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Abstract 
Diamondback moth (DBM), Plutella xylostella L. is the most injurious defoliage insect pest of 

canola in Ardabil province of Iran. It occurs annually and causes damage in canola fields. This study 

was performed to identify QTLs controlling resistance to diamondback moth using SSR and RAPD 

markers. An F    population of     families derived from crossing between cv. ‘SLMO  ’ and cv. 

‘Quantum’ were used. The number of DBM eggs (EPL) and larvae per leaf (LPL) were recorded in 

each F  families on    randomly selected plants at rosette stage. The intensity of damage (ID) was 

scored as   to   according to the relative size of leaf eaten area. QTL analysis was performed using 

the previously constructed linkage map of SSR and RAPD markers. QTL mapping based on 

composite interval mapping (CIM) method identified seven QTLs for the studied traits. The explained 

phenotypic variance by the QTLs ranged from    to    . The QTLs showed positive and negative 

additive effects and inherited from both parents to the progenies. Three QTLs on linkage group three 

were common for LPL, EPL and ID indicating pleiotropic gene effect or linked genes for these traits. 

Two QTLs on linkage group    were also common between studied traits. 
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Introduction 

 

Diamondback moth (DBM), Plutella xylostella (L.) (Lepidoptera: Plutellidae), is a 

destructive insect pest on cruciferous crops with a cosmopolitan distribution (Talekar and 

Shelton,     ; Li et al.,     ). This pest occurs annually in Ardabil province of Iran and 

causes economic damage in canola fields. Its natural host range is limited to cultivate and 

wild Brassicaceae that are characterized by having glucosinolates and sulfur-containing 

secondary plant compounds (Sarfraz et al.,     ). Host cues accelerated egg maturation, 

increased the incidence of mating and shortened the time between adult emergence and the 

onset of oviposition (Hillyer and Thorsteinson,     ; Pivnick et al.,     ).  

The exceptional status of this pest is due to the diversity and abundance of host plants, 

the lack or disruption of its natural enemies, its high reproductive potential (over    
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generations per year in the tropics) and its genetic elasticity facilitating rapid development 

of resistance to insecticides (Mohan and Gujar,     ; Vickers et al.,     ). Therefore, there 

has been an increasing interest to developing and using resistant cultivars to DBM in 

canola. 

Resistance of canola cultivars to DBM depends on the oviposition and feeding 

preference for the certain canola cultivars. For many plant feeding insects the selection of 

an oviposition site is a critical stage in their choice of host. This is especially true when the 

newly hatched offspring are not capable of searching for additional hosts or at least not 

until they have fed on the plant chosen by their mother (Singer,     ). Certain plant 

characteristics including biochemical or morphological factors, or a combination of both 

may promote resistance (antibiosis, antixenosis, or both antibiosis and antixenosis) to P. 

xylostella (Painter,     ; Thorsteinson,     ; Reed et al.,     ; Eigenbrode and Espelie, 

    ; Li et al.,     ; Marazzi et al.,     ; Sarfraz, et al.,     ). Certain glucosinolates, 

cardenolides, plant volatiles, waxes, as well as host plant nutritional quality, leaf 

morphology and leaf color, or a combination of these factors, may trigger reproductive and 

feeding activities of DBM (Justus and Mitchell,     ; Badenes-Perez et al.,     ; 

Bukovinszky et al.,     ). 

The number of eggs and larvae of DBM and the relative size of leaf eaten area by its 

larvae can be used as DBM resistance indices in canola. Plant genes participating in the 

recognition of DBM oviposition and feeding in concert with plant genes involved in 

defense against herbivores, mediate plant resistance to DBM. Several genes involved in 

plant disease and nematode resistance have been characterized in detail, but their existence 

has only recently begun to be determined for arthropod resistance (Smith,     ; Boyko et 

al.,     ). Kliebenstein et al. (    ) reported four QTLs for resistance to P. xylostella L. in 

Arabidopsis thaliana. 

The objective of the present study was to identify QTLs involved in resistance to DBM. 

By confirming of these QTLs in future studies, those could be used more efficiently in 

marker assisted selection for resistant varieties to DBM.    

 

Materials and Methods 

 

A set of     F    families of canola (Brassica napus L.) derived from cross between cv. 

SLMO   and cv. Quantum was used as genetic materials. The parental lines differed in 

resistance to DBM. SLMO   and Quntum cultivars were resistant and susceptible to DBM 

respectively. F  families were sown based on randomized complete block design with   

replications in May   ,      in Ardabil province, northwest of Iran (elevation from sea 

surface      m; longitude   

   

 
E; latitude   

 
  

 
N). Each family was sown in a single 

row with   m long per replication, considering    and    cm space between rows and plants 

in each row, respectively. In July  ,     , ten plants were randomly selected and one outer 

leaf per plant was sampled and placed in vials containing     ethyl alcohol solution. EPL 

and LPL of DBM in each sample were counted under stereomicroscope. The intensity of 

damage (ID) was scored as   to   according to the relative size of leaf eaten area as follows: 

 , no damage;  , small spots with  .  -  .  mm in diameter between the marginal intervene; 

 , medium spots with  .  -   mm in diameter between the marginal intervene;  , large spots 

with  .  -   mm in diameter between the primary sub-vascular and  , very large spots with 
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 .  -   mm in diameter that extending around the primary subvascular. Previously 

constructed linkage map of SSR and RAPD markers (Asghari et al.,     ) was used to 

rescanning the canola genome for identification of QTLs controlling resistance to DBM. 

The DNA extraction and linkage map construction methods were published by Asghari et 

al.,     . 

QTL analysis was performed using composite interval mapping (CIM) method of QTL 

Cartographer v.  .  software (Basten, et al.,     ). Putative QTLs were chosen based on 

LOD score of  .  or above. 

 

Results 

 

The DBM resistance indices of the susceptible parent (Quantum), the resistant parent 

(SLMO  ) and the minimum as well as maximum values of the traits in F  families were 

shown in table  . Significant differences were observed between parents and F  families 

with respect to the studied traits (P≤  .  ). Presence of transgressive segregation for all the 

studied traits indicates the combination of parental genes in the progenies (Table  ). Based 

on CIM, one, three and three QTLs were identified for ID, EPL and LPL, respectively. The 

percentage of explained phenotypic variance ranged from    to    % (Table  ).   

 
Table  . The amounts of measured traits in parents Quantum (Q), SLMO   (S) and F  families. 
 

Trait Q S 
F  families Families lower than S 

(%) 

Families’ upper than Q 

(%) Max Min Mean 

LPL  .      .      .         
EPL  .   .    .   .    .        

ID  .    .        .        

Q: Qunatum; S: SLMO  ; LPL: Larva Per Leaf; EPL: Eggs Per Leaf and ID: Intensity of Damage   

 
Table  . The linkage group, additive effect, peak position and LOD score of the identified QTLs and phenotypic 

variance of traits explained by each QTL. 

 

Trait QTL 
Linkage 
group 

Peak 

position 

(cm) 

Interval 
(cm) 

Flank markers LOD 
Additive 

effect 

Explained 

phenotypic 

variance (%) 

ID          -      b-   b   .   .      
EPL       .    -      c-   a   .   .     

          -      b-   b  .   .     

           -   Ol  D  -BN  AF  .   .     
LPL       .    -      c-   a  .   .      

       .    -      -     .  - .     

        .    -  .  Ol  D  -BN  AF      .     

LPL: Larva Per Leaf; EPL: Eggs Per Leaf and ID: Intensity of Damage. 

 

The detected QTL for ID located on linkage groups   (figure  ) and explained    % of 

the phenotypic variance of this trait. This QTL had positive additive effect (Table  ), 

indicating that the allele conferring resistance inherited from resistant parent to progenies. 

In linkage group  , two QTLs with positive additive effect explaining    and     of EPL 

phenotypic variance as well as a QTL with positive additive effect explaining     of LPL 

phenotypic variance were co-located with the putative QTL for ID (Figure   and Table  ). 



                                                      A. Asghari et al. / International Journal of Plant Production (    )  ( ):   -   

 

For six QTLs, recessive alleles inducing resistance to DBM were transmitted from resistant 

parent (SLMO  ) to F  plants and F  families. 

In linkage group   , two QTLs were identified in the same genomic region with 

positive additive effects explaining about    and    % of EPL and LPL phenotypic 

variance, respectively (Figure   and Table  ). The recessive alleles in these QTL loci that 

increased resistance to DBM passed from resistant parent (SLMO  ) to the progenies. 

One QTL for LPL, with negative additive was detected in linkage group   which 

explained     of phenotypic variance. The dominant allele of this locus that increased 

resistance to DBM transmitted from resistant parent (SLMO  ) to the offspring.  

 

Discussion 

 

The alleles of identified QTLs which increased resistance to DBM were transmitted to 

the progenies from both parents. Negative and positive additive effects of the QTLs showed 

that the dominant and recessive alleles controlled DBM resistance in canola. Kliebenstein et 

al. (    ) reported that in Arabidopsis thaliana, QTLs with positive and negative additive 

effects control resistance to P. xylostella L. In our study the numbers of recessive alleles 

were more than dominants ones and only one QTL with negative additive effect was 

detected indicating transmission of its recessive allele from susceptible parent (Quantum). 
 
Table  . The name, sequence, type and linkage group of adjacent markers with identified QTLs in F    population 

of canola cross ‘SLMO  ’‘Quantum’. 

 

Markers 

name 
Sequence 

Marker 

type 

Linkage 

group 

Ol  -D   
Forward   - GCCAAAGACCTCAAAGATGG -   

SSR    
Reverse   - AAGCCACGTGAAGAAAGTCC -   

BN  Af 
Forward   -GCC GTT CTA GGG TTT GTG GGA-   

SSR    
Reverse   -GAG GAA GTG AGA GCG GGA AAT CA-   

    -    -GGA TCT ATG C-   RAPD   
    -   -CTG CGA CGG T-   RAPD   

    -   -CGA GCT TTG A-   RAPD   

    -     -GCC CCT CGT C-   RAPD   
    -   -AGG CGG AAG C-   RAPD   

    -   -TAT GAC CTG G-   RAPD   

 

The explained phenotypic variance by each QTL ranged from    to     indicating the 

contribution of minor and major effects QTLs in controlling resistance to DBM in canola. 

The three detected QTLs for EPL explained     of variations in this trait. Also,     of 

LPL variations were explained by three other QTLs.  

In recent years very studies were done in order to identify and characterization of QTLs 

and genes controlling signaling pathway and resistance to environmental stresses (Asghari 

et al.,     ; Navabpour et al.,     ). By confirming of these QTLs in next generations after 

several meiotic cycles or in other mapping populations, they could be used more efficiently 

in marker-assisted selection for DBM resistance in breeding programs.  
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 Figure  . Linkage groups of SSR and RAPD markers (Asghari et al.,     ) and the position of QTLs controlling 

resistance indices (intensity of damage (ID); the number of larvae (LPL) and eggs per leaf (EPL) of diamondback 
moth in the F    populations of Brassica napus cross ‘SLMO  ’‘quantum’. RAPD markers are shown with 

numbers and the name of SSR markers is the same as the name of these markers in Brassica data base. The 

sequences of flanking markers with identified QTLs are shown in Table  . Map distances in cM were indicated on 
the left side of the linkage groups. 
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