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Fig. 1. Frequency distribution of plant traits in F,.; families and the parental lines R49 and S501 of sugar beet

in non-stress condition
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Table 1. Genomic position of plant traits and their associated markers in sugar beet for both non-stress and drought stress conditions

o Sl jlalob Sy Kl ) el
S s ‘} 335055 o S Caly S5 QTL csise Distance from Distance from AL (Ao o558 il ol ez el
Plant characteristics QTL* Chromosome Left marker Right marker position (cM) QTL left marker (cM) right marker (cM) LOD¢ Additive effect ~ Phenotypic variance (%) P-value
o5 O
Normal condition
. aions qRY4n 4 043691 82 2 2 425 321 14.60 0.00001
Root yield ¢46020
. aions qRY6n 6 c85195 39 3 1 4.79 3.15 16.31 0.000004
Root yield c80163
ol i
T qSl6n 6 84935 52 3 5 334 2417 11.67 0.0001
succulence index c83787
H_? 0590}
, ARSI Wen 6 83027 60 3 6 529 -0.488 17.84 0.000001
Specific leaf weight c80336
M)
> qDel3n 3 c73292 107 4 2 735 0.286 21.62 0.0000001
Delta €72926
M)
> qDel6n 6 86205 57 1 4 339 0.164 10.63 0.00010
Delta 83027
M)
> qDel7n 7 c62458 29 1 2 8.96 0.350 25.70 0.0000001
Delta 62803
M)
> qDel8n 8 cl4812 69 3 2 530 0217 16.10 0.000001
Delta c13594
M)
> qDel9n 9 32197 62 3 2 497 0.211 15.18 0.000003
Delta c31086
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Table 1. Continued.

o Sl jlalob Cly Kl ) el
R kgurtes ‘} 335055 o S Sy Sl QTL cxise Distance from Distance from RS (Ao 558 il ol ez el
Plant characteristics QTL* Chromosome Left marker Right marker position (cM) QTL left marker (cM) right marker (cM) LOD¢ Additive effect  Phenotypic variance (%) P-value
Drought stress
ahys ,(lu«
. - qRY4s 4 43692 42485 114 2 2 6.08 4.26 20.21 0.0001
Root yield
& FERS
qLNT7s 7 c63754 ¢62196 70 1 5 294 -0.833 10.34 0.0003
Leaf number
o5, Js S O
S e qCl3s 3 €72926 c71206 112 5 0 2.77 2.639 10.26 0.0002
Chlorophyll
&5 ouT s
§ ‘5,) s qSDs 2 ¢50780 €52223 27 3 3 2.58 -1.968 9.12 0.0006
succulence index
.
Delta > qDel7s 7 c64247 c64279 36 3 2 351 0.284 10.98 0.0001
c!
.
> qDel9s 9 c30492 c33659 1 1 5 338 0.235 10.60 0.0001
Delta
. S5 qWilt3s 3 €72543 €72190 86 1 3 3.06 -0.322 10.75 0.0002
Wilting score
. S qWiltds 4 42405 c44607 107 4 3 5.92 -0.511 19.74 0.000001
Wilting score
g o
HER Sends 4 43692 42485 115 3 2 6.65 -0.406 21.88 0.000001

Senescence score
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QTL mapping for root yield and leaf traits in sugar beet (Beta vulgaris L.) under
drought stress condition

Rajabi, A." and D. Borchardt’

ABSTRACT

Rajabi, A. and D. Borchardt. 2015. QTL mapping for root yield and leaf traits in sugar beet (Beta vulgaris L.) under drought

stress condition. Iranian Journal of Crop Sciences. 17(1): 46 -62. (In Persian).

Drought stress is one of the most important environmental factors limiting sugar beet production in arid and
semi-arid regions of the world including Iran. Development of drought tolerant varieties is a sustainable
approach to mitigate the effect of this limitation. To develop drought tolerant varieties, it is necessary to
understand the genetic basis and to map the genomic positions (QTLs) of the traits associated with drought
tolerance. To identify the genomic regions of root yield and some leaf traits such as leaf number, leaf
chlorophyll content, specific leaf weight, percent green crop cover, carbon isotope discrimination (A), leaf
succulence index, leaf wilt score and leaf scenecense score, 142 F,.; families derived from crosses between two
parental lines (R49 as tolerant and S501 as sensitive) were studied using simple lattice design under non-stress
and water-deficit stress conditions at Kamalabad Research Station, Karaj, Iran, in 2010. Linkage analysis was
carried out using 759 simple sequence repeat (SSR) and single nucleotide polymorphism (SNP) markers with a
minimum LOD value of 2.5. Eighteen QTLs were identified in the two moisture regime environments. The
highest number of QTLs was found on chromosomes 4 and 6 indicating that these chromosomes play an
important role in genetic control of the traits studied. In non-stress condition, one QTL was found for specific
leaf weight and leaf succulence index, two QTLs for root yield and five QTLs for A. In stress condition, one
QTL was identified for root yield, leaf number, leaf chlorophyll content, leaf succulence index and leaf
scenecense score, and two QTLs for A and leaf wilt score. The proportion of variance explained by each QTL
ranged from 10.63 to 25.70% in non-stress and from 9.12 to 21.78% in stress conditions, respectively. In stress
condition, the QTL of root yield was co-located with that of leaf scenecense score. Makers tightly linked with
the major QTLs, especially the QTLs of root yield (qRY4s), leaf scenecense (¢gSen4s) and leaf wilt (qWilt4s),
which could be exploited in marker-assisted selection programs for selection of superior drought tolerant lines

and transfer of desirable alleles into improved varieties.

Keywords: Carbon isotope discrimination, Drought stress, Linkage analysis, Specific leaf weight and

Sugar beet.
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