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ABSTRACT: Chloride is considered as the most important micronutrient in tobacco production. But excessive amounts
of chloride accumulation in leaves of tobacco have many adverse effects on the tobacco quality, such as burning capacity.
Identification of quantitative trait loci (QTL) involved in chloride accumulation would be beneficial for the improvement
of tobacco quality. The objective of this study was to identify genomic regions associated with chloride accumulation by
using a mapping population consists of 225 F2:3 families derived from hybridization between ‘Basma Seres 31’ and ‘SPT
406’ lines. Linkage map was constructed with 23 microsatellite (SSR) and 29 inter simple sequence repeat (ISSR)
polymorphic markers which covered 570.8 cM of the tobacco genome. Thirty-four of these polymorphic markers were
mapped to 7 linkage groups. Distance between two adjacent markers was 17.3 cM. Composite interval mapping (CIM)
was used to identify QTLs controlling chloride accumulation. One QTL for chloride accumulation was identified on
linkage group 3. The percentage of phenotypic variance (R2) explained by this QTL was 12.7%. A significant association
was not found between ISSR markers and chloride accumulation. The outcome of present effort can be a basis for marker
aided selection (MAS) in tobacco breeding programs.
KEYWORDS: Chloride accumulation, Composite interval mapping, Linkage map, Oriental tobacco
INTRODUCTION
Tobacco (Nicotiana tabacum L.) is the most important
agricultural crop plant for the economy of many countries
[21]. Nicotiana tabacum is an amphidiploid plant arisen
by natural hybridization of N. sylvestris and N.
tomentosiformis species [19; 27]. Tobacco is at the high
end of genome sizes (4.5 Gbp) in the Solanaceae [2] and
contains a large proportion of repetitive sequences [26,
44]. In Iran, tobacco is one of the most important
industrial crops with more than six thousand acres under
cultivation and an annual production of nearly 10
thousand tons (wet weight). Area under cultivation of
tobacco in the world is 4.8 million hectares with annual
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production of 7.1 million tons. Tobacco is also one of the
most important model systems in systematic, plant
biology, genetics and plant biotechnology [28] and highly
promising for the production of commercially important
substances such as medical drugs and vaccines [6, 7].
Numerous types of tobacco are defined by different
criteria such as morphological and biochemical
characteristics [30, 31]. Turkish or oriental tobacco is a
sun-cured, aromatic, small-leafed type which is grown in
Turkey, Iran, Bulgaria, Greece, Lebanon and the Republic
of Macedonia. This type has a much milder flavor and
contains less nicotine and fewer carcinogens than other
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types [14]. The leaf of tobacco contains mineral matter,
organic compounds and 85–90% water. Among mineral
nutrients, chloride (Cl-) is an essential micronutrient for
tobacco plantation. Many studies cleared that small
amount of chloride (below 1.5%) is effective in increasing
tobacco yields and improvement of burning quality [9].
Excessive amounts of chloride have many adverse effects
on the quality of tobacco leaves, such as poor burning
capacity, lacking in toughness and elasticity, muddy
appearance, undesirable odor [18]. High chloride content
(over 2.0%) results incombustible tobacco leaves [13].
According to studies, with the increase of chloride, both
hygroscopicity and burning quality decrease [23].
However, apparently the burning quality is also largely
influenced by the potassium content [10] and leaf position
[5]. Chloride reduces the content of potassium salts of
organic acids which are useful for burning [23].
Therefore, how to increase the potassium content or
reduce chloride content was crucial for improving the
quality of tobacco leaves. Great genetic variations have
been reported for chloride accumulation in oriental
tobacco germplasm [13]. Both additive and non-additive
genetic components control chloride accumulation in
tobacco leaves [12].
Normally agronomically important characters exhibit
polygenic inheritance. Identification and localization of
quantitative trait loci (QTL) controlling characters can
simplify the selection process via marker-aided selection
(MAS) in plant breeding activities [35; 39]. Some genetic
linkage maps were constructed for tobacco using
molecular marker such as restriction fragment length
polymorphism (RFLP) [17], conserved ortholog
sequences [36] and simple sequence repeat (SSR) markers
[4]. In a study, a total of 184 amplified fragment length
polymorphism (AFLP), inter simple sequence repeat
(ISSR), sequence specific amplified polymorphism
(SSAP), and sequence characterized amplified region
(SCAR) were used to construct a partial genetic map in
tobacco [25]. In another study, using a partial genetic
linkage map comprising 18 groups, QTL analysis was
conducted for a total of 59 traits related to diverse
agronomic, leaf quality, chemical composition, and
smoke characteristics [25]. The QTLs responsible for
different characters such as the amount of nicotine, leaf
potassium content and sugar [8; 25], resistance to leaf spot
disease [34] and chloride concentration [22] have been
identified.
The chloride content is considered as a major factor
determining the quality of tobacco leaves. In the present

study, we aimed to identify QTLs associated with
chloride accumulation in oriental tobacco leaves by using
225 F2:3 families derived from the cross between Basma
Seres 31 × SPT 406 lines based on SSR and ISSR markers.
The outcome of the present study can potentially speed up
the breeding activities in oriental tobacco trying to
producing new cultivars with low chloride accumulation.
MATERIALS AND METHODS
Plant materials and measurement of chloride
accumulation
In this study, a population of 225 F2:3 families were
derived from the cross between ‘Basma Seres 31’ as a
maternal line with high chloride accumulation and ‘SPT
406’ as a paternal line with low chloride accumulation
and self-pollination of F2 progenies. A total of 225
families along with the parental lines were evaluated in
15 × 15 sample lattice design with two replicates in Urmia
Tobacco Research Center with 44.58° longitude and
37.34° latitude and an altitude of 1300 meters from sea
level. Each plot was consisted of three rows. Inter-row
and within-row spacing were 65 cm and 20 cm,
respectively (eight thousand plants per hectare).
Agricultural land preparation including deep plowing and
relative deep plowing was conducted in autumn and
spring, respectively. After preparing the mainland and
before plantlet transplanting, Eradican herbicide, pure
nitrogen, phosphor, and potash in the amount of 4l ha-1,
52 kg ha-1, 96 kg ha-1, and 150 kg ha-1, respectively were
broadcasted and mixed with soil by disc. Farm irrigation
was performed when 80% of soil moisture was drained.
Three sun-cured leaves from upper, middle and lower
regions of each plant were used to determine chloride
content. Concentration of chloride was determined
following the method described by [13] and calculated
according to Equation 1:
Equation 1:

Cl 

( A  B ). f .35.3
W

(100  M )

 100

100
Where A is the mount of AgNO3 used for tobacco sample,
B is the mount of AgNO3 used for blank sample, W is the
tobacco weight, M is the percentage of leaf humidity and
f is the normality of AgNO3.
DNA extraction, SSR and ISSR reaction
Total genomic DNA was extracted from the leaves of
parental lines and F2 individuals as described by
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Dellaporta et al., [15]. An initial analysis of
polymorphism was performed in two parental lines.
Polymerase chain reaction (PCR) was performed using
162 pairs of SSR and 80 ISSR markers according to [16]
and [40], respectively. A total of 52 markers were
polymorphic between the parents. These candidate
markers were then analyzed on F2 individuals.
QTL mapping
The Carthagene software [20] with Kosambi mapping
function was used for linkage analysis. A LOD score of
3.0 was used as the threshold to declare the presence of
QTLs. The maximum distance between markers was 50
cM. The Windows QTL Carthographer [3] was used to
identify QTLs controlling concentration of chloride based
on the composite interval mapping (CIM) [41, 42]
methods. The LOD (log10 likelihood ratio: likelihood that
the effect occurs by linkage/ likelihood that the effect
occurs by chance) score was determined by permutation
testing (n=1,000 permutations) [11].
RESULTS and DISCUSSION
Phenotypic data
To identify the loci controlling chloride accumulation in
oriental tobacco leaves, a mapping population including
225 F2:3 families were created by hybridization of Basma
Seres 31 and SPT 406. Basma Seres 31 showed 4-fold
higher chloride accumulation in leaves in comparison to
SPT 406 genotype (P<0.01) (Table 1). F2:3 families
showed continuous frequency distribution pattern for
chloride accumulation indicating quantitative inheritance
behaviour. Some F2:3 families showed transgressive
segregation either in positive or negative direction for Claccumulation in leaves (Figure 1). Similar result was
achieved by Hatami Maleki et al. [22] in the F2
population of same cross. Several studies point to the
action of complementary genes as the primary cause of
transgression, although overdominance and epistasis also
contribute [32].
Table 1. Comparison of values related to chloride concentration
between parents of mapping population.
Trait

Genotype

Chloride

Seres 31’

‘Basma

‘SPT 406’

Mean

SD

2.08

0.27

t-value
-5.65**

0.49

**, Significant at 0.01 probability level.

0.04

Figure 1. Frequency distribution of chloride accumulation in
F2:3 families and parental lines of oriental tobacco.

Genetic linkage map
In this study, 162 SSR and 80 ISSR markers were used to
construct the genetic linkage map in oriental tobacco.
Twenty- three SSR (14.2%) and 29 ISSR (36.25%)
markers were polymorphic between the parents. Low
level of genetic diversity has been reported in many
studies [25; 31; 40; 43]. The existence of low genetic
diversity within cultivated oriental tobacco has been
attributed to the narrow genetic background and selfpollination behaviour of plant [25]. Deviation of
genotypic frequency of the polymorphic markers from
Mendelian inheritance was assessed using Chi-square
test. The result showed that there was no deviation from
Mendelian segregation ratio. The Mendelian inheritance
of molecular markers provides a genetic framework for
the dissection of polygenic traits [24] and can pave the
way for the identification of candidate loci controlling the
inheritance of complex traits [38]. Thirty-four out of 52
polymorphic markers were mapped onto 7 linkage groups
with a total length of 570.8 cM. Eighteen polymorphic
markers could not be mapped and eliminated from the
mapping try. The number of markers in each linkage
group varied from 2 to 12 (Figure 2). Distance between
two mapped markers was 17.3 cM. Recently, two highly
saturated genetic linkage map of tobacco were
constructed on 196 backcross individuals using 4138 and
2162 single nucleotide polymorphism (SNP) markers
with a total length of 1944.74 and 2000.9 cM based on
reference and without reference genome, respectively.
The markers were mapped to 24 linkage groups [38].
Bindler et al. [4] mapped 2318 SSR markers to 24 linkage
groups covering 3270 cM of the tobacco genome. In this
study, three linkage groups were in common with the
linkage groups constructed by Bindler et al. [4].
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Figure 2. Linkage map of SSR and ISSR markers in F2:3 population of oriental tobacco derived from the cross between ‘Basma Seres

31’ × ‘SPT 406’. Black region on LG III represents intervals associated with identified QTL.
Table 2. QTL affecting chloride accumulation in the F2:3 families derived from a cross between ‘Basma Seres 31’ and ‘SPT 406’
tobacco lines.
Method

QTL

LG

Position a

LOD b

R2 c

ad

de

d/|a| f

CIM

ChlCIM

3

0.0

1.41

0.127

0.16

0.57

3.56

aPosition of the QTL from the top of linkage group (LG), bLog10 likelihood ratio (likelihood that the effect occurs by linkage/likelihood
that the effect occurs by chance), cPercentage of phenotypic variance explained by identified QTL, dAdditive gene effect of putative
QTL, eDominance gene effect of putative QTL, fdegree of dominance.

QTL analysis
To identify QTLs controlling chloride accumulation in
leaves, CIM was used. One QTL on linkage group 3 was
identified for trait, which explains 12.7% of the
phenotypic variation (Table 2, Figure 2). In this study, the
additive (16%) value of QTL was less than dominance
value (57%). Similar result was reported by Hatami
Maleki et al. [22]. In compliance with the present result,
diallel analysis revealed that the importance of
generalcombining ability (GCA; due to additive gene
action) was less than specific combining ability (SCA;
due to dominance gene action) in controlling the Claccumulation [12]. Hence, the development of hybrid
could be recommended to achieve genetic improvement
for low Cl- accumulation. However, complementary
studies need to be performed before final decision. The
positive effects of identified QTL indicate that
responsible allele for chloride accumulation has been

transferred from paternal line (SPT 406) to progenies.
Mapping of QTLs linked to different traits have been
reported in Nicotiana species. A genetic map was
constructed using a doubled haploid population of fluecured tobacco based on 169 markers including 11 ISSR
markers and 158 random amplified polymorphism DNA
(RAPD) markers. The map consisted of 27 linkage groups
and spanned 2094.6 cM of genome with an average
marker distance of 14.8 cM [37]. A genetic linkage map
was constructed using 99 F2 population from the cross

Nicotiana plumbaginifolia × Nicotiana longiflora based
on 69 RFLP and 102 RAPD loci. The map consisted of
nine major linkage groups, each containing more than
nine marker loci, and spans 1062 cM of tobacco genome
[29]. Agacka-Mołdoch et al. [1] determined four genomic
regions on four different linkage groups that associated
with four germination-related traits in 122 recombinant
inbred lines. Four QTLs associated with easy curing
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potential were detected using a F2 mapping population
and 75 SSR markers [33]. Julio et al. [25] identified one
to three QTLs for agronomic and chemical traits in
tobacco. Narrow genetic studies in tobacco could be
probably due to the difficulty of detecting DNA
polymorphisms within N. tabacum [25].
The DNA marker that is linked to chloride accumulation
may be used as molecular tools for MAS in plant
breeding. The successful application of MAS relies on the
tight association between the marker and QTL
responsible for the trait. The new genomic tools such as
next generation sequencing (NGS) accelerate the
identification of markers tightly linked to target genomic
regions. Although the constructed map has only contained
7 linkage groups and limited markers, this map can be
further used as frame map for saturating by new markers.
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ﻧﻘﺸﻪﯾﺎﺑﯽ QTLﻫﺎي ﻣﺮﺗﺒﻂ ﺑﺎ ﺗﺠﻤﻊ ﮐﻠﺮ در ﺑﺮگ ﺗﻮﺗﻮن ﺷﺮﻗﯽ ) (Nicotiana tabacum L.ﺑﺎ اﺳﺘﻔﺎده از ﺟﻤﻌﯿﺖ F2:3
ﺗﻼﻗﯽ Basma Seres 31 × SPT 406

ﻓﺮاﻣﺮز ﻫﻮﺷﯿﺎر دل  ،1رﺿﺎ دروﯾﺶزاده  ،*1ﺣﻤﯿﺪ ﺣﺎﺗﻤﯽ ﻣﺎﻟﮑﯽ ،2ﻣﺮﺟﺎن ﺟﻨﺖ دوﺳﺖ

1

 1ﮔﺮوه ﺗﻮﻟﯿﺪ و ژﻧﺘﯿﮏ ﮔﯿﺎﻫﯽ داﻧﺸﮑﺪه ﮐﺸﺎورزي داﻧﺸﮕﺎه اروﻣﯿﻪ ،اروﻣﯿﻪ ،اﯾﺮان
 2ﮔﺮوه ﺗﻮﻟﯿﺪ و ژﻧﺘﯿﮏ ﮔﯿﺎﻫﯽ داﻧﺸﮑﺪه ﮐﺸﺎورزي داﻧﺸﮕﺎه ﻣﺮاﻏﻪ ،ﻣﺮاﻏﻪ ،اﯾﺮان
*ﻧﻮﯾﺴﻨﺪه ﻣﺴﺌﻮلr.darvishzadeh@urmia.ac.ir :

ﭼﮑﯿﺪه
ﮐﻠﺮﯾﺪ ﺑﻪ ﻋﻨﻮان ﻣﻬﻢﺗﺮﯾﻦ رﯾﺰ ﻣﻐﺬي در ﺗﻮﻟﯿﺪ ﺗﻮﺗﻮن در ﻧﻈﺮ ﮔﺮﻓﺘﻪ ﻣﯽﺷﻮد .اﻣﺎ ﻣﻘﺪار زﯾﺎد ﺗﺠﻤﻊ ﮐﻠﺮﯾﺪ در ﺑﺮگﻫﺎي ﺗﻮﺗﻮن اﺛﺮات ﺳﻮء
ﺑﺴﯿﺎري ﺑﺮ ﮐﯿﻔﯿﺖ ﺗﻮﺗﻮن ﻣﺎﻧﻨﺪ ﻇﺮﻓﯿﺖ ﺳﻮزش ) (Burning capacityدارد .ﺷﻨﺎﺳﺎﯾﯽ ﻣﮑﺎنﻫﺎي ﺻﻔﺖ ﮐﻤّﯽ ) (QTLﮐﻪ در ﺗﺠﻤﻊ ﮐﻠﺮﯾﺪ
ﻧﻘﺶ دارﻧﺪ ،ﺑﺮاي ﺑﻬﺒﻮد ﮐﯿﻔﯿﺖ ﺗﻮﺗﻮن ﻣﻔﯿﺪ اﺳﺖ .ﻫﺪف از اﯾﻦ ﻣﻄﺎﻟﻌﻪ ﺷﻨﺎﺳﺎﯾﯽ ﻣﻨﺎﻃﻖ ژﻧﻮﻣﯽ ﻣﺮﺗﺒﻂ ﺑﺎ ﺗﺠﻤﻊ ﮐﻠﺮﯾﺪ ﺑﺎ اﺳﺘﻔﺎده از ﻧﻘﺸﻪﯾﺎﺑﯽ
ﺟﻤﻌﯿﺖ ﺷﺎﻣﻞ  225ﺧﺎﻧﻮاده  F2:3ﺣﺎﺻﻞ از ﺗﻼﻗﯽ ﻻﯾﻦﻫﺎي " "Basma Seres 31و " "SPT 406ﻣﯽﺑﺎﺷﺪ .ﻧﻘﺸﻪ ﭘﯿﻮﺳﺘﮕﯽ ﺑﺎ  23ﻧﺸﺎﻧﮕﺮ
رﯾﺰ ﻣﺎﻫﻮاره ) (SSRو  29ﻧﺸﺎﻧﮕﺮ ﻧﻮاﺣﯽ ﺑﯿﻦ ﺗﻮاﻟﯽﻫﺎي ﺗﮑﺮاري ﺳﺎده ) (ISSRﭼﻨﺪ ﺷﮑﻞ ﺳﺎﺧﺘﻪ ﺷﺪ ﮐﻪ  570/8ﺳﺎﻧﺘﯽﻣﻮرﮔﺎن از ژﻧﻮم
ﺗﻮﺗﻮن را ﭘﻮﺷﺶ ﻣﯽداد .ﺳﯽ و ﭼﻬﺎر ﻋﺪد از اﯾﻦ ﻧﺸﺎﻧﮕﺮﻫﺎي ﭼﻨﺪ ﺷﮑﻞ در  7ﮔﺮوه ﭘﯿﻮﺳﺘﮕﯽ ﻗﺮار ﮔﺮﻓﺘﻨﺪ .ﻓﺎﺻﻠﻪ ﺑﯿﻦ دو ﻧﺸﺎﻧﮕﺮ ﻣﺠﺎور
 17/3ﺳﺎﻧﺘﯽﻣﻮرﮔﺎن ﺑﻮد .ﺑﺮاي ﺷﻨﺎﺳﺎﯾﯽ QTLﻫﺎي ﮐﻨﺘﺮلﮐﻨﻨﺪه ﺗﺠﻤﻊ ﮐﻠﺮﯾﺪ از ﻧﻘﺸﻪﯾﺎﺑﯽ ﻓﺎﺻﻠﻪاي ﻣﺮﮐﺐ ) (CIMاﺳﺘﻔﺎده ﺷﺪ .ﯾﮏ
 QTLﺑﺮاي ﺗﺠﻤﻊ ﮐﻠﺮﯾﺪ در ﮔﺮوه ﭘﯿﻮﺳﺘﮕﯽ  3ﺷﻨﺎﺳﺎﯾﯽ ﺷﺪ .درﺻﺪ وارﯾﺎﻧﺲ ﻓﻨﻮﺗﯿﭙﯽ ) (R2ﺗﻮﺟﯿﻪ ﺷﺪه ﺗﻮﺳﻂ اﯾﻦ  QTL7/12درﺻﺪ
ﺑﻮد .ارﺗﺒﺎط ﻣﻌﻨﯽداري ﺑﯿﻦ ﻧﺸﺎﻧﮕﺮﻫﺎي  ISSRو ﺗﺠﻤﻊ ﮐﻠﺮﯾﺪ ﯾﺎﻓﺖ ﻧﺸﺪ .ﻧﺘﯿﺠﻪ ﺗﻼش ﺣﺎﺿﺮ ﻣﯽﺗﻮاﻧﺪ ﭘﺎﯾﻪاي ﺑﺮاي اﻧﺘﺨﺎب ﺑﻪ ﮐﻤﮏ ﻧﺸﺎﻧﮕﺮ
) (MASدر ﺑﺮﻧﺎﻣﻪﻫﺎي اﺻﻼﺣﯽ ﺗﻮﺗﻮن ﺑﺎﺷﺪ.
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