with early admixture between sub-Saharan and
Caucasian populations. This author have also indicated that both Semitic and Cushitic speaking
populations of Ethiopia were close to each other and did not reveal significant differences by

comparing samples of Amhara and Oromo peoples.

However, several of these previous studies are limited in a number of respects. They are mainly
biased in terms of sampling appropriate and representative groups for genetic studies of
Ethiopian populations. They included samples mainly from Semitic and to the lesser extent from
the Cushitic populations without giving attention to Omotic and Nilo-Saharan speaking
populations. In general, despite the great potential of studying human genetic variation in
Ethiopia, which has crucial importance both regionally and globally, limited but encouraging
progress has been made only recently. Plaster [7] and very recently [8] have conducted genetic
studies with good ethnic coverage for populations in Ethiopia. However, studies involving Y-

chromosome and mtDNA with appropriate sample size are very limited even today. Hence, the



present study was designed in order to contribute to the better understanding of the genetic
structure of Ethiopian population groups through appropriate sample so that better understanding
of the relationships between Ethiopian population groups and other African and non-African
populations are worked out. To this end, analysis on sample of some Ethiopians population
groups for a set of mtDNA and Y chromosome polymorphisms were made and compared with
the data from other previous study on Ethiopian population, African and non-African

populations.

2. MATERIALS AND METHODS

2.1. Ethical Approval and Declarations

Ethical approval for this study was obtained from the Salale University Institutional Research
Ethics Review Committee (SIU-IRERC). Written informed consent was obtained from each
participant who donated buccal cell samples for the study. Copies of the ethical approval letter

and informed consent forms are included in the supplementary materials.

The research was conducted in accordance with internationally recognized ethical standards,
including the World Medical Association’s Declaration of Helsinki, as well as relevant national
research ethics guidelines applicable in Ethiopia and the standard operating procedures and

guideline of SIU-IRERC.

All participants were fully informed about the purpose, procedures, potential risks, and benefits
of the study. Participation was voluntary, and participants were informed of their right to
withdraw at any time without any consequences. Participant confidentiality and privacy were
strictly maintained through anonymization and secure handling of both biological samples and

associated data.

2.2. The Studied Populations and Sampling Strategies
The participants were recruited from Nuer ethnic group of Gambella region and Berta, Gumuz,
Shinasha, and Mao ethnic groups of Benishangul-Gumuz region. They are located South West

West, North west of Ethiopia along the Nile Valley (Figure 1). From evolutionary point of view,



these areas look key strategic region and are regarded as the corridors for the migration of human
populations out of Africa. Also, there is an assumption that they are oldest from the perspective
of human origin. These groups speak Nilotic and Omotic languages and thus they represent two
major language families spoken in Ethiopia; Afro-Asiatic and Nilo-Saharan. 55 individuals from
Nuer, 30 individuals from each of Berta and Gumuz, and 20 individuals from each of Shinasha
and Mao, all are above the age of 18 up to 60 years old. These make a total of 155 samples

representing five different ethnic group and two different geographic regions of Ethiopia.
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Figurel. A map of Ethiopia showing the location of study populations and the two
neighbors Sudan (www. Idpiuk.org): The stars indicate the approximate locations of study

sites. z

2.3. DNA Extraction

Buccal swabs samples were collected from all 155 individual volunteer participants. DNA
extraction was performed according to Guanidine Chloride method as described by [9] with few
modifications. Then agarose gel electrophoresis was performed to determine the presence or
absence of genomic DNA in the extracted samples. The amount and quality of isolated DNA was

measured using a Nano drop device (ND-1000 Spectrophotometer).

2.4. Y Chromosome Genotyping

The bi-allelic markers; M1 (YAP, Alu polymorphism), M13, M42, M60, M89 and M78 were
genotyped in 124 unrelated males (out of total 155 participants) using PCR amplification. Gel
electrophoresis was performed to determine the size of the amplified DNA product and
categorized them as YAP + (insertion) or YAP- (deletion). Whereas YAP+ was further
genotyped by allele specific PCR amplification to investigate the distribution of M78 binary sub
clades, the YAP- were further screened for the other binary markers (M13, M42, M60, M89)
using PCR-RFLP analysis. The markers were genotyped using oligonucleotide primers (Table
1).

Tablel. Oligonucleotide primers used to generate the different Y chromosome haplogroups

PCR conditions Polymorphism conditions

Marke | Primer pairs (5" — 3’) Primer Enzymes Ancestral Derived alleles
r References alleles (bp) (bp)
YAP F:caggggaagataaagaaata [10] - YAP- (150) YAP+ (450)

R:actgctaaaaggggatggat
M13 F:tectaacctggtggtcttte [11] Mbol G (156 +77) C(233)

(NEB)

R:tgagccatgattttatccaac

M42 F:aaagcgagagattcaatccag [12] Alul (NEB) | A(340) T(295+ 45)




R:ttttagcaagttaagtcaccage

M60 F:gcactggcgttcatcatctg [12] Mbol GATC (241 + | lbp-insertion

(NEB) 147) GTATC (389)
R:atgttcattatggttcaggagg

M78 F1:cacttaacaaagatacttctttcc | [13] - C (319) T (319)
F2:cacttaacaaagatacttctttct

R:attactttcctaggttctceca

M89 F:acagaaggatgctgctcagett (Akey, et. | Nlalll C(20 +67) T(87)

al., 2001) (NEB)
R:gcaactcaggcaaagtgagacat

2.5. Mitochondrial DNA Genotyping and Sequencing

After optimization, M7T-COX2 gene was amplified by conventional PCR using Maxime PCR
PreMix Kit (i-Taq). COXIIF and COXIIR primers were used to obtain 623 bp fragment of the
684 bp region of the gene (Table 2 and Figure 2). Ten individuals from each ethnic group were
randomly chosen for MT-COX2 sequencing (total 50 samples). Of these the amplification was
successful for 30 samples. Since some of these positive PCR products were found to contain
multiple bands, they were sent for gel extraction sequencing at Macrogen, Inc. (Korea). Out of
30 sequences, only 25 were found to be high quality (Genbank acc. no. MK955250-MK955274).
All the Mao’s sequences were not good and were excluded. Only clean genomic region were
included in the analysis after both end were trimmed. Both forward and reverse strands were
used to check the correctness of the detected mutations. These sequences were combined with
269 global sequences obtained from public human mtDB database (http://www mitoma org)

making a total of 294 sequences.

684 by Forviard strand =
7.600 7.700 7.800 7.300 8.000 8.100 B.200

7,600 7,700 7800 7,900 8,000 8,100 8,200
i Reverse strand £84 bp

4 G2 3 l:lp



Figure 2. Cytochrome C Oxdase II location of mitochondrial Chromosome from 7586-

8269 [14]

Table 2. Primer pairs of mitochondrial MT-COX2 genotyping

Primers Primer sequence Region | Primer Reference
COXII F 5’-TAGGTCTACAAGACGCTACTT-3’ Elhassan, et. al., 2004
COXIIR 5’-AATTAATTCTAGGACGATGG-3’ 623 bp

3.6. Data Analysis

Y chromosome phylogenetic tree was designed by hand according to updated version [15] of Y
Chromosome Consortium nomenclature[16] (Y Chromosome Consortium, 2002). Principal
Coordinate Analysis (PCA) was performed by employing PAST (paleontological statistics)
algorithms, version 2.11 [17]. For MT-COX2 Sequence analysis, the total 294 sequences were
aligned using the program CLUSTALX version 1.81 (ClustalX, 1997)[18] on the sequence
alignment editor Bioedit software [19] using Youruba refrence sequences [20]. Genetic distances
were computed and were used for nucleotide sequence divergence between groups using
MEGAS software version 5.0 based on Tajima’s Nei model [21,22]. Molecular Diversity and
Neutrality Test were calculated using DNASP version 5.10[23] and ARLIQUIN 3.1 software
[24]. The MT-COX2 Phylogenetic Tree were performed using MEGAS5[25] based on the model
of [26].

3. RESULTS
3.1. Y chromosome Genotyping

The NRY region was successfully amplified as a 150 bp for YAP- and 450bp for YAP" (Figure
3) using PCR amplification. All samples carrying YAP + were further typed for E-M78 sub

clades revealing T/C SNPs and the sample PCR amplification results are indicated below (Figure




4). Also, all YAP- samples were genotyped for binary markers and the sample gel
electrophoresis picture of the haplogroup (M42 and M60) are depicted below (Figure 5 and 6).
Of 124 genotyped male, 4 individuals did not yield any amplified product for YAP+ and YAP-

analysis.

450 bp
150 bp

450 bp

150 bp

Figure 3. PCR Amplification of YAP locus to detect the +/- of Alu insertion. A) Bertha B)
Nuer. 100bp DNA marker used. YAP+ is 450 bp and YaAP- is 150 bp. The second lane (A)

and the last lane (B) are negative control. The products were run on 2% agarose gel.

Figure 4. Sample PCR Amplification of YAP+ for M78. A) M78 carrying ancestral allele C
B) M78 carrying derived allele T. 100bp marker used. The product were run on 2% gel.



Figure 5. Sample RFLP Analysis of YAP- for M42. Lane 1, negative control, lane 8, 100bp

marker.The product were run on 2% agarose gel.

Figure 6. Sample RFLP Analysis of YAP- for M60. Lane one (from right to left) negative

control, lane 8, 100bp marker. The product were run on 2% agarose gel.

Y chromosome Variation

All genotyped haplogroups (A, B, E and F) were observed with percentages of 44.04, 36.9,
86.11and 21.42 % respectively. Both A-M13 and B-M60 were present at high frequencies.
Haplogroups E-M78 was by far the highest and they were found at high frequencies in Nilotic
speaking than the Afro-Asiatic speaking groups. In the Nilo-Saharan speakers, haplogroup A-
M13 was found at higher frequencies in Nuer (37.83%) followed by Gumuz (18.92%). With
similar pattern, B-M60 was found in Nuer (36.36%) followed by Berta and Gumuz each with
21.21%. Moreover, E-M78 was present at the highest fequencies in Nuer (51.62%) and followed
by Berta and Gumuz each with 19.35% and they all are Nilotics. Unexpectidely, haplogroup F-
M89 were found at high frequencies in Berta (55.55%) and Gumuz (33.33%) but at low
frequencies in Nuer and completely absent from the Afro-Asiatic speaking groups. Moreover,
haplogroup B-M42 from which B-M60 desended was found to be present in all studied groups.

Y chromosome haplogroup variation and distribution among the populations of the present study



and few neighbour populations is shown (Figure 7). Y chromosome haplogroup affinity and
nomenclature were performed according to the Y chromosome Consortium rules and its updated

version [15,27].
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Figure 7. Phylogenetic distribution of the Y chromosome haplotypes and their frequencies
in five Ethiopian populations in the present study, compared with three Sudanese [13], two
Ethiopian ethnic groups (Amhara and Oromo) and Senegalese [28] and Turks [29].
Numbering of mutations and haplogroups nomenclature are according to [27] rules and

updated by[15]. Nuer* is those belong to Sudan. The arrow shows the root of the tree.

3.2. MT-COX2 Genotyping
The sequence variants were visually counted in 25 Ethiopian sequences. Overall, fifteen different
SNPs were identified of which, 12 (80%) were Transitions where as 3 (20%) were

Transversions. Relatively the Nilo-Saharan groups exhibited highest number of synonymous




substitutions and lower number of nonsynonymous mutations than the Afro-Asiatic groups. The
shared haplotypes and haplotypes frequencies among combined populations were calculated
using Arlequin version 3.1[24] software. Thrteen (13) haplotypes with 138 polymorphic sites
were observed among Ethiopian populations with haplotype diversity, Hd: 0.9233. But, fewer
shared haplotype were observed among groups of the populations. Similarly, the global MT-
COX2 sequences was combined with the present and were analyzed using Arlequin to look at
inter continental and inter populations diversity. In general, high diversity of SNPS and
haplotypes than the world populations was observed, result tracing maternal ancestry back to

Africa.

3.3. Genetic Distances, PCA and phylogeny

The Y chromosome and MT-COX2 genetic distances (Table 3 and 4) of Ethiopian populations
were compared with some other Ethiopian and neighboring Africans and other populations
(Table 5 and 6). Also, the Y chromosome PCA of present Ethiopian and combined data with few
neighbor Sudan was performed (Figure 8 A and B) based on Fsr genetic distances. Tests of
neutrality were done for Y chromosome and MT-COX2 sequences to search for demographic
signs of population expansion. Moreover, Y chromosomes and MT7-COX2 phylogenetic
relationships were observed. The Y chromosomes phylogeny shows populations which are
generally grouped according to their geographic regions. MT-COX2 sequences, phylogenetic
trees: Neighbor-Joining (NJ) and Minimum Evolution (ME) respectively, showed similar
topologies and branch length with few differences. The NJ tree of the 25 Ethiopian sequences is
shown (Figure 9). Maximum Parsimony showed the evolutionary history for Ethiopian samples.
When the present data are combined with some African and Asian populations, both NJ and ME
phylogenetic tree of 166 individuals showed almost similar topology with a little bit difference
from the maximum Parsimony (Figure 10).

Table 3. Y chromosome Pair wise Genetic Distances of Different five Ethiopian
Populations. List of labels for population samples used in this table: 1: Nuer, 2: Berta, 3:

Gumuz, 4: Shinasha and 5: Mao.

[1] 0.000



[2] 0.036 0.000
[3] 0.021 0.049  0.000
[4] 0.003 0.034 0.019 0.000

[5] 0.133" 0.159" 0.143" 0.130" 0.000

*Significant at multiple tests adjusted P-Value

Markov chain length: 10,000 steps

Table 4. MT-COX2 Pair wise Genetic Distances of Different four Ethiopian Populations.

List of labels for population samples used in this table: 1: Nuer, 2: Berta, 3: Gumuz, 4:

Shinasha.
1 2 3 4
[1] 0.000

[2] 0.099  0.000

[3] 0072 -0.107  0.000

[4] 0.133 -0.034 -0.126 0.000

Matrix of significant Fst P values; Significance Level=0.0500

Table 5.Y chromosome Pair wise Genetic Distances of Five Ethiopian populations compared with
some other Ethiopian and Neighbor Africans. List of labels used in this table: 1: Nuer, 2: Berta, 3:
Gumuz, 4: Shinasha, 5: Mao, 6: Oromo, 7: Amhara, 8: Nuer", 9: Shilluk, 11: Beja

[ 1 2 3 4 5 6 7 8 9 10 11

[ 1] 0.0000



[ 2] 0.0075 0.0000

[ 3] 0.0037 0.0075 0.0000

[4] 0.0019 0.0056 0.0019 0.0000

[ 5] 0.0037 0.0075 0.0000 0.0019 0.0000

[ 6] 0.0056 0.0093 0.0056 0.0037 0.0056 0.0000

[ 7] 0.0019 0.0056 0.0019 0.0000 0.0019 0.0037 0.0000

[ 8] 0.0037 0.0075 0.0037 0.0019 0.0037 0.0056 0.0019 0.0000

[9] 0.0037 0.0075 0.0037 0.0019 0.0037 0.0019 0.0019 0.0037 0.0000

[10] 0.0000 0.0075 0.0037 0.0019 0.0037 0.0056 0.0019 0.0037 0.0037 0.0000

[11]0.0037 0.0075 0.0037 0.0019 0.0037 0.0019 0.0019 0.0037 0.0000 0.0037 0.0000

Nuer” belong to Sudanese group.



Table 6. MT-COX2 Pairwise Genetic Distances of present Ethiopian populations compared with some other Ethiopian and Neighbor Africans and other populations. List of labels
used in this table: 1: Hausa, 2: Nilotes, 3: Beja, 4: Nubian, 5: Nuba, 6: Ethiopian, 7: Eritrean, 8:Egypt, 9: Morocco, 10: Nigeria, 11:South Africa, 12:Tunisia, 13: San, 14: Pygymy,
15: Yoruba, 16: Saudi, 17: Yemen, 18: Israel, 19: Iraq, 20: Indian, 21: Chinese, 22: Japanese, 23: Ethiopian (present).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

1 0.00000

[N

-0.85714  0.00000

w

-0.33333  -0.11702 0.00000

o

-0.27273  0.15625 0.22535 0.00000

[

-0.33333  0.05303 0.12281 0.18750 0.00000

=

0.00000 -0.21495 0.08046 0.11672 0.08046 0.00000

-

-1.00000 0.19631 0.42976 0.48454 0.45034 -0.32353 0.00000

oo

-0.82857  0.07527 0.14667 0.29139 0.26356 -0.24675 0.04245 0.00000

©

1.00000  0.23529 0.50000 0.17647 0.36842 1.00000 0.90476 0.39048  0.00000

10 0.00000 0.07143 0.33333 0.36364 0.33333 0.00000 -0.08434 -0.03337 1.00000 0.00000

11 0.00000 -0.85714 -0.33333 -0.27273 -0.33333 0.00000 -1.00000 -0.82857 1.00000 0.00000 0.00000

12°0.00000 -0.85714 -0.33333 -0.27273 -0.33333 0.00000 -1.00000 -0.82857 1.00000 0.00000 0.00000 0.00000

13 0.00000 0.07143 0.33333 0.36364 0.33333 0.00000 -0.08434 -0.03337 1.00000 0.00000 0.00000 0.00000 0.00000

14 0.00000 0.12641 0.33891 0.31653 0.30469 0.36842 0.47661 0.15556 0.75000 0.63415 0.00000 0.00000 0.63415 0.00000

15 -0.80000 0.03150 0.13084 0.28532 0.24272 -0.20000 0.15523 -0.03226 0.55000 0.06250 -0.80000 -0.80000 0.06250 0.25000 0.00000

16 1.00000 0.23304 0.46488 0.36652 0.37824 1.00000 0.80769 0.31915 1.00000 1.00000 1.00000 1.00000 1.00000 -0.20000 0.45455 0.00000

17 -1.00000 0.00794 0.10714 0.21687 0.17808 -0.29032 0.11901 -0.00977 0.25000 0.00000 -1.00000 -1.00000 0.00000 0.09824 -0.02632 0.22830 0.00000

18 0.16667 0.39474 0.50000 0.47826 0.47619 0.39394 0.66507 0.43637 0.54545 0.58333 0.16667 0.16667 0.58333 0.51163 0.48780 0.56044 0.25676 0.00000

19 0.00000 -0.85714 -0.33333 -0.27273 -0.33333 0.00000 -1.00000 -0.82857 1.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -0.80000 1.00000 -1.00000 0.16667 0.00000

20 0.00000 -0.21495 0.08046 0.11672 0.08046 0.00000 -0.32353 -0.24675 1.00000 0.00000 0.00000 0.00000 0.00000 0.36842 -0.20000 1.00000 -0.29032 0.39394 0.00000 0.00000

21 0.00000 0.07143 0.33333 0.36364 0.33333 0.00000 -0.08434 -0.03337 1.00000 0.00000 0.00000 0.00000 0.00000 0.63415 0.06250 1.00000 0.00000 0.58333 0.00000 0.00000 0.00000

22 -1.00000 -0.02644 0.20257 0.23286 0.20337 -0.20000 -0.02620 -0.04110 0.71429 0.18919 -1.00000 -1.00000 0.18919 -0.20000 0.01493 0.36842 -0.07989 0.45455 -1.00000 -0.20000 0.18919 0.00000

23 0.00000 -0.21495 0.08046 0.11672 0.08046 0.00000 -0.32353 -0.24675 1.00000 0.00000 0.00000 0.00000 0.00000 0.36842 -0.20000 1.00000 -0.29032 0.39394 0.00000 0.00000 0.00000 -0.20000 0.00000

Matrix of significant Fst P values; Significance Level=0.0500.
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Figure 10. The evolutionary history using Maximum Parsimony Tree of 166 Africans and

Asians populations based on the genetic distances of M7-COX2 Sequences.

4. DISCUSSION

4.1. Y Chromosome Binary Markers in Ethiopia

Genotyping of YAP marker revealed YAP+ and YAP- polymorphism individuals with the
percentages of 30 and 70 respectively. These show that the frequency of the YAP" was
moderately high in the studied populations. The previous general studies of YAP+ and YAP-
polymorphism have reported higher frequencies of the YAP+ within the African populations

[30,31] in agreement with the present study, suggesting that this marker would be an African



ancestry. The YAP" in Africa falls in to haplogroups E. Moreover, very high frequency of the
Y AP+ was reported to have appeared in African, Japan and Tibetans population followed by the

Western Eurasians populations [30].

Whereas, all YAP+ was further typed for E-M78 to obtain T/C SNPs, all the YAP- individuals
were analyzed for A-M13, B-M60 and F-M89. The presences of these haplogroups were bserved
among Ethiopian populations with higher frequencies of  44.04, 39.28, 86.11, 21.42 %
respectively. E-M78 haplogroup was found to be the most frequent followed by haplogroups A-
M13 and B-M60, which were present at higher frequencies and are exclusive to the African
continent. In agreement with this, Gomes, et. al. [32] have reported that the majority of Y
chromosomes in sub-Saharan Africa carry haplogroup A and B with a frequency of
approximately 33% each. This author reported that Nilotic speaking groups contain high

frequencies of these haplogroups than Afro-Asiatic, which is consistent with the present study.

The frequency of haplogroup A-M13 observed here support the previous studies. Within the
Nilo-Saharan speaking groups, it was found at higher frequencies in Nuer (37.84%) followed by
Gumuz (18.92%), but moderate in Afro-Asiatic. In support of this, A-M13 was reported to be
prevalent in Nilo-Saharan populations [13,33]. The high to moderate frequencies of M13 among
both Nilo-Saharan and Afro-Asiatic populations in East Africa, as well as the presence of closely
related and shared haplotypes observed in world mtDNA data suggest the extensive contact and
gene flow over a long period of time. Haplogroup A-M13 was the most common in the present
sample with a frequency of 44.04%, greater than that already found in Nilotic groups from Sudan
(30%) [13]. Likewise, small frequencies were found in several Afro-Asiatic speaking
populations from East Africa [13,33]. This patterns of frequencies were also supported by
autosomal data. As described by [34], whereas East Africa contains most of the A-M13 Y
chromosomes, central and West Africans have low diversity. These together with the potentially
bi-directional nature of migration along the Sahel increase the potential for the haplogroup to
have arisen anywhere along the belt. The lack of comparative data for the sub clades of

haplogroup A-M13 makes the analysis of these haplogroups difficult in Africa if not impossible.

Haplogroup B-M60 was found at the highest frequencies in samples of Nilo-Saharan speaking
groups than the Afro-Asiatic speakers. It was found in Nuer with frequency of 36.36% followed



by Berta and Gumuz each with frequency of 21.21%. Similar study of the Y chromosome of
populations in Sudan revealed higher frequencies of haplogroup B-M60 in Southern Sudanese
(30%), Hausa (16%) and Nuba (14%) [13], which are close to the result of the present study.
According to another studies, haplogroup B-M60B has been found in approximately 2.5% and
6% of Sudanese males and Malagasy males of Madagascar respectively[35,36] (Underhill, ez.
al., 2000 and Hurles, et. al., 2005). Like A-M13, the higher frequency of haplogroup B-M60
suggests the African ancestry of these haplogroups. It also support the report that haplogroup B-

M60 is the oldest and diverse human Y haplogroups in African populations.

Haplogroup Elblbla (E-M78), previously called E3b1 (according to YCC (2002)) was found at
highest frequency in Nuer with frequency of 51.62%. This result is in agreement with the
original thought that E-M78 and its sub clades have originated in North East Africa (Cruciani, et.
al., 2007). It’s distribution in studied Ethiopian group is highest than the high frequency reported
in Europe, middle east and East Africa. Gebremeskel and Ibrahim,[37] also reported that
majority of Y-chromosome haplogroup diversity in Africa is found within this haplogrup. They
also suggest that it probably to have originated 21,000 — 32,000 YBP somewhere between the
Red Sea and Lake Chad. This may suggest the Ethiopian origin of this subclades although further
detail anlaysis with more representative sample are required for confirmation. It has also higher
frequency in other Nilo-saharan speaking groups, Bertha and Gumuz both having frequency of
19.35%. Interestingly, the frequency of the E-M78 observed in Ethiopian Nilo-Saharan
populations is higher than the percentages reported in the other African populations [13]. This
may indicate that these populations are experiencing recent gene flow from other populations
[38] or alternatively represent a genetically distinct Ethiopian populations, though these also
require further extensive and in depth investigation in order to confirm. In this study, the analysis
of E-M78 among Ethiopian samples confirmed the presences of deep terminal branch Elblbla
and thus somewhat refined the phylogeny of haplogroup E-M78 in Ethiopia.

Haplogroup F-M89 were unexpectidely found in Nilo-Saharan speaking groups with high
frequencies as in Berta (55.55%) and Gumuz ( 33.33%), but relatively at low frequencies in Nuer
(11.11%), and completely absent from the Afro-Asiatic speaking groups (Figure 7). From
personal communication, elders from the two groups have claimed their Arab ancestry from their

present numerious Arabs like traditions and Islam religion. Thus, this mutation might have
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disseminated to Out of Africa mainly to Asia, through the ancient Arabs, where it is currently
found at highest frequencies. The F-M89 haplogroup individual was M89+ and thus considered
to be in haplogroup F. Unfortunately, it was not tested for the presence of mutations that define
the haplogoups descended from F (sub clades of F-M89) in order to confirm the present findings.
The high frequency of F-M89 observed in the present samples may suggest that Haplogroup F-
MS89 appear to have originated in Africa, from where it was disseminated to outside of African
continent early past during prehistory. To shed light on the hypothetical "Back to Aftrica"
migration, Y-chromosome haplogroups (J, R1b and T) associated with this hypothesis should be
genotyped. Also its high frequency may be due to small samples sizes and thus sampling effects
of studied population. Y chromosome haplogroup variation and distribution among the five

populations of the present study and few neighbour populations are illustrated (Figure 7).

4.2. Genetic Structure and Patterns of Distributions

The PCA plot based on Fsr values of the present samples showed that populations were grouped
according to their geographic regions. The Nuer and Berta are genetically differentiated from
each other and also from other studied groups. The Nuer and Berta might have differentiated
from one another and from the rest populations because of the presence of high frequency of
haplogroups E-M78 sub clades in Nuer and high frequency of Hamplogroup F-M89 in Berta.
PCA plot based on Fsr values of combined data with few data from other Ethiopians, Sudanese,
Turks and Senegalese populations, showed three main genetic clusters that was grouped
according to linguistic and geographic variations except for Beja and Amhara (Figure 8). The
first cluster includes populations who speak languages of the Nilo-Saharan family (Berta and
Gumuz), one of linguistic family in Ethiopia. The second cluster includes populations (Beja and
Amhara) who are essentially speakers of different languages belonging to the Afro-Asiatic
family. The third cluster encompasses the Sudanese groups. These clusters are defined by the
predominance of the ancient haplogroups A-M13, B-M60, and E-M78. Both A-M13 and B-M60
are haplogroups that are deeply rooted within the human Y-chromosome tree, and they are
known to be common among populations in East Africa [12,28].The placement of the Ethiopian
Nuer close to the Oromo group who speak language that belong to Afro-Asiatic family clearly
revealed the importance of language relationship by revealing the presence of high frequencies

of A-M13 in both groups and their geographic proximity. Although they are not close to each



other, Amhara and Beja are clustered together may be because of the presence of shared ancient
haplogroup A-M13 and B-M60. The distribution of E- M78 sub clades indicates that the Beja
are perhaps related as well to the Oromo on the basis of the considerable frequencies of E-M78
among Oromo in comparison to Amhara [39]. These in addition making the Cushitic Oromo
more ancestral and also indicate the presence of the historical contact between Ethiopia and
eastern Sudan and showed the strong correlation between linguistic and genetic diversity as these

populations speak languages of the Afro-Asiatic family [4,13,40].

The AMOVA analysis highlights the population differentiation and shows association of
linguistic with genetics in the data set. The analysis revealed that 85.2% of the genetic variation
occurred within populations, which might suggest a low and less stable regional genetic structure
in the studied population. The overall Fst estimated (Fst = 0.084) values within populations
showed strong population differentiation. When the populations are grouped according to
linguistic and geographic families, almost similar overall FST was observed. This may indicates
that Y chromosome variation is partitioned among both geographic and linguistic groups,

showing the absence of gene flow supporting the PCA plots.

4.3. The MT-COX?2 Variation in Ethiopian Populations

This study is the first to sequence and analyze the MT-COX2 coding region among Ethiopian
populations. The MT-COX2 sequences was alligned against the Yoruba and fifteen SNPs were
detected. There were a total of 3 non synonymous and 12 synonymous polymorphisms yielding
an NS/S ratio of 0.25. This result is in agreement with the work of Elson, et. al. [41] which
indicates that negative selection operated on the coding region of the human mtDNA during
evolution. Small numbers of synonymus than non synonymous mutations observed is in
agreement with ancestral sequence evolution concept that point out ‘older’ sequence changes in
the human mtDNA coding sequences have relatively fewer transversion substitution than a set

of ‘younger’ sequence changes.

High value of haplotype diversity were observed and is almost similar to a previous report based
on the same investigated species from populations in Sudan using the same MT-COX2 region as
marker [42]. This could be attributed to the complex and variable nature of studied population
with deep evolutionary history in the Western Ethiopia, a high mutation rate in the study

fragment and the large population size of the species. However, no shared haplotype were



observed among all population groups in this study. Thus, the analysis of MT-COX2 haplotype
distribution showed the absence of single shared haplotypes to all studied individuals. This is a
pattern frequently attributed to populations that have undergone past demographic expansion as
described by [43,44]. In addition the absence of common haplotype indicates that there is no
gene flow [45]. In comparisions to the continental M7T-COX2 sequences, the diversity within
Ethiopians by far is greater than among the Ethiopian and the global mtDB sequences. In the
combined MT-COX2 sequences of Ethiopian and mtDB global sequences all haplotype was
shared by Africans, except two that are only shared by Asians and Australians showing Africans
are the genetic ancestor of the other population. By comparing the present and combined data, it
is clear that the present fewer sequences have contributed 19.69% of the total haplotyoes
resolved. This result is consistent with the report of [42]. In general, this result clearly indicated
that high diversity of SNPs and haplotypes are present in Ethiopian samples than the global
samples trace the matrilineal ancestry back to Ethiopia. This pattern of diversity support the idea
that mtDNA in human populations of African origin are the most diverse in the world and that

ancient human first existed and stayed in Africa for several thousands of years.

Tests of neutrality were done for Y chromosome and MT7-COX2 sequences to search for
demographic signs of population expansion. Tajima’s D test based on the Y chromosome
haplogroups was statistically significant positive values for all populations but varies among
populations, indicating the less possibility that these positive values are due to recent population
demographic expansions. Instead the positive values could signify balancing selection. Likewise,
based on the MT-COX2 data, Tajima’s D test (also Fu’s Fs) analysis were performed to examine
the historical demographic expansions of populations, which may play an important role in
determining the patterns of genetic variability. Tajima’s D test based on the M7T-COX2 region
sequences was significantly negative for three populations (Nuer, Berta and Shinasha) and zero
for Gumuz population (non significant). Non-significant values in Fu and Li's D* test statistics (-
3.64183, P < 0.02) and Fu and Li's F* test statistic (-3.84989, P < 0.02) combined with a
significant Fu's Fs statistic (2.372) have been interpreted by Fu [46] as evidence of the possible
presence of background selection, thus supporting indications of demographic expansions.
Similarly, the measure of Fu’s Fs statistics revealed values significantly different from zero in all
analyzed individuals, suggesting a past expansion in the population studied. It was reported that

Fu's FS test is the most powerful tests for detecting population growth. The resulting negative



values for Tajima’ D and positive values for Fu’s Fs-tests indicate a complex demographic
history of Ethiopian populations, which might corresponds to bottleneck and subsequent
population growth. Moreover, study conducted by Elson, et. al.,[41] that assessed selection in the
mitochondrial DNA (mtDNA) coding-region sequences support the present study. These authors
provided evidence that selection has been a significant force during the evolution of the human
mitochondrial genome and indicated evidence for both gene-specific and lineage-specific
selection. Unfortunately, there are only small data on present populations, and more extensive
studies are needed. At the present, based on the present results, a simple model of isolation by
languages can also explain the population genetic structure of populations within region since
population genetic differentiation (estimated as Fsr) does appear to be related to linguistic

distances separating populations.

To further see the Ethiopian genetic affinities and their relationship to neighbor Sudan, PCA was
performed. The Y chromosome PCA of the present Ethiopian and combined with few data from
neighbor Sudan were performed based on Fst genetic distances (Figure 8 A and B). 92.42% of
the total variation was contributed by the first PCA. This PCA showed the general genetic
affinities between populations. Broadly three groups of genetically close populations were
observed. This includes Mao, Shinasha and Gumuz. It shows that the Berta and Nuer are not
only genetically distinct from each other, but also from the other groups. The second PCA run
was used to analyze the combined data of the present study and other available data from
Ethiopians, Sudanese, Senegalese and Turks. The PCA showed general genetic similarities
between some populations. Three main groups of genetically closely related populations were
observed. The first groups are Beja and Amhara, the second Berta and Gumuz and the third
Shilluk, Shinasha, Mao and Nuer* (Sudan group). This show that the Y chromosome lineage
distributions seem to cluster geographically, and for some lineages, based on linguistic
classification. The correlation between genetic distances with language is stronger than it is with
geography classification.  Additionally, correlation between genetic variation and

geography/language is stronger for Y chromosome lineage data than for mrDNA lineages.

Also, the evolutionary relationships among Ethiopian and global MT-COX?2 sequences was seen.
Most of the Ethiopian mtDNA types cluster together on the common lineage. In all cases, tree

topologies were supported, basal branching pattern, with one deep branch lead generally to



Ethiopians, followed by less deep branches of Africans, and non-Africans with intercalation of
few Ethiopian sequences. In a variety of phylogenetic studies aimed at constructing human
mtDNA trees, this deepest clade has always lead to sub-Saharan African individuals, and with
the complete absence of Ethiopian sequences in the analysis, it was impossible to draw
conclusion about the root of the tree encompassing the most ancient and diverse individuals. In
the present study, mtDNA tree, for the first time, has been reconstructed, and found to be
consistent with the number of phylogenetic trees constructed by complete mtDNA sequences

with the exception of the deepest clade constituent.
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