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Supplemental Figure S1. Diagram of pea fruit tissues and confirmation of transgenic gene 

expression in Arabidopsis. (A) Pea fruit tissues from 0 to 10 days after anthesis (DAA) were 

dissected into seeds, pericarp wall, dorsal vascular suture, and ventral vascular suture tissues and 

used for transcript abundance analysis, and at 5 and 8 DAA for hormonal analysis. 

Representative fruit is approximately at 9 DAA. (B) Relative transcript abundance of pea auxin 

receptor genes PsTIR1a, PsTIR1b and PsAFB2 in the leaves of approximately 1-month-old 

Arabidopsis transgenic and control lines. Data are means ± SD (n=3-4). Each sample is 

composed of leaves from about three to six plants. * No transgene mRNA transcripts detected. 
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Supplemental Figure S2.  Comparison of GUS staining in the pericarps from non-transgenic 

and DR5::GUS expressing plants.  Two days after anthesis pollinated pericarps from non-

transgenic (A-C) or transgenic plants expressing DR5::GUS (D-F) were split and deseeded 

(SPNS). Twelve hours after deseeding, pericarp were treated with 0.1% aqueous Tween 80 (A 

and D), IAA (50 M; B and E) or 4-Cl-IAA (50 M; C and F). Samples were collected for GUS 

staining 8 h after hormone treatment.  Pericarp wall (pw), pericarp wall vasculature (pwv), dorsal 

vascular suture (ds), ventral vascular suture (vs). Scale bar = 500 µm. 
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Supplemental Figure S3. A phylogenetic tree of predicted P. sativum auxin receptor proteins. A 

neighbor-joining tree was created with auxin receptor sequences of pea (PsTIR1a, PsTIR1b, 

PsAFB2, PsAFB4 and PsAFB6; GenBank accession numbers, KX954124,  KX954125, 

KY829120, KX954126 and KY829119, respectively), Arabidopsis thaliana (At; Parry et al., 

2009), Malus x domestica (Md; Devoghalaere et al., 2012) and Medicago truncatula (Mt). In 

addition, TIR1 orthologs of the legume species Arachis duranensis (Ad), Arachis ipaensis (Ai), 

Cicer arietinum (Ca), Cajanus cajan (Cc), Glycine max (Gm), Lotus japonicus (Lj), Lupinus 

angustifolius (La), Phaseolus vulgaris (Pv), Trifolium pretense (Tp), Trifolium subterraneum 

(Ts), Vigna angularis (Va) and Vigna radiata var. radiata (Vr) were also included. The tree was 

rooted with the auxin receptor sequences of the moss Physcomitrella patens (Pp; Parry et al., 

2009; Prigge et al., 2010). Numbers in the branches represent the percentage bootstrap support. 

Bootstrap values with greater than 50 % branch support are shown. 
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Unconserved 0 1 2 3 4 5 6 7 8 9 10 Conserved 

 

  . . . . . . . . . 10 . . . . . . . . . 20 . . . . . . . . . 30 . . . . . . . . . 40 . . . . . . . . . 50 

AtTIR1  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M Q K R I - - - 

PsTIR1a  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M Q - R V - - - 

AtAFB1  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M - - - 

PsTIR1b  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M Q - K M - - - 

PsAFB6  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M E P Q T M N P 

AtAFB2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

AtAFB3  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

PsAFB2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

AtAFB4  M T E E D S S A K M S E D V E K Y L N L N P P C S S S S S S S S A A T F T N K S R N F K S S P P P C 

AtAFB5  M T Q D R S E M S E D D D D Q Q S P P L D L P S T A I A D P C S S S S S P N K S R N C I S N S Q T F 

PsAFB4  M R E N H P P T T T P D L L A R G E I A E S S T S K N R T G S S E - - - P F P G S S L T E N P S P F 

Consistency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 2 2 0 0 0 

 
 

                                                  

  . . . . . . . . . 60 . . . . . . . . . 70 . . . . . . . . . 80 . . . . . . . . . 90 . . . . . . . . . 100 

AtTIR1  A L S F P E E V L E H V F S F I Q L D K D R N S V S L V C K S W Y E I E R W C R R K V F I G N C Y A 

PsTIR1a  A Y S F P E E V L E H V F S F I E S D T D R G S I S L V C K S W Y E I E R W C R R R V F V G N C Y A 

AtAFB1  G L R F P P K V L E H I L S F I D S N E D R N S V S L V C K S W F E T E R K T R K R V F V G N C Y A 

PsTIR1b  T N R F P E E V L E Y V F S F I Q C D K D R N S I S L V C K S W Y E I E R W C R R Q I F V G N C Y A 

PsAFB6  S S V F P D E V L E R I L S M V K S R K D K S S V S L V C K D W F D A E R W S R K N V F I G N C Y S 

AtAFB2  M N Y F P D E V I E H V F D F V T S H K D R N A I S L V C K S W Y K I E R Y S R Q K V F I G N C Y A 

AtAFB3  M N Y F P D E V I E H V F D F V A S H K D R N S I S L V C K S W H K I E R F S R K E V F I G N C Y A 

PsAFB2  M N Y F P D E V I E H V F D Y V V S H S D R N S L S L V C K S W Y R I E G F T R K R V F I G N C Y S 

AtAFB4  P D H V L E N V L E N V L Q F L T S R C D R N A V S L V C R S W Y R V E A Q T R L E V F I G N C Y S 

AtAFB5  P D H V L E N V L E N V L Q F L D S R C D R N A A S L V C K S W W R V E A L T R S E V F I G N C Y A 

PsAFB4  P D Q V L E N V L E N V L H F L S S R K D R N A A S L V C R S W Y R A E A L T R S D L F I G N C Y A 

Consistency 3 4 3 7 6 7 6 * 8 * 6 9 6 5 8 8 4 7 4 5 * 9 8 8 7 * * * * 8 8 * 7 6 6 * 6 3 5 * 5 5 9 * 9 * * * * 8 

  
  

                    

 

     

 

                       

  
 

. . . . . . . . . 110 . . . . . . . . • 120 . . • • . • • . • 130 . . . . . . . . . 140 . . . . . . . . . 150 

AtTIR1  V S P A T V I R R F P K V R S V E L K G K P H F A D F N L V P D G W G G Y V Y P W I E A M S S S Y T 

PsTIR1a  V S P A M V I K R F P K V R S I T L K G K P H F A D F N L V P E G W G G Y V C P W I K A M A A S Y P 

AtAFB1  V S P A A V T R R F P E M R S L T L K G K P H F A D Y N L V P D G W G G Y A W P W I E A M A A K S S 

PsTIR1b  V S P V T V T K R F P E L R S I S L K G K P H F A D F N L V P E G W G G F V S P W I A A M A C G L P 

PsAFB6  V T P E I L T Q R F P N V R S V T L K G K P R F S D F N L V P A N W G A D I H P W L V V F A E K Y P 

AtAFB2  I N P E R L L R R F P C L K S L T L K G K P H F A D F N L V P H E W G G F V L P W I E A L A R S R V 

AtAFB3  I N P E R L I R R F P C L K S L T L K G K P H F A D F N L V P H E W G G F V H P W I E A L A R S R V 

PsAFB2  I S P E R L V E R F P D F K S L T L K G K P H F A D F S L V P H G W G G F V Y P W I E A L A K S R V 

AtAFB4  L S P A R L I H R F K R V R S L V L K G K P R F A D F N L M P P N W G A Q F S P W V A A T A K A Y P 

AtAFB5  L S P A R L T Q R F K R V R S L V L K G K P R F A D F N L M P P D W G A N F A P W V S T M A Q A Y P 

PsAFB4  L S P R R A T A R F S H I K S V T V K G K P R F A D F D L M P V D W G A H F T P W V T S L A Q A Y P 

Consistency 8 7 * 5 5 7 6 5 * * 6 3 7 8 * 8 6 9 * * * * 6 * 9 * 9 8 * 8 * 3 5 * * 7 4 6 3 * * 9 5 7 6 9 4 6 4 5 

  
 
 

                                                  

• • 

 

 

 

 

 

   

   

Unconserved 0 1 2 3 4 5 6 7 8 9 10 Conserved 

 

  . . . . . . . . . 10 . . . . . . . . . 20 . . . . . . . . . 30 . . . . . . . . . 40 . . . . . . . . . 50 

AtTIR1  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M Q K R I - - - 

PsTIR1a  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M Q - R V - - - 

AtAFB1  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M - - - 

PsTIR1b  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M Q - K M - - - 

PsAFB6  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M E P Q T M N P 

AtAFB2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

AtAFB3  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

PsAFB2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

AtAFB4  M T E E D S S A K M S E D V E K Y L N L N P P C S S S S S S S S A A T F T N K S R N F K S S P P P C 

AtAFB5  M T Q D R S E M S E D D D D Q Q S P P L D L P S T A I A D P C S S S S S P N K S R N C I S N S Q T F 

PsAFB4  M R E N H P P T T T P D L L A R G E I A E S S T S K N R T G S S E - - - P F P G S S L T E N P S P F 

Consistency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 2 2 0 0 0 

 
 

                                                  

  . . . . . . . . . 60 . . . . . . . . . 70 . . . . . . . . . 80 . . . . . . . . . 90 . . . . . . . . . 100 

AtTIR1  A L S F P E E V L E H V F S F I Q L D K D R N S V S L V C K S W Y E I E R W C R R K V F I G N C Y A 

PsTIR1a  A Y S F P E E V L E H V F S F I E S D T D R G S I S L V C K S W Y E I E R W C R R R V F V G N C Y A 

AtAFB1  G L R F P P K V L E H I L S F I D S N E D R N S V S L V C K S W F E T E R K T R K R V F V G N C Y A 

PsTIR1b  T N R F P E E V L E Y V F S F I Q C D K D R N S I S L V C K S W Y E I E R W C R R Q I F V G N C Y A 

PsAFB6  S S V F P D E V L E R I L S M V K S R K D K S S V S L V C K D W F D A E R W S R K N V F I G N C Y S 

AtAFB2  M N Y F P D E V I E H V F D F V T S H K D R N A I S L V C K S W Y K I E R Y S R Q K V F I G N C Y A 

AtAFB3  M N Y F P D E V I E H V F D F V A S H K D R N S I S L V C K S W H K I E R F S R K E V F I G N C Y A 

PsAFB2  M N Y F P D E V I E H V F D Y V V S H S D R N S L S L V C K S W Y R I E G F T R K R V F I G N C Y S 

AtAFB4  P D H V L E N V L E N V L Q F L T S R C D R N A V S L V C R S W Y R V E A Q T R L E V F I G N C Y S 

AtAFB5  P D H V L E N V L E N V L Q F L D S R C D R N A A S L V C K S W W R V E A L T R S E V F I G N C Y A 

PsAFB4  P D Q V L E N V L E N V L H F L S S R K D R N A A S L V C R S W Y R A E A L T R S D L F I G N C Y A 

Consistency 3 4 3 7 6 7 6 * 8 * 6 9 6 5 8 8 4 7 4 5 * 9 8 8 7 * * * * 8 8 * 7 6 6 * 6 3 5 * 5 5 9 * 9 * * * * 8 

  
  

                    

 

     

 

                       

  
 

. . . . . . . . . 110 . . . . . . . . • 120 . . • • . • • . • 130 . . . . . . . . . 140 . . . . . . . . . 150 

AtTIR1  V S P A T V I R R F P K V R S V E L K G K P H F A D F N L V P D G W G G Y V Y P W I E A M S S S Y T 

PsTIR1a  V S P A M V I K R F P K V R S I T L K G K P H F A D F N L V P E G W G G Y V C P W I K A M A A S Y P 

AtAFB1  V S P A A V T R R F P E M R S L T L K G K P H F A D Y N L V P D G W G G Y A W P W I E A M A A K S S 

PsTIR1b  V S P V T V T K R F P E L R S I S L K G K P H F A D F N L V P E G W G G F V S P W I A A M A C G L P 

PsAFB6  V T P E I L T Q R F P N V R S V T L K G K P R F S D F N L V P A N W G A D I H P W L V V F A E K Y P 

AtAFB2  I N P E R L L R R F P C L K S L T L K G K P H F A D F N L V P H E W G G F V L P W I E A L A R S R V 

AtAFB3  I N P E R L I R R F P C L K S L T L K G K P H F A D F N L V P H E W G G F V H P W I E A L A R S R V 

PsAFB2  I S P E R L V E R F P D F K S L T L K G K P H F A D F S L V P H G W G G F V Y P W I E A L A K S R V 

AtAFB4  L S P A R L I H R F K R V R S L V L K G K P R F A D F N L M P P N W G A Q F S P W V A A T A K A Y P 

AtAFB5  L S P A R L T Q R F K R V R S L V L K G K P R F A D F N L M P P D W G A N F A P W V S T M A Q A Y P 

PsAFB4  L S P R R A T A R F S H I K S V T V K G K P R F A D F D L M P V D W G A H F T P W V T S L A Q A Y P 

Consistency 8 7 * 5 5 7 6 5 * * 6 3 7 8 * 8 6 9 * * * * 6 * 9 * 9 8 * 8 * 3 5 * * 7 4 6 3 * * 9 5 7 6 9 4 6 4 5 

  
 
 

                                                  

• • 

Unconserved 0 1 2 3 4 5 6 7 8 9 10 Conserved 

 

  . . . . . . . . . 10 . . . . . . . . . 20 . . . . . . . . . 30 . . . . . . . . . 40 . . . . . . . . . 50 

AtTIR1  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M Q K R I - - - 

PsTIR1a  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M Q - R V - - - 

AtAFB1  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M - - - 

PsTIR1b  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M Q - K M - - - 

PsAFB6  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M E P Q T M N P 

AtAFB2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

AtAFB3  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

PsAFB2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

AtAFB4  M T E E D S S A K M S E D V E K Y L N L N P P C S S S S S S S S A A T F T N K S R N F K S S P P P C 

AtAFB5  M T Q D R S E M S E D D D D Q Q S P P L D L P S T A I A D P C S S S S S P N K S R N C I S N S Q T F 

PsAFB4  M R E N H P P T T T P D L L A R G E I A E S S T S K N R T G S S E - - - P F P G S S L T E N P S P F 

Consistency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 2 2 0 0 0 

 
 

                                                  

  . . . . . . . . . 60 . . . . . . . . . 70 . . . . . . . . . 80 . . . . . . . . . 90 . . . . . . . . . 100 

AtTIR1  A L S F P E E V L E H V F S F I Q L D K D R N S V S L V C K S W Y E I E R W C R R K V F I G N C Y A 

PsTIR1a  A Y S F P E E V L E H V F S F I E S D T D R G S I S L V C K S W Y E I E R W C R R R V F V G N C Y A 

AtAFB1  G L R F P P K V L E H I L S F I D S N E D R N S V S L V C K S W F E T E R K T R K R V F V G N C Y A 

PsTIR1b  T N R F P E E V L E Y V F S F I Q C D K D R N S I S L V C K S W Y E I E R W C R R Q I F V G N C Y A 

PsAFB6  S S V F P D E V L E R I L S M V K S R K D K S S V S L V C K D W F D A E R W S R K N V F I G N C Y S 

AtAFB2  M N Y F P D E V I E H V F D F V T S H K D R N A I S L V C K S W Y K I E R Y S R Q K V F I G N C Y A 

AtAFB3  M N Y F P D E V I E H V F D F V A S H K D R N S I S L V C K S W H K I E R F S R K E V F I G N C Y A 

PsAFB2  M N Y F P D E V I E H V F D Y V V S H S D R N S L S L V C K S W Y R I E G F T R K R V F I G N C Y S 

AtAFB4  P D H V L E N V L E N V L Q F L T S R C D R N A V S L V C R S W Y R V E A Q T R L E V F I G N C Y S 

AtAFB5  P D H V L E N V L E N V L Q F L D S R C D R N A A S L V C K S W W R V E A L T R S E V F I G N C Y A 

PsAFB4  P D Q V L E N V L E N V L H F L S S R K D R N A A S L V C R S W Y R A E A L T R S D L F I G N C Y A 

Consistency 3 4 3 7 6 7 6 * 8 * 6 9 6 5 8 8 4 7 4 5 * 9 8 8 7 * * * * 8 8 * 7 6 6 * 6 3 5 * 5 5 9 * 9 * * * * 8 

  
  

                    

 

     

 

                       

  
 

. . . . . . . . . 110 . . . . . . . . • 120 . . • • . • • . • 130 . . . . . . . . . 140 . . . . . . . . . 150 

AtTIR1  V S P A T V I R R F P K V R S V E L K G K P H F A D F N L V P D G W G G Y V Y P W I E A M S S S Y T 

PsTIR1a  V S P A M V I K R F P K V R S I T L K G K P H F A D F N L V P E G W G G Y V C P W I K A M A A S Y P 

AtAFB1  V S P A A V T R R F P E M R S L T L K G K P H F A D Y N L V P D G W G G Y A W P W I E A M A A K S S 

PsTIR1b  V S P V T V T K R F P E L R S I S L K G K P H F A D F N L V P E G W G G F V S P W I A A M A C G L P 

PsAFB6  V T P E I L T Q R F P N V R S V T L K G K P R F S D F N L V P A N W G A D I H P W L V V F A E K Y P 

AtAFB2  I N P E R L L R R F P C L K S L T L K G K P H F A D F N L V P H E W G G F V L P W I E A L A R S R V 

AtAFB3  I N P E R L I R R F P C L K S L T L K G K P H F A D F N L V P H E W G G F V H P W I E A L A R S R V 

PsAFB2  I S P E R L V E R F P D F K S L T L K G K P H F A D F S L V P H G W G G F V Y P W I E A L A K S R V 

AtAFB4  L S P A R L I H R F K R V R S L V L K G K P R F A D F N L M P P N W G A Q F S P W V A A T A K A Y P 

AtAFB5  L S P A R L T Q R F K R V R S L V L K G K P R F A D F N L M P P D W G A N F A P W V S T M A Q A Y P 

PsAFB4  L S P R R A T A R F S H I K S V T V K G K P R F A D F D L M P V D W G A H F T P W V T S L A Q A Y P 

Consistency 8 7 * 5 5 7 6 5 * * 6 3 7 8 * 8 6 9 * * * * 6 * 9 * 9 8 * 8 * 3 5 * * 7 4 6 3 * * 9 5 7 6 9 4 6 4 5 

  
 
 

                                                  

• • 

 

Unconserved 0 1 2 3 4 5 6 7 8 9 10 Conserved 

 

  . . . . . . . . . 10 . . . . . . . . . 20 . . . . . . . . . 30 . . . . . . . . . 40 . . . . . . . . . 50 

AtTIR1  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M Q K R I - - - 

PsTIR1a  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M Q - R V - - - 

AtAFB1  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M - - - 

PsTIR1b  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M Q - K M - - - 

PsAFB6  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M E P Q T M N P 

AtAFB2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

AtAFB3  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

PsAFB2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

AtAFB4  M T E E D S S A K M S E D V E K Y L N L N P P C S S S S S S S S A A T F T N K S R N F K S S P P P C 

AtAFB5  M T Q D R S E M S E D D D D Q Q S P P L D L P S T A I A D P C S S S S S P N K S R N C I S N S Q T F 

PsAFB4  M R E N H P P T T T P D L L A R G E I A E S S T S K N R T G S S E - - - P F P G S S L T E N P S P F 

Consistency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 2 2 0 0 0 

 
 

                                                  

  . . . . . . . . . 60 . . . . . . . . . 70 . . . . . . . . . 80 . . . . . . . . . 90 . . . . . . . . . 100 

AtTIR1  A L S F P E E V L E H V F S F I Q L D K D R N S V S L V C K S W Y E I E R W C R R K V F I G N C Y A 

PsTIR1a  A Y S F P E E V L E H V F S F I E S D T D R G S I S L V C K S W Y E I E R W C R R R V F V G N C Y A 

AtAFB1  G L R F P P K V L E H I L S F I D S N E D R N S V S L V C K S W F E T E R K T R K R V F V G N C Y A 

PsTIR1b  T N R F P E E V L E Y V F S F I Q C D K D R N S I S L V C K S W Y E I E R W C R R Q I F V G N C Y A 

PsAFB6  S S V F P D E V L E R I L S M V K S R K D K S S V S L V C K D W F D A E R W S R K N V F I G N C Y S 

AtAFB2  M N Y F P D E V I E H V F D F V T S H K D R N A I S L V C K S W Y K I E R Y S R Q K V F I G N C Y A 

AtAFB3  M N Y F P D E V I E H V F D F V A S H K D R N S I S L V C K S W H K I E R F S R K E V F I G N C Y A 

PsAFB2  M N Y F P D E V I E H V F D Y V V S H S D R N S L S L V C K S W Y R I E G F T R K R V F I G N C Y S 

AtAFB4  P D H V L E N V L E N V L Q F L T S R C D R N A V S L V C R S W Y R V E A Q T R L E V F I G N C Y S 

AtAFB5  P D H V L E N V L E N V L Q F L D S R C D R N A A S L V C K S W W R V E A L T R S E V F I G N C Y A 

PsAFB4  P D Q V L E N V L E N V L H F L S S R K D R N A A S L V C R S W Y R A E A L T R S D L F I G N C Y A 

Consistency 3 4 3 7 6 7 6 * 8 * 6 9 6 5 8 8 4 7 4 5 * 9 8 8 7 * * * * 8 8 * 7 6 6 * 6 3 5 * 5 5 9 * 9 * * * * 8 

  
  

                    

 

     

 

                       

  
 

. . . . . . . . . 110 . . . . . . . . • 120 . . • • . • • . • 130 . . . . . . . . . 140 . . . . . . . . . 150 

AtTIR1  V S P A T V I R R F P K V R S V E L K G K P H F A D F N L V P D G W G G Y V Y P W I E A M S S S Y T 

PsTIR1a  V S P A M V I K R F P K V R S I T L K G K P H F A D F N L V P E G W G G Y V C P W I K A M A A S Y P 

AtAFB1  V S P A A V T R R F P E M R S L T L K G K P H F A D Y N L V P D G W G G Y A W P W I E A M A A K S S 

PsTIR1b  V S P V T V T K R F P E L R S I S L K G K P H F A D F N L V P E G W G G F V S P W I A A M A C G L P 

PsAFB6  V T P E I L T Q R F P N V R S V T L K G K P R F S D F N L V P A N W G A D I H P W L V V F A E K Y P 

AtAFB2  I N P E R L L R R F P C L K S L T L K G K P H F A D F N L V P H E W G G F V L P W I E A L A R S R V 

AtAFB3  I N P E R L I R R F P C L K S L T L K G K P H F A D F N L V P H E W G G F V H P W I E A L A R S R V 

PsAFB2  I S P E R L V E R F P D F K S L T L K G K P H F A D F S L V P H G W G G F V Y P W I E A L A K S R V 

AtAFB4  L S P A R L I H R F K R V R S L V L K G K P R F A D F N L M P P N W G A Q F S P W V A A T A K A Y P 

AtAFB5  L S P A R L T Q R F K R V R S L V L K G K P R F A D F N L M P P D W G A N F A P W V S T M A Q A Y P 

PsAFB4  L S P R R A T A R F S H I K S V T V K G K P R F A D F D L M P V D W G A H F T P W V T S L A Q A Y P 

Consistency 8 7 * 5 5 7 6 5 * * 6 3 7 8 * 8 6 9 * * * * 6 * 9 * 9 8 * 8 * 3 5 * * 7 4 6 3 * * 9 5 7 6 9 4 6 4 5 

  
 
 

                                                  

• • 

  . . . . . . . • • 160 . . . . . . . . . 170 . . . . . . . . . 180 . . . • . . . . . 190 . . . . . . . . . 200 

AtTIR1  W L E E I R L K R M V V T D D C L E L I A K S F K N F K V L V L S S C E G F S T D G L A A I A A T C 

PsTIR1a  C L Q E I R L K R M V I T D D S L D L I A K S F K N F T V L V L T S C E G F T T E G L A A I A A N C 

AtAFB1  S L E E I R M K R M V V T D E C L E K I A A S F K D F K V L V L T S C E G F S T D G I A A I A A T C 

PsTIR1b  L L E E I R L K R M V I T D E S L E L I A K S F K N F K V L V L I S C E G F T T E G L A A I A S N C 

PsAFB6  F L E E L R L K R M V V T D E S L E F L A F S F P N F K A L S L L S C D G F S T D G L A A V A T N C 

AtAFB2  G L E E L R L K R M V V T D E S L E L L S R S F V N F K S L V L V S C E G F T T D G L A S I A A N C 

AtAFB3  G L E E L R L K R M V V T D E S L D L L S R S F A N F K S L V L V S C E G F T T D G L A S I A A N C 

PsAFB2  G L E E L R L K R M V V S D E S L E L L S R S F M N F K S L V L V S C E G F T T D G L A A V A A N C 

AtAFB4  W L E K V H L K R M F V T D D D L A L L A E S F P G F K E L T L V C C E G F G T S G I A I V A N K C 

AtAFB5  C L E K V D L K R M F V T D D D L A L L A D S F P G F K E L I L V C C E G F G T S G I S I V A N K C 

PsAFB4  W L E K L H L K R M S V T D K D L G L I A D S F V G F R E L L L A C C E G F G T P G L A V I A S K C 

Consistency 2 * 9 8 8 6 9 * * * 6 9 9 * 7 5 * 5 7 8 8 4 * * 4 6 * 8 4 * 7 * 6 6 * 9 * * 5 * 6 * 8 9 6 9 * 6 6 * 

  
 

         

 

                                        

  . . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250 

AtTIR1  R N L K E L D L R E S D V D - - - D V S G H W L S H F P D T - Y T S L V S L N I S C L A S E V S F S 

PsTIR1a  R N L R E L D L R E S E V E - - - D I C G H W L S H F P D S - Y T S L V S L N I S C L A N E V N F P 

AtAFB1  R N L R V L E L R E C I V E - - - D L G G D W L S Y F P E S - S T S L V S L D F S C L D S E V K I S 

PsTIR1b  R N L K E L N L Q E S E L E - - - D L S G H W L S Q F P D S - Y T S L V S L N I S C L N N E V S L S 

PsAFB6  K N L T E L D I Q E N G I E - - - D K S G N W L S C F P E S - F T S L E V L N F A N L T N E V N I D 

AtAFB2  R H L R D L D L Q E N E I D - - - D H R G Q W L S C F P D T - C T T L V T L N F A C L E G E T N L V 

AtAFB3  R H L R E L D L Q E N E I D - - - D H R G Q W L N C F P D S - C T T L M S L N F A C L K G E T N V A 

PsAFB2  R S L R E L D L Q E N E V E - - - D H K G Q W L S C F P E N - C T S L V A L N F A C L K G E I N V G 

AtAFB4  R Q L K V L D L M E S E V T - - - D D E L D W I S C F P E G - E T H L E S L S F D C V E S P I N F K 

AtAFB5  R K L K V L D L I E S E V T - - - D D E V D W I S C F P E D - V T C L E S L A F D C V E A P I N F K 

PsAFB4  R L L R V L E L V E S V I E V E D D E E V D W V S C F P T E G Q T H L E S L A F D C V E C P V N F E 

Consistency 9 5 * 7 5 * 7 9 5 * 6 5 8 6 0 0 0 * 3 4 5 5 * 8 9 4 * * 7 5 0 3 * 5 * 5 7 * 6 7 6 8 8 4 4 6 7 7 6 4 

  
 

                                                  

  . . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300 

AtTIR1  A L E R L V T R C P N L K S L K L N R A V P L E K L A T L L Q R A P Q L E E L G T G G Y T A E V R - 

PsTIR1a  A L E R L V S R C P N L Q T L R L N R A A P L D K L A S L L R G A P Q L A E L G T G A Y T S E M R - 

AtAFB1  D L E R L V S R S P N L K S L K L N P A V T L D G L V S L L R C A P Q L T E L G T G S F A A Q L K - 

PsTIR1b  A L E R L L G R C P N L Q T L R L N H A A A L D K L P N L L S R C P Q L A E L G T G I Y S A E M R - 

PsAFB6  A L E K L V G R C K S L K T L K V N K S V T L E Q L K K L L V R A P Q L C E L G S G S F S Q E L T - 

AtAFB2  A L E R L V A R S P N L K S L K L N R A V P L D A L A R L M A C A P Q I V D L G V G S Y E N D P D - 

AtAFB3  A L E R L V A R S P N L K S L K L N R A V P L D A L A R L M S C A P Q L V D L G V G S Y E N E P D - 

PsAFB2  A L E R L V A R S P N L K T L R L N R S V P A D A L Q R I L M R A P Q I A D L G I G S F I H D L N - 

AtAFB4  A L E E L V V R S P F L K K L R T N R F V S L E E L H R L M V R A P Q L T S L G T G S F S P D N V P 

AtAFB5  A L E G L V A R S P F L K K L R L N R F V S L V E L H R L L L G A P Q L T S L G T G S F S H D E E P 

PsAFB4  A L E G L V A R S P G L K K L R L N R S V S M V Q L H R L M L R A P Q L T H L G T G S F S A N E N - 

Consistency 8 * * 6 * 9 5 * 6 8 5 * 8 6 * 8 8 * 7 6 8 5 8 6 5 * 4 6 9 8 4 4 8 * * 9 5 6 * * 6 * 7 8 5 4 6 3 4 0 

 

• 



5 
 

 

 

 

     

 

 

 

 

 

 

 

 

     

 

     

     

 

 

 

     

 

 

 

  . . . . . . . • • 160 . . . . . . . . . 170 . . . . . . . . . 180 . . . • . . . . . 190 . . . . . . . . . 200 

AtTIR1  W L E E I R L K R M V V T D D C L E L I A K S F K N F K V L V L S S C E G F S T D G L A A I A A T C 

PsTIR1a  C L Q E I R L K R M V I T D D S L D L I A K S F K N F T V L V L T S C E G F T T E G L A A I A A N C 

AtAFB1  S L E E I R M K R M V V T D E C L E K I A A S F K D F K V L V L T S C E G F S T D G I A A I A A T C 

PsTIR1b  L L E E I R L K R M V I T D E S L E L I A K S F K N F K V L V L I S C E G F T T E G L A A I A S N C 

PsAFB6  F L E E L R L K R M V V T D E S L E F L A F S F P N F K A L S L L S C D G F S T D G L A A V A T N C 

AtAFB2  G L E E L R L K R M V V T D E S L E L L S R S F V N F K S L V L V S C E G F T T D G L A S I A A N C 

AtAFB3  G L E E L R L K R M V V T D E S L D L L S R S F A N F K S L V L V S C E G F T T D G L A S I A A N C 

PsAFB2  G L E E L R L K R M V V S D E S L E L L S R S F M N F K S L V L V S C E G F T T D G L A A V A A N C 

AtAFB4  W L E K V H L K R M F V T D D D L A L L A E S F P G F K E L T L V C C E G F G T S G I A I V A N K C 

AtAFB5  C L E K V D L K R M F V T D D D L A L L A D S F P G F K E L I L V C C E G F G T S G I S I V A N K C 

PsAFB4  W L E K L H L K R M S V T D K D L G L I A D S F V G F R E L L L A C C E G F G T P G L A V I A S K C 

Consistency 2 * 9 8 8 6 9 * * * 6 9 9 * 7 5 * 5 7 8 8 4 * * 4 6 * 8 4 * 7 * 6 6 * 9 * * 5 * 6 * 8 9 6 9 * 6 6 * 

  
 

         

 

                                        

  . . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250 

AtTIR1  R N L K E L D L R E S D V D - - - D V S G H W L S H F P D T - Y T S L V S L N I S C L A S E V S F S 

PsTIR1a  R N L R E L D L R E S E V E - - - D I C G H W L S H F P D S - Y T S L V S L N I S C L A N E V N F P 

AtAFB1  R N L R V L E L R E C I V E - - - D L G G D W L S Y F P E S - S T S L V S L D F S C L D S E V K I S 

PsTIR1b  R N L K E L N L Q E S E L E - - - D L S G H W L S Q F P D S - Y T S L V S L N I S C L N N E V S L S 

PsAFB6  K N L T E L D I Q E N G I E - - - D K S G N W L S C F P E S - F T S L E V L N F A N L T N E V N I D 

AtAFB2  R H L R D L D L Q E N E I D - - - D H R G Q W L S C F P D T - C T T L V T L N F A C L E G E T N L V 

AtAFB3  R H L R E L D L Q E N E I D - - - D H R G Q W L N C F P D S - C T T L M S L N F A C L K G E T N V A 

PsAFB2  R S L R E L D L Q E N E V E - - - D H K G Q W L S C F P E N - C T S L V A L N F A C L K G E I N V G 

AtAFB4  R Q L K V L D L M E S E V T - - - D D E L D W I S C F P E G - E T H L E S L S F D C V E S P I N F K 

AtAFB5  R K L K V L D L I E S E V T - - - D D E V D W I S C F P E D - V T C L E S L A F D C V E A P I N F K 

PsAFB4  R L L R V L E L V E S V I E V E D D E E V D W V S C F P T E G Q T H L E S L A F D C V E C P V N F E 

Consistency 9 5 * 7 5 * 7 9 5 * 6 5 8 6 0 0 0 * 3 4 5 5 * 8 9 4 * * 7 5 0 3 * 5 * 5 7 * 6 7 6 8 8 4 4 6 7 7 6 4 

  
 

                                                  

  . . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300 

AtTIR1  A L E R L V T R C P N L K S L K L N R A V P L E K L A T L L Q R A P Q L E E L G T G G Y T A E V R - 

PsTIR1a  A L E R L V S R C P N L Q T L R L N R A A P L D K L A S L L R G A P Q L A E L G T G A Y T S E M R - 

AtAFB1  D L E R L V S R S P N L K S L K L N P A V T L D G L V S L L R C A P Q L T E L G T G S F A A Q L K - 

PsTIR1b  A L E R L L G R C P N L Q T L R L N H A A A L D K L P N L L S R C P Q L A E L G T G I Y S A E M R - 

PsAFB6  A L E K L V G R C K S L K T L K V N K S V T L E Q L K K L L V R A P Q L C E L G S G S F S Q E L T - 

AtAFB2  A L E R L V A R S P N L K S L K L N R A V P L D A L A R L M A C A P Q I V D L G V G S Y E N D P D - 

AtAFB3  A L E R L V A R S P N L K S L K L N R A V P L D A L A R L M S C A P Q L V D L G V G S Y E N E P D - 

PsAFB2  A L E R L V A R S P N L K T L R L N R S V P A D A L Q R I L M R A P Q I A D L G I G S F I H D L N - 

AtAFB4  A L E E L V V R S P F L K K L R T N R F V S L E E L H R L M V R A P Q L T S L G T G S F S P D N V P 

AtAFB5  A L E G L V A R S P F L K K L R L N R F V S L V E L H R L L L G A P Q L T S L G T G S F S H D E E P 

PsAFB4  A L E G L V A R S P G L K K L R L N R S V S M V Q L H R L M L R A P Q L T H L G T G S F S A N E N - 

Consistency 8 * * 6 * 9 5 * 6 8 5 * 8 6 * 8 8 * 7 6 8 5 8 6 5 * 4 6 9 8 4 4 8 * * 9 5 6 * * 6 * 7 8 5 4 6 3 4 0 

 

• 

  . . . . . . . • • 160 . . . . . . . . . 170 . . . . . . . . . 180 . . . • . . . . . 190 . . . . . . . . . 200 

AtTIR1  W L E E I R L K R M V V T D D C L E L I A K S F K N F K V L V L S S C E G F S T D G L A A I A A T C 

PsTIR1a  C L Q E I R L K R M V I T D D S L D L I A K S F K N F T V L V L T S C E G F T T E G L A A I A A N C 

AtAFB1  S L E E I R M K R M V V T D E C L E K I A A S F K D F K V L V L T S C E G F S T D G I A A I A A T C 

PsTIR1b  L L E E I R L K R M V I T D E S L E L I A K S F K N F K V L V L I S C E G F T T E G L A A I A S N C 

PsAFB6  F L E E L R L K R M V V T D E S L E F L A F S F P N F K A L S L L S C D G F S T D G L A A V A T N C 

AtAFB2  G L E E L R L K R M V V T D E S L E L L S R S F V N F K S L V L V S C E G F T T D G L A S I A A N C 

AtAFB3  G L E E L R L K R M V V T D E S L D L L S R S F A N F K S L V L V S C E G F T T D G L A S I A A N C 

PsAFB2  G L E E L R L K R M V V S D E S L E L L S R S F M N F K S L V L V S C E G F T T D G L A A V A A N C 

AtAFB4  W L E K V H L K R M F V T D D D L A L L A E S F P G F K E L T L V C C E G F G T S G I A I V A N K C 

AtAFB5  C L E K V D L K R M F V T D D D L A L L A D S F P G F K E L I L V C C E G F G T S G I S I V A N K C 

PsAFB4  W L E K L H L K R M S V T D K D L G L I A D S F V G F R E L L L A C C E G F G T P G L A V I A S K C 

Consistency 2 * 9 8 8 6 9 * * * 6 9 9 * 7 5 * 5 7 8 8 4 * * 4 6 * 8 4 * 7 * 6 6 * 9 * * 5 * 6 * 8 9 6 9 * 6 6 * 

  
 

         

 

                                        

  . . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250 

AtTIR1  R N L K E L D L R E S D V D - - - D V S G H W L S H F P D T - Y T S L V S L N I S C L A S E V S F S 

PsTIR1a  R N L R E L D L R E S E V E - - - D I C G H W L S H F P D S - Y T S L V S L N I S C L A N E V N F P 

AtAFB1  R N L R V L E L R E C I V E - - - D L G G D W L S Y F P E S - S T S L V S L D F S C L D S E V K I S 

PsTIR1b  R N L K E L N L Q E S E L E - - - D L S G H W L S Q F P D S - Y T S L V S L N I S C L N N E V S L S 

PsAFB6  K N L T E L D I Q E N G I E - - - D K S G N W L S C F P E S - F T S L E V L N F A N L T N E V N I D 

AtAFB2  R H L R D L D L Q E N E I D - - - D H R G Q W L S C F P D T - C T T L V T L N F A C L E G E T N L V 

AtAFB3  R H L R E L D L Q E N E I D - - - D H R G Q W L N C F P D S - C T T L M S L N F A C L K G E T N V A 

PsAFB2  R S L R E L D L Q E N E V E - - - D H K G Q W L S C F P E N - C T S L V A L N F A C L K G E I N V G 

AtAFB4  R Q L K V L D L M E S E V T - - - D D E L D W I S C F P E G - E T H L E S L S F D C V E S P I N F K 

AtAFB5  R K L K V L D L I E S E V T - - - D D E V D W I S C F P E D - V T C L E S L A F D C V E A P I N F K 

PsAFB4  R L L R V L E L V E S V I E V E D D E E V D W V S C F P T E G Q T H L E S L A F D C V E C P V N F E 

Consistency 9 5 * 7 5 * 7 9 5 * 6 5 8 6 0 0 0 * 3 4 5 5 * 8 9 4 * * 7 5 0 3 * 5 * 5 7 * 6 7 6 8 8 4 4 6 7 7 6 4 

  
 

                                                  

  . . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300 

AtTIR1  A L E R L V T R C P N L K S L K L N R A V P L E K L A T L L Q R A P Q L E E L G T G G Y T A E V R - 

PsTIR1a  A L E R L V S R C P N L Q T L R L N R A A P L D K L A S L L R G A P Q L A E L G T G A Y T S E M R - 

AtAFB1  D L E R L V S R S P N L K S L K L N P A V T L D G L V S L L R C A P Q L T E L G T G S F A A Q L K - 

PsTIR1b  A L E R L L G R C P N L Q T L R L N H A A A L D K L P N L L S R C P Q L A E L G T G I Y S A E M R - 

PsAFB6  A L E K L V G R C K S L K T L K V N K S V T L E Q L K K L L V R A P Q L C E L G S G S F S Q E L T - 

AtAFB2  A L E R L V A R S P N L K S L K L N R A V P L D A L A R L M A C A P Q I V D L G V G S Y E N D P D - 

AtAFB3  A L E R L V A R S P N L K S L K L N R A V P L D A L A R L M S C A P Q L V D L G V G S Y E N E P D - 

PsAFB2  A L E R L V A R S P N L K T L R L N R S V P A D A L Q R I L M R A P Q I A D L G I G S F I H D L N - 

AtAFB4  A L E E L V V R S P F L K K L R T N R F V S L E E L H R L M V R A P Q L T S L G T G S F S P D N V P 

AtAFB5  A L E G L V A R S P F L K K L R L N R F V S L V E L H R L L L G A P Q L T S L G T G S F S H D E E P 

PsAFB4  A L E G L V A R S P G L K K L R L N R S V S M V Q L H R L M L R A P Q L T H L G T G S F S A N E N - 

Consistency 8 * * 6 * 9 5 * 6 8 5 * 8 6 * 8 8 * 7 6 8 5 8 6 5 * 4 6 9 8 4 4 8 * * 9 5 6 * * 6 * 7 8 5 4 6 3 4 0 

 

• 

 . . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350 

AtTIR1  - P D V Y S G L S V A L S G C K E L R C L S G F W D A V P A Y L P A V Y S V C S R L T T L N L S Y A 

PsTIR1a  - P E V F S N L A A A F S G C M Q M K S L S G F W D V L P S Y L P A V Y P V C S R L T S L N L S Y A 

AtAFB1  - P E A F S K L S E A F S N C K Q L Q S L S G L W D V L P E Y L P A L Y S V C P G L T S L N L S Y A 

PsTIR1b  - P E V F S N L V T A F T G C K Q L K S L S G F W Q V L P S Y L P A L N P V C S R L T S L N L S Y A 

PsAFB6  - S Q Q Y A E L E T A F K N C K S L H T L S G L W V A S A R Y L Q V L Y P A C A N L T F L N F S Y A 

AtAFB2  - S E S Y L K L M A V I K K C T S L R S L S G F L E A A P H C L S A F H P I C H N L T S L N L S Y A 

AtAFB3  - P E S F A K L M T A I K K Y T S L R S L S G F L E V A P L C L P A F Y P I C Q N L I S L N L S Y A 

PsAFB2  - S E A Y I K L K N T I L R C R S I T S L S G F L E V A P F S L A A V Y P I C R N L T S L N L S Y A 

AtAFB4  Q G E Q Q P D Y A A A F R A C K S I V C L S G F R E F R P E Y L L A I S S V C A N L T S L N F S Y A 

AtAFB5  Q S E Q E P D Y A A A F R A C K S V V C L S G F R E L M P E Y L P A I F P V C A N L T S L N F S Y A 

PsAFB4  - V D Q E P D Y A S A F A A C R S L V C L S G F R E I W P D Y L P A I Y P V C S N L T S L N F S Y A 

Consistency 0 4 8 4 5 4 5 7 5 5 8 7 5 4 8 6 7 8 4 5 * * * 8 4 6 6 4 8 3 6 * 5 9 6 6 7 8 * 5 6 * 8 7 * * 7 * * * 

  
 

                                                  

  
 

. . . . . . . . . 360 . . . . . . . . . 370 . . . . . . . . . 380 . . . . . . . . . 390 . . . . . • . . • 400 

AtTIR1  T - V Q S Y D L V K L L C Q C P K L Q R L W V L D Y I E D A G L E V L A S T C K D L R E L R V F P S 

PsTIR1a  T - I Q S P D L I K L V G E C E S L Q R L W V L D Y I E D A G L D M L A A S C K D L R E L R V F P S 

AtAFB1  T - V R M P D L V E L L R R C S K L Q K L W V M D L I E D K G L E A V A S Y C K E L R E L R V F P S 

PsTIR1b  V - I Q S S D L I K L V G Q C P N L L R F W V L D Y I E D A G L D V V A A S C K Y L Q E L R V F P S 

PsAFB6  P - L D S E D L T K I L V H C P N L R R L W V V D T V E D K G L E A V G S N C P L L E E L R V F P A 

AtAFB2  A E I H G S H L I K L I Q H C K K L Q R L W I L D S I G D K G L E V V A S T C K E L Q E L R V F P S 

AtAFB3  A E I Q G N H L I K L I Q L C K R L Q R L W I L D S I G D K G L A V V A A T C K E L Q E L R V F P S 

PsAFB2  A S I Q G A E L I K L I R H C G K L Q R L W I M D C I G D K G L V A V A T I C K E L Q E L R V F P S 

AtAFB4  N - I S P H M L K P I I S N C H N I R V F W A L D S I R D E G L Q A V A A T C K E L R E L R I F P F 

AtAFB5  N - I S P D M F K P I I L N C H K L Q V F W A L D S I C D E G L Q A V A A T C K E L R E L R I F P F 

PsAFB4  D - V N A E Q L K S V I C H C H K L Q I L W V L D S I G D E G L Q S V A A T C N D L R E L R V F P V 

Consistency 4 0 9 5 4 3 4 8 5 6 8 8 2 4 * 3 6 9 7 5 7 * 7 8 * 4 9 4 * 5 * * 5 6 8 8 7 5 * 7 5 * 7 * * * 9 * * 5 

  
 

                                

 

                 

  • • • . • . . . . 410 . . . . . . . . . 420 . . . . . . . . . 430 • . • . . . . . . 440 . . . . . . . . . 450 

AtTIR1  E P F - V M E P N V A L T E Q G L V S V S M G C P K L E S V L Y F C R Q M T N A A L I T I A R N R P 

PsTIR1a  N P F - G L E P N V A L T E Q G L V S V S E G C P K L H S V L Y F C R Q M T N A A L T I I A R N R P 

AtAFB1  E P D - L D A T N I P L T E Q G L V F V S K G C R K L E S V L Y F C V Q F T N A A L F T I A R K R P 

PsTIR1b  D P F - G L E P N I A L T E Q G L V S V S K G C P K L Q S I L Y F C R Q M S N A A L N T I A Q N R P 

PsAFB6  D P F - D E E A E G G V T E S G F V A V S E G C R K L H Y V L Y F C R Q M T N A A V A T V V Q N C P 

AtAFB2  D L L - - G G G N T A V T E E G L V A I S A G C P K L H S I L Y F C Q Q M T N A A L V T V A K N C P 

AtAFB3  D V H G E E D N N A S V T E V G L V A I S A G C P K L H S I L Y F C K Q M T N A A L I A V A K N C P 

PsAFB2  A P - - - F G N Q A A V T E V G L V A I S K G C P K L H S L L Y F C H Q M T N A A L I T V A K N C P 

AtAFB4  D P R - - E D S E G P V S G V G L Q A I S E G C R K L E S I L Y F C Q N M T N G A V T A M S E N C P 

AtAFB5  D P R - - E D S E G P V S E L G L Q A I S E G C R K L E S I L Y F C Q R M T N A A V I A M S E N C P 

PsAFB4  D A R - - E E T E G P V S Q V G F E A I S Q G C R K L E S I L F F C Q T M T N A A V V A M S K N C P 

Consistency 6 6 2 0 0 3 5 4 6 4 5 8 8 8 4 * 8 6 7 9 * 5 * * 5 * * 6 8 8 * 9 * * 5 7 8 9 * 8 * 8 5 6 7 7 6 8 5 * 

  
 
 

 

 

 

 

 

                                                 

 

• 

• • • 

 . . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350 

AtTIR1  - P D V Y S G L S V A L S G C K E L R C L S G F W D A V P A Y L P A V Y S V C S R L T T L N L S Y A 

PsTIR1a  - P E V F S N L A A A F S G C M Q M K S L S G F W D V L P S Y L P A V Y P V C S R L T S L N L S Y A 

AtAFB1  - P E A F S K L S E A F S N C K Q L Q S L S G L W D V L P E Y L P A L Y S V C P G L T S L N L S Y A 

PsTIR1b  - P E V F S N L V T A F T G C K Q L K S L S G F W Q V L P S Y L P A L N P V C S R L T S L N L S Y A 

PsAFB6  - S Q Q Y A E L E T A F K N C K S L H T L S G L W V A S A R Y L Q V L Y P A C A N L T F L N F S Y A 

AtAFB2  - S E S Y L K L M A V I K K C T S L R S L S G F L E A A P H C L S A F H P I C H N L T S L N L S Y A 

AtAFB3  - P E S F A K L M T A I K K Y T S L R S L S G F L E V A P L C L P A F Y P I C Q N L I S L N L S Y A 

PsAFB2  - S E A Y I K L K N T I L R C R S I T S L S G F L E V A P F S L A A V Y P I C R N L T S L N L S Y A 

AtAFB4  Q G E Q Q P D Y A A A F R A C K S I V C L S G F R E F R P E Y L L A I S S V C A N L T S L N F S Y A 

AtAFB5  Q S E Q E P D Y A A A F R A C K S V V C L S G F R E L M P E Y L P A I F P V C A N L T S L N F S Y A 

PsAFB4  - V D Q E P D Y A S A F A A C R S L V C L S G F R E I W P D Y L P A I Y P V C S N L T S L N F S Y A 

Consistency 0 4 8 4 5 4 5 7 5 5 8 7 5 4 8 6 7 8 4 5 * * * 8 4 6 6 4 8 3 6 * 5 9 6 6 7 8 * 5 6 * 8 7 * * 7 * * * 

  
 

                                                  

  
 

. . . . . . . . . 360 . . . . . . . . . 370 . . . . . . . . . 380 . . . . . . . . . 390 . . . . . • . . • 400 

AtTIR1  T - V Q S Y D L V K L L C Q C P K L Q R L W V L D Y I E D A G L E V L A S T C K D L R E L R V F P S 

PsTIR1a  T - I Q S P D L I K L V G E C E S L Q R L W V L D Y I E D A G L D M L A A S C K D L R E L R V F P S 

AtAFB1  T - V R M P D L V E L L R R C S K L Q K L W V M D L I E D K G L E A V A S Y C K E L R E L R V F P S 

PsTIR1b  V - I Q S S D L I K L V G Q C P N L L R F W V L D Y I E D A G L D V V A A S C K Y L Q E L R V F P S 

PsAFB6  P - L D S E D L T K I L V H C P N L R R L W V V D T V E D K G L E A V G S N C P L L E E L R V F P A 

AtAFB2  A E I H G S H L I K L I Q H C K K L Q R L W I L D S I G D K G L E V V A S T C K E L Q E L R V F P S 

AtAFB3  A E I Q G N H L I K L I Q L C K R L Q R L W I L D S I G D K G L A V V A A T C K E L Q E L R V F P S 

PsAFB2  A S I Q G A E L I K L I R H C G K L Q R L W I M D C I G D K G L V A V A T I C K E L Q E L R V F P S 

AtAFB4  N - I S P H M L K P I I S N C H N I R V F W A L D S I R D E G L Q A V A A T C K E L R E L R I F P F 

AtAFB5  N - I S P D M F K P I I L N C H K L Q V F W A L D S I C D E G L Q A V A A T C K E L R E L R I F P F 

PsAFB4  D - V N A E Q L K S V I C H C H K L Q I L W V L D S I G D E G L Q S V A A T C N D L R E L R V F P V 

Consistency 4 0 9 5 4 3 4 8 5 6 8 8 2 4 * 3 6 9 7 5 7 * 7 8 * 4 9 4 * 5 * * 5 6 8 8 7 5 * 7 5 * 7 * * * 9 * * 5 

  
 

                                

 

                 

  • • • . • . . . . 410 . . . . . . . . . 420 . . . . . . . . . 430 • . • . . . . . . 440 . . . . . . . . . 450 

AtTIR1  E P F - V M E P N V A L T E Q G L V S V S M G C P K L E S V L Y F C R Q M T N A A L I T I A R N R P 

PsTIR1a  N P F - G L E P N V A L T E Q G L V S V S E G C P K L H S V L Y F C R Q M T N A A L T I I A R N R P 

AtAFB1  E P D - L D A T N I P L T E Q G L V F V S K G C R K L E S V L Y F C V Q F T N A A L F T I A R K R P 

PsTIR1b  D P F - G L E P N I A L T E Q G L V S V S K G C P K L Q S I L Y F C R Q M S N A A L N T I A Q N R P 

PsAFB6  D P F - D E E A E G G V T E S G F V A V S E G C R K L H Y V L Y F C R Q M T N A A V A T V V Q N C P 

AtAFB2  D L L - - G G G N T A V T E E G L V A I S A G C P K L H S I L Y F C Q Q M T N A A L V T V A K N C P 

AtAFB3  D V H G E E D N N A S V T E V G L V A I S A G C P K L H S I L Y F C K Q M T N A A L I A V A K N C P 

PsAFB2  A P - - - F G N Q A A V T E V G L V A I S K G C P K L H S L L Y F C H Q M T N A A L I T V A K N C P 

AtAFB4  D P R - - E D S E G P V S G V G L Q A I S E G C R K L E S I L Y F C Q N M T N G A V T A M S E N C P 

AtAFB5  D P R - - E D S E G P V S E L G L Q A I S E G C R K L E S I L Y F C Q R M T N A A V I A M S E N C P 

PsAFB4  D A R - - E E T E G P V S Q V G F E A I S Q G C R K L E S I L F F C Q T M T N A A V V A M S K N C P 

Consistency 6 6 2 0 0 3 5 4 6 4 5 8 8 8 4 * 8 6 7 9 * 5 * * 5 * * 6 8 8 * 9 * * 5 7 8 9 * 8 * 8 5 6 7 7 6 8 5 * 

  
 
 

 

 

 

 

 

                                                 

 

• 

• • • 



6 
 

 

 

 

 

 

 

 

  • • • . • . . . . 410 . . . . . . . . . 420 . . . . . . . . . 430 • . • . . . . . . 440 . . . . . . . . . 450 

AtTIR1  E P F - V M E P N V A L T E Q G L V S V S M G C P K L E S V L Y F C R Q M T N A A L I T I A R N R P 

PsTIR1a  N P F - G L E P N V A L T E Q G L V S V S E G C P K L H S V L Y F C R Q M T N A A L T I I A R N R P 

AtAFB1  E P D - L D A T N I P L T E Q G L V F V S K G C R K L E S V L Y F C V Q F T N A A L F T I A R K R P 

PsTIR1b  D P F - G L E P N I A L T E Q G L V S V S K G C P K L Q S I L Y F C R Q M S N A A L N T I A Q N R P 

PsAFB6  D P F - D E E A E G G V T E S G F V A V S E G C R K L H Y V L Y F C R Q M T N A A V A T V V Q N C P 

AtAFB2  D L L - - G G G N T A V T E E G L V A I S A G C P K L H S I L Y F C Q Q M T N A A L V T V A K N C P 

AtAFB3  D V H G E E D N N A S V T E V G L V A I S A G C P K L H S I L Y F C K Q M T N A A L I A V A K N C P 

PsAFB2  A P - - - F G N Q A A V T E V G L V A I S K G C P K L H S L L Y F C H Q M T N A A L I T V A K N C P 

AtAFB4  D P R - - E D S E G P V S G V G L Q A I S E G C R K L E S I L Y F C Q N M T N G A V T A M S E N C P 

AtAFB5  D P R - - E D S E G P V S E L G L Q A I S E G C R K L E S I L Y F C Q R M T N A A V I A M S E N C P 

PsAFB4  D A R - - E E T E G P V S Q V G F E A I S Q G C R K L E S I L F F C Q T M T N A A V V A M S K N C P 

Consistency 6 6 2 0 0 3 5 4 6 4 5 8 8 8 4 * 8 6 7 9 * 5 * * 5 * * 6 8 8 * 9 * * 5 7 8 9 * 8 * 8 5 6 7 7 6 8 5 * 

  
 
 

 

 

 

 

 

                                                 

 

 

  
 
 

 

 

 

 

 

                                                 

  . . . • . • • • • 460 . • . . . . . . . 470 . . . . . . . . . 480 . . . . . . . . • 490 • • . . . . . . . 500 

AtTIR1  N M T R F R L C I I E P K A P D Y L T L E P L D I G F G A I V E H C K D L R R L S L S G L L T D K V 

PsTIR1a  N L T R F R L C I I E P R T P D Y L T R Q P L D V G F G A I V E Q C K S L Q R L S L S G L L T D R V 

AtAFB1  N L K C F R L C V I E P F A P D Y K T N E P L D K G F K A I A E G C R D L R R L S V S G L L S D K A 

PsTIR1b  N L T R F R L C I L E P R T P D Y L T L Q P L D S G F G A I V E H C K D L Q R L S L S G L L T D R V 

PsAFB6  D F T H F R L C I M N P G Q Q D Y L T D E P M D E A F G E V V K N C T K L Q R L A V S G Y L T D L T 

AtAFB2  N F I R F R L C I L E P N K P D H V T S Q P L D E G F G A I V K A C K S L R R L S L S G L L T D Q V 

AtAFB3  N F I R F R L C I L E P H K P D H I T F Q S L D E G F G A I V Q A C K G L R R L S V S G L L T D Q V 

PsAFB2  N F I R F R L C I L D A T K P D S D T M Q P L D E G F G A I V Q S C K R L R R L S L S G Q L T D Q V 

AtAFB4  Q L T V F R L C I M G R H R P D H V T G K P M D D G F G A I V K N C K K L T R L A V S G L L T D E A 

AtAFB5  E L T V F R L C I M G R H R P D H V T G K P M D E G F G A I V K N C K K L T R L A V S G L L T D Q A 

PsAFB4  D L V V F R L C I I G V Y R P D A V T Q E P M D E G F G A I V M N C K K L T R L A V S G L L T D R A 

Consistency 6 6 5 4 * * * * 9 7 5 5 3 5 8 * 5 5 * 2 7 8 8 * 5 8 * 8 8 9 9 6 4 * 8 4 * 5 * * 8 7 * * 7 * 9 * 5 6 

  
 

                                         

 

        

  . . . . . . . . . 510 . . • . • • • • . 520 
. 

. . . . . . . . 530 . . . . . . • • . 540 . • . . . . . . . 550 

AtTIR1  F E Y I G T Y A K K M E M L S V A F A G D S D L G M H H V L S G C D S L R K L E I R D C P F G D K A 

PsTIR1a  F E Y I G T Y G K K L E M L S V A F A G E S D L G L H H V L S G C D N L R K L E I R D C P F G D K A 

AtAFB1  F K Y I G K H A K K V R M L S I A F A G D S D L M L H H L L S G C E S L K K L E I R D C P F G D T A 

PsTIR1b  F E Y I G T H A K K L E M L S V A F A G E S D L G L H Y M L S G C D N L R K L E I R D C P F G D K A 

PsAFB6  F E Y I G K Y A K N L E T L S V A F A G S S D W G M E C V L V G C P K L R K L E I R D S P F G N A A 

AtAFB2  F L Y I G M Y A N Q L E M L S I A F A G D T D K G M L Y V L N G C K K M K K L E I R D S P F G D T A 

AtAFB3  F L Y I G M Y A E Q L E M L S I A F A G D T D K G M L Y V L N G C K K M R K L E I R D S P F G N A A 

PsAFB2  F L Y I G M Y A E Q L E M L S I A F A G E S D K G M L Y V L N G C K K L R K L E I R D C P F G D T A 

AtAFB4  F S Y I G E Y G K L I R T L S V A F A G N S D K A L R Y V L E G C P K L Q K L E I R D S P F G D V G 

AtAFB5  F R Y M G E Y G K L V R T L S V A F A G D S D M A L R H V L E G C P R L Q K L E I R D S P F G D V A 

PsAFB4  F E Y I G R Y G K L I R T L S V A F A G D T D T G L R Y V L E G C P N L Q K L E I R D S P F G D G A 

Consistency * 4 * 9 * 4 8 7 7 4 7 7 6 * * 9 * * * * 6 8 * 4 6 8 4 6 8 * 5 * * 4 6 9 7 * * * * * * 6 * * * 8 4 8 

  
 

                                                  

  . . . . . . . . . 560 . • . . . . . . . 570 . . . . . . . . . 580 . . . . . . . . . 590 . . . . . . . . . 600 

AtTIR1  L L A N A S K L E T M R S L W M S S C S V S F G A C K L L G Q K M P - - K L N V E V I D E R G A P D 

PsTIR1a  L L A N A A K L E T M R S L W M S S C H V S Y G A C K L L G L K L P - - R L N V E V I D E R G P P D 

AtAFB1  L L E H A A K L E T M R S L W M S S C F V S F G A C K L L S Q K M P - - R L N V E V I D E H - P P E 

PsTIR1b  L L A N A A K L E T M R S L W M S S C P V S Y G A C K L L G Q K M P - - R L N V E V I D E R G P P D 

PsAFB6  L L A G L E K Y E S M R S L W M S S C R L T M N G C R F L A G E K P - - R L N V E V M Q E - - - - - 

AtAFB2  L L A D V S K Y E T M R S L W M S S C E V T L S G C K R L A E K A P W L N V E I I N E N D N N R M E 

AtAFB3  L L A D V G R Y E T M R S L W M S S C E V T L G G C K R L A Q N S P - - R L N V E I I N E N E N N G 

PsAFB2  L L T D V G K Y E T M R S L W M S S C E V T V G A C K T L A K K M P - - S L N V E I F N E S E - Q A 

AtAFB4  L R S G M H R Y S N M R F V W L S S C L I S R G G C R G V S H A L P - - N V V V E V F G A D G D D D 

AtAFB5  L R S G M H R Y Y N M R F V W M S A C S L S K G C C K D I A R A M P - - N L V V E V I G S D D D D D 

PsAFB4  L R S G L H H Y Y N M R F L W M S S C K L T R Q A C Q E V A R A L P - - H M V L E V I N N G E N A V 

Consistency * 6 6 5 5 4 7 6 6 7 * * 6 8 * 9 * 9 * 3 8 7 3 6 6 * 8 3 8 6 4 5 5 * 0 0 5 8 5 9 8 8 6 5 6 3 3 2 3 4 

• • • 

• • 

  
 
 

 

 

 

 

 

                                                 

  . . . • . • • • • 460 . • . . . . . . . 470 . . . . . . . . . 480 . . . . . . . . • 490 • • . . . . . . . 500 

AtTIR1  N M T R F R L C I I E P K A P D Y L T L E P L D I G F G A I V E H C K D L R R L S L S G L L T D K V 

PsTIR1a  N L T R F R L C I I E P R T P D Y L T R Q P L D V G F G A I V E Q C K S L Q R L S L S G L L T D R V 

AtAFB1  N L K C F R L C V I E P F A P D Y K T N E P L D K G F K A I A E G C R D L R R L S V S G L L S D K A 

PsTIR1b  N L T R F R L C I L E P R T P D Y L T L Q P L D S G F G A I V E H C K D L Q R L S L S G L L T D R V 

PsAFB6  D F T H F R L C I M N P G Q Q D Y L T D E P M D E A F G E V V K N C T K L Q R L A V S G Y L T D L T 

AtAFB2  N F I R F R L C I L E P N K P D H V T S Q P L D E G F G A I V K A C K S L R R L S L S G L L T D Q V 

AtAFB3  N F I R F R L C I L E P H K P D H I T F Q S L D E G F G A I V Q A C K G L R R L S V S G L L T D Q V 

PsAFB2  N F I R F R L C I L D A T K P D S D T M Q P L D E G F G A I V Q S C K R L R R L S L S G Q L T D Q V 

AtAFB4  Q L T V F R L C I M G R H R P D H V T G K P M D D G F G A I V K N C K K L T R L A V S G L L T D E A 

AtAFB5  E L T V F R L C I M G R H R P D H V T G K P M D E G F G A I V K N C K K L T R L A V S G L L T D Q A 

PsAFB4  D L V V F R L C I I G V Y R P D A V T Q E P M D E G F G A I V M N C K K L T R L A V S G L L T D R A 

Consistency 6 6 5 4 * * * * 9 7 5 5 3 5 8 * 5 5 * 2 7 8 8 * 5 8 * 8 8 9 9 6 4 * 8 4 * 5 * * 8 7 * * 7 * 9 * 5 6 

  
 

                                         

 

        

  . . . . . . . . . 510 . . • . • • • • . 520 
. 

. . . . . . . . 530 . . . . . . • • . 540 . • . . . . . . . 550 

AtTIR1  F E Y I G T Y A K K M E M L S V A F A G D S D L G M H H V L S G C D S L R K L E I R D C P F G D K A 

PsTIR1a  F E Y I G T Y G K K L E M L S V A F A G E S D L G L H H V L S G C D N L R K L E I R D C P F G D K A 

AtAFB1  F K Y I G K H A K K V R M L S I A F A G D S D L M L H H L L S G C E S L K K L E I R D C P F G D T A 

PsTIR1b  F E Y I G T H A K K L E M L S V A F A G E S D L G L H Y M L S G C D N L R K L E I R D C P F G D K A 

PsAFB6  F E Y I G K Y A K N L E T L S V A F A G S S D W G M E C V L V G C P K L R K L E I R D S P F G N A A 

AtAFB2  F L Y I G M Y A N Q L E M L S I A F A G D T D K G M L Y V L N G C K K M K K L E I R D S P F G D T A 

AtAFB3  F L Y I G M Y A E Q L E M L S I A F A G D T D K G M L Y V L N G C K K M R K L E I R D S P F G N A A 

PsAFB2  F L Y I G M Y A E Q L E M L S I A F A G E S D K G M L Y V L N G C K K L R K L E I R D C P F G D T A 

AtAFB4  F S Y I G E Y G K L I R T L S V A F A G N S D K A L R Y V L E G C P K L Q K L E I R D S P F G D V G 

AtAFB5  F R Y M G E Y G K L V R T L S V A F A G D S D M A L R H V L E G C P R L Q K L E I R D S P F G D V A 

PsAFB4  F E Y I G R Y G K L I R T L S V A F A G D T D T G L R Y V L E G C P N L Q K L E I R D S P F G D G A 

Consistency * 4 * 9 * 4 8 7 7 4 7 7 6 * * 9 * * * * 6 8 * 4 6 8 4 6 8 * 5 * * 4 6 9 7 * * * * * * 6 * * * 8 4 8 

  
 

                                                  

  . . . . . . . . . 560 . • . . . . . . . 570 . . . . . . . . . 580 . . . . . . . . . 590 . . . . . . . . . 600 

AtTIR1  L L A N A S K L E T M R S L W M S S C S V S F G A C K L L G Q K M P - - K L N V E V I D E R G A P D 

PsTIR1a  L L A N A A K L E T M R S L W M S S C H V S Y G A C K L L G L K L P - - R L N V E V I D E R G P P D 

AtAFB1  L L E H A A K L E T M R S L W M S S C F V S F G A C K L L S Q K M P - - R L N V E V I D E H - P P E 

PsTIR1b  L L A N A A K L E T M R S L W M S S C P V S Y G A C K L L G Q K M P - - R L N V E V I D E R G P P D 

PsAFB6  L L A G L E K Y E S M R S L W M S S C R L T M N G C R F L A G E K P - - R L N V E V M Q E - - - - - 

AtAFB2  L L A D V S K Y E T M R S L W M S S C E V T L S G C K R L A E K A P W L N V E I I N E N D N N R M E 

AtAFB3  L L A D V G R Y E T M R S L W M S S C E V T L G G C K R L A Q N S P - - R L N V E I I N E N E N N G 

PsAFB2  L L T D V G K Y E T M R S L W M S S C E V T V G A C K T L A K K M P - - S L N V E I F N E S E - Q A 

AtAFB4  L R S G M H R Y S N M R F V W L S S C L I S R G G C R G V S H A L P - - N V V V E V F G A D G D D D 

AtAFB5  L R S G M H R Y Y N M R F V W M S A C S L S K G C C K D I A R A M P - - N L V V E V I G S D D D D D 

PsAFB4  L R S G L H H Y Y N M R F L W M S S C K L T R Q A C Q E V A R A L P - - H M V L E V I N N G E N A V 

Consistency * 6 6 5 5 4 7 6 6 7 * * 6 8 * 9 * 9 * 3 8 7 3 6 6 * 8 3 8 6 4 5 5 * 0 0 5 8 5 9 8 8 6 5 6 3 3 2 3 4 

• • • 

• • 

  
 
 

 

 

 

 

 

                                                 

  . . . • . • • • • 460 . • . . . . . . . 470 . . . . . . . . . 480 . . . . . . . . • 490 • • . . . . . . . 500 

AtTIR1  N M T R F R L C I I E P K A P D Y L T L E P L D I G F G A I V E H C K D L R R L S L S G L L T D K V 

PsTIR1a  N L T R F R L C I I E P R T P D Y L T R Q P L D V G F G A I V E Q C K S L Q R L S L S G L L T D R V 

AtAFB1  N L K C F R L C V I E P F A P D Y K T N E P L D K G F K A I A E G C R D L R R L S V S G L L S D K A 

PsTIR1b  N L T R F R L C I L E P R T P D Y L T L Q P L D S G F G A I V E H C K D L Q R L S L S G L L T D R V 

PsAFB6  D F T H F R L C I M N P G Q Q D Y L T D E P M D E A F G E V V K N C T K L Q R L A V S G Y L T D L T 

AtAFB2  N F I R F R L C I L E P N K P D H V T S Q P L D E G F G A I V K A C K S L R R L S L S G L L T D Q V 

AtAFB3  N F I R F R L C I L E P H K P D H I T F Q S L D E G F G A I V Q A C K G L R R L S V S G L L T D Q V 

PsAFB2  N F I R F R L C I L D A T K P D S D T M Q P L D E G F G A I V Q S C K R L R R L S L S G Q L T D Q V 

AtAFB4  Q L T V F R L C I M G R H R P D H V T G K P M D D G F G A I V K N C K K L T R L A V S G L L T D E A 

AtAFB5  E L T V F R L C I M G R H R P D H V T G K P M D E G F G A I V K N C K K L T R L A V S G L L T D Q A 

PsAFB4  D L V V F R L C I I G V Y R P D A V T Q E P M D E G F G A I V M N C K K L T R L A V S G L L T D R A 

Consistency 6 6 5 4 * * * * 9 7 5 5 3 5 8 * 5 5 * 2 7 8 8 * 5 8 * 8 8 9 9 6 4 * 8 4 * 5 * * 8 7 * * 7 * 9 * 5 6 

  
 

                                         

 

        

  . . . . . . . . . 510 . . • . • • • • . 520 
. 

. . . . . . . . 530 . . . . . . • • . 540 . • . . . . . . . 550 

AtTIR1  F E Y I G T Y A K K M E M L S V A F A G D S D L G M H H V L S G C D S L R K L E I R D C P F G D K A 

PsTIR1a  F E Y I G T Y G K K L E M L S V A F A G E S D L G L H H V L S G C D N L R K L E I R D C P F G D K A 

AtAFB1  F K Y I G K H A K K V R M L S I A F A G D S D L M L H H L L S G C E S L K K L E I R D C P F G D T A 

PsTIR1b  F E Y I G T H A K K L E M L S V A F A G E S D L G L H Y M L S G C D N L R K L E I R D C P F G D K A 

PsAFB6  F E Y I G K Y A K N L E T L S V A F A G S S D W G M E C V L V G C P K L R K L E I R D S P F G N A A 

AtAFB2  F L Y I G M Y A N Q L E M L S I A F A G D T D K G M L Y V L N G C K K M K K L E I R D S P F G D T A 

AtAFB3  F L Y I G M Y A E Q L E M L S I A F A G D T D K G M L Y V L N G C K K M R K L E I R D S P F G N A A 

PsAFB2  F L Y I G M Y A E Q L E M L S I A F A G E S D K G M L Y V L N G C K K L R K L E I R D C P F G D T A 

AtAFB4  F S Y I G E Y G K L I R T L S V A F A G N S D K A L R Y V L E G C P K L Q K L E I R D S P F G D V G 

AtAFB5  F R Y M G E Y G K L V R T L S V A F A G D S D M A L R H V L E G C P R L Q K L E I R D S P F G D V A 

PsAFB4  F E Y I G R Y G K L I R T L S V A F A G D T D T G L R Y V L E G C P N L Q K L E I R D S P F G D G A 

Consistency * 4 * 9 * 4 8 7 7 4 7 7 6 * * 9 * * * * 6 8 * 4 6 8 4 6 8 * 5 * * 4 6 9 7 * * * * * * 6 * * * 8 4 8 

  
 

                                                  

  . . . . . . . . . 560 . • . . . . . . . 570 . . . . . . . . . 580 . . . . . . . . . 590 . . . . . . . . . 600 

AtTIR1  L L A N A S K L E T M R S L W M S S C S V S F G A C K L L G Q K M P - - K L N V E V I D E R G A P D 

PsTIR1a  L L A N A A K L E T M R S L W M S S C H V S Y G A C K L L G L K L P - - R L N V E V I D E R G P P D 

AtAFB1  L L E H A A K L E T M R S L W M S S C F V S F G A C K L L S Q K M P - - R L N V E V I D E H - P P E 

PsTIR1b  L L A N A A K L E T M R S L W M S S C P V S Y G A C K L L G Q K M P - - R L N V E V I D E R G P P D 

PsAFB6  L L A G L E K Y E S M R S L W M S S C R L T M N G C R F L A G E K P - - R L N V E V M Q E - - - - - 

AtAFB2  L L A D V S K Y E T M R S L W M S S C E V T L S G C K R L A E K A P W L N V E I I N E N D N N R M E 

AtAFB3  L L A D V G R Y E T M R S L W M S S C E V T L G G C K R L A Q N S P - - R L N V E I I N E N E N N G 

PsAFB2  L L T D V G K Y E T M R S L W M S S C E V T V G A C K T L A K K M P - - S L N V E I F N E S E - Q A 

AtAFB4  L R S G M H R Y S N M R F V W L S S C L I S R G G C R G V S H A L P - - N V V V E V F G A D G D D D 

AtAFB5  L R S G M H R Y Y N M R F V W M S A C S L S K G C C K D I A R A M P - - N L V V E V I G S D D D D D 

PsAFB4  L R S G L H H Y Y N M R F L W M S S C K L T R Q A C Q E V A R A L P - - H M V L E V I N N G E N A V 

Consistency * 6 6 5 5 4 7 6 6 7 * * 6 8 * 9 * 9 * 3 8 7 3 6 6 * 8 3 8 6 4 5 5 * 0 0 5 8 5 9 8 8 6 5 6 3 3 2 3 4 

• • • 

• • 
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Supplemental Figure S4. Sequence alignment of pea and Arabidopsis auxin receptor proteins. 

The predicted pea (Pisum sativum L. cv. I3 Alaska-type) TIR1/AFB auxin receptor proteins 

PsTIR1a, PsTIR1b, PsAFB2, PsAFB4, and PsAFB6 were aligned with the auxin receptor 

proteins of Arabidopsis thaliana (At) using the PRALINE multiple sequence alignment tool 

under default parameters. Color coding shows the amino acid conservation as shown in the 

legend at the beginning of the sequence alignment. Green, blue and red circles show the auxin, 

Aux/IAA and InsP6 contacting amino acid residues of AtTIR1, respectively (Tan et al., 2007). 

The blue dashed line denotes the F-box domain, and the solid black lines denote the leucine-rich 

repeat domains with respect to AtTIR1 (Dharmasiri et al., 2005). 

 

 

 

 

 

 

  . . . . . . . . . 610 . . . . . . . . . 620 . . . . . . . . . 630 . . . . . . . . . 640 . . . . . . . . . 650 

AtTIR1  S R P E S C P - - - - V E R V F I Y R T V A G P R F D M P G F V W N M D Q D S T M R F S R Q I I T T 

PsTIR1a  S R P D N S P - - - - V E K L Y I Y R T I S G P R L D M P G Y V W T M E D D S A Y P E - - - - - - - 

AtAFB1  S R P E S S P - - - - V E R I Y I Y R T V A G P R M D T P E F V W T I H K N P E N G V S H L A I K - 

PsTIR1b  S R P D S C P - - - - V E K L Y I Y R S T A G P R L D M P G F V W T M E D D S S - - L R S V - - - - 

PsAFB6  E G G D D S R - - - - A E K L Y V Y R S V A G P R R D A P P F V L T L - - - - - - - - - - - - - - - 

AtAFB2  E N G H E G R Q K - - V D K L Y L Y R T V V G T R M D A P P F V W I L - - - - - - - - - - - - - - - 

AtAFB3  M E Q N E E D E R E K V D K L Y L Y R T V V G T R K D A P P Y V R I L - - - - - - - - - - - - - - - 

PsAFB2  D C Y V E D G Q R - - V E K M Y L Y R S V A G K R E D A P E Y V W T L - - - - - - - - - - - - - - - 

AtAFB4  E D T V T G D Y - - - V E T L Y L Y R S L D G P R K D A P K F V T I L - - - - - - - - - - - - - - - 

AtAFB5  N R - - - - D Y - - - V E T L Y M Y R S L D G P R N D A P K F V T I L - - - - - - - - - - - - - - - 

PsAFB4  - - - - - - E E - - - I G I L Y M Y R S L D G P R D D A P E H V T I L Q - - - - - - - - - - - - - - 

Consistency 4 3 2 2 3 2 4 1 0 0 0 8 7 5 8 9 7 * * 7 7 5 * 6 * 3 * 6 * 4 7 * 4 5 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

                                                    

  . . .                                                

AtTIR1  N G L                                                

PsTIR1a  - - -                                                

AtAFB1  - - -                                                

PsTIR1b  - - -                                                

PsAFB6  - - -                                                

AtAFB2  - - -                                                

AtAFB3  - - -                                                

PsAFB2  - - -                                                

AtAFB4  - - -                                                

AtAFB5  - - -                                                

PsAFB4  - - -                                                

Consistency 0 0 0                                                
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Supplemental Figure S5. Conservation of the F-box protein domain of TIR1 auxin receptor 

proteins in the Fabaceae subfamily Papilionoideae. (A) Taxonomic relationships within the 

Papilionoideae species based on those derived from Choi et al. (2004), Wojciechowski et al. 

(2004), Ellison et al. (2006), Lam et al. (2015) and Kaur et al. (2017). Branch lengths of the tree 

do not show phylogenetic distances. (B) Conservation of AtTIR1-E12 position (within the F-box 

domain) among the TIR1 clade of auxin receptors of Arabidopsis thaliana and selected species 

of the Papilionoideae. Species abbreviations are defined in the legend of Supplemental Figure 

S3.  E-to-K substitution was found in the F-box domain of the TIR1b allele of species in the 

subgenera Trifolium (highlighted blue in A) after the divergence of the subgenera Trifolium and 

Fabeae. 

 

B 
Unconserved 0 1 2 3 4 5 6 7 8 9 10 Conserved 

 

  . . . . . . . . . 10 . . . . . . . . . 20 . . . . . . . . . 30 . . . . . . . . . 40 . . . . . . . . . 50 

AtTIR1  M Q K R I A L S - - - - - F P E E V L E H V F S F I Q L D K D R N S V S L V C K S W Y E I E R W C R 

PvXP007144561  M R P R V A Y S - - - - - F P E E V L E H V F S F I E C D K D R G S I S L V C K S W Y E I D R W C R 

VaXP017415151  M R P K L A Y S - - - - - F P E E V L E H V F S F I E C D K D R G S I S L V C K S W Y E I E R W C R 

GmNP001345172  M R P R V A Y S - - - - - F P E E V L E H V F S F I E C D K D R G S I S L V C K S W Y E I E R W C R 

VrXP014514114  M R P K L A Y S - - - - - F P E E V L E H V F S F I E C D K D R G S I S L V C K S W Y E I E R W C R 

AtAFB1  - - - - M G L R - - - - - F P P K V L E H I L S F I D S N E D R N S V S L V C K S W F E T E R K T R 

TpPNY08507  - - - - M D H S - - - - - F P Q K V L E H L F S F I D S N K D R N A I S L V S K S W Y E I E R R S R 

TsGAU42531  - - - - M E H T - - - - - F P Q K V L E H L F S F I D S N K D R N A I S L V S K S W Y E I E R R C R 

PsTIR1b  M - Q K M T N R - - - - - F P E E V L E Y V F S F I Q C D K D R N S I S L V C K S W Y E I E R W C R 

TpPNX92961  M - Q R V A Y S - - - - - F P E E V L E H V F S F I E S T T D R G S I S L V C K S W Y E I E R W C R 

PsTIR1a  M - Q R V A Y S - - - - - F P E E V L E H V F S F I E S D T D R G S I S L V C K S W Y E I E R W C R 

CaXP004495993  M - K R V A Y S - - - - - F P E E V L E H V F S F I E S D T D R G S I S L V C K S W Y E I E R W C R 

TsGAU46919  M - P R I A Y S - - - - - F P E E V L E H V F S F I E S T T D R G S I S L V C K S W Y E I E R W C R 

CcXP020211983  M - P R L A Y S - - - - - F P E E V L E H V F S F I E C D K D R G S I S L V C K S W Y E I E A W C R 

LaXP019440843  M - P K M A Y S - - - - - F P E E V L E H V F S F I H C N K D R S S I S T V C K S W Y E I E R W C R 

LaOIV95390  M - Q K L A Y S - - - - - F P E E V L E H V F S F I H C H K D R N S I S M V C K S W Y E I E R W C R 

LaXP019421520  M - Q K I A Y S - - - - - F P E E V L E H V F S F I H C D K D R N A I S L V C K S W Y E I E R W C R 

Lj1g3v4764980  M - K R M V C S - - - - - F P E E V L E H V F S F I Q V D T D R N A I S L V C K S W Y E I E R W C R 

AdXP015951083  M - K K A A Y S - - - - - F P E E V L E H V F S F I V S D K D R S S I S L V C K S W Y E I E R W C R 

AiXP016184391  M - K K A A Y S - - - - - F P E E V L E H V F S F I I S D K D R S S I S L V C K S W Y E I E R W C R 

VaXP017418534  M - Q R M A Y T F S - - - F P E E V L E H V F S F I E S E R D R N A I S L V C K S W Y E I E R W C R 

VrXP014495981  M - Q R M A Y T F S - - - F P E E V L E H V F S F I E S E R D R N A I S L V C K S W Y E I E R W C R 

CcXP020211308  M L Q R M A Y T F S - - - F P E E V L E H V F S F I E S E K D R N A I S L V C K S W Y E I E R W C R 

GmXP003536281  M R P R V N Y - - S - - - F P E E V L E H V F S F I E C D K D R G S I S L V C K S W Y E I E R W C R 

PvXP007163058  - - - - M Q R M A Y T F S F P E E V L E H V F S F I L S E R D R N A I S L V C K S W Y E I E R C C R 

GmNP001345174  - - - - M Q R M A Y T F S F P E E V L E H V F S F I W N E R D R N A I S L V C K S W Y E I E R W C R 

GmNP001345175  - - - - M Q K M A Y T F S F P E E V L E H V F S F I W S E R D R N A I S L V C K S W Y E I E R W C R 

MtXP013469221  M Q Q Q Q K V A A L S Y S F P E E V L E H V F S F I D S T K D R G S I S L V C K S W Y E I E R W C R 

Consistency 6 0 3 4 6 6 5 6 0 0 0 0 0 * * 9 9 * * * 9 9 9 * * * 5 5 6 6 * * 6 8 9 * 9 * 9 * * * 9 * 9 9 9 7 9 * 

 



9 
 

 

 

Supplemental Figure S6. Root elongation of Arabidopsis tir1-10 and tir1-10 afb2-3 mutant 

seedlings grown in the presence of 2,4-D. Four-day-old seedlings were transferred to media 

containing 0, 50, or 70 nM 2,4-D, and grown for three days before root length measurement. 

Root elongation of each genotype grown in media with 2,4-D is expressed as a percentage 

compared to the same genotype grown in media without 2,4-D. Data are means ± SD (n=8), 

Different letters denote significant differences within the same auxin concentration (One-way 

ANOVA with mean separation using the Holm-Sidak post-hoc test, P<0.05). 
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Supplemental Figure S7.  Effect of seed removal and ethylene on the relative transcript 

abundance of the auxin receptors PsTIR1a (A, D), PsTIR1b (B, E), and PsAFB2 (C, F) in the 

pea pericarp. Two days after anthesis pollinated fruits were either left intact, split (SP), or split 

and deseeded (SPNS). Deseeded pericarps were treated with the ethylene-releasing agent 

ethephon, ethylene-signaling inhibitor STS alone or with 4-Cl-IAA or IAA. When treated with 

auxin plus ethephon, ethephon was applied 90 min after the auxin treatment, and samples were 

collected based on the time after auxin treatment. Because of the delayed ethephon application, 

the auxin plus ethephon-treated pericarps were not studied at the 2 h time-point. STS was 

applied at pericarp splitting and deseeding (STS treatment), and IAA was applied 12 h after 

STS pretreatment (IAA plus STS treatment). SP and SPNS controls were treated with 0.1% 

aqueous Tween 80. All the samples were collected with respect to the time after hormone 

treatment. Data are means ± SD, n=3 to 8, with the exception of STS + IAA 2 h treatment, 

where n=2. 
*
 Means significantly different compared to the SPNS control within the time after 

treatment by one-way ANOVA and the Holm-Sidak post-hoc mean separation test, at P < 0.05. 
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Supplemental Figure S8. Effect of IAA and 4-Cl-IAA on seedling growth and auxin-receptor 

abundance. Epicotyl and root length (A) and transcript abundance of PsTIR1a (B), PsTIR1b 

(C) and PsAFB2 (D) in 4 DAI dark-grown seedlings. Two-day-old water-grown seedlings 

were selected for uniformity and transferred to 4-Cl-IAA (1 µM), IAA (1 µM) or water for an 

additional two days and harvested 4 DAI. Data are means ± SD (n=3, except in length 

measurements where n= 25-30). Different letters denote significant difference within tissue 

type by one-way ANOVA and the Holm-Sidak post-hoc mean separation test, P<0.05. 
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Supplemental Table S1. PCR primers used for gene cloning and verification. The primers listed 

were used for the amplification of the pea auxin receptors, Arabidopsis TIR1 promoter, or for the 

verification of Arabidopsis auxin receptor mutants. 

Target Primer Sequence 

PsTIR1a 

CDS 

TIR1seq-Set2-FW GGCGTTTCAGATCTAACTCGAACTCT 

TIR1seq-Set2-RV GATCAGATTCCGTATCTAGTAGCTCAGCC 

PsTIR1b 

CDS 

PsAFB1-seqSet1-FW ACACTTTAAGCTCGTTAATGGTGTC 

PsAFB1-seqSet2-RV TGGCATTAAATATCTGCCACA 

PsAFB2 

CDS 

PsAFB2-seqSet1-FW TTCCATGAAAGTTGTAGAATTTGG 

PsAFB2-3ʹ UTRSet1-

RV 

ACTCAACATATTAATGAAGTGCCATC 

PsAFB4 

CDS 

PsAFB4-seqSet1-FW ATGAGAGAAAACCATCCTCCAAC 

PsAFB4-seqSet1-RV CTTTGCGGCTTTCCATCAC 

PsAFB6 

CDS 

PsAFB6- TR/FP ATGGAACCACAAACCATGAATCCCAG 

PsAFB6-TR/RP TCAGAGAGTGAGAACAAAAGGAGGTGC 

AtTIR1 

CDS 

AtTIR1-sqF1 ATGCAGAAGCGAATAGCC 

AtTIR1-sqR1 TTATAATCCGTTAGTAGTAATGATTT 

AtTIR1 

Promoter 

pAtT1-sqF1 TTGCAAACCCATCGAACGTT 

AtPM-TIR1set1-RV CGTACCATGACTTGCACACC 

tir1-10 

(SALK_090445) 

LP CACGTGTCATCATCAGAATCG 

RP ATTTCCCACCTCAGGAGATTC 

afb2-3 

(SALK_137151) 

LP TCAACGGTCAAGATCCATCTC 

RP CTGCAATTAGCGGCAATAGAG 

All SALK 

mutants 

LBb1.3 (T-DNA 

boarder primer) 

ATTTTGCCGATTTCGGAAC 
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Supplemental Table S2. Primers and probes used for qRT-PCR 
a
 

Gene 

qRT-PCR 

Efficiency 

(%) 

Primer 

/Probe 
Sequence 

PsTIR1a 94 

Forward TGCACTAGAGCGCCTGGTTA 

Reverse TGTGGAGCCCCCCTAAGAA 

Probe ACTTGCAGACGCTCAGGCTCAATCG 

PsTIR1b 96 

Forward TGTCCTAACCTCCAGACTCTTCGT 

Reverse GCTGAGGACATCGGCTAAGTAAGT 

Probe ATCATGCTGCAGCCCTTGATAAACTGCC 

PsAFB2 95 

Forward CATCCTCGATGCAACAAAACC 

Reverse GACTGTACGATTGCCCCAAAA 

Probe ACTCCGACACAATGCAGCCACTGGA 

AtPP2AA3 99 

Forward AGCATGGCCGTATCATGTTCT 

Reverse TGGCCAAAATGATGCAATCTC 

Probe CACAACCGCTTGGTCGACTATCGGAAT 

Ps18S rRNA 108 

Forward ACGTCCCTGCCCTTTGTACA 

Reverse CACTTCACCGGACCATTCAAT 

Probe ACCGCCCGTCGCTCCTAC CG 

a 
The probes are 6-FAM fluorescent dye-labeled at 5′ end and double-quenched with Iowa Black 

FQ (IBFQ) quencher at the 3′ end and ZEN quencher in the middle, with one exception.  For 

Ps18S rRNA, the probe is labelled with fluorescent reporter VIC at 5′ end and TAMRA quencher 

at the 3′ end. 
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SUPPLEMENTAL MATERIALS AND METHODS 

 

 

 

Supplemental Protocol S1: Pea TIR1/AFB family sequence analysis and phylogenetic tree 

creation 

Sequences of pea genes were verified by Sanger sequencing (performed at the Molecular 

Biology Service Unit, Department of Biological Sciences, University of Alberta). Sequence 

alignments to determine the conservation of amino acids important in auxin perception were 

done with the PRALINE sequence alignment program (Simossis and Heringa, 2003, 2005) under 

default settings. 

 For phylogenetic analysis, a neighbor-joining tree was created with the TIR1/AFB family 

proteins of pea, A. thaliana, apple (Malus x domestica), Medicago truncatula and the TIR1 

orthologs of the legume species Arachis duranensis (Ad), Arachis ipaensis (Ai), Cicer arietinum 

(Ca), Cajanus cajan (Cc), Glycine max (Gm), Lotus japonicus (Lj), Lupinus angustifolius (La), 

Phaseolus vulgaris (Pv), Trifolium pretense (Tp), Trifolium subterraneum (Ts), Vigna angularis 

(Va) and Vigna radiata var. radiata (Vr). The tree was rooted with TIR1/AFB family proteins of 

the moss Physcomitrella patens (Pp). The Arabidopsis, apple and P. patens sequences were 

reported previously in Parry et al. (2009), Prigge et al. (2010) and Devoghalaere et al. (2012) 

respectively. All the other sequences were obtained from GenBank, and their GenBank accession 

numbers are given in the tree. Sequences were aligned using the MUSCLE program under the 

default settings. The tree was generated using the MEGA X program (Kumar et al., 2018) with 

1000 bootstrap replicates, Poisson correction model and partial deletion treatment with a site 

coverage cutoff set to 95%.   

 

Supplemental Protocol S2: qRT-PCR assays 

Each 25 µL reaction mixture contained 200 ng of total RNA (except for the quantification 

of 18S rRNA where each reaction mixture contained 100 pg of total RNA), 12.5 µL of 2X 

master mix, 0.6 µL of 40X MultiScribe/RT Enzyme Mix, 300 nM each of forward and reverse 

primers, 100 nM of probe and 3.4 µL of nuclease-free water. The thermal cycler conditions 

were: 48
o
C for 30 min (reverse transcription), 95

o
C for 10 min (DNA polymerase activation), 40 
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cycles of amplification at 95 
o
C for 15 sec and 60

o
C for 1 min. Each sample was run in duplicate, 

and the average of these two technical replicates was used as the sample value. A common, 

pooled total RNA sample was run on each qPCR plate as a control to correct plate to plate 

variation (Ayele et al., 2006) as follows: 

Normalized Ct value of sample = (Ct value of the common sample in the standard plate / Ct 

value of the common sample in the sample plate) * Ct value of the sample 

The relative transcript abundance was calculated using the 2
-ΔCt

 method (Livak and 

Schmittgen, 2001), where ΔCt is the Ct difference of the sample being analyzed, and an arbitrary 

value equal to or greater than the highest assayed Ct value. The arbitrary Ct value was set at 25 

for all genes when calculating their expression in pea tissues. qPCR efficiencies were analyzed 

using a dilution series of total RNA typically from 150 to 0.015 ng µL
-1

 (or 750 ng to 0.075 ng 

per reaction) with three technical replicates for each concentration. The 18S small subunit 

nuclear rRNA of pea was quantified as a loading control to estimate the variation of input total 

RNA of the samples. Primers and probe for the 18S rRNA control were designed by Ozga et al. 

(2003) with 5′ VIC as the fluorescent reporter of the probe and 3′ TAMRA as the quencher 

(Applied Biosystems). The coefficient of variation of the Ct values of 18S rRNA amplicon 

across all the samples was less than 3%. Therefore, the target amplicon expression values were 

not normalized to the 18S signal (Livak and Schmittgen, 2001; Ozga et al., 2009).  

Pea auxin receptor transcript levels in transgenic Arabidopsis plants were analyzed as 

described above with following exceptions. Arabidopsis protein phosphatase 2A subunit A3 

(AtPP2AA3; Arabidopsis Gene ID: AT1G13320) was used as a loading control to estimate the 

variation of input total RNA of the samples (Czechowski et al., 2005; Wang et al., 2014). The 

arbitrary Ct value was set at 35 for all genes for the calculation of relative transcript abundance. 

 

Supplemental Protocol S3: Arabidopsis transgenic plant creation and root growth analysis 

Transformation 

Recombinant plasmids carrying pAtTIR1::cPsTIR1a, pAtTIR1::cPsTIR1b, 

pAtTIR1::cPsAFB2 or pAtTIR1::cAtTIR1 were transformed into Agrobacterium tumefaciens 

strain GV3101 by electroporation. For Arabidopsis transformation, the floral-dip transformation 

method was used as described in Zhang et al. (2006). Progenies containing the transgene were 
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selected by growing the seeds of floral-dipped plants in hygromycin and verified by PCR. A 

hygromycin segregation assay was used with seeds obtained from T2 plants to identify 

homozygous transgenic lines that segregated consistent with single gene insertion events. 

Hygromycin selection 

The method for hygromycin selection of transformed plants was adapted from Bent (2006). 

Seeds were sterilized with 70% ethanol (2 min), and then 2% NaOCl containing 0.1% Tween 80 

(10 min). Sterilized seeds were spread on plates containing half-strength Murashige and Skoog 

(MS) medium containing 25 mg L
-1

 hygromycin. The plates were kept in the dark at 4
o
C for four 

days, then exposed to light to induce germination at ~22
o
C for 6 to 8 h, and subsequently in 

continuous dark at ~22
o
C for four days. At the end of the fourth day, the hygromycin-resistant 

transformants could be differentiated from non-transformants by their elongated hypocotyls and 

closed cotyledons (Bent, 2006).  

Seeds (T2 generation) from each independent T1 transformant line were germinated, and 

the seedlings were grown separately to obtain 12 T2 plants from each line. A portion of seeds 

(about 30 to 60) from those plants (T3 seeds) was used to repeat the hygromycin selection assay 

to see if the parent plant was homozygous for the transgene construct. Independent transgenic 

lines showing an approximately 1:2:1 (homozygous: hemizygous: wild-type) segregation ratio 

for hygromycin resistance were considered to contain single insertions. The only exception to the 

above selection criteria was with pAtTIR1::cPsTIR1a in Attir1-10, where several T1 plants were 

pooled instead of collecting seeds separately from each plant. The T2 seedlings from this seed lot 

did not segregate for hygromycin resistance (all were hygromycin resistant).  

 

Root growth assay 

Two independent transgenic lines per gene construct (T4 generation) that were 

homozygous for the transgene insert, segregated on selection media consistent with a single gene 

insertion event, and expressed the transgene at reliable levels (Supplemental Fig. S1 B-D), were 

selected for root growth assays. Two independent homozygous transgenic lines (T4 generation) 

per gene construct were assessed for root elongation. For root growth assays with PsTIR1a and 

PsTIR1b, the final auxin concentrations were 50 or 70 nM for 2,4-D, and 400 or 800 nM for IAA 

and 4-Cl-IAA. For root growth assays with PsAFB2, final 2,4-D concentrations were 70 and 90 
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nM. Root elongation of each genotype in auxin medium is expressed as a percentage of the same 

genotype in the medium without auxin 

   Surface sterilized Arabidopsis seeds were  placed on 1% aqueous (w/v) agar plates (100 x 

100 x 15 mm square plates with grid) containing half-strength MS and 1% (w/v) sucrose. The 

plates were kept in the dark at 4
o
C for four days for seed stratification and then moved to a 

growth chamber maintained at 22°C with continuous fluorescent light. Four-day-old uniform-

size seedlings were transferred to square plates containing the same medium as above but with or 

without auxins for three days. 

Root elongation assays with 2,4-D in the media were performed in plates under 

fluorescent light (average photosynthetic flux density; 155 ± 20 µmol m
-2

 s
-1

); assays with IAA 

or 4-Cl-IAA in the media were performed in plates under yellow plastic film (which filtered out 

the wavelengths between 350 nm to 500 nm with a maximum absorbance at 430 nm) to prevent 

the photodegradation of auxin in the growth media (Stasinopoulos and Hangarter, 1990). The 

average photosynthetic flux density for the plates covered with the yellow plastic film was about 

100 ± 10 µmol m
-2

 s
-1

. Each plate contained two seedlings each (considered as technical 

replicates during analysis) of all the relevant transgenic or mutant lines with appropriate controls 

used for comparison. The total number of seedlings per root growth assay plate was always 

maintained at 12. Seedling root tip positions were marked on the day of transfer to the new plates 

and were remarked after three days. Plates were photographed using a Canon-PC1438 camera 

positioned horizontally to the vertically kept plates. Root elongation was measured using ImageJ 

software (1.49v, Abràmoff et al., 2004) as described in Doerner (2008). 

Supplemental Protocol S4: GUS staining and quantification of GUS enzyme activity 

DR5-driven expression of the GUS marker gene was monitored over development in 

prepollinated (-2 DAA) and pollinated fruits at 0, 3, 5, 8 and 10 DAA  in DR5::GUS line: 

ADR5P-R24A. The GUS expression patterns were verified with a second independent line of 

DR5::GUS plants, ADR5P-R22A. Two DAA deseeded (SPNS) pericarps were treated with 

auxin (IAA or 4-Cl-IAA at 50 M in 0.1% aqueous Tween 80) or 0.1% aqueous Tween 80 12 h 

after deseeding, and pericarps were collected at 2, 8 and 12 h after treatment for GUS staining 

and measuring GUS enzyme activity.  

GUS staining 
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For GUS staining, the pericarp sections were submerged in 12- or 24-well tissue culture 

plates containing GUS staining solution [1 mM 5-Bromo-4-chloro-3-indolyl β-D-glucuronide 

(X-Gluc), 100 mM sodium-phosphate buffer (pH 7), 0.5 mM potassium ferrocyanide, 0.5 mM 

potassium ferricyanide, 0.1% Triton X100 and 10 mM EDTA]. Samples were then placed in a 

vacuum desiccator for 30 min and subsequently incubated in the dark at 37°C. After 12 h, 

samples were washed approximately three times with 70% ethanol before taking micrographs 

using a Zeiss SteREO Discovery V8 (Carl Zeiss MicroImaging GmbH, Jena, Germany) or 

Olympus SZ61 (Olympus Corporation, Tokyo, Japan) stereo microscope.  

GUS enzyme activity analysis 

Tissues were ground by bead-beating and mixed with 150 µL of GUS extraction buffer 

[50 mM sodium phosphate buffer (pH 7.0), 10 mM Na2EDTA, 0.1% sodium lauroyl sarcosinate, 

0.1% Triton X-100, l0 mM β-mercaptoethanol]. The mixture was spun down to separate out the 

supernatant (tissue extract), which was frozen in liquid nitrogen and stored at -80°C until 

analysis. 

Prior to the MUG assay, tissue extracts from the IAA- and 4-Cl-IAA-treated samples were 

diluted 3- and 5-fold, respectively, due to high GUS enzyme activity in those samples. Twenty 

microliters of the tissue extract was mixed with 200 µL of pre-warmed assay buffer (1 mM 

MUG in extraction buffer) and incubated in a 37°C shaking water bath. At pre-determined time 

points (15, 30 and 45 min for developmental assays; 5, 10 and 15 min for hormone treatment 

assays), 60 µL aliquots were taken out from the reaction solution and mixed with 540 µL of stop 

buffer (0.2 M Na2CO3). The amount of the end product, 4-methylumbelliferone (4-MU), 

produced during the reaction period was analyzed by measuring fluorescence using a 

SpectraMax M3 Multi-Mode Microplate Reader with excitation, emission, and cut-off 

bandwidths set to 365 nm, 455 nm, and 435 nm, respectively. A nine-point dilution series of a 4-

MU (Sigma) standard with concentrations ranging from 15.625 to 4000 nM was run on each 

plate. A five-point range appropriate for the fluorescence intensity of samples was selected for 

the creation of the calibration curve. Each sample was analyzed twice, and the average was taken 

for the calculations. 

 The MUG assay data was normalized to the total protein content of the sample, measured 

using the Bio-Rad Protein Assay (Cervera, 2004). Four technical replicates were analyzed per 

sample. After 10 min, sample absorbance was measured at 595 nm in a SpectraMax M3 Multi-
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Mode Microplate Reader. A three-point dilution series of bovine serum albumin (ranging from 

0.06- 0.24 mg/mL) was used to construct a calibration curve. 

 

Supplemental Protocol S5: Hormonal analysis  

Pea fruits from plants expressing the DR5::GUS transgene (ADR5P-R22A) were used 

for the hormonal analysis. The following is the protocol used by the National Research 

Council, Saskatoon, Canada (NRCC SK) for free and conjugated IAA analysis. 

Chemicals and calibration curves 

The IAA conjugate IAA-Glu was synthesized and prepared at the NRCC SK. IAA-Leu, 

IAA-Ala, IAA-Asp, and IAA were purchased from Sigma–Aldrich. Deuterated forms of the 

hormones, which were used as internal standards, d3-IAA-Leu, d3-IAA-Ala, d3-IAA-Asp, d3-

IAA-Glu, and 1,2,3,4-
13

C4-IBA (unpublished), were synthesized and prepared at NRCC SK 

according to Abrams et al. (2003) and Zaharia et al. (2005). d5-IAA was purchased from 

Cambridge Isotope Laboratories (Andover, MA). Calibration curves were created for all 

compounds of interest. Quality control samples were run along with the tissue samples. 

Instrumentation 

Analysis was performed on a UPLC/ESI-MS/MS utilizing a Waters ACQUITY UPLC 

system, equipped with a binary solvent delivery manager and a sample manager coupled to a 

Waters Micromass Quattro Premier XE quadrupole tandem mass spectrometer via a Z-spray 

interface. MassLynx and QuanLynx (Micromass, Manchester, UK) were used for data 

acquisition and data analysis. 

Extraction and purification  

An acidified aliquot (100 μL) containing all the internal standards, each at a 

concentration of 0.2 ng μL
-1

, was added to 1 mL weighed homogenized liquid sample 

containing approximately 50 mg dry weight of tissue. To this sample, 3 mL of isopropanol: 

water: glacial acetic acid (80:19:1, v/v/v) were added, and the samples were agitated in the 

dark for 14-16 h at 4 ºC. Samples were then centrifuged and the supernatant was isolated and 

dried on a Büchi Syncore Polyvap (Büchi, Switzerland). The dried sample residue was 

reconstituted in 100 μL acidified methanol, adjusted to 1 mL with acidified water, and then 
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partitioned against 2 mL hexane. After 30 min, the aqueous layer was isolated and dried as 

above. Dry samples were reconstituted in 800 μL acidified methanol and adjusted to 1 mL with 

acidified water. The reconstituted samples were passed through equilibrated Sep-Pak C18 

cartridges (Waters, Mississauga, ON, Canada), and then the final eluate was split in two equal 

portions. One portion (#1) was dried completely (and stored) while the other portion was dried 

down to the aqueous phase on a LABCONCO centrivap concentrator (Labconco Corporation, 

Kansas City, MO, USA). The second portion was partitioned against ethyl acetate (2 mL) and 

further purified using an Oasis WAX cartridge (Waters, Mississauga, ON, Canada). Fraction 

(#2) was eluted with 2 mL acetonitrile: water (80:20, v/v) and then dried on a centrivap as 

described above. An internal standard blank was prepared with 100 μL of the deuterated 

internal standards mixture. A quality control standard was prepared by adding 100 μL of a 

mixture containing all the analytes of interest, each at a concentration of 0.2 ng μL
-1

, to 100 μL 

of the internal standard mix. Finally, fractions #1 and #2, blanks, and quality controls were 

reconstituted in a solution of 40% methanol (v/v), containing 0.5% acetic acid and 0.1 ng μL
-1

 

of each of the recovery standards. 

Hormone quantification by HPLC-ESI-MS/MS  

The procedure for quantification of auxins in plant tissue was performed as described in 

Lulsdorf et al. (2013). Samples were injected onto an ACQUITY UPLC® HSS C18 SB column 

(2.1x100 mm, 1.8 μm) with an in-line filter and separated by a gradient elution of water 

containing 0.02% formic acid against an increasing percentage of a mixture of acetonitrile and 

methanol (50:50, v/v).  

Briefly, the analysis utilizes the Multiple Reaction Monitoring (MRM) function of the 

MassLynx v4.1 (Waters Inc) control software. The resulting chromatographic traces are 

quantified off-line by the QuanLynx v4.1 software (Waters Inc) wherein each trace is 

integrated and the resulting ratio of signals (non-deuterated/internal standard) is compared with 

a previously constructed calibration curve to yield the amount of analyte present (ng per 

sample). Calibration curves were generated from the MRM signals obtained from standard 

solutions based on the ratio of the chromatographic peak area for each analyte to that of the 

corresponding internal standard, as described by Ross et al. (2004). The quality control 

samples, internal standard blanks and solvent blanks were also prepared and analyzed along 

with each batch of tissue samples. 
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