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Molecular detection of G1 marker for orange rust resistance and analysis of
candidate resistance WAK gene in sugarcane

WANG Heng-Bo, CHEN Shu-Qi, GUO Jin-Long, and QUE You—Xiong*

Key Laboratory of Sugarcane Biology and Genetic Breeding (Fujian), Ministry of Agriculture and Rural Affairs / National sugarcane Engineering
Technology Research, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China

Abstract: Sugarcane orange rust is an important fungal disease caused by Puccinia kuehnii Butler, which could lead to a reduc-
tion in sugarcane production and sugar content and cause serious losses to the sugarcane industry in worldwide. In this study, the
molecular marker G1 was used to detect orange rust resistance genes in cultivars, ancestral species and the related genus of Sac-
charum in the world. The representative amplified bands were cloned, sequenced, functionally annotated, and clustered, and the
origin and evolution of resistance genes was then analyzed. The results showed that 83 and 34 were detected with G1 marker,
accounting for 66.9% and 67.4% in 124 Chinese and 46 foreign sugarcane cultivars, respectively. Among 34 sugarcane ancestral
species and the related genus of Saccharum, 17 were detected by G1 marker, accounting for 50%, of which the highest percentage
(100%) was in Saccharum spontaneum. Functional annotation revealed that G1 target gene encoded a wall-associated recep-
tor-like kinase (WAK), and three proteins with high similarity were identified from the haploid proteome database of sugarcane
cultivars. These proteins all contain the extracellular domain, transmembrane domain and intracellular domain with kinase activity
of typical cell wall receptor structures. Phylogenetic analysis of nucleotide sequences clearly showed the origin and evolution of
the candidate resistance WAK genes. Specifically, the WAK genes amplified by G1 marker could be divided into three groups. The
first group is from S. spontaneum and Saccharum robustum. The second group is from S. robustum, Saccharum officinarum and
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Narenga porphyrooma. The third group is from S. spontaneum, S. robustum, Saccharum sinense and cultivars. These results pro-
vided an important support for breeding of sugarcane cultivars resistant to orange rust, and lay a foundation for further analysis of
molecular mechanism of resistance genes.

Keywords: detection; molecular markers; wall-associated receptor-like kinase; orange rust; sugarcane
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Fig. 1 Electrophoretic patterns of G1 primers amplified in some Saccharum hybrid

1: HoCP 94-806; 2: 99-591; 3: 00-236; 4: 05-827; 5: 00-257; 6: 97-46; 7: 80-101; 8: CP 67-412; 9:
05-322; 10: 94-46; 11: 08-278; 12: 00-245; 13: CP 89-1509; 14: 05-3846; 15: 29; 16: 93-26; 17: CP
72-2086; 18: 94-30; 19: CP 92-1213; 20: HoCP 92-624; 21: 05-2605; 22: 96-24; 23: 22; 24: 99-6; M:100 bp
DNA ladder

1: HoCP 94-806; 2: Gannan 99-591; 3: Yuetang 00-236; 4: Guitang 05-827; 5: Guitang 00-257; 6: Yacheng 97-46; 7: ZZ 80-101; 8: CP 67-412;
9: Guitang 05-322; 10: Yacheng 94-46; 11: Guitang 08-278; 12: Guitang 00-245; 13: CP 89-1509; 14: Guitang 05-3846; 15: Guitang 29; 16:
Yacheng 93-26; 17: CP 72-2086; 18: Yacheng 94-30; 19: CP 92-1213; 20: HoCP 92-624; 21: Guitang 05-2605; 22: Yacheng 96-24; 23: ZZ 22;
24: Yacheng 99-6; M:100 bp DNA ladder.

, 2 , G1 1073~1075  1303~1505 bp (  3) ,
Gl 3, 1
) Gl ; 2
, LA-purple 678 bp
23 G1 PCR 693 bp ,
Gl , ; 3
(911 bp) ) )
, 2 2 4 6 11 13 19 )
20 89-13 1 LA-purple
79-1-26 89-1-1 24 G1 WAK
, 12
, 5 2.3 DNA NCBI
12 34 ,
, 1~5 , XM 002459982.2 ,
678~693  911~914 , Gl
A B
M 1 234567 8 9101l M 12 1314 15 1617 18 19 20 2122 23 24

1500 bp—
1000 bp— 911 bp }38833 911 bp
600 bp— 600 bp

2 GlUiREEMSHEFEMP T BER

Fig. 2 Electrophoretic patterns of G1 markers amplified in Saccharum genus

1: 78-2-12; 2: 89-13; 3: 64 ;4 1 ;5 79-8; 6: LA-purple; 7: ;8 95-19; 9: Katha; 10:
95-35; 11: ;128 79-2-11; 13: 79-1-26; 14: 78-2-28; 15: 78-1-11; 16: 30 ;17 21 ;18:
89-1-16; 19: 89-1-1; 20: 5 21: NG 77-004; 22: 57NG208; 23: ; 24: SING3; M: 100 bp DNA ladder

1: Guizhou 78-2-12; 2: Guangxi 89-13; 3: Guangdong 64; 4: Yindu 1; 5: Guangxi 79-8; 6: LA-purple; 7: Loethers; 8: Yunnan 95-19; 9: Katha;
10: Yunnan 95-35; 11: Guilinzhuzhe; 12: Sichuan 78-2-11; 13: Sichuan 79-1-26; 14: Guizhou 78-2-28; 15: Guizhou 78-1-11; 16: Guangdong
30; 17:Guangdong 21; 18: Fujian 89-1-16; 19: Fujian 89-1-1; 20: Fujiandaye; 21: NG77-004; 22: 57NG208; 23: Yunnandaye; 24: SING3; M:
100 bp DNA ladder.
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Fig.3 Phylogenetic tree analysis of amplified sequences from Saccharum genus using G1 marker
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Fig. 4 Schematic diagram of the domain composition of ScCWAK2 protein

ED: ; TM: ; ID:

ED: extracellular domain; TM: transmembrane region; ID: intracellular domain; EGF2: EGF2-like region; EGF-Ca: calcium-binding

EGF-like domain.
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Multiple sequences alignment of WAK protein from Arabidopsis, rice, sorghum, and sugarcane

Fig. 5
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EGF1: EGF1-like region; EGF2: calcium-binding EGF-like domain; TM: transmembrane region; ATP-B: ATP-binding region; KAS: kinase
active site are underlined.
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