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Abstract: Kenya Kudu, a Kenyan wheat variety, exhibits robust adult plant resistance(APR) to leaf
rust. To dissect the genetic architecture underlying this resistance, we conducted quantitative trait lo-
cus(QTL) mapping using 195 F,.; lines derived from a cross between Kenya Kudu and the susceptible
cultivar Zhengzhou 5389. Field evaluations were carried out in Baoding, Hebei Province and Zhoukou,
Henan Province during the 2017—2018 and 2018—2019 growing seasons. Plants were inoculated with
a mixture of virulent Puccinia triticina (Pt) races to assess APR. Phenotypic data on disease severity
were integrated with genotypic data from 660K SNP array and SSR markers for QTL analysis. The
results demonstrated that three novel adult plant resistance QTLs to leaf rust were identified on wheat
chromosomes 2B and 5B. Two QTLs were located on chromosome 5B, provisionally designated as
QLr. hbau-5B. 1 and QLr. hbau-5B. 2, accounting for 8.3~10.5% and 6. 9~8. 6% of the phenotypic
variation, respectively. One QTL located on chromosome 2B, provisionally designated QLr. hbau-
2B , accounted for 7. 2~10. 6% of the phenotypic variation and may correspond to a known leaf rust
resistance locus. These results demonstrate that Kenya Kudu’s resistance is attributed to the additive
effects of multiple minor-effect QTLs. The identified QTLs and their closely linked molecular mark-

ers offer critical genetic tools for marker-assisted selection(MAS) in breeding wheat cultivars with du-
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rable resistance to leaf rust.
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Table 1 Information of SSR markers linked to QTL loci
SSR #1id L5 iR H b3 2%
SSR marker Forward primer(5'—3") Reverse primer(5'—3") Size of product/bp
Xgwm?234 GAGTCCTGATGTGAAGCTGTTG CTCATTGGGGTGTGTACGTG 241
Xwmced7 AACACATTTTCTGTCTTTCGCC TGTAGTTATGCCCAACCTTTCC 118
Xgdmll6 GCTGCAATGCAAGGTCTCTT GATGTGGCTTTCTAAGGCAA 110
Xgwm191 AGACTGTTGTTTGCGGGC TAGCACGACAGTTGTATGCATG 127
Xwmecl49 ACAGACTTGGTTGGTGCCGAGC ATGGGCGGGGGTGTAGAGTTTG 232
Xcfd20 TGATGGGAAGGTAATGGGAG ATCCAGTTCTCGTCCAAAGC 212
Xgwm540 TCTCGCTGTGAAATCCTATTTC AGGCATGGATAGAGGGGC 97
Xbarc98 CCGTCCTATTCGCAAACCAGATT GCGGATATGTTCTCTAACTCAAGCAATG 151
XgwmZ271 CAAGATCGTGGAGCCAGC AGCTGCTAGCTTTTGGGACA 199
Xbarcl24 TGCACCCCTTCCAAATCT TGCGAGTCGTGTGGTTGT 248
Xbarc200 GCGATATGATTTGGAGCTGATTG GCGATGACGTTAGATGCGGAATTGT 162
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Fig. 1 Frequency distribution of final disease severity(FDS) in F,.; population from four environments
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Table 2 Adult-plant resistance QTL to wheat leaf rust in F,.; population
78175 QTI Fric IX [ fe RASR 1 Jon 4 555 g TUHRR
Environment ’ Marker Interval LOD Additive PVE/%
2018 4ERE QLr. hbau-5B. 1 Xgwm234 ~Xwmcd7 2.9 —9.4 9.1
2018 Baoding QLr. hbau-2B Xbarcl24 ~Xbarc200 4.0 —7.6 10. 6
2018 4EJ& 11 QLr. hbau-5B. 1 Xgwm234 ~Xwmcd7 2.7 —7.1 8.3
2018 Zhoukou QLr. hbau-5B. 2 Xcfd20 ~Xgwmb540 3.6 —4.5 6.9
QLr. hbau-2B Xbarcl24 ~Xbarc200 3.8 —6.8 9.4
2019 4EAR 8 QLr. hbau-5B. 1 Xgwm234 ~Xwmced7 3.9 —7.9 10.5
2019 Baoding QLr. hbau-5B. 2 Xcfd20 ~Xgwmb540 5.5 —7.4 8.6
QLr. hbau-2B Xbarcl24 ~Xbarc200 3.0 —6.1 7.2
2019 4EJ& 1 QLr. hbau-5B. 1 Xgwm234 ~Xwmced7 4.1 —11.0 8.5
2019 Zhoukou QLr. hbau-2B Xbarcl24 ~Xbarc200 3.4 —5.0 7.9
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Fig.2 Positions of the QTLs conferring adult-plant resistance to leaf rust on chromosome 2B and 5B
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Table 3 Comparison of the physical positions of the quantitative trait loci (QTLs)

identified in the present study with the previously reported ones

EA £/ i I [l Wy LA 2% Sk
Name Origin Marker interval Physical position/Mb Literature cited
QLr. hbau-5B. 1 Kenya Kudu Xegwm?234 ~Xwmc4d7 24.5 Present study
QLr. hbau-5B. 2 Kenya Kudu Xcfd20 ~Xgwmb540 103. 2 Present study
Lrl8 Triticum timopheevii Xgpw7425 ~Xwmce75 563.0~573.0 [15]
Lr52 V336 Xcfb309 ~Xgwm234 6.1~8.2 [16]
QLr. ccsu-5B, 4 Opata 85 Xcdol326 ~Xcdol40 595.0~598.0 [17]
QLr. ccsu-5B. 5 Opata 85 Xbarcl42 ~Xbarc69 605.0~607. 6 [17]
QLr. vt-5B. 1 Jamestown IWB7835/1WB24418 701. 2 [18]
QLr. vt-5B. 2 Jamestown IWB32871/IWB26068 656.3~671.1 [18]
QLr. hbau-2B Kenya Kudu Xbarcl24 ~Xbarc200 37.0 Present study
Lrl3 Zhoumai 22 Xbarc55 ~Xgwm374 157.6 [19]
Lr35 Thatcher Lr35 Xwg996/Xpsr540/ Xbcd260 455.5 [20]
Lr18 CSP44 Xgwm429b/Xbarc7 117.2 [21]
QLr. ifa-2BS Capo Xgwml48 100. 8 [22]
QLr. cim-2BS Avocet wPt-8058/Xwmc661 3.4 [23]
QLr. hbu-2BS. 1 W01420 Xwme770 ~Xgwm410 88.8~95.3 [24]
QLr. hbu-2BS. 2 Fuyu 3 Xbarchs5 ~Xgwm374 133.5~165. 6 [24]
Lri6 MN99394-1 Xwme382a 16.7 [25]
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