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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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Fig. 2. Frequency distribution of plant traits in F,.; families and the parental lines R49 and S501 of sugar beet

in drought stress condition
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developed based on 759 SSR and SNP markers in the studied mapping population
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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
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S Sl b( 55095 o S Sy S QTL e Distance from Distance from ¢ sl (Ao 58 il sl Jrl s
Plant characteristics QTL? Chromosome Left marker Right marker position (cM) QTL left marker (cM) right marker (cM) LOD® Additive effect ~ Phenotypic variance (%) P-value
o Ok
Normal condition
. w2 She qRY4n 4 043691 82 2 2 425 321 14.60 0.00001
Root yield c46020
. w2 She qRY6n 6 c85195 39 3 1 4.79 3.15 16.31 0.000004
Root yield c80163
T s
T qSI6n 6 84935 52 3 5 334 2417 11.67 0.0001
succulence index c83787
. D SLW6n 6 83027 60 3 6 529 -0.488 17.84 0.000001
Specific leaf weight ¢80336
5]
> qDel3n 3 c73292 107 4 2 7.35 0.286 21.62 0.0000001
Delta €72926
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> qDel8n 8 cl4812 69 3 2 530 0217 16.10 0.000001
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Delta c31086

3le) (2351 (o g n el e ¥/0 51 YL LOD ystae) PIADMQTL 4abs s bt ook b QTL (511 Jlainl S 02,835 € ¢35 05,57 b pysgmsS ol D el (55 05k gl 5 o> DL o m 5 25 Jm 5 onins 0L QL 5 5l 538 o m el ok 013 013 Sl oyt 303, o5l 5 g0 s ol s L QTL 2220

55550 QTL do g s a5 5 53 il sls Ao ys 1€ (Was o 208 L (2138 O a1 i 3550 ks 3551 (SSOD P2 4 (RA9)PT iy (sla T 487 s go 0L 1 oyl e b e

o1


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.1.4.6
https://agrobreedjournal.ir/article-1-505-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-06-13 ]

[ DOR: 20.1001.1.15625540.1394.17.1.4.6 ]

\WAF Hle ) oyled g(..».u.n A "":"_}'l‘ LS"‘)) r)l; Alqu"

aslal-) J_g.)a-

Table 1. Continued.
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S las b( 55095 o S Sy S QTL e Distance from Distance from 4 i (Ao 5 il )l Jrl s
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
sy l.il-sﬁ
. - qRY4s 4 c43692 42485 114 2 6.08 426 20.21 0.0001
Root yield
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Leaf number
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Chlorophyll
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Wilting score
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Senescence score

oV


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.1.4.6
https://agrobreedjournal.ir/article-1-505-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-06-13 ]

[ DOR: 20.1001.1.15625540.1394.17.1.4.6 ]

"ok J 55 56 QTL b 0"

S f 1 S &l b odalin €71206 572926
Joob o 5o F oslad o g5 5m5 S S5 S €55 QTL
3 b oS As o lulis c42485 5043692 (sla Sl
Dy de g ) S ol (o 90 Ol s Lo s Y
SLapsisns S 5555 sl p ok plulis gla OIS
ey 0 T al ) 51aS dmals 5l 34 5V oyl
53¢ 55,05 0 as 5l 39 /YYD 5 /YAF Uslas
Sas Ll odalin ¥ 5 Y la pyjses S 55, QTL
Cil 5 qWilt3s ol 5 93" o a5 qWiltds LT cpes
Al e g 1) St ol Ol
«qDel3n qRY4s) sdis gluli o QTL I & »
N YG Ao s s U (gWiltds g qSends qDel7n
QTL Ol g=e as aalllan 3550 Slio o558 O i
ol b gy sla KoL o s as s 516555
qWiltds g qSends «qRY4s s QTL o5 9 4 W QTL
g Sl oSS 4y ol laals 55 g oo
3550 o sllae Lo T Uil 5 5 slacy¥ 2 5
elolis GLa QTL ¢l 5525 L. 5,8 5l 5 eslinal
L o8 ds o slaes s 5o il G ()l 53 okl
I g 2o 5 750 b 4k s mer
ateie La QTL 0L 3 S 4w 516 8,8
O Jolie 515 g Jlazl 4 a5 L (puoman 550
Ao 3 QTL ag s 5 55 o sl clames 5 QTL
S8 QTL & ST 5 -8 &)y 0L 5 Jlw

AT s

S Sl
Sl (Geame ol gl s 575 G T
3 5 5 5 o8l (65 5LiST 0aStils p o
sl s 420 oails g ome sl 5T 55 s
S Sl (S5 4 g 5 okl O

25

oA

Slio 6la QTL Sl soen ol 3,5 15 oslizal
o3l 05 ¢SG () sl ails Cle g3 Wil 5 oo Cilies
S QTL Sl gan Ul 5 o Sy g 5oy I J3IL
0 opdea (Y 5 0dS a5 1)y Cadidee Sl
o bad (S S ol e 4 oS s Sy
Db e onls jase i Aty 55 0K & ol e
PG SV

Co |y ol i
51 &S (Schneider er al,, 2002) aas 5 U
i GRS S ke 53 ol et sl s,
L. g4 S .l (association mapping) LL_s |
A ks s (Reif ef al, 2010) O, 5 o

) ol (aL>u\

S5 domid

5, Shes Lo QTL LU ool ol ol zalejT

5 s s w8y S Sliv S s e
5 o 25 2llid L (T oS RS 05
}w{tﬁbﬁ)}“;b—d‘.ﬁﬁb}}_ﬁ&;udﬂ
old wy p SOLES VO (s pl )3 3 g sy
)s.mugﬁ.ﬂﬁwﬁ,;&\,&"w@js
odd ool Dlio L L s QTL odzea (6 sazes
5SS Bl 2 O el iy s plulis
S35 = i 3 o sl 2 sle QTL
Sl i Ll 53 il )37 ojled pgges S
A 53 F pigas,S 635 QTL S5 iy 5, Sas
S A olalis c42485 5 43692 sls Silis Jols
QTL &S o8 s slaws gl .39 119 OT ol 31 5
oT&\pl;ldu&\_wuvrﬂﬁ,}w,
QTL &S 5 1 olinT s b (8l m 23 50—+ JATY
OT (al 1 51 aS as G Lals Y o558 (65,
QTL &S o8 1 s IS Ol gl 1m0 =+ /89A
Sl KL ool dm 53 ¥ o jlesi 0355055 (53


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.1.4.6
https://agrobreedjournal.ir/article-1-505-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-06-13 ]

[ DOR: 20.1001.1.15625540.1394.17.1.4.6 ]

WA Hlg o) ojlad oatas dl Ol (21 p ke dlona”

References odlawl 8590 xlo

Adiredjo, L. A., O. Navaud, S. Muiios, N. B. Langlade, T. Lamaze, P. Grieu .2014. Genetic control of water
use efficiency and leaf carbon isotope discrimination in sunflower (Helianthus annuus L.) subjected to two
drought scenarios. PLoS ONE 9(7): 1-15.

Bidinger, F. R., T. Nepolean, C. T. Hash, R. S. Yadav and C. J. Howarth. 2007. Quantitative trait loci for
grain yield in pearl millet under variable post-flowering moisture conditions. Crop Sci. 47: 969-980.

Charlson, D. V., S. Bhatnagar, C. A. King, J. D. Ray, C. H. Sneller , T. E. J. Carter and L. C. Purcell.
2009. Polygenic inheritance of canopy wilting in soybean [Glycine max (L.) Merr.]. Theor. Appl. Genet.
119:587-94.

Condon, A. G., R. A. Richards and G. D. Farquhar. 1992. The effect of variation in soil water availability,
vapor pressure deficit and nitrogen nutrition on carbon isotope discrimination in wheat. Aust. J. Agric. Res.
43: 935-947.

Condon, A. G., R. A. Richards, G. J. Rebetzke and G. D. Farquhar. 2004. Breeding for high water use
efficiency. J. Exp. Bot. 55: 2447-2460.

Crepieux, S., C. Lebreton, B. Servin, and G. Charmet. 2004. Quantitative Trait Loci (QTL) detection in
multicross inbred designs: recovering QTL Identical-by-Descent status information from marker Data.
Genetics, 168: 1737-1749.

Farouk, A., R. Shishido, K. Nomura and H. Ikehashi. 2005. QTL-based analysis of leaf senescence in an
indica/japonica in rice (Oryza sativa L.). Theor. Appl. Genet. 110: 1226—1235.

Farquhar, G. D. and R. A. Richards. 1984. Isotopic composition of plant carbon correlates with water use
efficiency of wheat genotypes, Aust. J. Plant Physiol. 11: 539-552.

Grimmer, M. K., T. Kraft, S. A. Francis and M. J. C. Asher. 2008. QTL mapping of BNYVYV resistance
from the WB258 source in sugar beet. Plant Breed. 127: 650-652.

Jun, T. H., K. Freewalt, A. P. Michel and R. Mian. 2014. Identification of novel QTL for leaf traits in
soybean. Plant Breed. 133: 61-66.

Laza, M. R., M. Kondo, O. Ideta, E. Barlaan and T. Imbe. 2007. Identification of Quantitative Trait Loci for
613C and productivity in irrigatedlLowland rice. Crop Sci. 46: 763-773.

Levi, A., L. Ovnat, A. H. Paterson and Y. Saranga. 2009. Photosynthesis of cotton near-isogenic lines
introgressed with QTLs for productivity and drought related traits. Plant Sci. 177: 88-96.

Ludlow, M. and R. C. Muchow. 1990. A critical evaluation of traits for improving crop yields in water-limited
environments, Advan. Agron. 4: 107-151.

Mihaljevic, R., H. F. Utz and A. E. Melchinger. 2005. No evidence for epistasis in hybrid and per se
performance of elite European flint maize inbreds from generation means and QTL analyses. Crop Sci.

45:2605-2613.

o4


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.1.4.6
https://agrobreedjournal.ir/article-1-505-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-06-13 ]

[ DOR: 20.1001.1.15625540.1394.17.1.4.6 ]

"ok J 55 56 QTL b 0"

Ober, E.S., M. L. Bloa, C. J. A. Clark, A. Royal, K. W. Jaggard and J. D. Pidgeon. 2005. Evaluation of
physiological traits as indirect selection criteria for drought tolerance in sugar beet. Field Crops Res. 9: 231-249.

Ober, E. and A. Rajabi. 2011. Abiotic stress in sugar beet. Sugar Tech. 12: 294-298.

Rajabi, A. and E. Ober. 2012. Breeding for improved drought tolerance. In: Ashraf, M., M. Oztiirk, M. S. A.
Ahmad and A. Aksoy (Eds.) Crop Production for Agricultural Improvement. Springer.

Rajabi, A., H. Griffiths, E. S. Ober, W. Kromdijk and J. D. Pidgeon. 2008. Genetic characteristics of water
use related traits in sugar beet. Euphytica.160: 175-187.

Rajabi, A., E. Ober and E. Griffiths. 2009. Genotypic variation for water use efficiency, carbon isotope
discrimination, and potential surrogate measures in sugar beet. Field Crops Res. 112: 172-181.

Rebetzke, G. J., A. G. Condon, G. D. Farquhar, R. Appels and R. A. Richards. 2008. Quantitative trait loci
for carbon isotope discrimination are repeatable across environments and wheat mapping populations. Theor.
Appl. Genet. 118: 123-137.

Reif, J. C., L. Wenxin, G. Manje, P. M. Hans, M. Jens, F. Sandra, S. Axel and W. Tobias. 2010. Genetic
basis of agronomically important traits in sugar beet (Beta vulgaris L.) investigated with joint linkage
association mapping. Theor. Appl. Genet. 121:1489-1499.

Rezaiezad, A., V. Mohammadi, A. Zali, H. Zeinali and M. Mardi. 2011. Mapping QTLs controlling yield and
yield components of oilseed rape under normal irrigation and drought stress conditions. J. Seed Plant Improv.
27(1): 199-218.

Saghai Maroof, M. A., K. M. Soliman, R. A. Jorgensen and R. W. Allard. 1984. Ribosimal DNA spacer
length polymorphisms in barley: Mendelian inheritance, choromosomal location, and population dynamics.
Proc. Natl. Acad. Sci. USA 81: 8014-8018.

Schneider, K., R. Schifer-Pregl, D. Borchardt and F. Salamini. 2002. Mapping QTLs for sucrose content,
yield and quality in a sugar beet population fingerprinted by EST-related markers. Theor. Appl. Genet.
104:1107-1113.

Steele, K. A., A. H. Price, J. R. Witcombe, R. Shrestha, B. N. Singh, J. M. Gibbons and D. S. Virk. 2013.
QTLs associated with root traits increase yield in upland rice when transferred through marker-assisted
selection. Theor. Appl. Genet. 126:101-108.

Stich, B., H. P. Piepho, B. Schulz and A. E. Melchinger. 2008. Multi-trait association mapping in sugar beet
(Beta vulgaris L.). Theor. Appl. Genet. 117:947-954.

Teulat, B., O. Merah, X. Sirault, C. Borries, R. Waugh and D. This. .2002. QTLs for grain carbon isotope
discrimination in field-grown barley. Theor. Appl. Genet. 106: 118—126.

Utz, H.F. 2011. PlabMQTL - Software for meta-QTL analysis with composite interval mapping. Version 0.9.
Institute of Plant Breeding, Seed Science, and Population Genetics, University of Hohenheim, Stuttgart,

Germany.


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.1.4.6
https://agrobreedjournal.ir/article-1-505-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-06-13 ]

[ DOR: 20.1001.1.15625540.1394.17.1.4.6 ]

WA Hlg o) ojlad oatas dl Ol (21 p ke dlona”

Voorrips, R.E. 2002. MapChart: software for the graphical presentation of linkage maps and QTLs. Heredity.
93:77-78.

Weber, W., D. Borchardt and G. Koch. 1999. Combined linkage maps and QTLs in sugar beet (Beta vulgaris
L.) from divergent populations. Plant Breed. 118:193-204.

Xu, Y. 2002. Global view of QTL: Rice as a model. In: Kang, M.S. (ed.) Quantitative genetics, genomics and
plant breeding. Wallingford, UK. CAB International, 109-134.

Zeng, Z. B. 1994. Precision mapping of quantitative trait loci. Genetics. 136:1457-1468.

AR


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.1.4.6
https://agrobreedjournal.ir/article-1-505-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-06-13 ]

[ DOR: 20.1001.1.15625540.1394.17.1.4.6 ]

"ok J 55 56 QTL b 0"

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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