
Fig. S1. Positional cloning and complementation test of RAE2. 
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(Bessho- Uehara et al. 2016) 
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Fig. S2. Seed phenotype and graphical genotype of Taichung65 (T65) and the 

chromosome segment substitution line, GIL116. 

IRGC104038 (O. glaberrima) 

T65 (O. sativa ssp. japonica) 

GIL116 T65 

(Bessho- Uehara et al. 2016) 
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Stomagen/AtEPFL9 clade 

AtEPF1,2-AtEPFL7 clade 

AtEPFL4-6 clade 

Fig. S3. Phylogenetic tree of EPF/EPFL family genes and comparison of the 

sequences in cysteine-rich region. 
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Figure. Evolutionary relationships of taxa  
The evolutionary history was inferred using the Neighbor-Joining method [1]. The optimal tree with the sum of branch length = 7.81357200 is 
shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to 
the branches [4]. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the 
phylogenetic tree. The evolutionary distances were computed using the JTT matrix-based method [2] and are in the units of the number of amino 
acid substitutions per site. The analysis involved 33 amino acid sequences. All positions containing gaps and missing data were eliminated. There 
were a total of 26 positions in the final dataset. Evolutionary analyses were conducted in MEGA6 [3]. 
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AtEPFL1 1 LGSTPPSCHNRCNNCHPCMAIQVPTLPTRSR-FTRVNPFSGGFVRPPSSLTTVLDQYSNYKPMGWKCHCNGHFYNP 75

OsEPFL2 1 LGSTPPSCHNRCNACNPCTPVQVAALPGVSRPASAADRVD----------VAGFAQYSNYKPLGWKCRCAGRLFDP 66

Bd3g58660 1 LGSTPPSCHNRCNACNPCKPVQVTTLHGG---AARLDIQK----------AAADAQYSNYKPLGWKCRCAGRLYNP 63

AtEPFL3 1 IGSKPPSCEKKCYGCEPCEAIQFPT-------ISSIPHLS--------------PHYANYQPEGWRCHCP----PP 51

Bd3g38740 1 LGSSPPSCRNKCYQCSPCGAVQVPSLAAPAGPATTAQEAPP-----------VVPLSNNYKPLWWKCQCRDRLYDP 65

rae2/OsEPFL1 1 LGSSPPSCYSKCYGCSPCVAVQVPTLSAPSVPAAAAPRTTP---------------RRSWR----RSPTTSR---- 53

RAE2 1 LGSSPPSCYSKCYGCSPCVAVQVPTLSAPSVPAAAAAHDAAP----------LVATFTNYKPLGWKCQCRDRLFDP 66

AtEPFL1 1 LGSTPPSCHNRCNNCHPCMAIQVPTLPTRSR-FTRVNPFSGGFVRPPSSLTTVLDQYSNYKPMGWKCHCNGHFYNP 75

OsEPFL2 1 LGSTPPSCHNRCNACNPCTPVQVAALPGVSRPASAADRVD----------VAGFAQYSNYKPLGWKCRCAGRLFDP 66

Bd3g58660 1 LGSTPPSCHNRCNACNPCKPVQVTTLHGG---AARLDIQK----------AAADAQYSNYKPLGWKCRCAGRLYNP 63

AtEPFL3 1 IGSKPPSCEKKCYGCEPCEAIQFPT-------ISSIPHLS--------------PHYANYQPEGWRCHCP----PP 51

Bd3g38740 1 LGSSPPSCRNKCYQCSPCGAVQVPSLAAPAGPATTAQEAPP-----------VVPLSNNYKPLWWKCQCRDRLYDP 65

rae2/OsEPFL1 1 LGSSPPSCYSKCYGCSPCVAVQVPTLSAPSVPAAAAPRTTP---------------RRSWR----RSPTTSR---- 53

RAE2 1 LGSSPPSCYSKCYGCSPCVAVQVPTLSAPSVPAAAAAHDAAP----------LVATFTNYKPLGWKCQCRDRLFDP 66



Fig. S4. Predicted 3-D structure of RAE2 and Stomagen. 

(Bessho- Uehara et al. 2016) 
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Fig. S5. RAE2 sequence comparison between O. sativa ssp. japonica cv. 

Koshihikari and O. glaberrima IRGC104038 . 
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rae2/OsEPFL1 1 ATGAGGACGGCGGCCACGCCGCCTCTCGCCGCCGCCGCCGCCGCCGTCGCGGCAGTGTTCCTCTCTGCGT 70

RAE2 1 ATGAGGACGGCGGCCACGCCGCCTCTCGCCGCCGCCGCCGCCGCCGTCGCGGCAGTGTTCCTCTCTGCGT 70

rae2/OsEPFL1 71 TGCTGCTCGCCTCCGCCTCCGCCTCCGCCTCCAGGCTCCCTCCTCCTCGCCGTCTTCTTCCCCTGGTTGG 140

RAE2 71 TGCTGCTCGCCTCCGCCTCC------------AGGCTCCCTCCTCCTCGCCGTCTTCTTCCCCTGGTTGG 128

rae2/OsEPFL1 141 TGGCGAGGTGGCGGTGGCGGTGGTGGCTGGGGAGGAGGAGAAGGTGCGGCTGGGGTCGAGCCCGCCGAGC 210

RAE2 129 TGGCGAGGTGGCGGTGGCGGTGGTGGCTGGGGAGGAGGAGAAGGTGCGGCTGGGGTCGAGCCCGCCGAGC 198

rae2/OsEPFL1 211 TGCTACAGCAAGTGCTACGGGTGCAGCCCGTGCGTCGCGGTGCAGGTGCCCACCTTGTCCGCCCCGTCCG 280

RAE2 199 TGCTACAGCAAGTGCTACGGGTGCAGCCCGTGCGTCGCGGTGCAGGTGCCCACCTTGTCCGCCCCGTCCG 268

rae2/OsEPFL1 281 TCCCCGCCGCCGCCGCGCCGCGCACGACGCCGCGCCGCTCGTGGCGACGTTCACCAACTACAAGCCGCTA 350

RAE2 269 TCCCCGCCGCCGCCGC--CGCGCACGACGCCGCGCCGCTCGTGGCGACGTTCACCAACTACAAGCCGCTA 336

rae2/OsEPFL1 351 G----------------------------------------- 351

RAE2 337 GGGTGGAAGTGCCAGTGCCGCGACCGCCTGTTCGACCCCTGA 378

rae2/OsEPFL1 1 MRTAATPPLAAAAAAVAAVFLSALLLASASASASRLPPPRRLLPLVGGEVAVAVVAGEEEKVRLGSSPPS 70

RAE2 1 MRTAATPPLAAAAAAVAAVFLSALLLASAS----RLPPPRRLLPLVGGEVAVAVVAGEEEKVRLGSSPPS 66

rae2/OsEPFL1 71 CYSKCYGCSPCVAVQVPTLSAPSVPAAAAPRTTPRRSWRRSPTTSR 116

RAE2 67 CYSKCYGCSPCVAVQVPTLSAPSVPAAAAAHDAAPLVATFTNYKPLGWKCQCRDRLFDP 125

(Bessho- Uehara et al. 2016) 
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Fig. S6. Tissue-specific expression of RAE2 during awn development. 

(Bessho- Uehara et al. 2016) 

K
o

s
h
ih

ik
a

ri
 

G
L

S
L

2
5
 

Anti A 

100µm 

Tip of the lemma 

(small awn) 

developed  awn 

50µm 

50µm 

palea 

lemma 

signal in 

tapetal cells * 

* 
* 

* * 
* 

* 
* * 

* 

100µm 100µm 

100µm 

Sense 

* 

B C 

G 

D 

E F 



B 

A 

Fig. S7. RAE2 diversity and distribution across Asian and African rice 

accessions.  

(Bessho- Uehara et al. 2016) 

GC tej trj aro aus ind Total

CH_1 . . . . . . . . . . . . . . . . . 24 . . . . . . . . . . . . . A . . . med 6C 2 1 3

CH_2 . . . . . . . . . . . . . . . . . 24 . . . . . . . . . . . . . . . . . med 5C* 1 1

CH_3 . . . . . . . . . . . . . . . . . 20 . . . . . . . . . . . . . . . . . short 4C 2 3 6 3 14

CH_4 . . . . . . . . . . . . . . . . . 20 . . . . . . . . . . . . . . C . . short 4C 3 3

CH_5 . . . . . . . . . . . . . . . . . 22 . . . . . . . . . . . . . . C . . long 7C 1 1

CH_6 . . . . . . . . . . . . . . . . . 22 . . . . . . . . . . . . . . . . . long 7C 2 6 11 19

Total

WH_1 . . . . 3- . . . . . . . . . . . . 24 . . . . . . . . . T . . . . . . . med 6C 2

WH_2 . . . . . . 6- . . . 6- 6- . . . . . 24 . . . . . . . . . . . . . . . C . med 6C 1

WH_3 . . . . . . . 3+ . . 6- . . . . . . 24 . . . . . C . . . . . . . . . C . med 6C 1

WH_4 . . . . . . . . . . 6- . . . . . . 24 . . . G C C . . A . . . . . . C . med 6C 1

WH_5 . . . . . . . 3+ . . 6- . . . . . . 24 . . . G C C . . A . . . . . . C . med 6C 1

WH_6 . . . . . . . . . . 6- . . . . . . 24 . . . G C . . . . . . . . . . . . med 6C 1

WH_7 . . . . . . . . . . . . . . . . . 24 . . . G C . . . . . . . . . . C . med 6C 2

WH_8 . . . . 3- . . . . . . . . . . . . 20 . . . . . . . . . T . . . . . . . short 4C 2

WH_9 . . . . 3- . . . . . . . . . . . . 20 . . . . . . . . . T . . . . C . . short 4C 3

WH_10 . . . . 3- . . . . . . . . . . . . 22 . . . . . . . . . T . . . . . . . lon g 7C 11

WH_11 . . . . 3- . . . . . . . . . - . . 22 . . . . . . . . . T . . . . . . . med 5C* 1

WH_12 . . . 1- . . . 3+ . . 6- . T . . . . 15 . . . . . . . . . . . . . . . . . med 6C 3

WH_13 . . . 1- . . . 3+ 3+ . 6- . T . . . . 15 . . . . . . . . . . . . . . . . A med 6C 1

WH_14 . . . 1- . . . 3+ . . 6- . T . . . . 15 . . . . . . . . . . . . . . . . A med 6C 1

WH_15 . . . 1- . . . 3+ . . 6- . T . . . . 15 . . . . . . . . . . . . T . . . A med 6C 2

WH_16 . T . . . 3- 6- . . . 6- . . . . . . 15 . . . . . . . . . . . . . . . . A med 6C 3

WH_17 . . . . . . . . . . 6- . . . . . . 15 . . A . . . . . . . . . . . . . . med 6C 1

WH_18 A . . . . . . . . . 6- . . . . . . 15 . . A . . . . . . . . . . . . . . med 6C 3

WH_19 . . . . . . . . . . 6- . . C . . . 15 . . . . . . . . . . A . . . . . . med 6C 2

WH_20 . . . . . . . . . . 6- . . . . . 1- 15 . . . . . . . C . . . . . . . . . short 4C 1

WH_21 . . . . . . . . . . 6- . . . . . . 15 . . . . . . . C . . . . . . . . . med 6C 3

WH_22 . . . . . . . . . . 6- . . . . . . 15 . . . . . . . . . . . . . . . . . med 5C* 1

WH_23 . . . . . . . . . . 6- . . . . . . 15 . . . G C . . . . . . T . . . C . med 6C 1

WH_24 . . . . . . . 3+ 3+ . . . . . . . . 15 . . . G C . . . . . . T . . . C . med 6C 1

WH_25 . . . . . . . . . . . . . . . . . 15 . . . . . . . . . . . T . . . C . med 6C 1

WH_26 . . . . . . . . . . . . . . . . . 15 . . . . . . . . . . . . . . . . . med 6C 1

WH_27 . . . . 3- . . . . . . . . . . . . 21 . . . . . . . . . T . . . . . . . med 6C 2

WH_28 . . . . 3- . . . . . . . . . . . G 21 . . . . . . . . . T . . . . . . . med 6C 1

WH_29 . . . . . . 6- . . . 6- 6- . . . . . 21 . . . . . . . . . . . . . . . . . med 6C 2

WH_30 . . . . . . . . . T 6- . . . . . . 21 6+ C . . . . A . . . . . T . . . . med 6C 2

WH_31 . . . . . . . . . . . . . . . . . 21 . . . G C . . . . . . . . . . C . med 6C 2

WH_32 . . . . . . . . . . 6- . . . . . . 23 . . . G C . . . . . . . . . . . . short 4C 1
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AFH_2 . C . . . . . . . . . . . . . . . 18 . . . . . . . . . . . . . . . . . med 6C 1 1
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A B 

Fig. S8. Different types of RAE2 and definition of each function for awn 

elongation. 

(Bessho- Uehara et al. 2016) 
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Fig. S9. Awn phenotypes of CSSLs and the number of RAE2 cysteine 

residues.  
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(Bessho- Uehara et al. 2016) 

Koshihikari(4C) 1 MRTAATPPLAAAAAAVAAVFLSALLLASASASASRLPPPRRLLPLVGGEVAVAVVAGEEEKVRLGSSPPS 70

GLSL25(6C) 1 MRTAATPPLAAAAAAVAAVFLSALLLASAS----RLPPPRRLLPLVGGEVAVAVVAGEEEKVRLGSSPPS 66

WBSL18(6C) 1 MRTAATPPLAAAAAAVAAVFLSALLLASASA--SRLPPPRRLLPLVGGEVAVAVVAGEEEKVRLGSSPPS 68

RSL23(7C) 1 MRTAATPPLAAAAAAVAAVFLSALLLASASASASRLPPPRRLLPLVGGEVAVAVVAGEEEKVRLGSSPPS 70

Koshihikari(4C) 71 CYSKCYGCSPCVAVQVPTLSAPSVPAAAAPRT--------------------TPRR-----SWRRSPTTS 115

GLSL25(6C) 67 CYSKCYGCSPCVAVQVPTLSAPSVPAAAAAHD-------------------AAPLVA----TFTNYKPLG 113

WBSL18(6C) 69 CYSKCYGCSPCVAVQVPTLSAPSVP-AAAAHD-------------------AAPLVA----TFTNYKPLG 114

RSL23(7C) 71 CYSKCYGCSPCVAVQVPTLSAPSVPAAAAAAARRRAARGDVHQLQAARVEVPVPRPPVRPLTLRRARPVA 140

Koshihikari(4C) 116 R------------------------------------------------------- 116

GLSL25(6C) 114 -----WKCQ--CRDRLFDP------------------------------------- 125

WBSL18(6C) 115 -----WKCQ--CRDRLFDP------------------------------------- 126

RSL23(7C) 141 RRGVAWRVHGGARARALAVNYGVCGRVACPAAHGAALLLMLVVVESLSSRRAERDC 196



Fig. S10.  The RAE2 maturation process occurs specifically in the spikelet. 

(Bessho- Uehara et al. 2016) 
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Fig. S11. Specific expression pattern of SLP1 . 
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(Bessho- Uehara et al. 2016) 

B 

C 

SLP1 

OsACTIN1 

LS    LB    IN    RO   PA 

i. ii. 

iii. 



A 

B 

Fig. S12. Detection of the cleavage site of RAE2 by in vitro processing assay. 

(Bessho- Uehara et al. 2016) 
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Fig. S13. Sequence and amino acid structure of SLP1. 

(Bessho- Uehara et al. 2016) 

A 

B 

O. sativa 1 MQTYVIVFDGLPASPSGLLATVVTSFQLLYVLSPIQVIVVQIDESFVGVIKQLPGVLAVIPDVLHKVHTT 70

O. glaberrima 1 MQTYVIVFDGLPASPSGLLATVVTSFQLLYVLSPIQVIVVQIDESFVGVIKQLPGVLAVIPDVLHKVHTT 70

O. sativa 71 RSWDFLELERNGAATGAWKDAAKYGVDAIIGNVDTGVWPESASFKDDGYSVPSRWRGKCITGNDTTFKCN 140

O. glaberrima 71 RSWDFLELERNGAATGAWKDAAKYGVDAIIGNVDTGVWPESASFKDDGYSVPSRWRGKCITGNDTTFKCN 140

O. sativa 141 NKLIGAGFFNLGFLASGLLQGKPPSQAAELYTPRDYIGHGTHTLSTAGGGFVPDASVFGHGKGTAKGGSP 210

O. glaberrima 141 NKLIGTGFFNLGFLASGLLQGKPPSQAAELYTPRDYIGHGTHTLSTAGGGFVPDASVFGHGKGTAKGGSP 210

O. sativa 211 LARVAAYKACYAEGCSSSDILAAMVTAVEDGVNVLSLSVGGPADDYLSDPIAIGAFYAVQKGVIVVCSAS 280

O. glaberrima 211 LARLAAYKACYAEGCSSSDILAAMVTAVEDGVNVLSLSVGGPADDYLSDPIAIGAFYAVQKGVTVVCSAS 280

O. sativa 281 NSGPQPGSVTNVAPWILTVGASTMDRDFPAYVTFGGVTSSMTIKGQSLSNSTLPQGQRYAMINAKNANAA 350

O. glaberrima 281 NSGPQPGSVTNVAPWILTVGASTMDRDFPAYVTFGGVTSSMTIKGQSLSNSTLPQGQRYAMINAKNANAA 350

O. sativa 351 NVPSENSTLCFPGSLDSDKVRGKIVVCTRGVNARVEKGLVVKQAGGVGMVLCNYAGNGEDVIADPHLIAA 420

O. glaberrima 351 NVPSENSTLCFPGSLDSDKVRGKIVVCTRGVNARVEKGLVVKQAGGVGMVLCNGAGNGEDVIADPHLIAA 420

O. sativa 421 AHVSYSQCINLFNYLGSTDNPVGYITASDARLGVKPAPVMAAFSSRGPNPITPQILKPDITAPGVSVIAA 490

O. glaberrima 421 AHVSYSQCINLFNYLGSTDNPVGYITASDARLGVKPAPVMAAFSSRGPNPITPQILKPDITAPGVSVIAA 490

O. sativa 491 YSEAVSPTELSFDDRRVPYNIMSGTSMSCPHVSGIVGLIKTKYPDWTPAMIKSAIMTTAITGDNDSGKIR 560

O. glaberrima 491 YSEAVSPTELSFDDRRVPYNIMSGTSMSCPHVSGIVGLIKTKYPDWTPAMIKSAIMTTAITGDNDSGKIR 560

O. sativa 561 DETGAAATPFAYGSGHVRSVQALDPGLVYDTTSADYADFLCALRPTQN--PLPLPVFGDDGKPRACSQGA 628

O. glaberrima 561 DETGAAATPFAYGSGHVRSVQALDPGLVYDTTSADYADFLCALRPTQNPLPLPLPVFGDDGKPRACSQGA 630

O. sativa 629 QYGRPEDLNYPSIAVPCLSGSATVRRRVKNVGAAPCRYAVSVTEALAGVKVTVYPPELSFESYGEEREFT 698

O. glaberrima 631 QYGRPEDLNYPSIAVPCLSGSATVRRRVKNVGAAPCRYAVSVTEALAGVKVTVYPPELSFESYGEEREFT 700

O. sativa 699 VRLEVQDAAAAANYVFGSIEWSEESESDPDRKHRVRSPIVAKTTCG 744

O. glaberrima 701 VRLEVQDAAAAANYVFGSIEWSEESESDPDRKHRVRSPIVAKTTCG 746

1 4246 

Peptidase S8 

PA (Protease associated) 

Ser-active site 


