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 Alignment of putative QTL to previously reported Yr genes and QTL. 

Chromosome 1 B  

Two QTL on chromosoe 1B, qNV.Yr-1B-1 and qNV.Yr-1B-2 were detected in the field (Field_2016_2) and 

mapped to the distal end of chromosome 1B, at positions closed to the loci (IWA3892, IWA2077) identified by 

Maccaferri et al. (2015). It supports the hypothesis of presence of more than one Pst resistance gene in this region 

(Maccaferri et al., 2015, Rosewarne et al., 2013). The QTL qNV.Yr-1B-2 identified by DArT marker 1119286 at 

position 269.3 cM corresponds better with the HTAP resistant locus Yr29/Lr46 (Maccaferri et al., 2015, Lan et 

al., 2015). 

Chromosome 1 D 

The QTL qNV.Yr-1D-1 was identified by DArT marker 1862252 at position 29.7 cM on chromosome 1D which 

was 10 cM away from the QTL QYr.ucw‐1D (Maccaferri et al., 2015) thus was considered novel. QTL, QYr.uq-

1D.2 detected in the field (Field_2016) at position of 47.7 cM and collocated closed proximity to the QTL 

QYr.ucw‐1D (Maccaferri et al., 2015). 

Chromosome 2 A 

Six QTL were detected in chromosome 2A representing five reported Pst resistant loci and one novel locus. The 

first QTL qNV.Yr-2A.1 (9.93 cM) was collocated with QYr.ucw‐2A.2 = IWA422 (Maccaferri et al., 2015). The 

second QTL qNV.Yr-2A.2 mapped closed to the gene Yr56. However, separation of these QTL is complicated 

because this region represents the ancestral R gene cluster (Maccaferri et al., 2015).  For example, more than ten 

QTL have been identified in this region (Vazquez et al., 2015, Agenbag et al., 2012, Naruoka et al., 2015, Basnet 

et al., 2014b). All these QTL and Yr56 gene located within the distance 17% of chromosome 2A (Maccaferri et 

al., 2015). The other two QTL qNV.Yr-2A.3 (46.8 cM) and qNV.Yr-2A.4 (60.5 cM) detected in the field 

(Field_2015) collocated with the locus IWA 2059 (Naruoka et al., 2015) and IWA2526 (Bulli et al., 2016a) 

respectively. However, in their paper they could not establish definite relationship between these QTL and any 

previously reported gene or QTL. The QTL qNV.Yr-2A.5 (68.6 cM) detected in the field (Field_2014_1 and 

Field_2015_ 2) and did not collocate with any previously reported gene or QTL. This QTL potentially novel but, 

need to be confirmed with allilism test. qNV.Yr-2A.6 detected in the field 2014 and collocated with the QTL 

QYr.inra-2AL (Dedryver et al., 2009). 

Chromosome 2 B 

The position of qNV.Yr-2B.1 falls within the confidence interval of QYr.tsw-2B.1(Godoy et al., 2017) on the 

integrated map which is proximity to the gene Yr5. The Yr5 gene is one of the major genes with rare virulence 

worldwide except the virulence for some pathotypes in Australia and India (Zegeye et al., 2014). However, in 

Australia, Yr5 gene is avirulence for Pst pathotype 134 E16 A+ Yr17 +Yr27 (Cereal rust report 2018.). Therefore, 

the QTL, qNV.Yr-2B.1 is likely to be the gene Yr5. The other all stage resistance Yr genes, including Yr44, Yr53 



and Yr43 have been reported in the long arm of chromosome 2B (Xu et al., 2012a, McGranna et al, 2014). The 

QTL, qNV.Yr-2B.2 identified at the seedling and adult plant stages (2015, 2016) with seven significant markers 

and mapped within the confidence interval of previously mapped Yr43 gene (Maccaferri et al., 2015a, Xu et al., 

2012a). It is therefore, qNV.Yr-2B.2 is likely Yr43 gene.  The QTL qNV.Yr-2B.3 (107.0 cM) was contributed 

strong marker effect for Pst resistance among all other QTL at chromosome 2B. It was detected in two field 

environments (Field_2_2014, Field_2_2015) and overlapped with the interval of QYr.ifa-2BL at marker wPt-

733641(Buerstmayr et al., 2014) and wPt-3378 (Crossa et al., 2007b) which has been identified as important 

genomic region associated with both stripe rust and leaf rust resistance. However, no designated Yr gene has been 

reported so far distal end of chromosome 2B. 

Chromosome 2D 

Two QTL qNV.Yr-2D.1, qNV.Yr-2D.2 were detected on chromosome 2D by DArT markers 2246033, 2338436 

(70.8 cM) and 2243695  (136.4 cM) respectively. Both QTL were located on QYR2D.2 region (Rosewarne et al., 

2013) which is known as large genomic region with several QTL from different studies (Ren et al., 2012, Powell 

et al., 2013, Naruoka et al., 2015, Mallard et al., 2005). However, differentiate of these QTL is difficult due to 

lack of genetic map to compare relative distances. Further work would be required to understand this valuable 

genomic region.  

Chromosome 3A 

Five QTL detected on chromosome 3A. QTL qNV.Yr-3A.1 (44.75 cM) detected at seedling stage, and it mapped 

closed to the marker IWA8630 (Zegeye et al., 2014). QTL qNV.Yr-3A.2 (49.2 cM) detected in Field_1_2015 and 

co-located with the confidence interval of  SNPs IWA7440 and IWA7441(Pasam et al., 2017).  QTL qNV.Yr-3A.3 

mapped closed to the HTAP QTL   QYrdr.wgp-3AL (Hou et al., 2015). In this region of chromosome 3A limited 

number of Yr genes or QTL detected so far. Therefore, it is unclear whether these QTL represent same QTL, 

allelic form or different QTL. qNV.Yr-3A.4 maps in the same chromosomal region of the QYr.cim‐3A_Avocet 

(Rosewarne et al., 2012).  However, qNV.Yr-3A.5 (142.1cM) did not align with any previously detected gene or 

QTL, thus was considered novel. 

Chromosome 3B 

 QTL, qNV.Yr-3B (5.0 cM) detected in field 2016 (Field_2016_1, Field_2016_2) and seedling stage with DArT 

markers 2307351 and 1239212.  This QTL mapped closed proximity to the genomic region of QYr.cim‐

3BS.2_Frankolin (Lan et al, 2014), QYr.tam-3B (Basanet et al, 2013).  The Yr57 gene and slow rusting resistance 

gene Yr30 which is known as pleotropic to stem rust resistance gene Sr2 also present in the same chromosome 

region. It is concluded that this region may be an ancestral R gene cluster (Maccaferri et al., 2015) and further 

studies required to confirm the exact relationship between each Yr gene and QTL.  

Chromosome 3D 



qNV.Yr-3D.1 (59.5 cM) detected in the field (Field_2014_1) and did not collocate with any previously identified 

gene or QTL, Thus, was considered novel. qNV.Yr-3D.2 (123.8cM) mapped closed to the Avocet derived minor 

QTL QYr.tam-3D.1 (Basenet et al., 2013). 

Chromosome 4A 

qNV.Yr-4A.1 (96.1 cM) detected in the field (Field_2014_2) was closely linked with locus identified by IWA3774 

(Bulli et al., 2016a) and IWA8475 (Zegeye et al., 2014). The locus IWA 3774 identified as important novel QTL 

for future breeding as it was only present in high frequencies in landraces (Bulli et al, 2016) compared to other 

lines. The QTL, qNV.Yr-4A.2 detected in close to the QTL QYrst.orr-4AL reported by (Dolores Vazquez et al., 

2012, Chen et al., 2012). 

Chromosome 4D 

The QTL qNV.Yr-4D.1 (43.4 cM) detected in the field (Field_2014_2, Field_2016_1, Field_2016_2) and 

collocated with Yr46 gene (Herrera-Foessel et al., 2011). qNV.Yr-4D.2 identified in field_2014_1 and mapped 

closed to the QTL QYr.caas-4DL (Ren et al., 2012). 

Chromosome 5A 

The QTL qNV.Yr-5A detected in seedling stage seem to be the same QTL reported by (Manickavelu et al., 2016).   

Chromosome 5B 

Four QTL have been detected in chromosome 5B. QTL qNV.Yr-5B.1 (12.4 cM) detected in the field 

(Field_2015_1) collocated with the confidence interval of markers wPt-8604 and wPt-9666 which represent the 

Yr47 and Lr52 gene (Bansal, et al, 2013). qNV.Yr-5B.2 detected in the field (Field_2016_2) by marker 1125706, 

collocated with the QTL QYr.uga‐5B_AGS2000 (Hao et al., 2011). qNV.Yr-5B.3 (27.8-29.32 cM) identified by 

two markers in the field (Field_2015_2) and mapped closed proximity to QYr.cim‐5BL_Chapio (Yang et al., 2013) 

detected in the Chinese environment. The small effect of HTAP resistance locus (QYrPI192252.wgp-5BS) 

detected by (Lu et al., 2014) also collocated within the confidence interval of qNV.Yr-5B.3. Further studies would 

be required to identify whether qNV.Yr-5B.3 represents only one locus or closely linked loci. qNV.Yr-5B.4 

identified by marker 1107669 seems to be same locus of QYr.caas-5BL.1 and QYrns.orz-5BL reported by Lu et 

al, 2009 and Vazquez et al., 2015 respectively.  

Chromosome 5D 

qNV.Yr-5D (58.6 cM) on chromosome 5D detected in the field (Field_2014_1,) by marker 991465 did not 

collocate with any previously identified gene or QTL, Thus, was considered novel. 

Chromosome 6A 



qNV.Yr-6A detected in the field (Field_2016_2) by marker 3022417 maps to the proximal region of Qyr.wsu-6A 

(Bulli et al., 2016) and Qyrpl.orr-6AL (Vazquez et al., 2012) on chromosome 6AL. 

Chromosome 6B 

In chromosome 6B five QTL have been detected. The confidence interval of markers in qNV.Yr-6B.1(2.5-4.5cM) 

and qNV.Yr-6B.2 (10.89 cM) had overlapped each other, thus the relationship between them could not established. 

However, both QTL collocated with Yr35 gene. Another two QTL were also detected in the same region by marker 

wPt-7745 (Prins et al., 2011, Bansal et al., 2013). It suggests that there can be more than one resistant loci in this 

region. qNV.Yr-6B.3 identified close proximity to locus IWA3473 detected by Passam et al., 2017. It was also 

within the confidence interval of QYrst.wgp-6BS.1(Santra et al., 2008), QYr.sun-6B (Bariana et al.,2010) and Yr36 

gene. However, HTAP resistant locus QYrst.wgp-6BS.1 derived from Stephens and Yr36 are different from each 

other (Santra et al., 2008). It suggests that more than one HTAP resistant loci present in this region. qNV.Yr-6B.4 

identified by marker 1058394 collocated with novel APR QTL, Qrfi.wak-6B (klarquist et al., 2016) identified by 

US Pacific Northwest soft white winter wheat variety “Finch”. QYr.uq-6B.5 (79.7 -82.95 cM) identified in the 

field (Field_2014_3, Field_2015_1, Field_2016_2) seems to be a same QTL, QYr.cim‐6BL_Pastor(wPt-5176) 

reported by Roswarne et al., 2012 and QYr.tam-6B (wPt-4164) reported by Basenet et al., 2013 from Quaiu.  

Chromosome 7A 

qNV.Yr-7A.1(96.1 cM) identified in the field (Field_2015_2) mapped closed to the Yrxy1 gene (Zhou et al., 2011) 

identified from Chineese cultivar Xiaoyan 54. qNV.Yr-7A.2 (149.5cM) located in the same confidence interval of 

QTL, QYrst.orr-7AS-Stephans (Vazquez et al., 2012), QYr.sgi‐7A_Kariega (Prins et al., 2011), QYrTtd-7AL.2 

(Liu et al., 2017) and Avocet derived QTL, QYr.cim-7AL from Avocet X Paster population (Roswarne et al., 

2012). But QTL with marker IWA 501 (QYrTtd-7AL.2) and markers wPt-2260 and wPt-2501 (QYr.cim-7AL) 

expressed major and minor effect on stripe rust resistance (Liu et al., 2017). It suggests that there could be more 

than one resistant loci in this region.  

Chromosome 7B 

Four different genomic regions for stripe rust resistance have been identified on chromosome 7B. qNV.Yr-7B.1 

(21 cM) on chromosome 7B detected in the field (Field_2014_2) by marker 1126816 did not collocate with any 

previously identified gene or QTL, Thus, was considered novel. qNV.Yr-7B.2 (38.7cM) identified by marker 

1059624 and 1259637 mapped closed to the locus identified by gwm935.3 (Suanaga et al., 2003). qNV.Yr-7B.3 

identified by markers 1298605, 3026338 and 1159261 and correspond with the position of marker IWA1971 

(Pasam et al, 2017). qNV.Yr-7B.4 (118.5 cM) was overlap with the genomic region of Yr52 (Ren et al,2012), Yr59 

(Zhou et al,2014) and YrC591 (Wheat catalogue) and QTL (Manickavelu et al., 2016, Leu et al., 2017).  Therefore, 

qNV.Yr-7B.4 could be belonging to any of the gene reported. Allelism testing would be required to verify gene.   

Chromosome 7D 



Two QTL were identified on chromosome 7D in 2 different environments. The QTL qNV.Yr-7D.1 detected by 

the marker 1105401 in the field (Field_2_2015) mapped closed to the novel all stage stripe rust resistance gene 

YrYL derived from Chinese landrace “Yilongtuomai” (Wu et al., 2016). The QTL qNV.Yr-7D.2 detected in the 

field (Field_1_2016) significantly associated with YR resistance (p=3.3) and did not collocate with any previously 

reported gene or QTL, thus was considered novel. 
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