
(Supplementary Material)

Integrative QTL analysis and systems biology approaches for Iranian wheat during the seedling stage under normal and drought conditions

Aylin zebarjad1, Hossein Sabouri1, Zahra Pezeshkian2, Borzo Kazerani3, Fakhtak Taliei1, Sayed Javad Sajadi1

1. Department of Plant Production, College of Agriculture Science and Natural Resource, Gonbad Kavous University, Gonbad, Iran.
2. Department of Animal Sciences, Faculty of Agricultural Sciences, University of Guilan, Rasht, Iran.
3. Department of Plant Breeding and Biotechnology, Faculty of Plant Production, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran.

*Corresponding authors. 
Email addresses: hossein.sabouri@gonbad.ac.ir (H. Sabouri)

[bookmark: _Hlk177770061]



Table S1. Descriptive statistics for the germination traits in 151 wheat inbred lines derived from the cross between Kohdasht and Gonbad under normal condition.
	Parameters
	Min
	Max
	Mean
	Variance

	MDG
	5.665 (59)
	6.804 (28)
	6.189
	0.033

	AVG
	2.434 (28)
	2.778
	2.749
	0.002

	RATE
	32.770 (27)
	43.501 (141)
	36.544
	5.954

	PI
	6.849 (100)
	63.263 (141)
	26.877
	145.150

	MGT
	2.434 (28)
	2.778
	2.749
	0.002

	CVG
	0.317 (43)
	0.419 (141)
	0.356
	0.000

	GP
	87.610 (28, 58)
	99.993
	98.978
	3.160

	LRL
	9.021 (21)
	19.180 (123)
	13.961
	3.499

	RL
	6.278 (21)
	14.290 (123)
	10.131
	1.898

	SL
	7.843 (13)
	14.029 (93)
	10.519
	0.982

	WR
	130.000 (100)
	465.417 (128)
	269.707
	3546.853

	WSH
	476.250 (100)
	894.583 (43)
	717.47
	5770.502

	SL/RL
	0.648 (139)
	1.664 (150)
	1.051
	0.029

	SW/RM
	0.237 (107)
	0.659 (40)
	0.374
	0.005

	RW/SW
	0.237 (107)
	0.659 (40)
	0.374
	0.005

	LIVIG
	0.280 (76)
	25.306 (123)
	20.327
	6.271

	VIGOUR
	589.419 (100)
	1333.209 (93)
	980.037
	14157.664

	GE
	0.876 (28)
	1.000
	0.99
	0.000

	Gmax
	87.610 (28)
	1.000
	98.976
	2.754

	R50
	0.055
	29.904 (43)
	0.063
	5.858

	GU
	10.366 (100)
	29.904 (43)
	17.425
	9.716

	D05
	0.963 (141)
	9.936 (10)
	3.267
	4.073

	D10
	1.925 (141)
	12.595 (10)
	6.072
	8.817

	D50
	9.627 (141)
	19.068 (43)
	15.839
	3.558

	D90
	21.089 (123)
	40.298 (43)
	23.766
	7.792

	D95
	22.545 (123)
	48.690 (43)
	27.27
	28.879


MDG: Mean daily germination, AVG: Mean germination speed, RATE: Germination rate, PI: Germination speed index, MGT: Mean germination time, CVG: Coefficient of germination rate, GP: Germination percentage, LRL: Longest root length, RL: Root length, SL: Shoot length, SL/RL: Length ratio, SW/RM: Weight ratio, RW/SW: Allometric coefficient, LIVIG: Seedling vigor index (length-based), VIGOUR: Seedling vigor index (weight-based), GE: Germination energy, Gmax: Maximum germination percentage, R50: 50% germination rate, GU: Germination uniformity, D05: Time required from sowing to reach 5% of maximum germination, D10: Time required from sowing to reach 10% of maximum germination, D50: Time required from sowing to reach 50% of maximum germination, D90: Time required from sowing to reach 90% of maximum germination, D95: Time required from sowing to reach 95% of maximum germination.
















Table S2. Descriptive statistics for the germination traits in 151 wheat inbred lines derived from the cross between Kohdasht and Gonbad under drought condition.
	Parameters
	Min
	Max
	Mean
	Variance

	MDG
	3.730 (22)
	5.574 (127)
	5.048
	0.095

	AVG
	1.928 (22)
	2.524
	2.456
	0.009

	RATE
	13.540 (22)
	27.161 (127)
	22.87
	5.063

	PI
	22.874 (80)
	68.046 (22)
	40.539
	63.577

	MGT
	1.928 (22)
	2.524
	2.456
	0.009

	CVG
	0.190 (22)
	0.292 (127)
	0.253
	0.000

	GP
	69.414 (22)
	90.846
	88.419
	12.158

	LRL
	2.727 (126)
	12.888 (50)
	6.891
	1.681

	RL
	2.102 (126)
	7.341 (50)
	4.785
	0.710

	SL
	0.791 (126)
	5.855 (140)
	2.691
	0.871

	WR
	67.500 (68)
	183.750 (120)
	114.518
	450.000

	WSH
	53.333 (126)
	262.917 (138)
	138.748
	1688.509

	SL/RL
	0.318 (4)
	1.015 (138)
	0.549
	0.022

	SW/RM
	0.590 (126)
	2.321 (138)
	1.205
	0.127

	RW/SW
	0.441 (138)
	1.834 (81)
	0.813
	0.068

	LIVIG
	2.297 (126)
	10.902 (50)
	6.597
	2.168

	VIGOUR
	114.024 (126)
	371.233 (144)
	231.417
	2434.096

	GE
	0.694 (22)
	0.908
	0.884
	0.001

	Gmax
	69.414 (22)
	90.846
	88.419
	12.158

	R50
	0.014 (22)
	0.047 (127)
	0.029
	0.000

	GU
	28.696 (3)
	73.754 (22)
	41.364
	112.930

	D05
	12.939 (127)
	30.155 (22)
	14.178
	6.231

	D10
	13.877 (127)
	36.310 (22)
	0.284
	12.098

	D50
	21.386 (127)
	70.502 (22)
	0.599
	53.870

	D90
	43.114 (111)
	110.064 (22)
	1.058
	167.835

	D95
	45.718 (3)
	115.032 (22)
	1.269
	241.459


MDG: Mean daily germination, AVG: Mean germination speed, RATE: Germination rate, PI: Germination speed index, MGT: Mean germination time, CVG: Coefficient of germination rate, GP: Germination percentage, LRL: Longest root length, RL: Root length, SL: Shoot length, SL/RL: Length ratio, SW/RM: Weight ratio, RW/SW: Allometric coefficient, LIVIG: Seedling vigor index (length-based), VIGOUR: Seedling vigor index (weight-based), GE: Germination energy, Gmax: Maximum germination percentage, R50: 50% germination rate, GU: Germination uniformity, D05: Time required from sowing to reach 5% of maximum germination, D10: Time required from sowing to reach 10% of maximum germination, D50: Time required from sowing to reach 50% of maximum germination, D90: Time required from sowing to reach 90% of maximum germination, D95: Time required from sowing to reach 95% of maximum germination.
















Table S3. Analysis of variance for the studied traits under normal condition.
	S.O.V.
	df
	Mean square

	
	
	MDG
	AVG
	RATE
	PI
	MGT
	CVG
	GP
	LRL
	RL

	Line
	150
	0.0995ns
	0.0064ns
	17.98**
	438.35**
	0.0064ns
	0.0012**
	9.54**
	10.57**
	5.73**

	Error
	302
	0.0897
	0.0050
	1.81
	39.23
	0.0050
	0.0000
	5.91
	3.18
	1.62

	cv
	
	4.83
	2.59
	3.66
	22.48
	2.59
	2.49
	2.45
	12.64
	12.44


MDG: Mean daily germination, AVG: Mean germination speed, RATE: Germination rate, PI: Germination speed index, MGT: Mean germination time, CVG: Coefficient of germination rate, GP: Germination percentage, LRL: Longest root length, RL: Root length. ** and ns indicate statistical significance at 1% level and non-significant.


Table S3. Continued.
	S.O.V.
	df
	Mean square

	
	
	SL
	SL/RL
	SW/RM
	RW/SW
	LIVIG
	VIGOUR
	GE
	Gmax
	R50

	Line
	150
	2.9643**
	0.0862**
	0.0163**
	0.0164**
	10.68**
	42756.14**
	0.0009**
	8.31ns
	0.0002**

	Error
	302
	0.6888
	0.0294
	0.0067
	0.0067
	2.88
	11062.79
	0.0005
	6.60
	0.0000

	cv
	
	7.83
	16.13
	21.69
	21.69
	8.22
	10.63
	2.45
	2.59
	6.75


SL: Shoot length, SL/RL: Length ratio, SW/RM: Weight ratio, RW/SW: Allometric coefficient, LIVIG: Seedling vigor index (length-based), VIGOUR: Seedling vigor index (weight-based), GE: Germination energy, Gmax: Maximum germination percentage, R50: 50% germination rate. ** and ns indicate statistical significance at 1% level and non-signifiacnt.



Table S3. Continued.
	S.O.V
	df
	Mean square

	
	
	GU
	D05
	D10
	D50
	D90
	D95

	Line
	150
	29.34**
	12.24**
	26.63**
	10.75**
	23.53**
	87.22**

	Error
	302
	12.27
	1.55
	2.70
	0.61
	8.82
	33.29

	cv
	
	19.81
	36.45
	26.03
	4.88
	12.38
	20.82


GU: Germination uniformity, D05: Time required from sowing to reach 5% of maximum germination, D10: Time required from sowing to reach 10% of maximum germination, D50: Time required from sowing to reach 50% of maximum germination, D90: Time required from sowing to reach 90% of maximum germination, D95: Time required from sowing to reach 95% of maximum germination. ** indicate statistical significance at 1% level.



















Table S4. Analysis of variance for the studied traits under drought condition.
	S.O.V.
	df
	Mean square

	
	
	MDG
	AVG
	RATE
	PI
	MGT
	CVG
	GP
	LRL
	RL

	Line
	150
	0.2882**
	0.0283**
	15.29**
	192.00**
	0.0283**
	0.0010**
	36.86**
	5.0754**
	2.1443**

	Error
	302
	0.0229
	0.0077
	1.64
	50.03
	0.0077
	0.0000
	10.01
	1.8190
	0.8654

	cv
	
	3.01
	3.61
	5.58
	17.20
	3.61
	3.68
	3.61
	19.28
	19.31


MDG: Mean daily germination, AVG: Mean germination speed, RATE: Germination rate, PI: Germination speed index, MGT: Mean germination time, CVG: Coefficient of germination rate, GP: Germination percentage, LRL: Longest root length, RL: Root length. ** indicate statistical significance at 1% level.



Table S4. Continued.
	S.O.V.
	df
	Mean square

	
	
	SL
	SL/RL
	SW/RM
	RW/SW
	LIVIG
	VIGOUR
	GE
	Gmax
	R50

	Line
	150
	2.6315**
	0.0668**
	0.3828**
	0.2063**
	6.5482**
	7350.97**
	0.0036**
	36.85**
	0.0001**

	Error
	302
	0.8178
	0.0278
	0.0890
	0.0595
	2.2235
	2324.76
	0.0010
	10.02
	0.0000

	cv
	
	31.82
	28.37
	23.12
	27.98
	22.12
	20.63
	3.06
	3.61
	11.03


SL: Shoot length, SL/RL: Length ratio, SW/RM: Weight ratio, RW/SW: Allometric coefficient, LIVIG: Seedling vigor index (length-based), VIGOUR: Seedling vigor index (weight-based), GE: Germination energy, Gmax: Maximum germination percentage, R50: 50% germination rate. ** indicate statistical significance at 1% level.



Table S4. Continued.
	S.O.V
	df
	Mean square

	
	
	GU
	D05
	D10
	D50
	D90
	D95

	Line
	150
	341.03**
	18.81**
	36.54**
	162.68**
	506.86**
	729.21**

	Error
	302
	47.87
	3.22
	4.72
	13.58
	59.65
	85.76

	cv
	
	16.01
	22.07
	12.25
	10.66
	12.67
	13.16


GU: Germination uniformity, D05: Time required from sowing to reach 5% of maximum germination, D10: Time required from sowing to reach 10% of maximum germination, D50: Time required from sowing to reach 50% of maximum germination, D90: Time required from sowing to reach 90% of maximum germination, D95: Time required from sowing to reach 95% of maximum germination. ** indicate statistical significance at 1% level.
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Table S5. The class centroids derived from cluster analysis for the germination traits in 151 wheat inbred lines derived from the cross between Kohdasht and Gonbad under normal condition.
	Parameters
	First class
(Low‒yielding)
	Second class
[bookmark: _Hlk188097303](Semi low‒yielding)
	Third class
[bookmark: _Hlk188226768](High‒yielding)

	MDG
	6.149
	6.153
	6.440

	AVG
	2.657
	2.764
	2.768

	RATE
	34.316
	36.134
	40.620

	PI
	23.605
	23.770
	46.750

	MGT
	2.657
	2.764
	2.768

	CVG
	0.347
	0.352
	0.391

	GP
	95.689
	99.511
	99.606

	LRL
	13.902
	13.933
	14.961

	RL
	10.120
	10.121
	10.801

	SL
	10.563
	10.548
	10.829

	SL/RL
	1.091
	1.071
	1.026

	SW/RM
	0.349
	0.382
	0.390

	RW/SW
	0.350
	0.382
	0.390

	LIVIG
	19.830
	20.382
	21.545

	VIGOUR
	918.351
	998.497
	997.085

	GE
	0.957
	0.995
	0.996

	Gmax
	95.645
	99.493
	99.634

	R50
	0.060
	0.337
	0.079

	GU
	19.175
	17.038
	19.360

	D05
	4.029
	3.855
	1.383

	D10
	7.378
	7.044
	2.766

	D50
	16.881
	16.640
	12.881

	D90
	26.553
	24.082
	22.126

	D95
	32.146
	27.967
	24.049


MDG: Mean daily germination, AVG: Mean germination speed, RATE: Germination rate, PI: Germination speed index, MGT: Mean germination time, CVG: Coefficient of germination rate, GP: Germination percentage, LRL: Longest root length, RL: Root length, SL: Shoot length, SL/RL: Length ratio, SW/RM: Weight ratio, RW/SW: Allometric coefficient, LIVIG: Seedling vigor index (length-based), VIGOUR: Seedling vigor index (weight-based), GE: Germination energy, Gmax: Maximum germination percentage, R50: 50% germination rate, GU: Germination uniformity, D05: Time required from sowing to reach 5% of maximum germination, D10: Time required from sowing to reach 10% of maximum germination, D50: Time required from sowing to reach 50% of maximum germination, D90: Time required from sowing to reach 90% of maximum germination, D95: Time required from sowing to reach 95% of maximum germination. The highest of class centroids is indicated by the underline.
















Table S6. The class centroids derived from cluster analysis for the germination traits in 151 wheat inbred lines derived from the cross between Kohdasht and Gonbad under drought stress condition.
	Parameters
	First class
(Semi‒tolerant)
	Second class (Tolerant)
	Third class
(Semi‒susceptible)
	Fourth class (Susceptible)

	MDG
	4.989
	5.334
	4.678
	4.345

	AVG
	2.420
	2.501
	2.410
	2.082

	RATE
	22.522
	25.274
	20.903
	16.866

	PI
	40.809
	37.086
	48.306
	48.650

	MGT
	2.420
	2.501
	2.410
	2.082

	CVG
	0.250
	0.273
	0.232
	0.216

	GP
	87.105
	90.042
	86.760
	74.938

	LRL
	7.226
	7.390
	6.093
	4.633

	RL
	4.989
	5.053
	4.229
	3.247

	SL
	2.938
	3.298
	1.943
	1.669

	SL/RL
	152.133
	171.115
	107.423
	84.583

	SW/RM
	1.331
	1.443
	0.966
	0.932

	RW/SW
	0.825
	0.761
	1.132
	1.267

	LIVIG
	6.910
	7.519
	5.369
	3.760

	VIGOUR
	234.780
	263.404
	191.553
	137.461

	GE
	0.871
	0.900
	0.868
	0.749

	Gmax
	87.105
	90.042
	86.760
	74.938

	R50
	0.029
	0.037
	0.024
	0.020

	GU
	44.447
	33.267
	55.600
	63.334

	D05
	15.132
	13.588
	17.110
	21.458

	D10
	17.805
	15.175
	20.922
	25.901

	D50
	35.478
	27.776
	42.188
	51.591

	D90
	62.252
	48.442
	76.523
	89.235

	D95
	71.746
	55.834
	89.006
	102.364


MDG: Mean daily germination, AVG: Mean germination speed, RATE: Germination rate, PI: Germination speed index, MGT: Mean germination time, CVG: Coefficient of germination rate, GP: Germination percentage, LRL: Longest root length, RL: Root length, SL: Shoot length, SL/RL: Length ratio, SW/RM: Weight ratio, RW/SW: Allometric coefficient, LIVIG: Seedling vigor index (length-based), VIGOUR: Seedling vigor index (weight-based), GE: Germination energy, Gmax: Maximum germination percentage, R50: 50% germination rate, GU: Germination uniformity, D05: Time required from sowing to reach 5% of maximum germination, D10: Time required from sowing to reach 10% of maximum germination, D50: Time required from sowing to reach 50% of maximum germination, D90: Time required from sowing to reach 90% of maximum germination, D95: Time required from sowing to reach 95% of maximum germination. The highest of class centroids is indicated by the underline.
 









