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ABSTRACT

In Ethiopia, there is very little effort has been carried in determining on genetic information of potato
crosses. This study was conducted to determine the genetic distance among 81 potato clones. Parents with
their hybrid offspring were evaluated for 18 traits in a 9 x 9 simple lattice design and their genetic diversity
was determined using multivariate analysis. The Euclidean distances estimates showed that the genetic
distances ranged from 1.57 to 14.35 cM with a mean of 5.77. Cluster analysis revealed that the parents and
offspring were grouped into sixteen clusters. The maximum number of clones were grouped in cluster V
followed by cluster I with 15 clones and cluster VI with 13 clones. Cluster mean analysis showed a wide
range of variation for several characters among single as well as multi-genotypic clusters. Clones produced
from biparental crosses of Jalene with Aterababa and Belete with Aterababa showed high inter and intra
cluster distance than Shenkola with Gera crosses. The first four principal components accounted for 72.7%
of the total variations; where principal component analysis land 2 with values of 33.8% and 16.6%,
respectively, which contributed to 50% of total variations. Total yield per hectare, tuber yield per plant,
marketable tuber yield and stem height had much contribution to the principal component analysis. The
current study suggests the higher chance of developing genetically distant clones through local crossing to
produce heterotic hybrids. Considering diversity pattern, parents should be selected from I, I1, X, XI and XII
clusters to improve potato crop.
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INTRODUCTION Genetic ~ distance  measures  based on
morphological traits are one of the main multi-
variate techniques that are used to provide criteria
for choosing parents. The genetic distance found
between clones could be increased by heterosis in
the crossing program (Humphreys, 1991). The
existence of genetic distance in a particular trait
between crosses is also an important prerequisite
for its heritable improvement. Genetic distance
analysis can estimate the degree of diversity found
Potato hybridization is a highly effective means of in clones that generated from crossing (Reddy et
increasing productivity in a sustainable and al., 2018).

environmentally safe way. Hybridization provides
a chance to combine the desirable traits from two
or more lines into a single clone. Potato
population improvement through local crossing
not only capture essential genetic resources and
move desired traits along variety development
pipelines but also help to assure the creation of
broad genetic base or distance and dynamic gene
pool (Bonierbale et al., 2020).

Potato (Solanum tuberosum L.) is the fourth most
economically important food crop after wheat, rice,
and maize in the world. It is highly heterozygous
and has complex tetrasomic inheritance that results
in increased number of progeny classes (Muthoni
et al., 2015) and makes it difficult to understand
the inheritance of traits and implement in a
hybridization program.

The divergent parents can give more chances to
maximize heterozygosity, broaden the genetic base
and produce heterotic progenies (Sun et al., 2003).
A narrow genetic base would result in inbreeding
depression as result of accumulation of deleterious
alleles in a population (Gopal, 2014). High level of
genetic  diversity among potato genotypes
possessing different desirable traits is also
important for its improvement. However, in
Ethiopia, generating potato clones through crossing

*Corresponding author: wmanamno@gmail.com and investigating genetic diversity on these crosses
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is very limited due to much dependence on
introduced materials  especially  through
international potato center (Getachew et al., 2016).
Hence, knowing the nature and degree of genetic
diversity of hybridized clones helps the breeder in
choosing the distant parents for purposeful
hybridization and variety development
(Shamsuddin, 1985). Therefore, this study was
conducted to determine genetic distance or
diversity among potato progenies obtained from
local crossing and their parental varieties for
different agro-morphological traits.

MATERIALS AND METHODS
Description of the Study Site:

The experiment was conducted at Adet
Agricultural Research Station during the main
growing season in 2018. Adet Agricultural
Research Center is located at longitudes ranging
from 37° 28’ 38’’ to 37° 29’ 50°” E and latitudes
ranging from 11° 16’ 19’” to 11° 17” 28" N in the
northern highlands of Ethiopia with an average
altitude of 2240 meters above sea level (Andualem
et al., 2013). The mean annual rainfall during the
growing season was 1432 mm with the average
minimum and maximum temperatures of 10.81 to

25.55°C.

Experimental Material and Design:

A total of 81 genetic materials which consisted of
75 clones that were generated from crossing of
Ethiopian potato varieties by Adet Agricultural
Research Center, five parental varieties’ and one
latest improved Dagim variety were included in
this experiment (Table 1). The experiment was laid
out in a 9 x 9 simple lattice design. The well-
sprouted potato tubers were planted at the spacing
of 75 cm between rows and 30 cm between plants.
Each clone was planted in a plot size of 1.5 m x 3m
having two rows and twenty plants per plot.
Fertilizer was applied following the standard
recommendation of Adet Agricultural Research
Center. All other required agronomic practices
were applied as per the recommendation for the
crop at the appropriate time.

Data Collection:

Observations were recorded and calculated on
sixteen plants from each plot for 18 quantitative
traits such as: days to emergency, days to
flowering, days to maturity, main stem number,
plant height, tuber number per plant, tuber yield
per plant, very small tuber numbers, medium sized
tubers, large sized tubers, tuber dry matter content,
tuber starch content, tuber specific gravity, average
tuber weight, marketable tuber number, marketable
tuber yield, unmarketable yield, and total tuber
yield.
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Table 1: List of 75 clones and 5 parents with
one standard check variety used in
the experiment

Trt Clones Trt Clones

1 JX A.277 42  JxA.Z23

2 B x A.153 43  JxAZ27

3 J xA.296 44  Ge xSh.186
4 B xA.174 45 JxA.130
5 JX A94 46 BxA.163
6 B x A.225 47  JIxA.67

7 Ge x Sh.65 48  Shenkola
8 Belete 49  Ge x Sh.206
9 Jx A.140 50 JxA.146
10 B xA.74 51 BXxAS8
11 JX A.170 52  JxA.102
12 B xA.112 53 BxA.213
13 Jx A2l 54  JxA.245
14 B xA.184 55 JxA.345
15 B x A.164 56 BxA.201
16 JXxA.120 57  AterAbaba
17 Jx A.187 58 JxA.135
18 B xA.44 59 B xA.603
19 Jx A.39 60 JxA.201
20 B x A.198 61 BXxAJ55
21 Ge x Sh.29 62 JxA9

22 Jx A.42 63  Ge x Sh.100
23 B xA.15 64 BxA.248
24 JxA.49 65 JxA.18
25 B x A.60 66 JxA.123
26 IJXAT7 67 BxA.207
27 Gera 68 JxA.186
28 Jx A3l 69 BxA.129
29 GexSh.101 70 JxA.122
30 Jx A.333 71 JIxA.243
31 B x A.228 72  Ge xSh.90
32 J XA.266 73  Ge x Sh.317
33 Jx A.143 74 JxA.196
34 JxAZ326 75  JxA.250
35  Dagim 76  JxA.119
36 Jx A.188 77 JxA.246
37 J xA.60 78  JxA.165
38 B xJ.16 79  Jalene

39 JxXA34 80 BxA.97
40 GexSh.319 81 GexSh.96
41 B x A.140

Note: Trt=treatment number, J x A=Jalene x
Aterabab, B x A = Belete x Aterababa, Ge x Sh
= Gera x Shenkola, Dagim = standard check
variety and numbers followed crosses indicated
the code of clone experimental materials.

Statistical Analysis:

The collected data were subjected to analysis of
variance (ANOVA) using SAS statistical software
9.0 (SAS, 2000).
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Genetic Divergence and Clustering of Clones:

Genetic distance of clones was estimated using
Euclidean distance (ED) calculated from
quantitative traits after standardization (subtracting
the mean value and dividing it by the standard
deviation) as established by Sneath and Sokal
(1973) as follows:

2
n

Z(Xij - Xik)2 (Sneath and Sokal,

i=1

EDjk =

1973), Where EDjk = distance between clones j
and k; xij and xik = phenotype traits values of the
i" character for clones j and k, respectively; and n
= number of phenotype traits used to calculate the
distance. The distance matrix from phenotype traits
was used to construct dendrogram based on the
Unweighted Pair-group Method with Arithmetic
Means (UPGMA). The results of cluster analysis
were presented in the form of dendrogram.

Principal Component Analysis:

Before computing principal component analysis,
the data was standardized to mean of zero and
variance of one. The principal component based on
correlation matrix was calculated using SAS
software version 9.0 (SAS, 2000). According to
Gutten’s lower bound principle, that Eigen values
<1 should be ignored (Kumar et al., 2011).

RESULTS
Analysis of Variance:

The analysis of variance (ANOVA) due to
treatments were highly significant for all traits
except medium sized tubers (%) and specific
gravity (g.cm®) of tubers indicating the presence of
notable genetic variability among them. The
presence of significant differences among clones
obtained from crossing suggested the chance of

Distribution of 3240 pair of genotypes in seven categories of Euclidean distances
with SD of 1.8887 and mean ED of 5.7662
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Fig.1: Distribution of 3240 pair of clones
into seven categories of Euclidean distance
for progenies.
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obtaining clones that perform than their parents
and standard check variety for different traits.

Genetic Divergence and Clustering:

Euclidean Distance of Clones and Parental
Varieties

The Euclidean distance (ED) of 3240 pairs of
clones with their parents ranged from 1.57 to 14.35
with the mean, standard deviation, and coefficient
of variation of 5.77, 1.89, and 32.77% respectively
(Table 2 and Fig .1). A total of 486 (15%) pair of
clones had ED significantly lower (3.88, overall
mean-SD) than overall mean ED of pair clones and
507 (15.65%) pair clones had ED significantly
higher (>7.66, overall mean + SD) than overall
mean ED of pair clones. From total of 3240 pairs
of clones about 1428 (44.07%) pairs of clones had
the higher ED than over all mean ED of all clones.
The ED of parent varieties, Belete and Ater Ababa
was 7.64 which is higher than over all mean ED of
clones, but Jalene and Ater Ababa showed ED of
2.9 and between Gera and Shenkola was also 3.1
which were lower than overall mean ED of clones.

Among the 81 tested clones, only forty-five
percent exhibited higher Euclidean distance than
overall mean ED of clones. The highest genetic
distance was computed between B x A.164 and B x
A.248 (14.35) followed by Ge x Sh.206 and B x
A.248 (13.7) and between Shenkola and B x A.248
(13.07) indicating their less relatedness to other
clones studied. Whereas the shortest genetic
distances were noted between J x A.42 and J x
A.34 (1.57) and J x A.266 (1.74). Genetic distance
between parental varieties such as Shenkola and
Aterababa was 7.26, Shenkola and Jalene (6.67),
Gera and Aterababa (6.47), Belete and Dagim
(6.42) Gera and Jalene (5.49), Gera and Dagim
(5.19), Belete and Gera (4.64), Shenkola and
Dagim (4.53) and Belete and Shenkola (3.05).

The dendrograms from UPGMA cluster analysis
based on ED matrixes presented in Fig. 2, showed
comparatively low similarity among the 81 potato
populations. Dendrogram depicting dissimilarity of
each biparental crosses were also analyzed
separately to see cluster pattern of clones which
produced from hybridization of two parent
varieties (Fig. 3, 4, 5). This showed most of Jalene
and AterAbaba offsprings that exhibited higher
dissimilarity and genetic distances than their
parents and standard check variety (Table 2 and
Fig. 3). Whereas in family of Belete and
AterAbaba offsprings, showed less similarity and
some clones were higher than female parent
(Belete), but most showed high genetic distance
than their male parent (AterAbaba variety) and
standard check variety (Fig. 4). In crosses of Gera
and Shenkola, only two clones showed higher
genetic distance than parents and others had lower
distance or high similarity (Fig.5). Hence, the
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one standard check variety used in

the experiment

Table 2: List of 75 clones and 5 parents with

one standard check variety used in

the experiment (Conti.....)

Table 2: List of 75 clones and 5 parents with

No Clone Min Max Mean SD 8}:) No Clone Min Max Mean SD 8}:)
1 JxA277 21 1069 535 1.73 32.29 53 BxA213 227 1094 545 159 29.08
2 BxA.153 3.82 10.12 6.06 1.17 19.37 54 JxA245 243 11.83 578 1.87 32.36
3 JxA296 287 1088 571 171 30 55 JxA345 233 926 475 1.44 30.31
4 BxAl1l74 212 931 536 1.53 28.55 56 BxA201 237 886 481 1.46 30.43
5 JX A.94 23 1055 578 1.75 30.19 57 Aterababa 1.86 8.87 455 156 34.39
6 BxA.225 259 937 504 1.39 27.59 58 JxAI135 344 1123 6.66 176 26.41
7 GExSH.65 273 9.25 478 1.26 26.36 59 BxA603 231 1114 522 158 30.21
8 Belete 3.05 1275 7.26 1.79 246 60 JxA201 263 1169 582 17 29.17
9 JXA140 181 929 485 1.69 34.73 61 BXxAS55 1.74 1194 596 1.76 29.58
10 BxAT74 221 1013 4.44 1.38 31.04 62 JxA9 505 11.17 6.85 1.27 18.57
11 JxAl170 25 1155 6.69 1.77 26.46 Ge X
12 BxAll2 344 1044 614 151 2459  © shigo 18 1056 491 169 3435
13 JxA21 25 1069 5.79 1.74 29.99 64 BxA248 795 1435 10.31 1.29 12.52
14 BxA.184 265 952 537 1.32 24.68 65 JxA.I18 3.63 11.83 6.48 1.61 24.8
15 BxA.164 422 1435 8.00 1.99 24.89 66 JxA123 262 951 542 154 28.38
16 JxA120 3.04 10.26 5.94 144 24.26 67 BxA207 227 106 591 152 25.78
17 JxA187 299 993 556 14 2514 68 JxAI186 216 9.48 555 157 28.28
18 BxA44 272 1186 6.39 1.74 27.23 69 BxA129 291 998 536 1.62 30.26
19 JxA.39 224 991 44 1.38 31.49 70 JxAl122 216 931 542 148 27.28
20 BxAI198 243 10.95 575 1.59 27.68 71 JxA243 225 9.04 47 154 32.63
21 GExSH29 6.7 1237 92 1.1 11.98 72 GexSh90 256 10.12 4.67 1.41 30.14
22 JxA42 157 10.72 4.47 151 33.79 Ge X
23 BxAl5 236 1107 507 1.3 2569  '° shayy 188 942 505 15 2971
24 JxA49 192 1128 494 1.68 33.99 74 JxA196 341 11.73 6.67 1.84 27.61
25 BxA60 3.2 1124 6.18 1.45 23.48 75 JxA250 181 928 473 1.66 35.04
26 JIxAT7 269 1185 6.44 1.85 28.69 76 JxA119 275 1164 622 1.86 29.92
27 Gera 3.06 1199 6.37 1.48 23.17 77 JxA246 192 894 493 148 29.95
28 JxA31 1.84 10.75 49 1.64 3351 78 JxAle5 227 954 492 143 29.04
29 GexSh.101 1.86 8.95 455 1.61 35.46 79 Jalene 256 10.02 4.69 1.41 30
30 JxA333 326 1261 7.92 1.95 24.62 80 BxA97 363 109 611 148 24.23
31 BxA228 293 1044 52 14 2684 81 GexSho9 1.92 1056 4.65 159 34.3
32 JxA206 174 1151 597 1.59 26.65 Overall 157 1435 577 1.89 32.77
33 JxA143 326 11.07 654 1.75 26.8
34 JxA326 254 1076 53 1.63 30.82 pair clones between1.57 to 3.46 were (306), 3.47 to
35 Dagim 255 966 506 1.41 27.94 535 (1183), 7.25 to 9.13 (465), 9.15 to 11.02
36 JxA188 351 1039 6.27 1.53 24.44 (153), 11.07 to 12.84 (30) and 13.08 to 14.35(3)
37 JxA60 3.05 10.49 6.03 1.74 28.88 (Fig.1).
38 BxJ.16 273 11.32 586 1.58 26.92 Based on th Euclidean dist v fi
39 JxA34 157 1036 45 155 3438 oo onor el variety such as B x A.248
j‘; gexxihfjg 222 ﬂig 3'8; 1;‘71 32'28 (10.31), Ge x Sh.29 (9.2), B X A.164 (8.0), J XA 33

. ’ ) ) ’ ) (7. 92), Ge x Sh.206 (7.88) and Belete variety
42 IxAZ3 216 944 532 156 29.29 (7.26) were exhibited significantly highest mean
43 IxAzZ1 189 887 476 1.55 32.55 genetic distance of >7.66 (over all mean distances
a4 Sﬁ 186 X 367 1051 6.93 1.63 23.45 of clones + standard deviation) (Table 2).
45 JxA130 264 1023 525 1.54 2937  Clustering of Clones:
46 BxAI163 315 10.92 554 1.29 232 The result of genetic distance analysis among
47 JxA67 2.64 10.06 5.43 1.45 26.75 clones for all possible pair of characters showed
48 Shenkola 3.05 13.08 6.97 1.71 24.56 that, seventy-five offsprings, five parents and one
49 GexSh206 445 13.7 7.88 153 194 standard check variety were grouped into sixteen
50 JxA146 23 104 569 1.81 318 different clusters using non-hierarchical clustering
51 BxAS8 322 1091 627 179 2854  (1abled).
52 JxA102 322 11.17 591 1.49 2515 Generally, the 81 potato clones grouped into 16
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clusters ranged from 0 to 12.0 (Fig. 2). It was
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Fig. 2: Dendrogram depicting dissimilarity of 81 clones by Unweighted Pair group Method with
Arithmetic Means clustering method from Euclidean distances matrix estimated from 16
Agro-morphology traits
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Fig. 3: Dendrogram depicting dissimilarity of 41
clones obtained from crossing of Jalene and
Aterababa by Unweighted Pair group Method
estimated from 16 Agro-morphology traits
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Fig. 4: Dendrogram depicting dissimilarity of
24 clones obtained from crossing of Belete and
Aterababa by Unweighted Pair group Method
with Arithmetic Means (UPGMA) clustering
method from Euclidean distances matrix
estimated from 16 Agro-morphology traits
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Fig. 5: Dendrogram depicting dissimilarity of
12 clones with two parents (Gera and
Shenkola) by UPGMA clustering method
from Euclidean distances matrix estimated
from 18 agromorphology trait.

and starch content (20.91) were computed from
cluster 1V. Cluster X showed the highest mean
stem height (64.67cm), marketable tuber yield
(42.42t ha't), total tuber yield (44.46 t ha'') and dry
matter (23.65%). Cluster XI had also maximum
tuber yield per plant? (1.03kg), average tuber
weight (103.3 gm), total tuber yield (45.71t ha)
and proportion of large sized tubers.

Principal Component Analysis:

The PCA result are presented in four principal
components with Eigen values ranged from 1.91 to
6.078 and percentage of total variance ranged from
10.6 to 33.8% (Table 5).

The first two PCs: PC1 and PC2 with values of
33.8% and 16.6% respectively, contributed to a
total of 50.4% gross variation among evaluated
clones for 16 morpho-agronomic traits. The
cumulative contribution of PC1 was due to the
contribution (>0.5) of total tuber yield, tuber yield
per plant, marketable tuber yield and stem height,
tuber dry matter, starch content%, marketable tuber
number, proportion of small sized tubers and
average tuber weight.

DISCUSSIONS

In the current study, all the clones revealed high
range of Euclidean distance (ED) than reported by
Berhan et al. (2018), Namugga et al. (2017),
Panigrahi et al. (2014), Wassu (2014) and Tesfaye
et al. (2013). Manosh et al. (2008) suggested that
higher heterosis can be achieved by using crosses
obtained from parents that have moderate
dissimilarity or genetic distance. Hence, selecting
parents based on their genetic distance can
generate heterotic crosses (Sandhu et al., 2001).

The dendrograms from UPGMA cluster analysis
showed some of the clones that have a common

Table 3: Clustering pattern of 75 clones and 5
parents with standard check in 16 clusters

Cluster No Offspring and parents in
of different clusters
clone

| 15 JXA.120, J x A.277,J xA.31, Ge
X Sh.100, JxA.49, Ge x Sh.96,
JXxA.326, JxA.296, IXA.77, Ge X
Sh.319, J x A.119, J x A.170,
JXA.21, B x A.44, ] x A.201

1 2 JxA.187, JxA.102

11 1 JXA.18

v 2 B xA.153, B xA.97

\Y 19 B x A.174, JxA.122,JxA.186,
JXA.165, BxA.225, BxA.201,
JxA.140, JxA.250, Ge x Sh.101,
Ater Ababa, JxA.23, JxA.27,
JXA.246,JxA.130, JIxA.94, J
xA.146, JxA.60, Ge x Sh.65,
BxA.184

VI 13 Bx A.74, JxA42, J x A.34,
JxA.39, B x A.15, Jalene, B x
A.163, JxA.67, Ge x Sh.317, J
xA.345, J xA.243, Ge x Sh.90,
JXA.123

VI 3 B x A.60, Dagim, BxA.228

Vil 2 B xA.112, BxA.8

IX 5 J XA.333, J xA.143, JxA.135, B
xA.129, JXA.196

X 4 Belete, Shenkola, Gera, B x
A.164

Xl Ge x Sh.206

Xl B xA.198, J x A.245, B xA.16,
B xA.213, B xA.207, B xA.603
Jx A.266, B xA.55

Ul 1 Jx A9

XV 3 JxA.188, Ge x Sh.186, BxA.140

XV 1 Ge x Sh.29

XVI 1 B x A.248

28

parent were not in the same cluster and most
progenies were not close to their parents. This
could be because of the random reassortment of
alleles in the biparental cross (Yada et al., 2015). In
biparental crosses of Jalene with AterAbaba, most
clones grouped in cluster V and | and others were
clustered in remaining clusters, but their parents
were distributed in different clusters. So, grouping
of materials of same origin into different clusters
indicates broad genetic base of the clones
belonging to that origin (Shanmugam et al., 1982).
Hence, this result indicated that there is a high
level of variation between the parents and the
resultant clones, which suggests the presence of
greater chance for improving the required traits in
tetraploid potato through local crossing and
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Table 4: Mean values of 16 clusters for 75 clonal progenies and 5 parents with their standard checks tested at Adet 2018/2019

Cluster DE DF DMA SN SH TNP  TYP ATW MTN MY UNMY TY VSN LTN DM SC

| 17.20 4727 94.27 533 56.61 1853 0.79 44.75 193.73 3222 4.08 36.30 2531 1953 24.02 1741
1 16.00 46.00 95.00 500 6276 1400 0.84 60.56 173.75 34.45 3.07 3751 1817 31.13 17.38 11.49
1l 17.00 49.00 93.00 400 5031 1900 051 27.14 246.50 2240 0.82 23.22 1413 479 23.43 16.88
v 21.50 47.00 94.50 3.00 4398 1250 052 44.04 143.00 25.15 3.78 28.93 20.90 18.70 27.95 20091
\Y 18.16 47.89 95.00 395 4336 1047 044 42,96 104.63 17.29 3.10 20.39 27.63 19.23 20.01 13.83
VI 18.62 49.08 93.46 408 5001 1446 059 4263 13435 24.06 4.99 29.05 3324 2029 2204 15.64
Vi 19.67 48.67 90.00 2.67 55.88 9.00 0.56  65.07 108.83 23.75 2.09 25.83 16.30 35.81 20.72 14.47
VI 23.00 52.00 93.50 350 3544 10.00 0.33 34.97 91.50 13.38 3.02 16.40 3142 10.70 2059 14.35
IX 16.40 49.60 95.00 420 4197 1400 034 2517 97.20 10.48 5.01 1550 50.61 4.08 16.59 10.79
X 20.75 52.00 99.75 225 6467 1175 090 8L.71 14750 4242 2.05 4446 1477 5059 23,65 17.08
Xl 19.00 53.00 98.00 3.00 6195 11.00 1.03 103.30 93.50 3213 13.59 4571 17.73 5547 2348 16.92
Xl 17.88 46.63 94.63 3.38 5025 1150 0.79 69.44 14138 3436 219 36.55 17.74 3835 23.73 17.15
Xl 21.00 52.00 99.00 9.00 4442 1800 0.63 36.31 15850 23.22 5.73 28.95 37,59 13.33 2143 15.10
XV 20.67 55.00 95.67 333 3701 767 0.39 52.73 99.83 18.01 0.92 18.92 1508 32.67 1496 9.33
XV 19.00 49.00 97.00 400 50.63 9.00 0.62 72.04 13.50 2.51 24.90 27.40 5220 1768 21.73 15.36
XVI 19.00 0.00 102.00 4.00 3233 10.00 0.27 26.45 95.50 8.73 2.97 11.69 30.82 3.20 16.05 10.31
Mean 19.05 46.51 95.61 404 4885 1256 0.60 51.83 127.70 22.78 5.14 27.92 2648 2347 2111 1481

Note: DE = Days to 50% emergency, DF = Days to 50% flowering, DF = Days to 50% flowering, DMA = Days to 90% maturity, SN = main stem number per plant,

SH = stem height, TNP = Tuber number per plant, TYP = tuber per plant, ATW = Average tuber weight (kg), MTN = main stem number, TY = Total yield (t ha'%).
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Table 5: The results of principal component analysis (PCA) for 16 quantitative traits

Trait

Eigen vectors

PCAl PCA2 PCA3 PCA4
Days to 50% emergency -0.08 -0.303 -0.218 -0.269
Days to 50% flowering 0.159 -0.22 -0.313 -0.001
Days to maturity -0.139 -0.312 0.585 0.708
Main stem number -0.139 -0.312 0.585 0.708
Stem height(cm) 0.757 0.054 -0.052 0.143
Tuber number per plant 0.392 0.812 -0.066 0.262
Tuber yield per plant(kg/plant) 0.947 0.046 -0.076 0.105
Average tuber weight(gm/tuber) 0.635 -0.685 -0.111 -0.095
Marketable tuber number 0.672 0.603 0.32 -0.083
Marketable yield (t ha?) 0.945 -0.024 0.138 -0.047
Unmarketable yield (t hal) -0.057 0.114 -0.666 0.516
Total yield (t ha?) 0.951 0.013 -0.079 0.123
Very small tuber% -0.539 0.342 -0.532 0.468
Large tuber% 0.62 -0.746 -0.017 -0.114
Tuber dry matter% 0.686 0.26 -0.08 0.104
Starch content% 0.686 0.261 -0.08 0.104
Eigen value 6.078 2.979 2.107 1.91
Difference 3.099 0.873 0.197 0.519
Variance (%) 33.8 16.6 117 10.6
Cumulative variation (%) 33.8 50.4 62 72.7

Note: PCA1= principal component analysis 1, PCA2 = principal component analysis 2, PCA3 =
principal component analysis 3, PCA4 = principal component analysis 4

selection activities. Because crossing between the
members of a diverse cluster could produce a
superior hybrid (Biswas et al., 2010). So, forty-one
clones generated from crosses of these varieties
were distributed in 9 clusters among a total of 16
clusters.

Inter-mating parents based on genetic divergence
is expected to produce heterotic progenies having
reasonably high yield (Luthra, 2005). Clonal
progenies derived from crossing of Gera and
Shenkola varieties were also dispersed in five
clusters and none of the clones clustered with their
parents, but parental varieties clustered in same
cluster (X); due to same origin or pedigree
suggesting the narrow genetic bases between
parents. Hence, genetic diversity study for the five
parents and their progenies revealed that most of
the progenies did not group with their parents,
indicating the existence of high level of genetic
distance among the studied clones. This could be
created due to the random assortment of alleles in
the biparental cross (Yada et al., 2015).

The total contribution of the four principal
component axes of current study result was higher
than the result (70.5%) reported by Meaza (2015).
de Lange and Labuschagne (1999) have considered
all variables with loadings of 0.50 - 0.99 as major
factors. In this study, the variables that have
loadings within this range would be the ones that
are emphasized as priority traits in the future
breeding program in these clones. The first four
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components were retained in analysis, having
Eigen values of >1. The rest factors having Eigen
value < 1 were ignored according to Gutten’s
lower bound principle (Kumar et al., 2011).
According to Chahal and Gosal (2002), characters
with largest absolute values closer to unity with in
the first principal component influence the
clustering more than those with lower absolute
values closer to zero.

Similarly, Mondal et al. (2007) applied non-
hierarchical clustering using a co-variance matrix
for 31 clones with their parents by grouping into
five different clusters and Arslanoglu et al. (2011)
classified 146 potato clones, based on 15 variables
in to 27 clusters. Ebrahim (2021) reported highest
contribution of percentage of very small tuber
sizes, marketable tuber yield, average tuber weight,
percentage of larger tuber sizes and total tuber
yield to PCA1.Verma and Singh (2016) noted the
first vector with high positive weight to tuber yield
per plant. Afshari et al. (2017) recorded the
maximum contribution of variation by total yield in
the first PC and plant height and tuber number per
plant in PC2 and tuber dry matter in PC4 from five
PCs. Sepideh (2014) reported the total variation of
81% from the first four principal components in
166 clonal progenies with two parents and found
high diversity from main stem number per plant,
plant height and total tuber yield among one
family. Nickmanesh (2014) also showed PC1l
which accounted for about 41.28% of the variation
for tuber number per plant, tuber weight per plant
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and tuber yield. He also reported the second group
that accounted for about 21.55% of the variation
named a "plant structural™ factor which consisted
of the main stem number per plant and plant height
from 127 clonal progenies obtained from crossing
of two potato varieties.

In conclusion, the dendrogram constructed based

on the Euclidean distance matrix showed
dissimilarity of clones not only for aggregated
families but also biparental crosses (potato
offsprings  produced from two parental

varieties). The crosses involving parents belonging
to the maximum divergent clusters were expected
to manifest maximum heterosis and wide
variability in genetic architecture. The most distant
offsprings were observed in crosses of Belete and
Aterababa followed Jalene and Aterababa potato
varieties. In crosses of Gera and Shenkola, most
clones showed low genetic distance than parents
due to same pedigree in which improving could not
be considered. So, crosses among the clones of
clusters 1, 11, X, XI and XII would results in high
heterosis. Hence, the current study results showed
that the presence of exploitable genetic distance
among potato clones that were produced from local
crossing. Therefore, additional experiments will be
carried out to evaluate the most promising and
genetically distant clones for desirable traits, with
the purpose to either produce new variety or select
parental lines for future breeding.

ACKNOWLEDGMENT

We are indebted to Amhara Regional Agricultural
Research Institute (ARARI) and Adet Agricultural
Research Center for the financial support that
enabled us to do the research.

REFERENCES

Afshari, H. E., Brazin, G., & Noryan M. (2017).
Genetic diversity and relationships among traits in
potato genotypes using agronomic traits and
molecular marker (SSR). Iranian Journal of Plant
Physiology, 7(3), 2095-2103.

Andualem, W., Tadesse D., & Ketema B. (2013).
Heritability, variance components and genetic
advance of some yield and yield related traits in
Ethiopian collections of finger millet (Eleusine
coracana (L.) Gaertn) Genotypes. African Journal
of Biotechnology, 12(36), 5529-5534.

Arslanoglu, F. S., Aytac S., & Oner E.K. (2011).
Morphological characterization of the local Potato
(Solanum tuberosum L.) Genotypes collected from
the Eastern Black Sea region of Turkey in African.
Journal of Biotechnology, 10(6), 922-932.

Berhan, G., Wassu M., & Tesfaye A. (2018).
Genetic diversity in drought tolerant Potato
(Solanum tuberosum L.) genotypes in Simada,
Northwestern Ethiopia. Journal of Agriculture and

31

Environment for International Development, 112
(2).

Biswas, M. K., Ahmed, M. B., Mondal, M. A.
A., Razvy, M. A., Hoque, A. lIslam,
R. Hossaina M., & Mandal, A. (2010). In
exploitation of genetic diversity in potato breeding.
Agronomskki Glasnik, 72(4/5), 261-275.

Bonierbale, M.W., Amoros W.R., Salas E., & de
Jong W. (2020). Potato Breeding. In: Campos
H., Ortiz O. (eds) The Potato Crop. Springer,
Cham. https://doi.org/10.1007/978-3-030-28683-
5 6.

Chahal, G.S., & Gosal S.S. (2002).Principles and
Procedures of Plant Breeding: Biotechnology and
Conventional Approaches. Narosa Publishing
House, New Delhi.604P.

de Lange, A. F., & Labuschagne M.T. (1999).
Genotype x environment interaction and principal
component analysis of seed characteristics related
to canning quality of small white beans (Phaseolus
vulgaris L.) in South Africa. South African Journal
of Plant Soil, 16 (4), 192-196.

Ebrahim, S., Wassu M., & Tesfaye A. (2021).
Genetic Diversity based on Cluster and Principal
Component  Analyses in Potato (Solanum
Tuberosum L.) for Yield and Processing
Attributes. Journal of Hortic, 8, 537.

Getachew, A., Wassu M., and Tesfaye A. (2016).
Genetic Variability Studies in Potato (Solanum
tuberosum L.) Genotypes in Bale Highlands,
Southeastern Ethiopia. International Journal of
Advances in Agriculture Science, 1(1), 22-28.

Gopal, J. (2014). Heterosis breeding in potato.
Agriculture Res, 3, 204-217.

Humphreys, M.O. (1991). A genetic approach to
the multivariate differentiation of perennial
ryegrass (Lolium perenne L.) populations.
Heredity, 66, 437-443.

Kumar, V., Kato, N., Urabe, Y., Takahashi, A.,
Muroyama, R., Hosono, N., Otsuka M., Tateishi,
R., Omata, M., Nakagawa, H., and Koike, K.
(2011). Genome-wide association study identifies a
susceptibility  locus for HCV-  induced
hepatocellular carcinoma. Natural genetics, 43(5),
455,

Luthra, S.K.,, & Gopal J P.C. (2005). Genetic
divergence and its relationship with heterosis in
potato. Potato Journal, 32(1-2), 37-42.

Manosh, K. B., Mondal M.A.A, Hossain M., &
Islam R. (2008). Utilization of Genetic Diversity
and its Association with Heterosis for Progeny
Selection in Potato Breeding Programs. American-
Eurasian Journal of Agriculture. And Environ.
Science, 3 (6), 882-887.



Abyssinia Journal of Science and Technology Vol. 6, No. 1, 2021, 23-32

Mondal, M.M, Hossain, M.G., & Shalimuddin M.
(2007). Genetic diversity in potato (Solanum
tuberosum L.). Bangladesh  Journal  of
Biotechnology, 36(2), 121-125.

Muthoni, J., Kabira, J., Shimeles, H., & Melis, R.
(2015).Tetrasomic inheritance in cultivated potato
and implications in conventional breeding.
Australian journal of crop science, 9(3), 185-190.

Namugga, P., Julia S., & Alex B. (2017). Genetic
Characterization and Diversity Assessment of
Potato Genotypes Using SSR Markers. Journal of
Agricultural Science, 80, 102-103.

Nickmanesh, L., & Davoud H. (2014). Evaluation
of genetic diversity for agronomic traits in 127
potato hybrids using multivariate statistical
methods. Indian Journal of Fundamental and
Applied Life Sciences, 4(2), 2231-6345.

Panigrahi, K. K., Sarkar K. K., Baisakh B., &
Mohanty A. (2014). Assessment of genetic
divergence in potato (Solanum tuberosum L.)
genotypes for yield and yield attributing traits.
International Journal of Agriculture, Environment
and Biotechnology, 7(2), 247-254.

Reddy, B. J., Mandal, R., Chakraborty, M., Hajam,
L., & Dutta P. (2018). A review on potato
(Solanum tuberosum L.) and its genetic diversity.
International Journal of Genetics, 10(2), 360-364.

Sandhu, S.K, Kang G.S., & Gopal J. (2001).
Genetic divergence based on non-hierarchical
Euclidian cluster analysis in potato genotypes.
Indian Journal of Horticulture, 58, 360-65.

SAS (2000). System Analysis Software. Version
9.0.SAS Institute INC. Cary, North Carolina, USA.

Sepideh Z., & Davoud H. (2014). Investigation of
genetic diversity for quantitative traits in 166
potato hybrids of produced from Luca and Caesar
cultivars crosses. Bulletin  of Environment,
Pharmacology and Life Sciences, 3(12), 34-37.

Shamsuddin, A.K. (1985). Genetic diversity in
relation to heterosis and combining ability in
spring wheat. Theoret. Appl. Genetics, 70, 306—
308.

32

Shanmugam, A.S., & Ramasamy S.R. (1982).
Genetic diversity of quantitative characters in
green gram (Vigna radiata L. Wilczek). Madras
Agricultural Journal, 69(10), 631-636.

Sneath, P. H., & Sokal R. R. (1973). Numerical
taxonomy: the principles and practice of numerical
classification (p 573). San Francisco: Freeman.

Sun, G., Wang-Pruski, G., Mayich, M., & De Jong,
H. (2003). RAPD and pedigree-based genetic
diversity estimates in cultivated diploid potato
hybrids. Theor and Appl Gen, 107, 110-115.
https://doi.org/10.1007/ s00122-003-1215-2.

Tesfaye A., & Shermarl, W. (2013). Analysis of
the Phenotypic Diversity within Cultivated Potato
Varieties in Ethiopia at Three Locations. Kasetsart
Journal of Natural Science, 47, 803 — 817.

Verma, A., & Singh, D. (2016). Assessment of
genetic diversity and association among agro-
morphological characters in potato (Solanum
tuberosum L.), Indian J. Agric. Res., 50 (4), 345-
349.

Wassu M. (2014). Genetic variability in potato
(Solanum tuberosum L.) genotypes for late blight
[Phytophthora infestans (Mont.) de Bary]
resistance and yield at Haramaya, Eastern Ethiopia.
East African Journal of Sciences, 8(1), 13-28.

Yada B, Brown-Guedira, G., Alajo, A., Ssemakula,
G. N., Mwanga, R. O., & Yencho, G. C. (2015).
Simple Sequence Repeat Marker Analysis of
Genetic Diversity among Progeny of a Biparental
Mapping Population of Sweet potato. Hort
Science, 50(8), 1143-1147



