Electronic Supplementary Material (ESM) 
to Cheng et al.: The Diversity of Powdery Mildew Resistance Gene Loci among Wheat Germplasm in Southwest China

Cereal Res. Commun.
Table S1. Wheat cultivars and lines used in this study

	Name
	Abbr.
	Origin
	Pedigree
	Type

	0308
	0308
	Guizhou
	Selection from powdery mildew resistant population
	Line

	9712
	9712
	Guizhou
	N.A.
	Line

	Guimai12
	GM12
	Guizhou
	N.A.
	Line

	Guiyu17
	GY17
	Guizhou
	N.A.
	Line

	Qianmai12
	QM12
	Guizhou
	Zongkang’ai2/Abandanza//Triticale///Av. sativa
	Cultivar

	Qianmai14
	QM14
	Guizhou
	N.A.
	Cultivar

	Qianmai15
	QM15
	Guizhou
	Xing’aikang1/C39
	Cultivar

	Qianmai16
	QM16
	Guizhou
	QR3/QR1
	Cultivar

	Qianmai17
	QM17
	Guizhou
	P36/1726
	Cultivar

	Qianmai18
	QM18
	Guizhou
	Selection from powdery mildew resistant population
	Cultivar

	Qianmai19
	QM19
	Guizhou
	9665F8//Guinong21/Abandanza
	Cultivar

	Qianxiafan28
	QXF28
	Guizhou
	Guinong21/Abandanza
	Line

	Qian0117-1
	Q0117-1
	Guizhou
	Xiaoyan503/976F4
	Line

	QianAT6-5
	QAT6-5
	Guizhou
	Aibai//Guinong21/Abandanza///Mohei25
	Line

	Qian9939-5
	Q9939-5
	Guizhou
	Guinong775//Guinong21/Abandanza
	Line

	Qian9988-46
	Q9988-46
	Guizhou
	Guinong775/98318
	Line

	Qian2032-8
	Q2032-8
	Guizhou
	Chaoxuan/9639
	Line

	Qian0240-2
	Q0240-2
	Guizhou
	Guinong001/Xiafan61
	Line

	Qian0209-4
	Q0209-4
	Guizhou
	Jieyan970012/9611F6
	Line

	Guinong18
	GN18
	Guizhou
	Laizhou137/Guinong775
	Cultivar

	Guinong19
	GN19
	Guizhou
	Zhongyan96-3/Guinong21
	Cultivar

	Guinong25
	GN25
	Guizhou
	Hanyou2/Guinong775
	Cultivar

	Guinong26
	GN26
	Guizhou
	Guinong97012/Guinong21
	Cultivar

	Guinong28
	GN28
	Guizhou
	Guinong13 /Guinong775
	Cultivar

	Guinong19-4
	GN19-4
	Guizhou
	Triticale/Av. fatua L.//T. aestivum L.
	Line

	Guinong21
	GN21
	Guizhou
	H. villosa/T. turgidum var. durum//T. aestivum L.
	Line

	Guinong21-1
	GN21-1
	Guizhou
	H. villosa/T. turgidum var. durum//T. aestivum L.
	Line

	Guinong22
	GN22
	Guizhou
	H. villosa/T. turgidum var. durum//T. aestivum L.
	Line

	Guinong775
	GN775
	Guizhou
	Ae. squarrosa/Av. fatua L.//Ae. ventricosa Tausch/T. durum
	Line

	Baimian3
	BM3
	Guizhou
	Systematic selection from Ailiduo
	Line

	JYP1
	JYP1
	Guizhou
	Ae. squarrosa/Av. fatua L.//Ae. ventricosa Tausch/T. turgidum var. durum
	Line

	JYP2
	JYP2
	Guizhou
	Ae. squarrosa/Av. fatua L.//Ae. ventricosa Tausch/T. turgidum var. durum
	Line

	JYP3
	JYP3
	Guizhou
	Ae. squarrosa/Av. fatua L.//Ae. ventricosa Tausch/T. turgidum var. durum
	Line

	TG
	TG
	Guizhou
	T. timopheevi Zhuk./Av. fatua L.
	Line

	TP2
	TP2
	Guizhou
	T. timopheevi Zhuk./Av. fatua L.
	Line

	TP3
	TP3
	Guizhou
	T. timopheevi Zhuk./Av. fatua L.
	Line

	YP1
	YP1
	Guizhou
	T. turgidum var. durum/Av. fatua L. var. Portugal
	Line

	YP2
	YP2
	Guizhou
	T. turgidum var. durum/Av. fatua L. var. Portugal
	Line

	YLP8-1
	YLP8-1
	Guizhou
	T. monococcum L./Av. fatua L. var. Portugal
	Line

	YLP8-40
	YLP8-40
	Guizhou
	T. monococcum L./Av. fatua L. var. Portugal
	Line

	P1-2
	P1-2
	Guizhou
	Selection from mutation of T. timopheevi Zhuk.
	Line

	P3M-8
	P3M-8
	Guizhou
	Selection from mutation of T. timopheevi Zhuk.
	Line

	P5-1
	P5-1
	Guizhou
	Selection from mutation of T. timopheevi Zhuk.
	Line

	P7-9
	P7-9
	Guizhou
	Selection from mutation of T. timopheevi Zhuk.
	Line

	P7-26
	P7-26
	Guizhou
	Selection from mutation of T. timopheevi Zhuk.
	Line

	Yiguang-1
	YG-1
	Guizhou
	T. turgidum var. dicoccoides/Av. fatua L.
	Line

	Yiguang-3
	YG-3
	Guizhou
	T. turgidum var. dicoccoides/Av. fatua L.
	Line

	Yiguang-4
	YG-4
	Guizhou
	T. turgidum var. dicoccoides/Av. fatua L.
	Line

	Yitexuan1
	YTX1
	Guizhou
	T. turgidum var. dicoccoides/Av. fatua L.
	Line

	Yitexuan2
	YTX2
	Guizhou
	T. turgidum var. dicoccoides/Av. fatua L.
	Line

	Guyou1
	GY1
	Guizhou
	T. turgidum var. dicoccoides/Av. fatua L.
	Line

	Guixie1
	GX1
	Guizhou
	T. timopheevi Zhuk./Av. fatua L. var. Portugal
	Line

	Guixie3
	GX3
	Guizhou
	T. turgidum var. dicoccoides/Av. fatua L.
	Line

	Guixie3-1
	GX3-1
	Guizhou
	T. turgidum var. dicoccoides/Av. fatua L.
	Line

	Guixie4
	GX4
	Guizhou
	T. turgidum var. dicoccoides/Av. fatua L.
	Line

	Guixie5
	GX5
	Guizhou
	T. turgidum var. dicoccoides/Av. fatua L.
	Line

	P13-1
	P13-1
	Guizhou
	Selection from mutation of T. timopheevi Zhuk.
	Line

	P13-3
	P13-3
	Guizhou
	Selection from mutation of T. timopheevi Zhuk.
	Line

	P13-4
	P13-4
	Guizhou
	Selection from mutation of T. timopheevi Zhuk.
	Line

	P13-5
	P13-5
	Guizhou
	Selection from mutation of T. timopheevi Zhuk.
	Line

	Anmai7
	AM7
	Guizhou
	Sanshumai/8625
	Cultivar

	Bi2007-1
	B2007-1
	Guizhou
	N.A.
	Line

	Bi2007-7
	B2007-7
	Guizhou
	N.A.
	Line

	Bimai18
	BM18
	Guizhou
	Bi89-2/Guinong93-4//Guinong93-4
	Cultivar

	Fengyou1
	FY1
	Guizhou
	N.A.
	Cultivar

	Fengyou2
	FY2
	Guizhou
	00435///S124//Sumai3/Wumang1
	Cultivar

	Fengyou3
	FY3
	Guizhou
	8619-3-1/8524-1-6
	Cultivar

	Fengyou6
	FY6
	Guizhou
	9106-1-8/9303-9-6
	Cultivar

	Fengyou7
	FY7
	Guizhou
	87111/90225
	Cultivar

	Fengyou8
	FY8
	Guizhou
	Xinong1376/Tedasui
	Cultivar

	Fengyou9
	FY9
	Guizhou
	8619-3-1/8729-6-2
	Cultivar

	Fengyou10
	FY10
	Guizhou
	Yun35334-3/Fengyou3
	Cultivar

	Fengyou92212
	FY92212
	Guizhou
	N.A.
	Line

	Xingyu7
	XY7
	Guizhou
	N.A.
	Cultivar

	Xingyu823
	XY823
	Guizhou
	N.A.
	Line

	Mianmai1403
	MM1403
	Sichuan
	Mianyang04854/Guinong21-1
	Cultivar

	Mianmai185
	MM185
	Sichuan
	Mianyang96-5/Liaochun10
	Cultivar

	Mianmai228
	MM228
	Sichuan
	1275-1/Nei2938//99-1522
	Cultivar

	Mianmai367
	MM367
	Sichuan
	1275-1/99-1522
	Cultivar

	Mianmai37
	MM37
	Sichuan
	96EW37/Mianyang90-100
	Cultivar

	Mianmai39
	MM39
	Sichuan
	Mianyang96-78/Guinong21-1
	Cultivar

	Mianmai43
	MM43
	Sichuan
	Miangyang92-8/88-304//Guinong19-4
	Cultivar

	Mianmai45
	MM45
	Sichuan
	07146-12-1/Guinong19-4
	Cultivar

	Mianmai46
	MM46
	Sichuan
	07242-3-1-1/Guinong21
	Cultivar

	Mianmai47
	MM47
	Sichuan
	Mianyang96-5/Guinong19-4
	Cultivar

	Mianmai48
	MM48
	Sichuan
	Mianyang01821/Guinong19-4
	Cultivar

	Miannong4
	MN4
	Sichuan
	(75-21-4/76-19)F4//(Mianyang11/Alondras)F3
	Cultivar

	MY2002-5
	MY2002-5
	Sichuan
	Mianyang01821/Guinong19-4
	Line

	Mianyang26
	MY26
	Sichuan
	Mianyang81-5/Chuanyu81-24
	Cultivar

	Mianmai38
	MM38
	Sichuan
	07146-12-1/Guinong19-4
	Cultivar

	Mianmai40
	MM40
	Sichuan
	Mianyang01821/Guinong19-4
	Cultivar

	Mianmai42
	MM42
	Sichuan
	Mianyang96-5/Guinong21-1
	Cultivar

	Guohaomai15
	GHM15
	Sichuan
	Mianyang96-5/Guinong19-4//NE
	Cultivar

	Xikemai2
	XKM2
	Sichuan
	Chuanyu11/Mo444xuan
	Cultivar

	Xikemai3
	XKM3
	Sichuan
	Guinong21/5575
	Cultivar

	Xikemai5
	XKM5
	Sichuan
	Guinong21/96Ⅱ-39
	Cultivar

	Chuanmai107
	CM107
	Sichuan
	2469/80－28－7
	Cultivar

	Chuanmai16
	CM16
	Sichuan
	N.A.
	Cultivar

	Chuanmai30
	CM30
	Sichuan
	77/YAA//ALD‘S’/3/YSZ//ST2022/983
	Cultivar

	Chuanmai39
	CM39
	Sichuan
	Mo444/90-7
	Cultivar

	Chuanmai42
	CM42
	Sichuan
	91T4135×88Fan8
	Cultivar

	Chuanmai44
	CM44
	Sichuan
	96Xia440/Guinong21
	Cultivar

	Chuanmai50
	CM50
	Sichuan
	Guinong21/3295
	Cultivar

	Chuanmai60
	CM60
	Sichuan
	98-1231//Guinong21/Shenghe3295
	Cultivar

	Chuanmai45
	CM45
	Sichuan
	GH430/SW1862
	Cultivar

	Chuanmai51
	CM51
	Sichuan
	174/183//99-1572
	Cultivar

	Chuannong10
	CAU10
	Sichuan
	78-5038/85-D.H.5015
	Cultivar

	Chuannong17
	CAU17
	Sichuan
	91S-23/A302
	Cultivar

	Chuannong18
	CAU18
	Sichuan
	Chuanyu12/87-429
	Cultivar

	Chuannong19
	CAU19
	Sichuan
	91S-23/A302
	Cultivar

	Chuannong23
	CAU23
	Sichuan
	R1685/MY26
	Cultivar

	Chuannong27
	CAU27
	Sichuan
	Chuannong19/R3301
	Cultivar

	CN04-1
	CN04-1
	Sichuan
	N1491/N1071
	Line

	CN04-2
	CN04-2
	Sichuan
	N1491/N1071
	Line

	SY95-71
	SY96-71
	Sichuan
	Eronga83/Fan6//Fan6
	Line

	Huaimai18
	HM18
	Jiangsu
	Yumai13/Lumai14
	Cultivar

	92R137
	92R137
	Jiangsu
	6AL.6VS translocation lines/Yangmai5
	Line

	NAU24
	NAU24
	Jiangsu
	Selection from T6AL.6VS lines
	Line

	NAU04y10
	NAU04y10
	Jiangsu
	Selection from T6AL.6VS lines
	Line

	NAU06y603
	NAU06y603
	Jiangsu
	Selection from T6AL.6VS lines
	Line

	Ermai15
	EM15
	Hubei
	882-852//Een1/Nppp-2///Guinong11
	Cultivar

	Xiangmai27
	XM27
	Hubei
	84C-432/Guinong31-1//Guinong20-3///Fengyou5////Zhefeng2
	Line

	Xiangmai55
	XM55
	Hubei
	8811/Guinong24-7//Emai19
	Cultivar

	Xiangmai83
	XM83
	Hubei
	Guinong20-3/6038//Zhongyou9803
	Line

	Zheng9023
	Z9023
	Henan
	Xinong881/Shan213
	Cultivar

	Yanyu898
	YY898
	Henan
	Guinong25-8/Yumai18
	Cultivar

	05Zhong38
	05Z38
	Henan
	N.A.
	Line

	Zhong91-13
	Z91-13
	Beijing
	N.A.
	Line

	Zhongyou9507
	ZY9507
	Beijing
	Selection from Zhongyou8
	Cultivar

	Zhongmai415
	ZM415
	Beijing
	Guinong11/Jing411//Jing411
	Cultivar

	CA9722
	CA9722
	Beijing
	Jing411/Guinong11//Jing411
	Cultivar

	Mingxian169
	MX169
	Shanxi
	N.A.
	Cultivar

	Xianyan54
	XY54
	Shaanxi
	Selection from Xiaoyan6
	Cultivar

	Linmai33
	LM33
	Gansu
	92Yuan-11/Guinong20
	Cultivar

	Linmai34
	LM34
	Gansu
	94Xuan4149/Guinong20//82316-1/Linmai26
	Cultivar

	Longjian9343
	LJ9343
	Gansu
	Guinong21/77-69
	Cultivar

	Tianxuan43
	TX43
	Gansu
	8845-1-1-1-1/Guinong22
	Cultivar

	Zhongzhi2
	ZZ2
	Gansu
	Shan167, Guinong22 and T. Speltaalbum multiple cross
	Cultivar


Table S2. Primers used in this study

	Gene
	Chromosome
	Primer
	F-（5’ –3’）
	R-（5’–3’）

	Pm4
	2AL
	Pm4G+4I
	TCCAGTGACCCCATCTGCTCATAC
	GTGGTGTATCAAATGTCATCAGTACTAC

	Pm16
	5BS
	barc004
	GCGTGTTTGTGTCTGCGTTCTA
	CACCACACATGCCACCTTCTTT

	Pm8
	1RS/1BL
	AF1/AF4
	GGAGACATCATGAAACATTTG
	CTGTTGTTGGGCAGAAAG

	Pm21
	6AS
	SCAR1000
	CACTCTCCTCAAACCTTGCAAG
	CACTCTCCTCCACTAACAGAGG

	Pm24
	1DS
	gwm337
	CCTCTTCCTCCCTCACTTAGC
	TGCTAACTGGCCTTTGCC

	Pm30
	5BS
	gwm159
	GCAGAAGCTTGTTGGTAGGC
	GGGCCAACACTGGAACAC


Table S3. Resistance of cultivars at the adult plant stage in different environments

	Environment
	
	Guizhou cultivars
	Sichuan cultivars
	Cultivars from other regions

	2013
	Guiyang
	No. of RC
	46
	8
	5

	
	
	Percentage
	61.3%
	19.5%
	20.8%

	
	Hezhang
	No. of RC
	48
	12
	6

	
	
	Percentage
	64.0%
	29.3%
	25.0%

	
	Mianyang
	No. of RC
	48
	16
	16

	
	
	Percentage
	64.0%
	39.0%
	66.7%

	2014
	Guiyang
	No. of RC
	68
	27
	7

	
	
	Percentage
	90.7%
	65.9%
	29.2%


Note: No. of RC: number of resistant cultivars, including cultivars with powdery mildew infection of type 0 to 2.

Table S4. Frequencies of Pm gene locus carried by cultivars from the different regions

	Resistance gene  locus
	Frequency

	
	Mean
	Guizhou
	Sichuan
	Other regions

	Pm4
	30.9%
	38.7%
	14.6%
	34.8%

	Pm8
	38.1%
	34.7%
	53.7%
	21.7%

	Pm16
	12.9%
	16.0%
	7.3%
	13.0%

	Pm21
	40.3%
	60.0%
	22.0%
	8.7%

	Pm24
	56.8%
	60.0%
	53.7%
	52.2%

	Pm30
	79.9%
	80.0%
	85.4%
	69.6%


Note:* The mean represents the percentage averaged from three different sources.

Table S5. Frequencies of Pm gene locus in resistant and susceptible varieties (lines)

	Varieties (lines) 
	Resistance gene locus

	
	Pm4
	Pm8
	Pm16
	Pm21
	Pm24
	Pm30

	Resistant
	39.3%
	16.1%
	3.6%
	87.5%
	60.7%
	83.9%

	Susceptible
	25.9%
	54.3%
	19.8%
	8.6%
	55.6%
	79.0%


Table S6. Correlation coefficients (r) between Pm gene locus carriers and resistance to powdery mildew

	Gene
	2013 GY
	2013 MY
	2013 HZ
	2014 GY

	Pm4
	0.13
	
	0.15
	
	0.29
	**
	0.17
	

	Pm8
	–0.39
	**
	–0.31
	**
	–0.31
	**
	–0.14
	

	Pm16
	0.20
	**
	0.19
	**
	0.18
	*
	0.09
	

	Pm21
	0.81
	**
	0.54
	**
	0.60
	**
	  0.53
	**

	Pm24
	0.02
	
	0.04
	
	0.07
	
	0.05
	

	Pm30
	0.04
	
	0.01
	
	0.07
	
	0.11
	

	N of Pm gene compositions
	0.21
	**
	0.23
	**
	0.29
	**
	0.31**
	


Note:GY: Guiyang, MY: Mianyang, HZ: Hezhang, 

 * Correlation is significant at the 0.05 level (two-tailed). 

** Correlation is significant at the 0.01 level (two-tailed).

Figure S1. Consnsus tree of 140 accessions reconstructed from 1000NJ trees obtained from data resampled in a set of 6,486 SNPs. The branch lengths are proportional to the number of times each group appeared. Red numbers indicate bootstrap values > 70%. Cultivars carrying the Pm21 gene locus (SCAR1260) are indicated with a star
