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Blue disease of cotton is an economically important disease of the crop first described from the Central
African Republic and spread to other countries. Brazil and other South American countries record crop
losses of up to 80% from infection but no cases of the disease have been reported in Tanzania.
Resistance to the disease has been found in African germplasm and transferred to crop cultivars
worldwide. Molecular markers linked to blue disease resistance genes have been identified presenting
useful tools to identify resistant germplasm. All plants of three Tanzanian cotton cultivars (Gossypium
hirsutum L.) UK91, UK08 and UKM08 showed resistance alleles for both the simple sequence repeat
(SSR) (DC20027-202 bp) and single nucleotide polymorphisms (SNP) (NG0204310-C) markers but some
plants of the Brazilian cultivars (G. hirsutum L.); Ipê, Cedro, Aroeira and Araça lacked resistance alleles.
The findings suggest the need for caution to be taken during introduction of exotic germplasm and
recognize the value of resistance trait to susceptible Brazilian germplasm when breeding for blue
disease resistance.
Key words: Cotton blue disease, cotton single nucleotide polymorphisms (SNPs), simple sequence repeat
(SSR), resistant alleles in cotton.
INTRODUCTION
One of the diseases afflicting cotton that is of significant
economic importance is cotton blue disease (CBD). CBD
was first described in the Central African Republic in
1949 and has since been reported in various regions of

Africa, Asia, and America (Brown, 2001; Correa et al.,
2005; Junior et al., 2008). The disease is caused by a
virus that belongs to the genus Polerovirus of the family
Luteoviridae (Correa et al., 2005), which is transmitted by
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cotton aphids (Aphis gossypii Glover) in a persistent
circulative manner (Costa et al., 1997; Santos, 2001).
Diseased plants are characterized by leaf rolling, vein
yellowing, a moderate to severe stunting due to
shortening of internodes, and dark green to bluish
coloration of leaves (Brown, 2001). Despite CBD being
first described in Africa, no cases of this disease have
been reported from Tanzania although the vector (Cotton
aphid, Aphis gossypii) has been reported in the Eastern
Cotton Growing Area (ECGA) (Kabissa, 1993; Mrosso
and Kabissa, 2000). Other members of Luteoviridae
family, which affect cereals, have been also reported in
Tanzania. Webby et al. (1993) reported the occurrence of
Barley Yellow Dwarf Virus (BYDV). Lack of records of
blue disease in Tanzania may potentially be due to the
absence of the pathogen or presence/ use of resistant
germplasm.
In Brazil and other South American countries, the
disease poses serious problems for cotton production,
capable of significantly reducing productivity of
susceptible varieties by up to 80% if the vectors (cotton
aphids) are not properly managed at the early growing
stage (Silva et al., 2008). Losses of up to 1,500 kg per
hectare of seed cotton have been reported in Brazil
(Freire, 1998), where blue disease is the most important
virus and a main concern for the breeding program.
Generally, control of CBD is through breeding for
resistance and control of cotton aphids using insecticides.
Insecticides are expensive, harmful to the environment,
and provide seasonal protection unlike use of resistant
cultivars that offer a better but less used management
option to control the disease (Fang et al., 2009).
Therefore, use of resistant germplasm is one of the most
economical and reliable methods in managing diseases
in cotton. Naturally, occurring resistant parental germplasm is vital for development of resistant crop varieties.
Identification of resistant germplasm is done either by
screening artificially inoculated plants or screening for
known molecular markers closely linked to resistance
genes. Artificial inoculation requires controlled environments like greenhouses and growth chambers and can
be time-consuming and costly, limiting the application of
such phenotype-based resistance selection. The use of
molecular markers in Marker Assisted Selection (MAS)
unlike artificial inoculation can be performed at any
development stage of the plant including on seeds at
reasonable cost and with a fast turnaround of information
compared to phenotype-based selection (Xiao et al.,
2009).
Additionally, germplasm exchange can introduce genotypes susceptible to diseases in a new environment and
screening prior to introduction is a challenge in the
absence of the pathogen. The use of MAS provides an
important tool in identifying resistance in the germplasm
to be exchanged. A single gene controls resistance to
CBD in cotton (Junior et al., 2008) and molecular markers
associated with resistance gene are currently available

for use in screening for resistant germplasm (Fang et al.,
2009). Fang et al. (2009) conducted a study and
identified SSR marker DC20027 that is closely linked to a
cotton blue disease resistance locus. Based on the SSR
marker they also identified three SNP markers
NG0203671, NG0204310, NG0203481, which were
tightly linked to the CBD resistance gene. Tanzania has a
long standing breeding programme in the Western Cotton
Growing Area (WCGA), which started at Ukiriguru in
1939. The focus of the programme has been to develop
varieties that are high yielding; diseases and pest
resistant; high ginning out turn and exhibit improved fibre
properties.
The narrow genetic base of the cotton varieties in
Tanzania (Lukonge et al., 2007) necessitates the need to
introduce new and more diverse varieties from other
countries for improvement. Brazil has a relatively broad
genetic base of cotton varieties and a history of variety
development by the governmental organizations since
1921 (Freire et al., 2011) including introduction of genetic
material from different origins followed by crossing and
selection (Gridi-Papp et al., 1991). Some of varieties
have outstanding field performance and resistance to
some diseases (Cia et al., 2008). This may serve as
source of germplasm to improve the genetic base of
Tanzanian cotton. Screening such germplasm for
resistance to diseases prior to introduction of the same
into breeding program is vital. The information on the
resistance of Tanzanian cotton varieties to cotton blue
disease is lacking and this is one of important diseases in
Brazil. This study therefore, endeavored to screen the
Tanzanian and Brazilian cotton cultivars (Gossypium
hirsutum L.) for presence of markers closely associated
with blue disease resistance gene using SSR and SNP
markers.
MATERIALS AND METHODS
The study site
The growth experiments were setup at Lake Zone Agricultural
Research and Development Institute (LZARDI) in the WCGA
02o 42ʹS 33o 01ʹE, about 30 km from Mwanza city in Misungwi
District, Tanzania. Molecular marker analyses were conducted at
Embrapa Rice and Beans (Santo Antonio de Goias, Brazil) and
DNA Landmarks, Canada. LZARDI is an Agricultural research
institute in Tanzania with the mandate for research on cotton and
other crops in the WCGA.
Plant materials
Seven cotton cultivars (G. hirsutum L.) from Tanzania (UK91, UK08
and UKM08) and Brazil (Ipê, Cedro, Aroeira and Araça) were
screened in this study. The Tanzanian cultivars are commercial
varieties currently cultivated in the WCGA and were all developed
LZARDI. The Brazilian cultivars were developed by Embrapa and
are also commercially released varieties. Seeds of the test cultivars
were sown in the screen house in a Randomized Complete Block
Design at LZARDI. All the plants were tagged immediately after
they were established.

Faustine et al.

2873

Table 1. Primer sequences.

Primer
DC20027

Forward primer
Reverse primer

Sequence
AATAAACCCTTCAGACAACAG
CTACCTAGTTTTGCATTATG

NG0204310

Forward primer
Reverse primer

CCCCTGTTTACGAGGCTATCTATTC
GGTTTGGCCCAGTGACTAGAAG

Table 2. Proportions of plants with markers linked to Cbd resistance gene.

Variety
UK91
UKM08
UK08
Araҫa
Cedro
Aroeira
Ipê

% of samples with resistance allele at
DC20027 locus
100
100
100
91
91
83
75

Leaf sampling for DNA isolation
Tissues for DNA isolation were obtained from young leaves of
individually tagged Tanzanian and Brazilian cotton plants grown in
the field three weeks after germination. Sampling was done by
punching two discs of the same leaf into a single well of a 96-well
plate. Five grams of silica gel were used to dry samples in the plate
and replacement was made every till when the samples were
satisfactorily dry. Seventeen (17) plants were sampled from each
variety.
DNA isolation and quantification
For the SNP marker NG0204310, DNA isolation was performed
using the DNA Landmarks’ standard micro-extraction protocol at
DNA Landmarks, Canada. DNA concentrations were measured
using Hoechst dye and the quality of the DNA samples was
checked on a 0.8% agarose gel (1 column per plate) prior to SNPs
analyses. For the SSR marker DC20027, DNA isolation was done
at Embrapa, Brazil. Briefly, 0.2 g of plant material was ground in
mortar and pestle under liquid nitrogen to fine powder then added
to preheated extraction buffer and mixed thoroughly. The extract
was incubated at 65°C for 1 h, and mixed in every 20 min then
cooled for 5 min and chloroform: isoamyl alcohol (24:1) mixture was
added and vortexed for 30 min before centrifuging for 20 min at
3000 × g. The supernatant was then transferred to a fresh tube and
same volume of ice-cold isopropanol added and tubes inverted
several times. The tubes were then centrifuged for 30 min at 3000 ×
g. The pellet was washed with 70% ethanol, dried and dissolved in
1 × TE buffer. DNA concentration was checked using Nanodrop
2000 (Thermo Scientific, USA) then diluted to 10 ng/µL for PCR
amplification.
SNP genotyping
The SNP genotyping and analysis using the markers NG0204310
was carried out using the Sequenom Mass ARRAY® Typer 4.0

% of samples with resistance allele at
NG0204310 locus
100
100
100
91
91
83
75

software.

SSR Amplification and scoring
SSR amplification for the marker DC20027 was done at Embrapa.
The PCR mixture (5 μl) contained 1 μl template DNA (10 ng/ μl), 2.5
μl of 2× QIAGEN PCR Master Mix (HotStarTaq DNA Polymerase,
PCR Buffer and dNTP Mix), 0.5 μl of Q solution (PCR additive that
facilitates amplification of difficult templates by modifying the
melting behavior of DNA), 0.06 μl of forward and reverse primers
and 0.88 μl of sterile double distilled water (Table 1). Amplification
was performed in 0.2 ml (each tube) thin walled PCR plates (96
tubes / plate) in a thermal cycler (Applied Biosystems). The DNA
was first activated at 95°C for 15 min and amplification
temperatures were: denaturation 94°C for 1 min and 30 s, then
annealing at 55°C for 1 min followed by extension at 72°C for 1 min,
for 40 cycles. The PCR products were genotyped using Genetic
Analyzer (Applied Biosystems Inc.) and scoring was done using
GeneMapper software. Deltapal was included as positive control
(resistant) and FM966 as negative control (susceptible).

RESULTS
Deltapal which is known to be resistant and was used as
positive control had 202 bp at SSR DC20027 and C at
NG0204310 while FM966 (susceptible) had 200 bp on
SSR DC20027 and T at NG0204310 locus. All samples
for varieties from Tanzania (UK91, UK08 and UKM08)
showed resistance alleles for both SSR (DC20027202bp) and SNP (NG0204310-C) markers. Some of
plants of the cultivars from Brazil, which is, Ipê, Cedro,
Aroeira and Araça lacked resistance alleles, as shown in
Table 2. The two markers presented coincident results,
that is, the potentially susceptible plants lacked both the
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SSR and the SNP linked to the locus, and the potentially
resistant plants showed the SSR and the SNP linked to it.
DISCUSSION
Cotton breeding in Tanzania is challenged by reduced
genetic diversity of G. hirsutum as observed among the
26 studied varieties by Lukonge et al. (2007). This is
currently being addressed by studying the potential
consequences of introduction of more diverse cultivated
cotton varieties from other countries to enable
improvement of the available germplasm. CBD caused by
Cotton leaf roll dwarf virus of the genus Polerovirus of the
family Luteoviridae is a serious problem in cotton growing
countries in the world especially in South America. Brazil
reported yield losses up to 80% in susceptible varieties
(Silva et al., 2008). CBD spreads very fast and is difficult
to control. In this study, all plants of the Tanzanian
cultivars tested indicated the presence of alleles linked to
the CBD resistance gene at SSR DC20027 and SNP
NG0204310 loci. Screened Brazilian cultivars on the
other hand registered a mixture of both marker alleles
present in resistant and susceptible plants. These
findings are important to the cotton-breeding programme
in Tanzania as they provide the baseline information on
the presence of resistance markers in local germplasm
and the efforts to sustain this trait should be considered.
The fact that all plants that had resistance marker on
SSR DC20027 locus confirmed the presence of the same
trait on the SNP NG0204310 locus and the presence of
markers linked to resistance gene in all tested plants of
the Tanzanian cultivars as observed in this study
indicates their potentiality for such trait which could be
confirmed by artificial inoculation.
The results from this study conform to prior information
given Lukonge (Pers. Comm.) on the lack of reported
cases of the CBD in the WCGA in the recent years. The
results further suggest the possibility of using this
valuable germplasm in breeding for CBD resistance in
areas where the disease causes significant losses once
confirmation on their resistance is done. Thus, screening
of exotic germplasm for CBD should always be done
before incorporation of exotic germplasm into local
breeding programmes. However, it is yet to be
established whether absence of cases of the disease is
due to absence of pathogen or resistant germplasm. It is
believed that CBD resistant varieties across the world
have been developed through crosses with African
germplasm. For instance, in 1980s, South American
countries particularly Brazil and Argentina introduced the
African germplasm to combat this disease (Royo et al.,
2003). It is thus likely that the partial resistance traits
observed in the Brazilian germplasm in this study
originated from African germplasm. Findings of this study
further complement the observation made by Fang et al.
(2009) who screened different cotton varieties for the
presence of markers linked to CBD and found that most

of varieties from Africa and South America had the
markers for resistance.
The observed scenario that Brazilian germplasm had
mixture of both resistance markers and susceptible ones
to the disease suggests the need to make such
populations homozygous for the trait. This could be
possible through use of marker assisted selection.
Individual plants of Brazilian cultivars that presented
resistance markers at both loci can however be
considered for multiplication and introduction into local
breeding program to improve the local cotton production.
Basing on the results of this study, it can be concluded
that there is partial resistance in the population of
Brazilian cultivars screened and so selection for breeding
using such cultivars should consider using plants with
resistance trait to CBD and marker assisted selection
could be a useful tool to achieve such selection.
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