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Abstract

The objective of this study was to characterize morphologically and molecularly genetic diversity of three
important cassava genotypes (Manihot esculenta Crantz). Three Introduced cassava genotypes were utilized as a
part of the present study. These genotypes named American, Brazilian, and Indonesian. These plants procured
name as per its unique area. Morphological appraisal showed a few contrasts between the three genotypes. Plant
leaf hues demonstrated clear differences depending on genotype for instance leaves of Indonesian genotype was
green, including leave neck, then again leaves of the American genotype was green shaded with green-red neck
while the leaves of the Brazilian genotype was green with some reasonable red spots. The three genotypes
likewise differentiated in branching capacity as the American genotype frame three branches while Indonesian
and Brazilian genotypes have no branching capacity. The outer shade of the American tubers was light brown;
then again outside tuber shade of Indonesian and Brazilian genotypes was dark brown. Concerning the interior
shade of Brazilian genotype, tubers were pink, while the Indonesian tubers were light pink, yet American
genotype was white. Tuber lengths likewise measured, and the American tubers were the tallest, then Brazilian
tubers were taller than Indonesian which considered the briefest. Concerning tuber distance across, Brazilian
tuber width gave the most elevated qualities, trailed by the American, while the Indonesian gave least values.
American tubers weight was the biggest, followed by Brazilian, and Indonesian tubers weight was the least one.

Ten SSR primers successfully generated reproducible and reliable amplicons for the three imported cassava
genotypes. Population structure was analysed by means of genetic distances and probabilistic models; allelic
frequencies were used in order to assess the genetic diversity indexes (Ht, Ho, PIC, % polymorphism and a
number of alleles) for each studied locus. Some microsatellite loci typed were polymorphic. The average number
of alleles per locus was 2.700 ranging from 1 in SSRY38 and SSRY103 to 4 in SSRY108 and SSRY4. Mean
observed heterozygosity was 0.02 ranging from 0.000 in SSRY 106, SSRY38, SSRY 103, SSRY 177, GA-136 and
GA-134 to 0.667 in SSRY108 and SSRY4 while the mean expected heterozygosity was 0.600 ranging from
0.000 in ssry38 and ssryl103 to 0.800 in SSRY 108, SSRY 177, SSRY4, GA-136 and GA-134. The average PIC
was 0.443 ranging from 0.000 at locus SSRY38 and SSRY103 to 0.620 at locus SSRY108 and SSRY4.
Outcomes demonstrated that genetic similarity between the three cassava genotypes was running from 25% to
41.7%, highest percentage 41.7 was between American and Brazilian genotypes. The lowest percentage of 25%
was between American and Indonesian genotypes. Dendrogram exhibited a strong association between the
American and Brazilian, on the other hand, this association was lower between the American and the Indonesian
relationship, and these are because of the root of species sources.
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1. Introduction

Cassava (Manihot esculenta Crantz) has a place
with the Euphorbiaceae family, it is a tropical root
plant that started in South America and spread all
through the world by Portuguese mariners in the
sixteenth century. Bit by bit cassava has turned into
a monetarily critical yield in creating nations.
Cassava is a critical wellspring of sustenance for
human utilization particularly in the American,
African and Asian landmasses. Cassava is the third
highest source of calories in the inter-tropical zone
of the world [11]. Today cassava ranks fourth
among the major sources of carbohydrates in the
tropics; where it is an important food for over 500
million people [10, 19]. Cassava has the advantage
of being well adapted to a wide range of
environmental stresses. It grows very well in the
less fertile soil in contrast to many other crops that
are highly vulnerable to environmental stresses
during critical stages of plant development [35]. It
is used as a subsidiary food and also as a raw
material for the starch industry [32]. Studies have

been conducted earlier to assess the variability
based on biometrical characters as well as RAPD
markers [23, 24]. DNA-based molecular markers
such as RAPDs, RFLPs and microsatellites were
used to develop the cassava molecular genetic map
[12]. There is a wide range of molecular techniques
available to assess genetic variability of a species.
Due to their co-dominant inheritance, robustness
and amenability to high throughput, simple
sequence repeats (SSRs) or microsatellites have
become a tool of choice for investigating important
crop germplasm [14]. A considerable amount of
genetic variation exists in cassava germplasm due
to its heterozygous nature [30]. In cassava, SSR
markers have been used to search for duplicates in
the CIAT core collection [5] and to analyse
variation in natural Comparison of old and new
collection using SSR markers [22]. At present more
than 500 SSR markers are available in cassava
which will provide genetic tags for various
phenotypes in cassava. Previous studies have
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reported the diversity/variability among the
cultivars through morphological, biochemical [13,
33] and DNA markers [24, 25]. The present study
exclusively depends on DNA analysis using SSR
markers to elucidate the genetic diversity among
three cassava genotype.

Objectives of the present study were to:

1. Quantify the genetic variability and diversity
available in cassava genotypes in Egypt.

2. Statistically, analyse the data through
clustering  algorithm  and  principal
component analysis.

3. Report degree of diversity and differentiation
among cassava genotypes in Egypt, assessed
using genomic SSR markers.

2. Material and methods
2.1 Plant material

Three cassava genotypes obtained from the
Horticulture Research Institute (HRI). This study
was carried out in the green house of the Genetics
Department, Faculty of Agriculture Moshtohor,
Benha  Branch, Zagazig  University and
Laboratories.

2.2 Root length

Root length was recorded in centimetre utilizing
a 50 cm ruler, tubers lengths were measured twice
and after that the average computed.

2.3 Root diameter

Root diameter was recorded in centimetre by
using a calliper. Tubers diameters were measured in
pairs and then the average of each two replicates
calculated.
2.4 Weight of 10 tubers

Ten tubers selected randomly from each replicate,
these random samples have been weighted by using
30 kg-balance. Average calculated for each
replicate.

2.5 Crop weight

Tubers were taken completely for each
replicate, Root weights were determined in gram
using an electronic balance. Then obtained the
quantity per hectare.

2.6 Total protein of roots, and Leafs
Sample processing

Samples dried inside the oven for 24 hours at a
temperature of 70 © C for 3 hours, dried samples
completely crushed at kubba. Total protein was
determined according to [1]

2.7 Total carbohydrate of Root and leaf
Sample processed as described previously and,

total carbohydrates was determined as described by
[3,18].

2.8 DNA extraction
DNA was extracted using standard procedures
according to [7] with slight modifications.

2.9 Polymerase chain reaction (PCR)

Polymerase chain reaction was carried out in a
GeneAmp® PCR system 9700 thermal Cycler
(Applied Bio systems, USA) using primers listed in
Table (1).

Table (1) List of selected Microsatellite markers and their primers sequence

NO Microsatellite marker Nucleotide sequence 5°— 3’ AT
1 SSRY 21 CAACAATTGGACTAAGCAGCA 57
CCTGCCACAATATTGAAATGG
2 SSRY 106 GGAAACTGCTTGCACAAAGA 57
CAGCAAGACCATCACCAGTTT
3 GA-136 CGTTGATAAAGTGGAAAGAGCA 56
ACTCCACTCCCGATGCTCGC
4 SSRY 177 ACCACAAACATAGGCACGAG 45
CACCCAATTCACCAATTACCA
5 SSRY59 GCAATGCAGTGAACCATCTTT 55
CGTTTGTCCTTTCTGATGTTC
6 SSRY38 GGCTGTTCGTGATCCTTATTAAC 55
GTAGTTGAGAAAACTTTGCATGAG
7 SSRY4 ATAGAGCAGAAGTGCAGGCG 45
CTAACGCACACGACTACGGA
8 SSRY 108 CATGCCACATAGTTCGTGCT 55
ACGCTATGATGTCCAAAGGC
9 SSRY 103 TGAGAAGGAAACTGCTTGCAC 55
CAGCAAGACCATCACCAGTTT
10 GA-134 ACAATGTCCCAATTGGAGGA 52
ACCATGGATAGAGCTCACCG

AT = annealing temperature
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PCR conditions include initial denaturation of 3
min at 95 °C, followed by 35 cycles of 30 seconds
at 95 °C; 1 min at the annealing temperature
defined for each primer Table (1), and 1min at 72
°C The final extension included 30 min at 72 °C
and final hold at 4°C. The PCR products were
checked for amplification on 1.5% agarose gel.
PCR products with high quality amplifications
subjected to capillary electrophoresis with ABI
3730 DNA genetic analyzer for fragment
segregation, and allele calls were made using
GENEMAPPER software v.3.7 (Applied Bio-
systems).

2.10 Data analysis

The data generated by Gene Mapper were
analyzed for genetic diversity parameters, including
number of alleles per locus, allelic frequency,
percent of  polymorphic  loci,  observed
heterozygosity, genetic differentiation and gene
diversity (expected heterozygosity) obtained per
locus, using Total lap and Curves 3.0.7 software
Cluster analysis for the genotype was performed on
the similarity matrix using NTSYS-pc and the
results displayed as a dendrogram. Standard genetic
distances among genotype computed using SPSS
program.

3. Result
3.1 Vegetative and fruiting qualities of three
cassava genotypes

Information represented in Table (2) and Fig (1,
2, and 3) uncovered morphological contrasts

between various genotypes in every considered
character. leaf colours exhibited clear differences
relying upon genotype Table (2) and Fig (1) for
example leaves of Indonesian genotype was green,
including leave neck, on the other hand leaves of
the American genotype was green with green-red
neck while leaves of Brazilian genotype was green
with some sensible red spots, and red neck.

With regard to stem branching data on Table (2)
and Fig (2) indicated that no-branches detected in
all varieties during young ages. In maturity ages
The three genotypes separated in branching manner
as the American genotype outline three branches
while Indonesian and Brazilian genotypes have no
branches on the main stem.

Table (2) and Fig (3) show the external color of

the tubers. American tubers was light dark; while
outside tuber shade of Indonesian and Brazilian
genotypes was dull dark colored. Concerning the
inside colour of Brazilian genotype, tubers were
pink, while the Indonesian tubers were light pink,
yet American genotype was white.
Tuber lengths similarly measured, and the
American tubers were the tallest, at that point
Brazilian tubers were taller than Indonesian which
considered the shortest. With respect to thickness of
the tuber, Brazilian tuber width gave the most lifted
qualities, trailed by the American, while the
Indonesian gave minimum esteems. American
tubers weight was the greatest, trailed by Brazilian,
and Indonesian tubers weight was the minimum
one.

Amernican Barazilian

Fig (2) Stem branching of three varieties of quinoa

«e T« 9

Aarmericar

Braz=ilian

Indonisian

Indonesian

Fig (3) Tubers color for three genotypes of quinoa
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The same results were obtained for crop Tubers
of hectare for each variety, Where he was variety
the American (10.555 t/ha) is Larger than the other
varieties in the crop of tubers followed by Brazilian
(9.068 t/ha), While the Indonesian (7.980 t/ha) be
smaller than the other varieties, While the

Indonesian be smaller than the other varieties. This
results less than [28] Evaluated Six cassava
varieties for tuber yield produced the highest
marketable yield at 19.5 t/ha, followed by ‘Fine
Leaf’, of a similar growth habit, which yielded 16.7
t/ha of marketable tubers.

Table (2) Leaf Colour, Stem branching ability, tuber diameter, Root length, 10 tubers weight, yield / feddan and
yield / per hectar as scored for the three genotypes

Genotype  leaf Color stem tuber root length in weight of Yield Yield /
branching diameter Centimeter 10 tubers  /feddan hectar
American  Green with Three- 2.9 33 4.030 kg 4271 mt 10.555 mt
green-red neck branches
Brazilian Green with red Non 34 31 3.416 kg 3.669mt  9.068 mt
veins branched
Indonesian  green, including  Non 2 32 2.166 kg 3229 mt  7.980 mt
leave neck branched

3.2 Chemical composition of some varieties of
cassava
It is clearly evident from Cassava vital plants
that contain a certain amount of carbohydrates,
protein, and is determined on the basis of the
nutritional value of plant leaf.

3.3 The total carbohydrates in the leaves and
tubers

The total carbohydrates in the leaves of American

genotype was (7.35%) are greater than the other

two genotypes. Indonesian total carbohydrate

(5.24%) recorded lowest value at all. On the other
hand tubers content of carbohydrates in Brazilian
(42.04%) is greater than the other varieties, while
the Indonesian total carbohydrate (39.36%) was the
lowest Table (3). This result agree with [28] as he
evaluated six cassava varieties for tuber yield found
that the cassava varieties were very high in
carbohydrates, averaging 31.9% of dry matter. [9]
Developed a number of wvarieties for their
nutritional properties found that carbohydrate
(83.42-87.35%).

Table (3) Chemical composition of some varieties of cassava

Cultivars Total carbohydrates in the leaves Total carbohydrates in the Tubers
American 7.35 41.81
Brazilian 5.555 42.04
Indonesian 5.235 39.36

3.4 The total Protein in the leaves and tubers

It is clearly evident from Table (4) that the
leaves content of Protein was greater in Indonesian
cassava (28.22%), but the Brazilian cassava gave
only (20.32%) total Protein which concedered the
lowest value. Tubers content of Protein in
Indonesian (3.51%) is greater than the other
varieties, the Brazilian total Protein (2.72%) lower
than the other two genotypes. These results agree
with [28] Evaluated Six cassava varieties for tuber
y protein contents for all varieties were very low,
ranging from 1.2% to 2.1%. [9] Found that protein
in tubers ranged between 1.17-3.48% to number of

varieties. [4] Revealed that Carotenoid-Protein
content in cassava storage root (CSR) is low but
variable. [8] Concluded that a chemical and
biological evaluation of the protein content of some
leaves of cassava (Munihot utilissima). The protein
content of the leaves was from 30 to 40%
(expressed as percentage of leaf dry matter). The
concentrations of essential amino acids were
adequate, except for methionine. [36] Found that
the highest levels of crude protein in leaves number
of cassava cultivars adapted to many different
regions.

Table (4) Chemical composition of some varieties of cassava

Cultivars Total Protein in the leaves Total Protein in the Tubers
American 24.355 3.29
Brazilian 20.320 2.72
Indonesian 28.215 3.51

3.5 Simple sequence repeats markers (SSR)
Genetic diversity parameters were assessed to10
SSR markers, with three cassava genotypes
(American, Brazilian, and Indonesian) and the
results are presented in Table (5), A total of 27
polymorphic alleles to the three cassava genotypes.

The number of alleles across loci ranged between 1
and 4 with average number of alleles of 2.7
SSRY 108, SSRY4 recorded the highest number of
alleles and SSRY38, and SSRY103 recorded the
lower number of alleles Table (5). Of the 27 alleles
revealed by 10 SSR markers across loci, 20 (74%)
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were unique alleles. The SSRY108, SSRY103, heterozygosity ranged from 0.000 in SSRY106,
SSRY177, SSRY4, GA-136 and GA-134 recorded SSRY38, SSRY103, SSRY177, GA-136 and GA-
the highest number (2) of unique alleles. The 134 t0 0.667 in SSRY 108 and SSRY4, respectively,
average expected heterozygosity (gene diversity) with an average of 0.2. Polymorphic information
(He) averaged from 0.000 in SSRY 38,SSRY103 content (PIC) of loci was highest in SSRY
to 0.800 in SSRY108, SSRY 177, SSRY4, GA-136, 108,SSRY4 (0.620) and lowest in SSRY106
GA-134 with an average of 0.600, while observed (0.346) with average of 0.443 Table (6).
Table (5) Genetic diversity parameters averaged across all loci
Locus No of No of unique % alleles HObs HExo PIC
alleles alleles unique
SSRY21 3 2 0.666 0.333 0.733 0.535
SSRY106 2 1 0.500 0.000 0.533 0.346
SSRY59 3 2 0.666 0.333 0.733 0.535
SSRY38 1 0 0.000 0.000 0.000 0.000
SSRY108 4 3 0.750 0.667 0.800 0.620
SSRY103 1 0 0 0.000 0.000 0.000
SSRY177 3 3 1.000 0.000 0.800 0.593
SSRY4 4 3 0.750 0.667 0.800 0.620
GA-136 3 3 1.000 0.000 0.800 0.593
GA-134 3 3 1.000 0.000 0.800 0.593
27

*He = expected heterozygosity (gene diversity), Ho = observed heterozygosity, Unique alleles = Alleles only in
landraces, PIC = Polymorphic Information Content

Similarity indices table (6) among the three cassava and Brazilian cassava (41.7%) . followed
cassava varieties based on SSR analysis revealed (25.0%) by Brazilian Cassava and Indonesian and
that the highest value was between American also between American and Indonesian Table (6).
Table (6) Similarity indices among the three cassava genotypes based on SSR analysis

American Brazilian Indonesian
American 100
Brazilian 41.7 100
Indonesian 25 25 100

The dendrogram was constructed using the American Cassava and Brazilian Cassava were
Neighbor Joining Method (NJ) (Nei, 1973) and included in cluster 1 . The clusters 2 contained
separated the three of genotype into two clusters Indonesian Cassava only . The dendrogram showed
Fig(5). strong relationship between American and

Brazilian.

SESRY 106 SESRvYSsSS SSRY 108 SESRY103
-1 = = -1 4 =

- — = 1 = =

Fig (4) Representative gels showing SSR marker with three Cassava Genotype (1 = American, 2=
Brazilian, 3 = Indonesia
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Fig (5) Dendrogram of the three cassava genotype (Manihot esculenta) obtained from 10
microsatellite markers polymorphism using the similarity index of Jaccard, bootstrap
values and the un-weighted pair group method with arithmetic mean (UPGMA).

4. Discussion

Number of polymorphic alleles were agree with
[27] a total of 26 alleles with 2-4 alleles per loci
were generated 93 cassava accessions with 14
microsatellite primers and( Siqueira et al. ( 2011)
an average, 3.4 alleles per locus were generated 20
cassava genotypes with nine microsatellite primers
and higher than [15] Each primer yielded 1 to 2
amplicon were generated from Thirty six  ssr
primers with 45 accessions and lower than less
than While It less than [2] A total of 47 alleles were
detected. The number of alleles varied from a range
of three to nine from 37 cassava cultivars with nine
microsatellite markers, and [21] A total of 131
alleles with an average of 3.7 alleles per loci were
found were generated six cassava with 36 SSR
markers and [34] an average of seven (7) alleles per
locus use of 36 simple sequence repeats (SSRs) to
produce SSR allelic polymorphisms for estimation
of inter- and intra-population genetic diversity
among Ghanaian cassava cultivars from five
Ghanaian released and local cassava populations
consisting of 11 released and two local cultivars.
This level of polymorphism in the alleles of ssr
markers confirms that genetic diversity to cassava
genotype can be useful for breeding programs. The
number of allele Influenced by The number of
primers, whenever the number of primers is high
the number of allele is high.

The SSR markers showed mean PIC (44.35 %)
demonstrating their ability to discriminate between
Cassava genotype. PIC Estimate ranged between
0.000 in SSRY38, SSRY103 to 0.620 in SSRY 108,
SSRY4. These result less than [2] who Evaluated
37 cassava cultivars with nine microsatellite
markers were the average value of the mean PIC
was 0.60 [6] The polymorphic information content
(PIC) values showed considerable genetic diversity
with a mean value of 0.5076 and peak of 0.5707 for
locus GA140. [20] Studied 36
cassava genotypes with 16 SSR primers For the
genotype identification study, the 16 SSR primers
were screened by their polymorphic information
content (PIC) values. Five SSR primers that have

PIC values between 0.50 and 0.67 were selected
and further assessed using simple arithmetic
progression combination method. because of the
limited number of varieties.

The SSR markers showed the observed
heterozygosity were lower than the expected
heterozygosity =~ where mean  observed
heterozygosity (0.200) an expected heterozygosity
(0.600) this result agree with [27] The average
values for observed and expected heterozygosity
were 0.18 and 0.46, respectively from 93 cassava
accessions with 14 microsatellite primers. [31] who
assess the genetic diversity of 20 cassava genotypes
with nine microsatellite primers.

The highest value was between American
Cassava and Brazilian Cassava (41.7%) . followed
(25.0%) by Brazilian Cassava and Indonesian and
also between American and Indonesian. this result
agree with [15]. the similarity between different
accessions was estimated using the software
package NTSYS-pc  (Numerical Taxonomy
Multivariate Analysis System). [16] The similarity
index among the varieties varied from 65% to 98%.
The similarity coefficients generated between
released varieties and central Kerala varieties
ranged from 40 to 95% and two separate DNA
cluster groups were formed at 0.60 coefficients
using "numerical taxonomy" and "multivariate
analysis system software package". The similarity
index for released varieties ranged from 60 to 93%
and in the case of central Kerala varieties it ranged
from 70 to 98%. [17] In both methods no cassava
duplicate was identified, though the most
morphologically closely related cassava landraces
were Sindani and Ndingiwaka with similarity
coefficient of 0.91. [20] the similarity coefficients
generated between improved cultivars and Nigerian
landraces ranged from 0.42 to 0.84, and 12 distinct
DNA cluster groups were identified at 0.70
coefficients using Numerical Taxonomy and
Multivariate Analysis System software package.
[21] Reported that six cassava cultivars using 36
SSR  markers, Jaccard's distance similarly
coefficient indicated that the relative genetic

Benha Journal Of Applied Sciences, Vol.(2) Issue(3) Dec.(2017)



T.M.Salim, H.S.Baiea, M.M.M.Bekhit, M.S.Abdel-Sabour and M.M.Elnagar 17

distance between cultivars is high, ranging from
0.548 to 0.771. [27] Estimate the genetic similarity
among 93 cassava accessions with 14 microsatellite
primers. The genetic similarity ranged from 0.16 to
0.96. The average values for observed and expected
heterozygosity were 0.18 and 0.46, respectively.

The genetic relationships among the studied
three Cassavas genotype showed that there were
two separate clusters. It less than [20] Studied
Thirty-one improved cultivars and five Nigerian
landraces of cassava were assessed at genomic
DNA level with 16 SSR primers for genetic
diversity study. Five SSR primers that have PIC
values between 0.50 and 0.67 were selected and
further  assessed using simple arithmetic
progression combination method. The results
obtained revealed a combination of these 5 primers
from SSR primers collection at IITA that could
readily distinguish the 36 cassava genotypes at 0.93
similarity coefficient. These five primers clustered
the 36 cassavas into 16 groups at 0.70 similarity
coefficient. [21] Reported that six cassava cultivars
using 36 SSR markers, One yellow-fleshed root
cultivar clustered with a white cultivar, indicating a
close genetic relationship. where the genotype is
low.
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