
Table S1. LRR-RLPs with known functions in plant immunity or development used in this study for HMM profile construction and 
phylogenetic analyses. 

Gene Genbank 
accession 
number 

Specie RLP  
Structure* 

Protein 
length 
(aa) 

Subcellular 
location 

Function Reference 

Cf-9 AAA65235 
 

Solanum 
pimpinellifolium 

SP-LRR-TM 863 Cell membrane Plant immunity  [64] 

Cf-2 AAC15779 

 

Solanum 
pimpinellifolium 

SP-LRR-TM 1112 Cell membrane Plant immunity  [65] 

Cf-4 CAA05268 
 

Solanum 
habrochaites 

SP-LRR-TM 806 Cell membrane Plant immunity  [66] 

Cf-5 AAC78591 Solanum 
lycopersicum 

SP-LRR-TM 968 Cell membrane Plant immunity  [67] 

CLV2 AAF02654 
 

Arabidopsis 
thaliana 

SP-LRR-TM 720 Cell membrane Development  [68] 

Fea2 AAL17871 
 

Zea mays SP-LRR-TM 613 Cell membrane Development  [69] 

Hcr9-4E CAA05269 Solanum 
habrochaites 

SP-LRR-TM 855 Cell membrane Plant immunity  [70] 

EIX2 AAR28378 

 

Solanum 
lycopersicum 

SP-LRR-TM 1021 Cell membrane Plant immunity  [71] 

HcrVf2 CAC40826 Malus 
floribunda 

SP-LRR-TM 980 Cell membrane Plant immunity  [72] 

Ve1 ACR33106 Solanum 
lycopersicum 

SP-LRR-TM 1053 Cell membrane Plant immunity  [73] 

ReMAX NP_001322741 Arabidopsis 
thaliana 

SP-LRR-TM 1077 Cell membrane Plant immunity  [74] 

RFO2 NP_173168 

 

Arabidopsis 
thaliana 

LRR-TM 756 Cell membrane Plant immunity  [49] 

RLP30 NP_187187  
 

Arabidopsis 
thaliana 

SP-LRR-TM 786 Cell membrane Plant immunity  [75] 

RBPG1 NP_189138 Arabidopsis 
thaliana 

SP-LRR-TM 890 Cell membrane Plant immunity  [76] 

ELR QED40966 
 

Solanum 
microdontum 

SP-LRR-TM 1093 Cell membrane Plant immunity  [77] 

RLM2 AJG42078 Brassica napus 
 

SP-LRR-TM 925 Cell membrane Plant immunity  [78] 

CuRe1 XP_025888168 Solanum 
lycopersicum 

SP-LRR-TM 1121 Cell membrane Plant immunity  [79] 

I-7 AKR80573 
 

Solanum 
pennellii 
 

SP-LRR-TM 966 Cell membrane Plant immunity  [22] 

I Solyc11g011180 Solanum 
pimpinellifolium 

SP-LRR-TM 994 Cell membrane Plant immunity  [23] 

RLP23 NP_180827  

 
Arabidopsis 

thaliana 

SP-LRR-TM 890 Cell membrane Plant immunity  [80] 

* SP, signal peptide; LRR, leucine rich repeat domain; TM, transmembrane domain. The signal peptide and protein domains 
were identified with the SMART and InterProScan programs. The subcellular localization was predicted using the DeepLoc 
program. 
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Table S2. Primers used for the RT-qPCR assays. 

Primer name Primer orientation Primer sequence 

MaLRR-RLP58 F Forward  5’-ATGGCAGCATTCCGGAGGTG-3’ 

MaLRR-RLP58 R Reverse 5’-TCAGTGATGCTAACGCTTGAG-3’ 

MaLRR-RLP74 F Forward              5’-TTGCCTACGATGCTACCGTC-3’ 

MaLRR-RLP74 R Reverse 5’-AAGGTCAAGGTATTCCAGACC-3’ 

MaLRR-RLP78 F Forward 5’-TTGGTGCATCGGCGTACTG-3’ 

MaLRR-RLP78 R Reverse 5’-TCTCCTGATCGATATCACTGC-3’ 

 
 
 
 
 
 
 



 

 

Figure S1. ClustalO alignment of the C3-D region of 20 LRR-RLPs with known functions. The C3 subdomain 
and D domain used by Kang and Yeom [27] are underlined. This region was used for the HMM profile 
construction. Identical amino acids are shaded in black, and conserved substitutions are shaded in gray. 

 
 

 
 
ClV2       1 SYNLLSMVGIDLSDNLLHGEIPEALFRQKNIEYLNLSYNFLEGQLPR-LEKLPRLKALDL 
Fea2       1 GYDVQATTGIDLSGNELCGEIPEGLVDMKGLEYLNLSCNYLAGQIPAGLGGMGRLHTLDF 
RFO2       1 NQLFSLPPGIYIRRNNLKGSIPIEVGQLKVLHVLELSHNYLSGIIPHELSKLTSLERLDL 
ReMAX      1 GDILRYMHGLDLSSNELSGEIPIEIGDLQNIRSLNLSSNRLTGSIPDSISKLKGLESLDL 
CuRe1      1 GNILKYMSGIDLSSNRLTGEIPVELGNMSNIHALNLSHNHLNGRIPNTFSNLQEIESLDL 
I          1 GSIVDYMSGIDLSCNQLSGHIPKELSNLTQIRALNLSHNHITGTILSAFSKLLNIESLDL 
RBPG1      1 ENVLTSSATIDLSGNRLEGEIPESLGLLKALIALNLSNNAFTGHIPLSLANLKKIESLDL 
RLP23      1 AKALTSYAAIDFSGNRLEGQIPESIGLLKALIAVNISNNAFTGHIPLSMANLENLESLDM 
RLM2       1 VRILYIYTALDFSENEFEGVIPSSIGLLKELHVLNLSGNAFTGRIPSSMGNLSSLESLDL 
RLP30      1 LRIPYFFRAIDFSGNRFFGNIPESVGLLKELRLLNLSGNSFTSNIPQSLANLTNLETLDL 
HcrVf2     1 TKILGFVKGMDLSCNFMYGEIPEELTGLLALQYLNLSNNRFTGRIPSKIGSMAQLESLDF 
EIX2       1 KNALLYLKIIDLSSNKLVGGIPKEIAEMRGLRSLNLSRNDLNGTVVEGIGQMKLLESLDL 
Vel        1 VKILRVFTSIDFSSNRFQGAIPDAIGNLSSLYVLNLSHNALEGPIPKSIGKLQMLESLDL 
Cf-2       1 VRILSLYTVIDLSSNKFEGHIPSVLGDLIAIRILNVSHNALQGYIPSSLGSLSILESLDL 
Cf-5       1 VRILSLYTIIDLSSNKFEGHIPSVLGDLIAIRVLNVSHNALQGYIPSSLGSLSILESLDL 
Cf-4       1 VRILDSNMIINLSKNRFEGHIPSIIGDLVGLRTLNLSHNVLEGHIPASFQNLSVLESLDL 
Cf-9       1 VRILDSNMIINLSKNRFEGHIPSIIGDLVGLRTLNLSHNVLEGHIPASFQNLSVLESLDL 
Hcr9-4E    1 VRIFTFNMIINLSKNRFEGRIPSIIGDLVGLRTLNLSHNVLEGHIPVSLQNLSVLESLDL 
ELR        1 QRISTIMTTIDLSNNHFEGVIPKTLKDLSSLWLLNLSHNNLLGHIPMELGQLNTLEALDL 
I-7        1 MRITSIMTSVDLSSNRFEGDIPNSIGNLSSLVLLNLSHNSFRGHIPAEFTKLQQLEALDL 
 
 
ClV2      60 SHNSLSGQVIGNISAPPGLTLLNLSHNCFSGIIT-EKEGLGKFPG-ALAGNPELCVE--- 
Fea2      61 SHNGLSGEVPPGIAAMTVLEVLNLSYNSLSGPLP-----TTKFPG-ALAGNPGICSG--- 
RFO2      61 SNNHLSGRIPWSLTSLHYMSYFNVVNNSLDGPIP-TGSQFDTFPQANFKGNPLLCGGILL 
ReMAX     61 SNNKLDGSIPPALADLNSLGYLNISYNNLSGEIP-FKGHLVTFDERSYIGNAHLCGLPTN 
CuRe1     61 SCNRLNGSIPVGLLELNSLAVFSVAYNNLSGAVPDFKAQFGTFNKSSYEGNPFLCGYPLD 
I         61 SYNNLTGNIPTQLLDLTTLAVFSVAHNNLTGTTPQPIAQFGTFNESSYEGNPFLCGPPLP 
RBPG1     61 SSNQLSGTIPNGLGTLSFLAYMNVSHNQLNGEIP-QGTQITGQPKSSFEGNAGLCGFPLQ 
RLP23     61 SRNQLSGTIPNGLGSISFLAYINVSHNQLTGEIP-QGTQITGQSKSSFEGNAGLCGLPLK 
RLM2      61 SRNKLTGAIPQELGNLSYLAYMNFSHNQLAGLVP-GGTQFRTQPCSSFKDNPGLYGPSLE 
RLP30     61 SRNQLSGHIPRDLGSLSFLSTMNFSHNLLEGPVP-LGTQFQSQHCSTFMDNLRLYGL--E 
HcrVf2    61 SMNQLDGEIPPSMTILTFLSHLNLSYNNLTGRIP-ESTQLQSLDQSSFVGN-ELCGAPLN 
EIX2      61 SRNQLSGMIPQGLSNLTFLSVLDLSNNHLSGRIP-SSTQLQSFDRSSYSGNAQLCGPPLE 
Vel       61 STNHLSGEIPSELASLTFLAALNLSFNKLFGKIP-STNQFQTFSADSFEGNSGLCGLPLN 
Cf-2      61 SFNQLSGEIPQQLASLTFLEFLNLSHNYLQGCIP-QGPQFRTFESNSYEGNDGLRGYPVS 
Cf-5      61 SFNQLSGEIPQQLASLTFLEVLNLSHNYLQGCIP-QGPQFRTFESNSYEGNDGLRGYPVS 
Cf-4      61 SSNKISGEIPQQLASLTFLEVLNLSHNHLVGCIP-KGKQFDSFGNTSYQGNDGLRGFPLS 
Cf-9      61 SSNKISGEIPQQLASLTFLEVLNLSHNHLVGCIP-KGKQFDSFGNTSYQGNDGLRGFPLS 
Hcr9-4E   61 SSNKISGAIPQQLASLTFLEVLNLSHNHLVGCIP-KGKQFDSFGNTSYQGNDGLRGFPLS 
ELR       61 SWNWLTGKIPQELTRMNFLAVLNLSQNHLVGPIP-QGPQFNTFENDSYCGNLDLCGPPLS 
I-7       61 SWNRLIGEIPGQLSSLTFLEVLNLSYNHLAGRIP-IGKQFNTFPNDSYCGNPDLCGFPLS 
 
ClV2     115 TPGSK 
Fea2     112 KGCSE 
RFO2     120 TSCKA 
ReMAX    120 KNCIS 
CuRe1    121 NKCGM 
I        121 ISCTE 
RBPG1    120 ESCFG 
RLP23    120 ESCFG 
RLM2     120 EVCVD 
RLP30    118 KICGK 
HcrVf2   119 KNCSE 
EIX2     120 E-CPG 
Vel      120 NSCQS 
Cf-2     120 KGCGK 
Cf-5     120 KGCGK 
Cf-4     120 KLCGG 
Cf-9     120 KLCGG 
Hcr9-4E  120 THCGG 
ELR      120 KQCET 
I-7      120 MECGN 

D domain 

C3 subdomain 



Figure S2. Maximum-likelihood phylogenetic tree of the banana LRR-RLP family. The roman numerals in 
bold indicate major clades of the phylogenetic tree. Numbers on the branches indicate the percentage of 100 
bootstrap replications supporting the particular nodes, and only those ≥50% are shown. The C3-F region of 
LRR-RLPs was used for phylogenetic tree construction. 

  



 

 

Figure S3. ClustalO alignment of I-7, I, MaLRR-RLP74 and MaLRR-RLP75. Identical amino acids are 
shaded in black and conservative substitutions are shaded in gray. 

 
I             MT-------NSKIVYWWLLILFMANGWLCCYCCLNEEKTALLQLKANINYSTH---------DDYLSSWEANETSDCCQW 64 
I-7           MEYQQL---LIAFCFYSLFVQQSQFAYAGKHLCPRDQAFYLLQFKQGLTVDPNAYDCENKARSKTLSW---NVTGDCCEW 74 
MaLRR-RLP74   MGFPLRFLSSLSLCLLALLLHRATVT----SGCFSMEREALLDFKAGIHDT-----------YNRLSS---WVGQDCCAW 62 
MaLRR-RLP75   MGFPLRFLSSLLLCLLALLLQRATVT----SGCFSMEREALLDFKAGIHDT-----------QNRLSS---WVGQDCCAW 62 
 
I             EGIVCSNSTRRVVELSVIAKQISQEEQLGNFTTRDDMLRNWLFNASLFIPFKNLKALNIPGHSLAGWVKNEGFEKLRPLR 144 
I-7           DGVTCNGLTGHVIGLDLSCSFLI---------------GTINAN-----------------------------SSLTKLS 110 
MaLRR-RLP74   EGVICGATTGHVVMLDLRNTNIYDWKL-----------RGERMN-----------------------------SSLLALS 102 
MaLRR-RLP75   AGVICRATTGHVVKLDLRNTNTLDGAL-----------RGERMN-----------------------------SSLLALS 102 
 
I             KLERLDLSGNQFNRS-IFQSLSQLSSLKSLNLSSNNFAPRSEM--------------------WFTDNKIGSGSER---- 199 
I-7           HLQRLNLASNEFNDFPLGNSTSELSSLTHLNLSDSGIFNERKMIPPGLCKLSKLISLDLSGSYIQ--------VGRTTFT 182 
MaLRR-RLP74   HLERLDLSFNDFSGIRIPEFIGSFKKLRYLNLSSTNFM---GGIPARLGNLSSLHVLDLSDALHFT-----SHVDNLHWL 174 
MaLRR-RLP75   HLRHLDLSFNDFSGIRIPEFIGSFKKLRYLNLSSTYFM---GGIPARLGNLSSLYVLDLSDALYVDDYGNGYPVDNLDWL 179 
 
I             --------------------------------------------------LSGLDKLEILDLSYNDLEDKKFLSALELNT 229 
I-7           SLLHNLTNLEVLLFDYVYASFELPKKFPSSLRKLSLQGTNVFGN-ITDSQLFHLPNLQVLRLGDNPSLTGT-LPNFHWNF 260 
MaLRR-RLP74   SHLTSL-------------------------KHLDLSGLNLTDVPDWFSSVNMLPSLQVLSMSSVGLDTIP-ASVVHINF 228 
MaLRR-RLP75    SHLTSL-------------------------KHLDLSELNLTVVPDWFSSVNMLPSLQVLNMSYGGLNSIP-VSVVHVNF 233 
 
I             SRPTLKKLNIRYSRFQSFIPNEELGALRNIEYLLLDGITLDKNFLRSSGVMSSLKVLSVAQCS-LNGTLPRQGLCDLKYL 308 
I-7           -SKSVLE-------------------------LDFSYTGIFGKVPDSIGILQSLWRLNLFNCH-LSGSIPE-SFGNLTTI 312 
MaLRR-RLP74   -TSSLTVLDLSYNHFDSTLPKW-LGNITSLTHLDLFYSGFYGVIPDAIGDLGSLTFLDLGDNQ-LEGTVPR-SMVDLRRL 304 
MaLRR-RLP75   -TSSLTVLDLSFNSFSSTLPKW-LGNVSGLTSLGLSSCEFLGTIPDAIGDLSSLTFLNLGNNFLLEGIVPR-SMANLHRL 310 
 
I             EELSLSRNSFTGKLPACLRNLTFLRVIDLTQNQFTGNIA------------------------LSPLSSLLSLEYLLITN 364 
I-7           RELILSGNNFTGNILSTISKLNKLVNLHLSSNHFRGSIPESIGNLTAIRELILSDNSFAGYVPSS-IGKLNKLDSLSLSS 391 
MaLRR-RLP74   KELHMQGNRLTGNLSDLLEQMTNLIILDLQSNLFNGSMPSSVGKFSNLTELNLAGNSVGGVLSEVHFENLTRLRLLDLSG 384 
MaLRR-RLP75   KELDLSVNQLSGTLTGWLEQLTNLIVLNLSYNLFNGSVPASVGKFSNLTGLYLGGNSLGGVISEAHFESLTKLRVLDLFD 390 
 
I             NNFEVPISFESFANHSKLKFVFADYNS-VIVQTTSKIWIPKFQLEALSLFNSSQMPNFLHSQHHLRLIRLSKCNIGGDFP 443 
I-7           NNFEGSIPD-----------IFANFSELYSLDFHSNNFVGPFPYSIATL-------------THLDGLELQNNSLTGPLP 447 
MaLRR-RLP74   NPITISIG---------------------------QSWVPPFQLRYVDL---------------------TKCQLGPQFP 416 
MaLRR-RLP75   NSITVSIG---------------------------QSWVPPFQLRVIYL---------------------SNCHLGPQFP 422 
 
I             NWLLENNPKLGEVYLDGNAFTGSLQLPFLPNLKAFDISNNKIRGQLPPNIGSIFPN-LVISTMSSNMLEGLLPSSFADMQ 522 
I-7           SNISGFQ-----------------------NLFNLDLSFNHLTGATPPWLFQLPSL--MSLSVQANKFTGELPNELNRST 502 
MaLRR-RLP74   EWLQFQT-----------------------QIEKLYLADCKIAGTMPAWLWNISSSTITALDLSNNQIGGKLPSSLKFTK 473 
MaLRR-RLP75   EWLRFQT-----------------------QTQELTMHDCKIAATIPNWFWNFSSSTVTLVDLSDNRIGGRLPSSLSFAR 479 
 
I             SLECLDLSYNKLKGELPTRLARKG---------------------SKLYLLRLSNNMLKGEIFPASANINN-FNYLYLDG 580 
I-7           SVPFIDISYNNLHGEIPYWMLSMVMNSLDLSHNFLTGFEKQVWHSEYLSYLNLENNFLQGPLHQSICDLIN-LEFLILAQ 581 
MaLRR-RLP74   LV-ILYLDSNRFEGPLPTML-PSTLDTLFLSNNSFTGQ-LPIWPD--VQSVALSDNMLDGGLSSSICQWTGGLEYLDLSN 548 
MaLRR-RLP75   LE-ELYLDSNIFEGPLPAML-PSALDTLYLSNNSFTGQ-LPVWPH--VSLALLSNNMLDGDISSSICRWTY-LRYLVLSG 553 
 
I             NNFSGPIPQTLSTAPLRTLDLSYNNLSGNIPSWLGLEVLDISENNLVGVIPSCFSSFRDLKHVYLSKNKLQGEFN--MFS 658 
I-7           NNFNGSIPDCLGNSNR------------------LISILDLRMNNFHGEIPTFLP--RGLEYLGLYGNQLRGQVPRSLVN 641 
MaLRR-RLP74   NKLLGEIPYCLGKSLQ------------------NLYILNLGKNHFSGEIPHTIGFLSGLWHLQLKNNSFSGELPLSLKN 610 
MaLRR-RLP75   NNLFGEIPYCLGESLQ------------------DLSILSLANNHFSGEIPNTIGFLTELKLLQLKNNSFSGELPLSLQN 615 
 
I             NSGLRVLDLGDNNFSGSIPKWLGS--SGIITLLLKGNNLQGTIPTELC--HASYLRIMDLSHNNLSGPIPRCFGNIMQQE 734 
I-7           RTSLVALDLGNNKLNDTFPIWLE-KLPNLQVLILKSNLFHGPIGDLESEFPFPELRIFDLSFNGFTGTLSSNLFKSFRGM 720 
MaLRR-RLP74   CIGLRFLDLAQNNFVGSITPWIGDNLQQLVVLRLRSNMFSGVIPWQLA--RFEKLQILDLANNNFSGSIPHNIGN-LSTM 687 
MaLRR-RLP75   CTNLQFLDLAQNNFVGSIPFWMGENLSQLAVLRLRSNMFSGDIPWQLA--QLGRLQILDLANNTFSGSIPHNFGN-FSTM 692 
 
I             DIIELYPYSSSFGSSVFETFGGDTAIEVESSIMSSSTLLLLDNYVWVGAEFMTKHNTYSYEGSIVDYMSGIDLSCNQLSG 814 
I-7           MDA----------------DEGKSG-------ISRARNRTRRDYLYHV-SLVIKGNEFD--MRITSIMTSVDLSSNRFEG 774 
MaLRR-RLP74   RST-----------------------------------SQYNDFCYDELDVFTKGQDLYYLKCSIKLMKSMDLSNNSLTG 732 
MaLRR-RLP75   AST-----------------------------------SDNGTFIYDLFDISTKGQDLFYIK-DLDLLKSLDLSNNRLIG 736 
 
I             HIPKELSNLTQIRALNLSHNHITGTILSAFSKLLNIESLDLSYNNLTGNIPTQLLDLTTLAVFSVAHNNLTGTTPQPIAQ 894 
I-7           DIPNSIGNLSSLVLLNLSHNSFRGHIPAEFTKLQQLEALDLSWNRLIGEIPGQLSSLTFLEVLNLSYNHLAGRIPIGK-Q 853 
MaLRR-RLP74   EIPKGIGDLAGLKNLNLSRNYLQGKIPWEIGGMKSLESLDLSINDLSGSIPESLSVLYSLSYLNLSYNNLSGRIPTGR-Q 811 
MaLRR-RLP75   DIPEEIGDLAGLKNFNLSRNHLKGKIPSQIGGMKLLESLDLSINDLSGSIPESLSALYFLSYLNLSYNNLSGRIPTGH-Q 815 
 
I             FGTF-NESSYEGNPFLCGPPLPISCTEPKEIPKSPLEPECCEDDTGFLD-IELFYISFLVAFANV---VLATVVVLWVNP 969 
I-7           FNTFPND-SYCGNPDLCGFPLSMECGNNNESPLERDDSDDDDDDSFFMSGFTWEAVAIGYGCGMIFGLLIGALMFLLEKP 932 
MaLRR-RLP74   LQTLNDPSIYMGNADLCGPPTSKSCFDNKTTQIDIQEHEKE------ISDWLWFYISLVLGFVMGFWIFFGILF---LKD 882 
MaLRR-RLP75   LQTLNDPSIYMGNANLCGPPTSKSCHNNKTAQNNIQEYEKE------ISEWLWFYISMVLGFVMGFWTFCGILF---LKD 886 
 
I             YWRNVWFYYVEYYMYSCYYFFASK---M--------- 994 
I-7           KW---YVKFAEDIAQQIAAKKRTRQKKIRQRRGVRMN 966 
MaLRR-RLP74   AWRHAYFHFIDDVYDWVWVQ*---------------- 903 
MaLRR-RLP75   AWRYAYFRMIDDMYDRIWVQWQLILRRLFER*----- 918 


