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Abstract

This study was conducted in order to
obtain information on genetic variation in
populations rated as superior cotton
(Gossypium  hirsutum L.) varieties in
Balittas Malang, Indonesia. The samples
used 10 varieties of cotton Kanesia series
and 2 other superior varieties that are LRA
5166 and ISA 205A. Indicators of genetic
diversity are the number of alleles per locus,
allele frequencies, and heterozygosity val-
ues. DNA was isolated from the leaves of 3-
week-old seedlings using the CTAB
method. Amplification was performed
using 5 SSRs primer pairs of the JESPR
series. The results showed five microsatel-
lite loci, yielding 12 alleles with a size
range of 80-500 bp, with an average num-
ber of alleles per locus of 4.60. The average
values of heterozygosity of the five loci was
high, at 0.71. Based on the number of alle-
les, allele frequencies and heterozygosity
values, the genetic variation sampled in the
superior cotton varieties studied here is
quite high.

Introduction

Cotton fiber from the cotton plant
(Gossypium hirsutum L.) is the raw material
of the textile industry. Approximately 49%
of world demand for fiber is fulfilled by cot-
ton, the remainder of synthetic fibers (34-
38%), rayon (8-10%), and wool (4-6%).!
Requirements for cotton fiber in Indonesia
reached 365,000-00,000 tons per year, yet
domestic cotton production is only about
2,000 tons per year, 0.4% of the national
cotton demand.! Thus, the remaining
demand is derived from imports.?>

So far, cotton breeding programs in
Indonesia are conventional, i.e.,, by selec-
tion or crossing based on the superior prop-
erties that can be observed through morpho-
logical markers. However, in the national
cotton development program at this time,
the threat of rapid genetic degradation
occurring in the varieties used is very real,
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resulting in decreased levels of productivity,
so that a program to more rapidly improve
cotton varieties should be commenced.*
Information on the available genetic diver-
sity is needed in the breeding process.
Genetic diversity can be analyzed based on
morphological and molecular markers;
however, due to the many shortcomings of
morphological markers, in recent years’
molecular markers such as microsatellites
have become more and more widely used.
Microsatellites are some molecular
genetic markers based on short DNA
sequences with repeating units consisting of
one to six nucleotides. Microsatellite mark-
ers have used in many areas of molecular
genetics, because of their reproducibility,
multi-allelic nature, co-dominant inheri-
tance, relative abundance and good genom-
ic coverage.® Since microsatellite markers
are co-dominant, they can detect both
homozygous and heterozygous individuals.
This study aims to analyze the genetic vari-
ation in 12 varieties of cotton that have
shown superior performance in Balittas
Malang by using microsatellite markers.
The parameters obtained included the fre-
quency of allele and heterozygosity values.

Materials and Methods

DNA extraction

The sample consisted of 10 superior
varieties of cotton Kanesia series, Kanesia
4,6,7,8,10, 11, 12, 13, 14, 15, and 2 other
superior varieties (LRA 5166, ISA 205A).
DNA was obtained from young leaves taken
from 3-week-old seedlings. Isolation of
DNA was done using the CTAB method.®8
The quality of DNA was observed in a gel
doc system after electrophoresis on a 0.8%
agarose gel stained with ethidium bro-
mide.’!!

DNA amplification

DNA amplification was performed
using 5 SSR primer pairs of series JESPR
(247, 280, 292, 299, and 303).
Amplification reactions were carried out in
a total volume of 21 uL, consisting of 2 pL
template DNA and 4 pL primers (forward
and reverse, 2 pL each), 12 pL PCR mix,
and 3 pL dH,0. Amplification was per-
formed using an initial denaturation step at
94°C for 5 min, followed by 35 cycles of
denaturation at 94°C for 30 seconds,
annealing at 50°C for 30 seconds for primer
JESPR 247, and temperature of 48°C for the
four other primers, each for 30 seconds, and
elongation stages at a temperature of 72°C
for 1 minute. The last cycle was followed
by a final elongation at 72°C for 10 min-
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utes. Amplification products were separated
by electrophoresis on a 10% polyacry-
lamide gel, and the gel was stained using
silver nitrate staining.

Data analysis

The genetic diversity of each
microsatellite locus was obtained by calcu-
lating the frequency of the microsatellite
allele and its heterozygosity value. The
analysis was performed using GENEPOP
version 4.0.10.

Results

Allele frequencies

Overall, 12 alleles were derived from
all five microsatellite loci, with allele sizes
ranging from 80-400 bp (Table 1). Each
locus had between 3 and 6 alleles (Table 2).

Table 2 shows that the microsatellite
alleles A, B, D, and F, with sizes of 80, 100,
150, and 200 bp, respectively, were the
most common alleles observed, each allele
coming in 3 of the 5 /oci observed. Allele J,
with size of 300 bp, appeared in two out of
the five loci observed; alleles C, G, H, I, K,
and L appeared in only one out of the five
loci observed.

The frequency of alleles at each locus
varied greatly. At loci 1, 2, and 4, the most
frequent allele was allele A, with a frequen-
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Table 1. Types and size of alleles from genomic DNA of 12 sampled superior cotton varieties.

Product size (bp) 30 100 120 150 180 200 220 250 280 300 350 400

cy at each locus of 0.50, 0.83, and 0.38,  Table 2. Allele frequencies at five microsatellite Joci of 12 sampled superior cotton vari-
respectively. At loci 3 and 5, the most fre- eties.

quent alleles were F and D, at 0.29, and

0.54, respectively. The frequency of alleles

obtained at each locus can describe the fre- 1 JESPR 247 CDI5 A 0.50
quency of certain genetic profiles that can B 0.23
indicate the genetic diversity of the gene D 0.14
pool within a population. F 0.14
2 JESPR 280 (GDH10 A 0.83
Diversity and distribution of geno- ]J3 8(1)‘31
types -
The number of alleles obtained showed 3 JESPR 292 €1 (F; 8%2
that genotypic diversity was high as well. H 0:13
Table 3 shows the diversity of genotypes I 0.25
obtained at each locus. J 0.08
In general, the five microsatellite /oci K 0.08
observed resulted in a considerable range of 4 JESPR 299 (CAT)9 A 0.38
genotypes. JESPR 280 and JESPR 303 each B 038
produced three kinds of genotypes, JESPR @ 0.17
247 and JESPR 292 five different geno- D 0.04
types, and JESPR 299 six different geno- I3 0.04
type. The diversity of these genotypes 7§ JESPR 303 (CATY6 D 0.54
showed the high genetic diversity of the F 0.42
sampled cotton populations. J 0.04

Heterozygosity

The results of this study indicate that
the heterozygosity for all loci in the 12
superior cotton varieties is high, ranging
from 0.33 to 0.92, with an average for all
loci of 0.71 (Table 4).

The third factor that can cause high het-
erozygosity values as mentioned above, is
very likely to occur in a population of the

Table 3. The diversity of microsatellite DNA genotypes in 12 superior cotton varieties.

superior cotton varieties observed in this ! JESPR 247 21]; i
research. From the results of data analysis, AD 1
the migration of alleles in this population of BF 1
0.16. To factor crosses, from 12 superior DF 9
cotton varieties sampled in this study is a ¢ JESPR 280 A 8
cross between 83% while the rest comes AB 1
from the introduction, where the introduc- AJ 3
tion is also one way to obtain a genetic vari- 5 JESPR 292 FF 3
ation. FG 1
Gl 3
HI 3
JL 2
Discussion 4 JESPR 299 AA 1
Heterozygosity indicates the number of :g g
individuals in a population that have differ- BC 9
ent alleles in one locus.'> The heterozygos- BD 1
ity value will vary depending on the condi- BE 1
tion of allele frequencies of each locus; a
large number of derived alleles at each ? JESPR 303 bD 2
locus will lead to a high value of heterozy- DF 9
gosity in a population. Heterozygosity val- FJ !
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Table 4. The value of heterozygosity at each microsatellite Jocus in the superior cotton varieties.

Heterozygosity 0.73

0.33 0.75

0.92

0.83 0.71

ues are the most accurate way to measure
genetic variation and describe the diversity
of specific genes in a population.

The high value of heterozygosity is
probably due to a high enough population
dynamic.!® Several factors can cause this,
including migration, mutation and
CTOSSOVer.

The high genetic variation is character-
ized by high values of heterozygosity, allele
frequency and genotype diversity at each
locus, and will be very favorable for the
maintenance of the superior cotton popula-
tions themselves. A population that has a
low heterozygosity value may be easily
threatened with extinction.'* A population
with a high heterozygosity value has an
increased chance of survival. Genetic diver-
sity and the ideal population size is an
important factor for the survival of a popu-
lation or a particular species to be adaptable
to environmental changes. High genetic
diversity will provide an improved opportu-
nity for plants to adapt to their
environment.'>!6

In addition, genetic diversity is impor-
tant not only for the preservation of superior
cotton itself, but for the assembly of new
varieties. Breeding of new varieties requires
the availability of germplasm with a wide
genetic diversity to be used as a prospective
parental cross, a base population with high
genetic variation is important breeding
material for the assembly of varieties that
have the desired traits. High heterozygosity,
which means high genetic variation as well,
will provide opportunities for improving the
genetic quality of populations by exploiting
the favorable genes more likely to be pres-
ent.!¢

Conclusions

Based on the number of alleles per
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locus, allele frequencies, and heterozygosi-
ty values, it can be concluded that the 12
varieties of cotton in the Kanesia series,
including LRA 516, and ISA 205 A, have a
fairly high genetic variation.
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