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ABSTRACT

Introduction: Knowledge of genetic diversity in crop species can play an important role in exploiting genetic diversity and lead to the
development and expansion of crop cultivation in drought-prone environments. In this regard, identifying and utilizing informative markers
related to agro-physiological traits will be necessary for application in breeding programs and marker-assisted selection.

Materials and methods: This study was performed to investigate the relationship between SCoT markers and agro-physiological traits in the
durum wheat breeding germplasm. For this purpose, 220 durum wheat genotypes were evaluated for agronomic, phenological, and physiological
traits. They were received from the International Center for Agricultural Research in the Dry Areas (ICARDA) and International Maize and
Wheat Improvement Center (CIMMYT) during two consecutive cropping seasons (2017-18 and 2018-19). The germplasm was also genotyped
using five SCoT markers. In order to identify the informative markers related to each trait, the regression analysis method was used.

Results: According to the results, considerable variation for agro-physiological traits was observed in the studied germplasm. The majority of
ICARDA germplasms that most favored by grain yield, 1000-kernel weight (TKW), normal difference vegetative index (NDVI), plant height
(PH), and peduncle length (PL) well separated from the majority of CIMMYT germplasm that most favored late in the heading (DH) and
maturity (DM) and higher canopy temperature (CT). These findings indicate that the breeding lines originally developed from ICARDA might
possess traits of tolerance to drought conditions absent in those developed in CIMMYT. 13 SCoT loci were associated with at least three traits
based on trait-marker association analysis. These markers would enhance the efficiency of parental selection in the durum wheat breeding
programs. Six informative SCoT loci (SCoT16-845, SCoT16-965, SCoT33-780, SCoT24-1400, SCoT16-845, and SCoT25-680) were identified
as repeatable markers that can be considered as candidate markers for assessment of other wheat germplasm collections and scanning the genome
for the related traits.

Conclusion: This study based on phenotypic data and SCoT markers revealed a high level of diversity in durum wheat breeding germplasm that
may be useful in breeding programs. This information is valuable for germplasm grouping and determination of different phenotypic and
genotypic groups, developing high-yielding genotypes, and using cross-breeding programs.
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Figure 2. Heat map plot based on correlations between studied agro-physiological traits in 2107-18

(a) and 2018-19 (b) cropping seasons.

DH: day to heading, PH: plant height, DM: day to maturity, SPAD: SPAD number, NDVI: normalized difference
vegetation index, CT: canopy temperature, SL: spike length, PL: peduncle length, PE: extrusion length, FL: flag leaf

length, TKW: Thousand-kernel weight, GY: grain yield.
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Table 2. Association analysis of 12 agro-physiological traits using SCoT markers during two
cropping years for 220 durum wheat genotypes. A line is drawn below the markers with repeatable
correlations over two years.

Slass ' kel Kilas Ol s
che il skl gl Sl T L B35 s ar i
Sz bl e oy O
Trait Cropping No. of Informative R? Main Regression coefficient R?
season informati  markers adjusted marker changed
ve (%) with (%)
markers highest R?
DH 1396-97 1 SCo0T25-765 1.9 SCoT25- -0.92* 2.3
765
1397-98 5 SCo0T16-845, 31.2 SCoT16- -1.89** 19.2
SCoT33-710, 845
SCoT16-1000,
SCoT33-499,
SCoT25-680
SPAD  1396-97 2 SCoT16-845, 4.1 SCoT16- -1.50* 2.8
SCo0T25-765 845
1397-98 1 SCo0T25-1200 3.6 SCoT25- 2.21** 4.0
1200
CT 1396-97 4 SCoT16-845, 19.0 SCoT16- -1.38** 10.1
SCoT16-965, 845

SCoT16-1070,
SCoT24-1250

1397-98 5 SCoT24-1100, 31.3 SCoT24- 0.55** 16.1
SCo0T16-965, 1100
SCo0T33-1150,
SCoT33-710,
SCoT16-845
NDVI 1396-97 2 SCoT16-845, 10.8 SCoT16- 0.02** 7.0
SCoT33-780 845
1397-98 2 SCoT33-780, 6.2 SCoT33- 0.04** 4.9
SCoT25-765 780
FL 1396-97 4 SCoT16-845, 16.6 SCoT16- -1.28** 9.7
SCoT16-740, 845
SCoT16-590,
SCoT16-965
1397-98 4 SCoT25-1200, 12.4 SCoT25- 1.19** 4.6
SCoT16-1000, 1200
SCoT33-710,
SCo0T25-680

A RPYFNIY | PCES P O S PRI 3t P o
S j).» J}Ja FL ‘6.)34[5 ‘_gl.oa CT ‘Lfi"‘)'“‘“‘ IR JLAJJ ua:>Lw NDVI ‘..\.w;| ;,3|)£ SPAD ‘LS'Q""‘L? [ 39, slaws :DH
* and **: Significant at the 5 and 1% probability levels, respectively.

DH: day to heading, SPAD: SPAD number, NDVI: normalized difference vegetation index, CT: canopy
temperature, FL: flag leaf length.
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Table 2. Continued.
sla Silas slaws kel S Rl
Cdeo <=hy Jbe . Bl o B e R ot NI O% S5 s 3 .
i b e o 2
O 2
Trait Cropping :\rll?(.JrorLative Informative R? adjusted L\n/l:rllr(]er with Regre.ss.ion R2 changed
Season markers (%) . ) Coefficient (%)
markers highest R
SL 1396-97 4 SCo0T16-845, 19.5 SCoT16- -0.39** 10.2
SCo0T16-1000, 845
SCo0T24-1100,
SCo0T24-1400
1397-98 4 SCo0T16-1465, 10.8 SCoT16- -0.36** 5.3
SC0T24-1400, 1465
SCo0T24-4800,
SCoT25-680
PL 1396-97 6 SCo0T33-499, 141 SCoT33- -1.64** 6.7
SCoT25-680, 499
SCo0T16-845,
SCoT33-780
1397-98 6 SCo0T33-499, 16.4 SCoT33- -1.99** 17.0
SC0T25-680, 499
SCoT16-590,
SCoTCoT16-740,
SCoT25-765,
SCo0T2-490
PE 1396-97 5 SCoT16-845, 315 SCoT16- 2.06** 17.2
SCo0T16-1000, 845
SCoT33-499,
SCo0T16-965,
SCo0T24-1100
1397-98 3 SCo0T33-499, 145 SCoT33- -2.13** 10.3
SCo0T16-590, 499
SCoT16-740
PH 1396-97 2 SCoT33-780, 6.1 SCoT33- -4.06** 4.7
SCoT16-845 780
1397-98 5 SCoT16-1070, 111 SCoT16- 4.69** 3.9
SCo0T25-1200, 1070

SCoT16-1000,
SCoT33-499,
SCo0T25-756

TN g0 Jleim! mhaw 5o jlo pire o i 4y KX

&g gl | PH (>, ISl Job PE (JSSlay Jsb (PL ks Jobo :SL
*and **: Significant at 5 and 1% probability levels, respectively.

SL.: spike length, PL: peduncle length, PE: extrusion length, PH: plant height.



VO

AV dOO)Y A F) adle W}u 9 ‘5)919&9.».! /u‘)l.io.@ 9 (S

Y Jous aslsl
Table 2. Continued.
6l Siles slass el S Ol et
Cdeo <=hy Jb . oie oMbl SLas e ol O% S 5 s 3 .
. Cropping NO' of . Informative R? adjusted Main - Regression R? changed
Trait Season informative markers (%) marker with Coefficient (%)
markers highest R?
DM 1396-97 1 SCo0T24-1400 15 SCoT24- 0.39* 2
1400
1397-98 4 SCo0T16-1465, 17.7 SCoT16- 0.74* 95
SCoT16-845, 1465
SCoT16-1000,
SCoT25-680
TKW 1396-97 4 SC0T16-845, 246 SCoT16- 2.23** 15.8
SCoT24-1100, 845
SCoT16-1465,
SCoT25-680
1397-98 2 SC0T16-845, 8.7 SCoT16- 1.61** 6.2
SCoT25-680 845
GY 1396-97 4 SCoT16-1465, 17.9 SCoT16- -445.22** 8.4
SCoT16-845, 1465
SCoT2-1004,
SCo0T24-1100
1397-98 1 SCoT33-780 4.0 SCoT33- 562.28** 4.4
780

/\ 9 /() JLo.o‘ a.b.w ) )‘éo_i.uo w).: L :** s*
Al o Slae GY wils i 59 TKW ( S ) b 39, slass :-DM

*and **: Significant at 5 and 1% probability levels, respectively.

DM: day to maturity, TKW: thousand kernel weight, GY: grain yield.
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