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Figure S1. General ROS scavenging network in plants. Red boxes represent ROS species. The 

ROS scavenging enzymes studied in this report are highlighted in green. Purple boxes represent 

non-enzymatic antioxidants. GSSG is reduced back to GSH by the action of the enzyme 

glutathione reductase (GR; not shown in this figure) with NAD(P)H as electron donor. In 

chloroplasts, MDA can be reduced back to AsA via ferredoxin (not shown). APX: ascorbate 

peroxidase; GPX: glutathione peroxidase; SOD: superoxide dismutase; CAT: catalase; AsA: 

ascorbate; DHAR: dehydroascorbate reductase; MDAR: monodehydroascorbate reductase; 

MDA: monodehydroascorbate; DHA: dehydroascorbate; GSH: reduced glutathione; GSSG: 

oxidized glutathione; PRX: peroxiredoxin; NAD(P): nicotinamide adenine dinucleotide 

(phosphate); NAD(P)H: reduced form of NAD(P). 
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Figure S2. Length of APX genes vs. number of introns. The length of mRNAs for APX genes 

was extracted based on the gene coordinates and plotted as a boxplot against the number of 

introns. 
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Figure S3. Multiple sequence alignment of catalase proteins. The three conserved catalytic 

amino acids (His, Asn and Tyr) are highlighted with red asterisks and the catalase proximal 

active site signature (FDRERIPERVVHAKGAGA) and proximal heme-ligand signature 

(RLFSYNDTH) sequences are framed. 

CLUSTAL O(1.2.4) multiple sequence alignment 

 

 

BhCAT1b      ------------------------------------------------------------ 0 

BhCAT1a      ------------------------------------------------------------ 0 

SlCAT1       -------------------------------------------MAAISACSFSIRSS--- 14 

SmCAT1       ------------------------------------------------------------ 0 

XvCAT1       ------------------------------------------------------------ 0 

OtCAT1       ------------------------------------------------------------ 0 

CAT1         ------------------------------------------------------------ 0 

CAT2         ------------------------------------------------------------ 0 

BhCAT2       ------------------------------------------------------------ 0 

OtCAT2       ------------------------------------------------------------ 0 

XvCAT2b      ------------------------------------------------------------ 0 

XvCAT2a      MQHGSPLDPQCDPDPTIATKKSCANFFFFVFFVHNEKQLYKFLRQAREQLAYVIARRLRS 60 

OtCAT3       ------------------------------------------------------------ 0 

XvCAT3       ------------------------------------------------------------ 0 

CAT3         ------------------------------------------------------------ 0 

SlCAT3b      ------------------------------------------------------------ 0 

SmCAT3b      ------------------------------------------------------------ 0 

SlCAT3a      ------------------------------------------------------------ 0 

SmCAT3a      ------------------------------------------------------------ 0 

                                                                          

 

BhCAT1b      ------------------------------------------------------------ 0 

BhCAT1a      -----MRT----------------NDLHFCVCNFFISASGISFNSTSGNSFISTSGPILL 39 

SlCAT1       -----LESNSSSNG-NGTGKKPENVRLGTHGKPLYTTLSGIPVSEDNHSVTVGESGNVLF 68 

SmCAT1       -----MDAESGSKA-SNGNSKSASVRVGSSGKPLHTTLAGAPVSDDNNSVTVGQSGHLLF 54 

XvCAT1       -----MDPYKFRPSSAS-------------NSSYWTANSGAPVWNNNSSLTVGTRGPILL 42 

OtCAT1       -----MDPYKHRPSSTN-------------NATIWTTNSGAPVWNNNSALTVGQRGPILL 42 

CAT1         -----MDPYRVRPSSAH-------------DSPFFTTNSGAPVWNNNSSLTVGTRGPILL 42 

CAT2         -----MDPYKYRPASSY-------------NSPFFTTNSGAPVWNNNSSMTVGPRGPILL 42 

BhCAT2       ---------QYRPSSAF-------------NSPFMTTNSGAPVWNNNNSLTVGSRGPILL 38 

OtCAT2       -----MDPYKFRPSSSF-------------NAPMWSTNSGAPVWNNDNSLTVGPRGPILL 42 

XvCAT2b      ---MMLRHYRRRSLSSH-------------R-------PSLPLLLLSPSSLFYITGPILL 37 

XvCAT2a      YPKQLLKIDQWIPTSTGHQVLSTHRSGPPTQAPLSGTTTTPSPLDLEVMTGVYFRGPILL 120 

OtCAT3       ------------------------------------------------------------ 0 

XvCAT3       -----MDPQKHVPSSAF-------------DTKYTTTNAGGPVWNDDQALTVGSRGPILL 42 

CAT3         -----MDPYKYRPSSAY-------------NAPFYTTNGGAPVSNNISSLTIGERGPVLL 42 

SlCAT3b      -----MDPYKYRPSSAY-------------NSSHFTTNSGAPVWNNNASLTVGSRGPILL 42 

SmCAT3b      -----MDPYKYRPSSAY-------------NSAHFTTNTGAPVWNNNASLTVGSRGPILL 42 

SlCAT3a      -----MDPYKHTPSSAN-------------NSPYFTTNYGAPVWNNNSSLTVGSRGPILL 42 

SmCAT3a      -----MDPYKHTPSSAF-------------NSSFFTTNSGTPVWNNNSSLTVGSRGPILL 42 

                                                                          

 

BhCAT1b      ------------------------------------------------------------ 0 

BhCAT1a      EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDITHLTCADFLRAPGVQTPLILR 99 

SlCAT1       EDVHYFEKQAHLNRERTPERFVHAKGAGAYGYFEVTKDVSHLCKAKFLSEVGKQTPAFVR 128 

SmCAT1       EDVHLFEKQARLNRERVPERFVHAKGAGAHGYFEVTKDVSNLCKAKFLSEPGKRTPVFAR 114 

XvCAT1       EDYHLIEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRSPGVQTPVMFA 102 

OtCAT1       EDYHLIEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPGVQTPVIVR 102 

CAT1         EDYHLLEKLANFDRERIPERVVHARGASAKGFFEVTHDITQLTSADFLRGPGVQTPVIVR 102 

CAT2         EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDISNLTCADFLRAPGVQTPVIVR 102 

BhCAT2       EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDITHLTCADFLRAPGVQTPLILR 98 

OtCAT2       EDYHLVEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPGVQTPVIVR 102 

XvCAT2b      EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPSVQTPVIVR 97 

XvCAT2a      EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPSVQTP---- 176 

OtCAT3       -----------------------------MDPTKCTHDVSSLTCADFLRAPGVRTPAIVR 31 

XvCAT3       EDYHLIEKIAHFARERIPERVVHARGASAKGFFECTHDVTNLTCADFLRSPGVQTPVIVR 102 

CAT3         EDYHLIEKVANFTRERIPERVVHARGISAKGFFEVTHDISNLTCADFLRAPGVQTPVIVR 102 

SlCAT3b      EDYHLVEKLAQFDRERIPERVVHARGASAKGFFEVTHDISNLTCADFLRAPGVQTPVIVR 102 

SmCAT3b      EDYHLVEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPGVQTPVIVR 102 

SlCAT3a      EDYHLVEKLAHFDRERIPERVVHARGFSAKGFFEATHDVSNLTCADFLRAPGVQTPVIVR 102 

SmCAT3a      EDYHLIEKLAQFDRERIPERVVHARGASAKGYFEVTHDISNLTCADFLRAPGVQTPLIVR 102 

                                                                          

 

BhCAT1b      -------------------MALRFAQADGQQWRTGMNSMPVFPVATPQAFYAQLQAQQPD 41 

BhCAT1a      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFIRDGMKFPDMVHAYQSE 158 

SlCAT1       FSSVLAERGYTDLGRDIRGFPIKLYTEEG-NWDLVGNNTPVFWVRDPIKFPDFVHSQKRH 187 

SmCAT1       FSSVAAERGFTDLARDVRGFAVKFYTEEG-NWDMTGNNTPVFWVRDPLKFPDFVHSQKRN 173 

XvCAT1       FQQLFMSVEVLKP----------------------------------------------- 115 

CLUSTAL O(1.2.4) multiple sequence alignment 

 

 

BhCAT1b      ------------------------------------------------------------ 0 

BhCAT1a      ------------------------------------------------------------ 0 

SlCAT1       -------------------------------------------MAAISACSFSIRSS--- 14 

SmCAT1       ------------------------------------------------------------ 0 

XvCAT1       ------------------------------------------------------------ 0 

OtCAT1       ------------------------------------------------------------ 0 

CAT1         ------------------------------------------------------------ 0 

CAT2         ------------------------------------------------------------ 0 

BhCAT2       ------------------------------------------------------------ 0 

OtCAT2       ------------------------------------------------------------ 0 

XvCAT2b      ------------------------------------------------------------ 0 

XvCAT2a      MQHGSPLDPQCDPDPTIATKKSCANFFFFVFFVHNEKQLYKFLRQAREQLAYVIARRLRS 60 

OtCAT3       ------------------------------------------------------------ 0 

XvCAT3       ------------------------------------------------------------ 0 

CAT3         ------------------------------------------------------------ 0 

SlCAT3b      ------------------------------------------------------------ 0 

SmCAT3b      ------------------------------------------------------------ 0 

SlCAT3a      ------------------------------------------------------------ 0 

SmCAT3a      ------------------------------------------------------------ 0 

                                                                          

 

BhCAT1b      ------------------------------------------------------------ 0 

BhCAT1a      -----MRT----------------NDLHFCVCNFFISASGISFNSTSGNSFISTSGPILL 39 

SlCAT1       -----LESNSSSNG-NGTGKKPENVRLGTHGKPLYTTLSGIPVSEDNHSVTVGESGNVLF 68 

SmCAT1       -----MDAESGSKA-SNGNSKSASVRVGSSGKPLHTTLAGAPVSDDNNSVTVGQSGHLLF 54 

XvCAT1       -----MDPYKFRPSSAS-------------NSSYWTANSGAPVWNNNSSLTVGTRGPILL 42 

OtCAT1       -----MDPYKHRPSSTN-------------NATIWTTNSGAPVWNNNSALTVGQRGPILL 42 

CAT1         -----MDPYRVRPSSAH-------------DSPFFTTNSGAPVWNNNSSLTVGTRGPILL 42 

CAT2         -----MDPYKYRPASSY-------------NSPFFTTNSGAPVWNNNSSMTVGPRGPILL 42 

BhCAT2       ---------QYRPSSAF-------------NSPFMTTNSGAPVWNNNNSLTVGSRGPILL 38 

OtCAT2       -----MDPYKFRPSSSF-------------NAPMWSTNSGAPVWNNDNSLTVGPRGPILL 42 

XvCAT2b      ---MMLRHYRRRSLSSH-------------R-------PSLPLLLLSPSSLFYITGPILL 37 

XvCAT2a      YPKQLLKIDQWIPTSTGHQVLSTHRSGPPTQAPLSGTTTTPSPLDLEVMTGVYFRGPILL 120 

OtCAT3       ------------------------------------------------------------ 0 

XvCAT3       -----MDPQKHVPSSAF-------------DTKYTTTNAGGPVWNDDQALTVGSRGPILL 42 

CAT3         -----MDPYKYRPSSAY-------------NAPFYTTNGGAPVSNNISSLTIGERGPVLL 42 

SlCAT3b      -----MDPYKYRPSSAY-------------NSSHFTTNSGAPVWNNNASLTVGSRGPILL 42 

SmCAT3b      -----MDPYKYRPSSAY-------------NSAHFTTNTGAPVWNNNASLTVGSRGPILL 42 

SlCAT3a      -----MDPYKHTPSSAN-------------NSPYFTTNYGAPVWNNNSSLTVGSRGPILL 42 

SmCAT3a      -----MDPYKHTPSSAF-------------NSSFFTTNSGTPVWNNNSSLTVGSRGPILL 42 

                                                                          

 

BhCAT1b      ------------------------------------------------------------ 0 

BhCAT1a      EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDITHLTCADFLRAPGVQTPLILR 99 

SlCAT1       EDVHYFEKQAHLNRERTPERFVHAKGAGAYGYFEVTKDVSHLCKAKFLSEVGKQTPAFVR 128 

SmCAT1       EDVHLFEKQARLNRERVPERFVHAKGAGAHGYFEVTKDVSNLCKAKFLSEPGKRTPVFAR 114 

XvCAT1       EDYHLIEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRSPGVQTPVMFA 102 

OtCAT1       EDYHLIEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPGVQTPVIVR 102 

CAT1         EDYHLLEKLANFDRERIPERVVHARGASAKGFFEVTHDITQLTSADFLRGPGVQTPVIVR 102 

CAT2         EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDISNLTCADFLRAPGVQTPVIVR 102 

BhCAT2       EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDITHLTCADFLRAPGVQTPLILR 98 

OtCAT2       EDYHLVEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPGVQTPVIVR 102 

XvCAT2b      EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPSVQTPVIVR 97 

XvCAT2a      EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPSVQTP---- 176 

OtCAT3       -----------------------------MDPTKCTHDVSSLTCADFLRAPGVRTPAIVR 31 

XvCAT3       EDYHLIEKIAHFARERIPERVVHARGASAKGFFECTHDVTNLTCADFLRSPGVQTPVIVR 102 

CAT3         EDYHLIEKVANFTRERIPERVVHARGISAKGFFEVTHDISNLTCADFLRAPGVQTPVIVR 102 

SlCAT3b      EDYHLVEKLAQFDRERIPERVVHARGASAKGFFEVTHDISNLTCADFLRAPGVQTPVIVR 102 

SmCAT3b      EDYHLVEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPGVQTPVIVR 102 

SlCAT3a      EDYHLVEKLAHFDRERIPERVVHARGFSAKGFFEATHDVSNLTCADFLRAPGVQTPVIVR 102 

SmCAT3a      EDYHLIEKLAQFDRERIPERVVHARGASAKGYFEVTHDISNLTCADFLRAPGVQTPLIVR 102 

                                                                          

 

BhCAT1b      -------------------MALRFAQADGQQWRTGMNSMPVFPVATPQAFYAQLQAQQPD 41 

BhCAT1a      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFIRDGMKFPDMVHAYQSE 158 

SlCAT1       FSSVLAERGYTDLGRDIRGFPIKLYTEEG-NWDLVGNNTPVFWVRDPIKFPDFVHSQKRH 187 

SmCAT1       FSSVAAERGFTDLARDVRGFAVKFYTEEG-NWDMTGNNTPVFWVRDPLKFPDFVHSQKRN 173 

XvCAT1       FQQLFMSVEVLKP----------------------------------------------- 115 

CLUSTAL O(1.2.4) multiple sequence alignment 

 

 

BhCAT1b      ------------------------------------------------------------ 0 

BhCAT1a      ------------------------------------------------------------ 0 

SlCAT1       -------------------------------------------MAAISACSFSIRSS--- 14 

SmCAT1       ------------------------------------------------------------ 0 

XvCAT1       ------------------------------------------------------------ 0 

OtCAT1       ------------------------------------------------------------ 0 

CAT1         ------------------------------------------------------------ 0 

CAT2         ------------------------------------------------------------ 0 

BhCAT2       ------------------------------------------------------------ 0 

OtCAT2       ------------------------------------------------------------ 0 

XvCAT2b      ------------------------------------------------------------ 0 

XvCAT2a      MQHGSPLDPQCDPDPTIATKKSCANFFFFVFFVHNEKQLYKFLRQAREQLAYVIARRLRS 60 

OtCAT3       ------------------------------------------------------------ 0 

XvCAT3       ------------------------------------------------------------ 0 

CAT3         ------------------------------------------------------------ 0 

SlCAT3b      ------------------------------------------------------------ 0 

SmCAT3b      ------------------------------------------------------------ 0 

SlCAT3a      ------------------------------------------------------------ 0 

SmCAT3a      ------------------------------------------------------------ 0 

                                                                          

 

BhCAT1b      ------------------------------------------------------------ 0 

BhCAT1a      -----MRT----------------NDLHFCVCNFFISASGISFNSTSGNSFISTSGPILL 39 

SlCAT1       -----LESNSSSNG-NGTGKKPENVRLGTHGKPLYTTLSGIPVSEDNHSVTVGESGNVLF 68 

SmCAT1       -----MDAESGSKA-SNGNSKSASVRVGSSGKPLHTTLAGAPVSDDNNSVTVGQSGHLLF 54 

XvCAT1       -----MDPYKFRPSSAS-------------NSSYWTANSGAPVWNNNSSLTVGTRGPILL 42 

OtCAT1       -----MDPYKHRPSSTN-------------NATIWTTNSGAPVWNNNSALTVGQRGPILL 42 

CAT1         -----MDPYRVRPSSAH-------------DSPFFTTNSGAPVWNNNSSLTVGTRGPILL 42 

CAT2         -----MDPYKYRPASSY-------------NSPFFTTNSGAPVWNNNSSMTVGPRGPILL 42 

BhCAT2       ---------QYRPSSAF-------------NSPFMTTNSGAPVWNNNNSLTVGSRGPILL 38 

OtCAT2       -----MDPYKFRPSSSF-------------NAPMWSTNSGAPVWNNDNSLTVGPRGPILL 42 

XvCAT2b      ---MMLRHYRRRSLSSH-------------R-------PSLPLLLLSPSSLFYITGPILL 37 

XvCAT2a      YPKQLLKIDQWIPTSTGHQVLSTHRSGPPTQAPLSGTTTTPSPLDLEVMTGVYFRGPILL 120 

OtCAT3       ------------------------------------------------------------ 0 

XvCAT3       -----MDPQKHVPSSAF-------------DTKYTTTNAGGPVWNDDQALTVGSRGPILL 42 

CAT3         -----MDPYKYRPSSAY-------------NAPFYTTNGGAPVSNNISSLTIGERGPVLL 42 

SlCAT3b      -----MDPYKYRPSSAY-------------NSSHFTTNSGAPVWNNNASLTVGSRGPILL 42 

SmCAT3b      -----MDPYKYRPSSAY-------------NSAHFTTNTGAPVWNNNASLTVGSRGPILL 42 

SlCAT3a      -----MDPYKHTPSSAN-------------NSPYFTTNYGAPVWNNNSSLTVGSRGPILL 42 

SmCAT3a      -----MDPYKHTPSSAF-------------NSSFFTTNSGTPVWNNNSSLTVGSRGPILL 42 

                                                                          

 

BhCAT1b      ------------------------------------------------------------ 0 

BhCAT1a      EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDITHLTCADFLRAPGVQTPLILR 99 

SlCAT1       EDVHYFEKQAHLNRERTPERFVHAKGAGAYGYFEVTKDVSHLCKAKFLSEVGKQTPAFVR 128 

SmCAT1       EDVHLFEKQARLNRERVPERFVHAKGAGAHGYFEVTKDVSNLCKAKFLSEPGKRTPVFAR 114 

XvCAT1       EDYHLIEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRSPGVQTPVMFA 102 

OtCAT1       EDYHLIEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPGVQTPVIVR 102 

CAT1         EDYHLLEKLANFDRERIPERVVHARGASAKGFFEVTHDITQLTSADFLRGPGVQTPVIVR 102 

CAT2         EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDISNLTCADFLRAPGVQTPVIVR 102 

BhCAT2       EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDITHLTCADFLRAPGVQTPLILR 98 

OtCAT2       EDYHLVEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPGVQTPVIVR 102 

XvCAT2b      EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPSVQTPVIVR 97 

XvCAT2a      EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPSVQTP---- 176 

OtCAT3       -----------------------------MDPTKCTHDVSSLTCADFLRAPGVRTPAIVR 31 

XvCAT3       EDYHLIEKIAHFARERIPERVVHARGASAKGFFECTHDVTNLTCADFLRSPGVQTPVIVR 102 

CAT3         EDYHLIEKVANFTRERIPERVVHARGISAKGFFEVTHDISNLTCADFLRAPGVQTPVIVR 102 

SlCAT3b      EDYHLVEKLAQFDRERIPERVVHARGASAKGFFEVTHDISNLTCADFLRAPGVQTPVIVR 102 

SmCAT3b      EDYHLVEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPGVQTPVIVR 102 

SlCAT3a      EDYHLVEKLAHFDRERIPERVVHARGFSAKGFFEATHDVSNLTCADFLRAPGVQTPVIVR 102 

SmCAT3a      EDYHLIEKLAQFDRERIPERVVHARGASAKGYFEVTHDISNLTCADFLRAPGVQTPLIVR 102 

                                                                          

 

BhCAT1b      -------------------MALRFAQADGQQWRTGMNSMPVFPVATPQAFYAQLQAQQPD 41 

BhCAT1a      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFIRDGMKFPDMVHAYQSE 158 

SlCAT1       FSSVLAERGYTDLGRDIRGFPIKLYTEEG-NWDLVGNNTPVFWVRDPIKFPDFVHSQKRH 187 

SmCAT1       FSSVAAERGFTDLARDVRGFAVKFYTEEG-NWDMTGNNTPVFWVRDPLKFPDFVHSQKRN 173 

XvCAT1       FQQLFMSVEVLKP----------------------------------------------- 115 

CLUSTAL O(1.2.4) multiple sequence alignment 

 

 

BhCAT1b      ------------------------------------------------------------ 0 

BhCAT1a      ------------------------------------------------------------ 0 

SlCAT1       -------------------------------------------MAAISACSFSIRSS--- 14 

SmCAT1       ------------------------------------------------------------ 0 

XvCAT1       ------------------------------------------------------------ 0 

OtCAT1       ------------------------------------------------------------ 0 

CAT1         ------------------------------------------------------------ 0 

CAT2         ------------------------------------------------------------ 0 

BhCAT2       ------------------------------------------------------------ 0 

OtCAT2       ------------------------------------------------------------ 0 

XvCAT2b      ------------------------------------------------------------ 0 

XvCAT2a      MQHGSPLDPQCDPDPTIATKKSCANFFFFVFFVHNEKQLYKFLRQAREQLAYVIARRLRS 60 

OtCAT3       ------------------------------------------------------------ 0 

XvCAT3       ------------------------------------------------------------ 0 

CAT3         ------------------------------------------------------------ 0 

SlCAT3b      ------------------------------------------------------------ 0 

SmCAT3b      ------------------------------------------------------------ 0 

SlCAT3a      ------------------------------------------------------------ 0 

SmCAT3a      ------------------------------------------------------------ 0 

                                                                          

 

BhCAT1b      ------------------------------------------------------------ 0 

BhCAT1a      -----MRT----------------NDLHFCVCNFFISASGISFNSTSGNSFISTSGPILL 39 

SlCAT1       -----LESNSSSNG-NGTGKKPENVRLGTHGKPLYTTLSGIPVSEDNHSVTVGESGNVLF 68 

SmCAT1       -----MDAESGSKA-SNGNSKSASVRVGSSGKPLHTTLAGAPVSDDNNSVTVGQSGHLLF 54 

XvCAT1       -----MDPYKFRPSSAS-------------NSSYWTANSGAPVWNNNSSLTVGTRGPILL 42 

OtCAT1       -----MDPYKHRPSSTN-------------NATIWTTNSGAPVWNNNSALTVGQRGPILL 42 

CAT1         -----MDPYRVRPSSAH-------------DSPFFTTNSGAPVWNNNSSLTVGTRGPILL 42 

CAT2         -----MDPYKYRPASSY-------------NSPFFTTNSGAPVWNNNSSMTVGPRGPILL 42 

BhCAT2       ---------QYRPSSAF-------------NSPFMTTNSGAPVWNNNNSLTVGSRGPILL 38 

OtCAT2       -----MDPYKFRPSSSF-------------NAPMWSTNSGAPVWNNDNSLTVGPRGPILL 42 

XvCAT2b      ---MMLRHYRRRSLSSH-------------R-------PSLPLLLLSPSSLFYITGPILL 37 

XvCAT2a      YPKQLLKIDQWIPTSTGHQVLSTHRSGPPTQAPLSGTTTTPSPLDLEVMTGVYFRGPILL 120 

OtCAT3       ------------------------------------------------------------ 0 

XvCAT3       -----MDPQKHVPSSAF-------------DTKYTTTNAGGPVWNDDQALTVGSRGPILL 42 

CAT3         -----MDPYKYRPSSAY-------------NAPFYTTNGGAPVSNNISSLTIGERGPVLL 42 

SlCAT3b      -----MDPYKYRPSSAY-------------NSSHFTTNSGAPVWNNNASLTVGSRGPILL 42 

SmCAT3b      -----MDPYKYRPSSAY-------------NSAHFTTNTGAPVWNNNASLTVGSRGPILL 42 

SlCAT3a      -----MDPYKHTPSSAN-------------NSPYFTTNYGAPVWNNNSSLTVGSRGPILL 42 

SmCAT3a      -----MDPYKHTPSSAF-------------NSSFFTTNSGTPVWNNNSSLTVGSRGPILL 42 

                                                                          

 

BhCAT1b      ------------------------------------------------------------ 0 

BhCAT1a      EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDITHLTCADFLRAPGVQTPLILR 99 

SlCAT1       EDVHYFEKQAHLNRERTPERFVHAKGAGAYGYFEVTKDVSHLCKAKFLSEVGKQTPAFVR 128 

SmCAT1       EDVHLFEKQARLNRERVPERFVHAKGAGAHGYFEVTKDVSNLCKAKFLSEPGKRTPVFAR 114 

XvCAT1       EDYHLIEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRSPGVQTPVMFA 102 

OtCAT1       EDYHLIEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPGVQTPVIVR 102 

CAT1         EDYHLLEKLANFDRERIPERVVHARGASAKGFFEVTHDITQLTSADFLRGPGVQTPVIVR 102 

CAT2         EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDISNLTCADFLRAPGVQTPVIVR 102 

BhCAT2       EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDITHLTCADFLRAPGVQTPLILR 98 

OtCAT2       EDYHLVEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPGVQTPVIVR 102 

XvCAT2b      EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPSVQTPVIVR 97 

XvCAT2a      EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPSVQTP---- 176 

OtCAT3       -----------------------------MDPTKCTHDVSSLTCADFLRAPGVRTPAIVR 31 

XvCAT3       EDYHLIEKIAHFARERIPERVVHARGASAKGFFECTHDVTNLTCADFLRSPGVQTPVIVR 102 

CAT3         EDYHLIEKVANFTRERIPERVVHARGISAKGFFEVTHDISNLTCADFLRAPGVQTPVIVR 102 

SlCAT3b      EDYHLVEKLAQFDRERIPERVVHARGASAKGFFEVTHDISNLTCADFLRAPGVQTPVIVR 102 

SmCAT3b      EDYHLVEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPGVQTPVIVR 102 

SlCAT3a      EDYHLVEKLAHFDRERIPERVVHARGFSAKGFFEATHDVSNLTCADFLRAPGVQTPVIVR 102 

SmCAT3a      EDYHLIEKLAQFDRERIPERVVHARGASAKGYFEVTHDISNLTCADFLRAPGVQTPLIVR 102 

                                                                          

 

BhCAT1b      -------------------MALRFAQADGQQWRTGMNSMPVFPVATPQAFYAQLQAQQPD 41 

BhCAT1a      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFIRDGMKFPDMVHAYQSE 158 

SlCAT1       FSSVLAERGYTDLGRDIRGFPIKLYTEEG-NWDLVGNNTPVFWVRDPIKFPDFVHSQKRH 187 

SmCAT1       FSSVAAERGFTDLARDVRGFAVKFYTEEG-NWDMTGNNTPVFWVRDPLKFPDFVHSQKRN 173 

XvCAT1       FQQLFMSVEVLKP----------------------------------------------- 115 

CAT2         FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFIRDGMKFPDMVHALKPN 161 

BhCAT2       FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFIRDGMKFPDMVHALKPN 157 

OtCAT2       FSTVIHERGSPETLRDPRGFAVKFYTREG-NWDLVGNNFPVFFIRDGMKFPDMVHALKPN 161 

XvCAT2b      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFVRDGMKFPDMVHALKPN 156 

XvCAT2a      ----------------------------G-NFDLVGNNFPVFFVRDGMKFPDMVHALKPN 207 

OtCAT3       FSTVIHERGSPETIRDPRGFAVKLYTREG-NWDLLGNNFPVFFIRDGIKFPDVIHAFKPN 90 

XvCAT3       FSTVIHERGSPETIRDPRGFAVKFYTRQG-NWDLLGNNFPVFFIRDGIKFPDVIHAFKPN 161 

CAT3         FSTVVHERASPETMRDIRGFAVKFYTREG-NFDLVGNNTPVFFIRDGIQFPDVVHALKPN 161 

SlCAT3b      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFVRDGMKFPDMVHALKPN 161 

SmCAT3b      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDMVGNNFPVFFVRDGMKFPDMVHALKPN 161 

SlCAT3a      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNIPVFFVRDGILFPDLIHALKPN 161 

SmCAT3a      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNIPVFFVRDGIKFPDMIHALKPN 161 

                                                                          

 

BhCAT1b      LATGKPDPQ-KLAAFFAAHPETAAFRAWAKTAKPS---ASFATDSYWSLDA--FVFTGPD 95 

BhCAT1a      VRGSSRQEASSILLG----RDS-ITFGLVLELDPVQISTPAGSAWSFGPDCADQHACPDQ 213 

SlCAT1       PQTFVRDPN-TYWDFLSLVPESMHQTLI--TFSPRGVPASYRHMHGYGSHT--FKWVNEE 242 

SmCAT1       PKTNAKDPN-AFWDFLSLVPESMHQLLI--TFSPRGVPATYRNMNGYGSHT--FKWVNKE 228 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       PKTNLQENW-RIVDFFSHHPESLHMFTF--LFDDVGIPLNYRHMEGFGVNT--YTLISRD 216 

CAT1         PKSHIQENW-RILDFFSHHPESLHMFSF--LFDDLGIPQDYRHMEGAGVNT--YMLINKA 216 

CAT2         PKSHIQENW-RILDFFSHHPESLNMFTF--LFDDIGIPQDYRHMDGSGVNT--YMLINKA 216 

BhCAT2       PKSHIQENW-RILDFFSHHPESLHMFSF--LFDDVGVPQDYRHMEGSGVNT--YTLINKA 212 

OtCAT2       PKSHVQENW-RILDFFSHHPESLHMFTF--LFDDVGIPADYRHMDGSGVNT--YTLLSRT 216 

XvCAT2b      PKSHIQENW-RILDFFSHHPESLHMFTF--LFDDIGIPADYRHMDGSGVNT--YTLINRD 211 

XvCAT2a      PKSHIQENW-RILDFFSHHPESLHMFTF--LFDDIGIPADYRHMDGSGVNT--YTLINRD 262 

OtCAT3       PRSHVQEYW-RVFDFLSHHPESLHTFFF--LFDDVGVPTDYRHMEGFGVNT--YTFVNAQ 145 

XvCAT3       PKSHIQEYW-RVFDFLSHLPESLHTFFF--LFDDVGVPTDYRHMEGFGVNT--YTFVNKE 216 

CAT3         PKTNIQEYW-RILDYMSHLPESLLTWCW--MFDDVGIPQDYRHMEGFGVHT--YTLIAKS 216 

SlCAT3b      PKTHIQENW-RILDFFSHHPESLHMFSF--LFDDVGIPVNYRHMEGFGVHT--FTLVNRA 216 

SmCAT3b      PRTHIQ---------FSHHPESLHMFTF--LLDDIGIPLNYRHMEGFGVHT--FTLVNRA 208 

SlCAT3a      PKTHLQEPW-RIMDFFSHHPESCHMFSF--LFDDHGIPLNYRHMEGFGVHT--FSLVNKD 216 

SmCAT3a      PKTHVQEPW-RIMDHFSHHPESCHMFTF--LFDDHGIPLNYRHMEGFGVHT--FTLVNRA 216 

                                                                          

 

BhCAT1b      GARHAVRWRMAAE------SADDGAAAPANDPDYLAADLRQRLSRGP-LHWQLLVTLAGP 148 

BhCAT1a      LGASDQVVHWKQNGVL-ILVQDSQRRST------QLTE----INSN-------------- 248 

SlCAT1       GKANWVKFTYKTNQGIKNLTHEEAVTLSGPMPDFATKDLFTSIQEGNFPSWTFYV--MPL 300 

SmCAT1       RKAHWVKFHLVTEHGIKNLTHEEAVSLSGSKPDYATEDLLTSIEEGNFPAWKFYVQVMPL 288 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       GKAHLVKFHWKPTCGVKCLLDDEAVTVGGTCHSHATKDLYDSIAAGNYPEWKLYIQTIDP 276 

CAT1         GKAHYVKFHWKPTCGIKCLSDEEAIRVGGANHSHATKDLYDSIAAGNYPQWNLFVQVMDP 276 

CAT2         GKAHYVKFHWKPTCGVKSLLEEDAIRVGGTNHSHATQDLYDSIAAGNYPEWKLFIQIIDP 276 

BhCAT2       GKVHYVKFHWKPTCGVKCLLEEDAIEVGGANHSHATQDLYDSIAAGNYPEWKLFIQVIDP 272 

OtCAT2       GKAHYVKFHWRPTCGVKSLLDDEAVTVGGTNHSHATKDLYDAIAAGNFPEWTLYIQTIDP 276 

XvCAT2b      GKAHYVKFHWRPTCGVKNLLEDEAVTVGGNNHSHATKDLYDSIAAGNYPEWKLFIQVIDP 271 

XvCAT2a      GKAHYVKFHWRPTCGVKNLLEDEAVTVGGNNHSHATKDLYDSIAAGNYPEWKLFIQVIDP 322 

OtCAT3       GKANYVKFHWKPTCGVRCILTDEEA-----------------------------ALVMDP 176 

XvCAT3       GKTHYVKFHWKPTCGVRCLMDDEAITVGGKNHSHATQDLYDSIAAGNYPEWKLFVQVMDP 276 

CAT3         GKVLFVKFHWKPTCGIKNLTDEEAKVVGGANHSHATKDLHDAIASGNYPEWKLFIQTMDP 276 

SlCAT3b      GKCTYVKFHWKPTCGVKSLLEEEAVVVGGSCHSHATKDLTDSIAAGNYPEWKLYIQTIDP 276 

SmCAT3b      GKCSYVKFHWKPTCGVKSLLEEQAVIVGGSNHSHATQDLQDSIAAGNYPEWKLFIQTMEI 268 

SlCAT3a      GKCTFVKFHWKPTCGLKFLSDEDAVVVGGSNHSHATKDLQDAIAAGNYPEWKLFIQTMNP 276 

SmCAT3a      GKCTYVKFHWKPTCGLKYLSKQEAVVVGGSNHSHATKDLYDSIAAGNYPEWKLFIQTMNP 276 

                                                                          

 

BhCAT1b      GDPT------DDATKAWPADR-PTVDAGTLVLDSEQPQDSGPCRDINYDPTVLPDGIAIS 201 

BhCAT1a      ------------------------------------------------------------ 248 

SlCAT1       EDAPKYKWDPFDLTKVWLHKDYPLMEVGKLVLNRNVQNYHAEVEQVAFSPGNMVPGIEPS 360 

SmCAT1       EDAPKYKWDPFDLTKVWLHKDYPLMEVGRLVLDRNVENYHAEVEQAAFSPGSFVPGIEAS 348 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       DHEDKFDFDPLDVTKTWPEDIIPLQPVGRMVLNKNVDNFFAENEQIAFCPAIIVPGIHYS 336 

CAT1         AHEDKFDFDPLDVTKIWPEDILPLQPVGRLVLNKNIDNFFNENEQIAFCPALVVPGIHYS 336 

CAT2         ADEDKFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIIVPGIHYS 336 

BhCAT2       EHEDRFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIVVPGIYYS 332 

OtCAT2       AHEDRYDFDPLDVTKTWPEDILPLQPVGRLVLNRNIDNFFTENEQLAFCPGVIVPGIYYS 336 

XvCAT2b      DHEERFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIVVPGVYYS 331 

XvCAT2a      DHEERFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIVVPGVYYS 382 

OtCAT3       DTEDRYDFDPLDDTKTWPEDLLPLQPVGRLVLDRNVDNFFNENEQLAFGPGLVVPGIYYS 236 

XvCAT3       DEEDRYDFDPLDDTKTWPEDLIPLQPVGRLVLNRNIDNFFAENEQLAFGPGLVVPGIYYS 336 

CAT3         ADEDKFDFDPLDVTKIWPEDILPLQPVGRLVLNRTIDNFFNETEQLAFNPGLVVPGIYYS 336 

SlCAT3b      KNEHNFDFDPLDVTKTWPEDLFPLQPVGRMVLNKNIDNFFAENEQLAFCPALVVPGVYYT 336 

SmCAT3b      KNENNYDFDPLDVTKTWPEDLFPLQPVGRLVLNKNIDNFFAENEQLAFCPALVVPGVYYT 328 

SlCAT3a      ASEDMYDFDPLDVTKTWPEDIFPLQPVGRMVLNRNIDNFFAENEQVAFCPALVVPGVYYT 336 

SmCAT3a      SNEEMFDFDPLDVTKTWPEEMFPLQPVGRMVLNKNIDNFFAENEQLAFCPALIVPGVYYT 336 

CAT2         FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFIRDGMKFPDMVHALKPN 161 

BhCAT2       FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFIRDGMKFPDMVHALKPN 157 

OtCAT2       FSTVIHERGSPETLRDPRGFAVKFYTREG-NWDLVGNNFPVFFIRDGMKFPDMVHALKPN 161 

XvCAT2b      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFVRDGMKFPDMVHALKPN 156 

XvCAT2a      ----------------------------G-NFDLVGNNFPVFFVRDGMKFPDMVHALKPN 207 

OtCAT3       FSTVIHERGSPETIRDPRGFAVKLYTREG-NWDLLGNNFPVFFIRDGIKFPDVIHAFKPN 90 

XvCAT3       FSTVIHERGSPETIRDPRGFAVKFYTRQG-NWDLLGNNFPVFFIRDGIKFPDVIHAFKPN 161 

CAT3         FSTVVHERASPETMRDIRGFAVKFYTREG-NFDLVGNNTPVFFIRDGIQFPDVVHALKPN 161 

SlCAT3b      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFVRDGMKFPDMVHALKPN 161 

SmCAT3b      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDMVGNNFPVFFVRDGMKFPDMVHALKPN 161 

SlCAT3a      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNIPVFFVRDGILFPDLIHALKPN 161 

SmCAT3a      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNIPVFFVRDGIKFPDMIHALKPN 161 

                                                                          

 

BhCAT1b      LATGKPDPQ-KLAAFFAAHPETAAFRAWAKTAKPS---ASFATDSYWSLDA--FVFTGPD 95 

BhCAT1a      VRGSSRQEASSILLG----RDS-ITFGLVLELDPVQISTPAGSAWSFGPDCADQHACPDQ 213 

SlCAT1       PQTFVRDPN-TYWDFLSLVPESMHQTLI--TFSPRGVPASYRHMHGYGSHT--FKWVNEE 242 

SmCAT1       PKTNAKDPN-AFWDFLSLVPESMHQLLI--TFSPRGVPATYRNMNGYGSHT--FKWVNKE 228 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       PKTNLQENW-RIVDFFSHHPESLHMFTF--LFDDVGIPLNYRHMEGFGVNT--YTLISRD 216 

CAT1         PKSHIQENW-RILDFFSHHPESLHMFSF--LFDDLGIPQDYRHMEGAGVNT--YMLINKA 216 

CAT2         PKSHIQENW-RILDFFSHHPESLNMFTF--LFDDIGIPQDYRHMDGSGVNT--YMLINKA 216 

BhCAT2       PKSHIQENW-RILDFFSHHPESLHMFSF--LFDDVGVPQDYRHMEGSGVNT--YTLINKA 212 

OtCAT2       PKSHVQENW-RILDFFSHHPESLHMFTF--LFDDVGIPADYRHMDGSGVNT--YTLLSRT 216 

XvCAT2b      PKSHIQENW-RILDFFSHHPESLHMFTF--LFDDIGIPADYRHMDGSGVNT--YTLINRD 211 

XvCAT2a      PKSHIQENW-RILDFFSHHPESLHMFTF--LFDDIGIPADYRHMDGSGVNT--YTLINRD 262 

OtCAT3       PRSHVQEYW-RVFDFLSHHPESLHTFFF--LFDDVGVPTDYRHMEGFGVNT--YTFVNAQ 145 

XvCAT3       PKSHIQEYW-RVFDFLSHLPESLHTFFF--LFDDVGVPTDYRHMEGFGVNT--YTFVNKE 216 

CAT3         PKTNIQEYW-RILDYMSHLPESLLTWCW--MFDDVGIPQDYRHMEGFGVHT--YTLIAKS 216 

SlCAT3b      PKTHIQENW-RILDFFSHHPESLHMFSF--LFDDVGIPVNYRHMEGFGVHT--FTLVNRA 216 

SmCAT3b      PRTHIQ---------FSHHPESLHMFTF--LLDDIGIPLNYRHMEGFGVHT--FTLVNRA 208 

SlCAT3a      PKTHLQEPW-RIMDFFSHHPESCHMFSF--LFDDHGIPLNYRHMEGFGVHT--FSLVNKD 216 

SmCAT3a      PKTHVQEPW-RIMDHFSHHPESCHMFTF--LFDDHGIPLNYRHMEGFGVHT--FTLVNRA 216 

                                                                          

 

BhCAT1b      GARHAVRWRMAAE------SADDGAAAPANDPDYLAADLRQRLSRGP-LHWQLLVTLAGP 148 

BhCAT1a      LGASDQVVHWKQNGVL-ILVQDSQRRST------QLTE----INSN-------------- 248 

SlCAT1       GKANWVKFTYKTNQGIKNLTHEEAVTLSGPMPDFATKDLFTSIQEGNFPSWTFYV--MPL 300 

SmCAT1       RKAHWVKFHLVTEHGIKNLTHEEAVSLSGSKPDYATEDLLTSIEEGNFPAWKFYVQVMPL 288 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       GKAHLVKFHWKPTCGVKCLLDDEAVTVGGTCHSHATKDLYDSIAAGNYPEWKLYIQTIDP 276 

CAT1         GKAHYVKFHWKPTCGIKCLSDEEAIRVGGANHSHATKDLYDSIAAGNYPQWNLFVQVMDP 276 

CAT2         GKAHYVKFHWKPTCGVKSLLEEDAIRVGGTNHSHATQDLYDSIAAGNYPEWKLFIQIIDP 276 

BhCAT2       GKVHYVKFHWKPTCGVKCLLEEDAIEVGGANHSHATQDLYDSIAAGNYPEWKLFIQVIDP 272 

OtCAT2       GKAHYVKFHWRPTCGVKSLLDDEAVTVGGTNHSHATKDLYDAIAAGNFPEWTLYIQTIDP 276 

XvCAT2b      GKAHYVKFHWRPTCGVKNLLEDEAVTVGGNNHSHATKDLYDSIAAGNYPEWKLFIQVIDP 271 

XvCAT2a      GKAHYVKFHWRPTCGVKNLLEDEAVTVGGNNHSHATKDLYDSIAAGNYPEWKLFIQVIDP 322 

OtCAT3       GKANYVKFHWKPTCGVRCILTDEEA-----------------------------ALVMDP 176 

XvCAT3       GKTHYVKFHWKPTCGVRCLMDDEAITVGGKNHSHATQDLYDSIAAGNYPEWKLFVQVMDP 276 

CAT3         GKVLFVKFHWKPTCGIKNLTDEEAKVVGGANHSHATKDLHDAIASGNYPEWKLFIQTMDP 276 

SlCAT3b      GKCTYVKFHWKPTCGVKSLLEEEAVVVGGSCHSHATKDLTDSIAAGNYPEWKLYIQTIDP 276 

SmCAT3b      GKCSYVKFHWKPTCGVKSLLEEQAVIVGGSNHSHATQDLQDSIAAGNYPEWKLFIQTMEI 268 

SlCAT3a      GKCTFVKFHWKPTCGLKFLSDEDAVVVGGSNHSHATKDLQDAIAAGNYPEWKLFIQTMNP 276 

SmCAT3a      GKCTYVKFHWKPTCGLKYLSKQEAVVVGGSNHSHATKDLYDSIAAGNYPEWKLFIQTMNP 276 

                                                                          

 

BhCAT1b      GDPT------DDATKAWPADR-PTVDAGTLVLDSEQPQDSGPCRDINYDPTVLPDGIAIS 201 

BhCAT1a      ------------------------------------------------------------ 248 

SlCAT1       EDAPKYKWDPFDLTKVWLHKDYPLMEVGKLVLNRNVQNYHAEVEQVAFSPGNMVPGIEPS 360 

SmCAT1       EDAPKYKWDPFDLTKVWLHKDYPLMEVGRLVLDRNVENYHAEVEQAAFSPGSFVPGIEAS 348 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       DHEDKFDFDPLDVTKTWPEDIIPLQPVGRMVLNKNVDNFFAENEQIAFCPAIIVPGIHYS 336 

CAT1         AHEDKFDFDPLDVTKIWPEDILPLQPVGRLVLNKNIDNFFNENEQIAFCPALVVPGIHYS 336 

CAT2         ADEDKFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIIVPGIHYS 336 

BhCAT2       EHEDRFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIVVPGIYYS 332 

OtCAT2       AHEDRYDFDPLDVTKTWPEDILPLQPVGRLVLNRNIDNFFTENEQLAFCPGVIVPGIYYS 336 

XvCAT2b      DHEERFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIVVPGVYYS 331 

XvCAT2a      DHEERFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIVVPGVYYS 382 

OtCAT3       DTEDRYDFDPLDDTKTWPEDLLPLQPVGRLVLDRNVDNFFNENEQLAFGPGLVVPGIYYS 236 

XvCAT3       DEEDRYDFDPLDDTKTWPEDLIPLQPVGRLVLNRNIDNFFAENEQLAFGPGLVVPGIYYS 336 

CAT3         ADEDKFDFDPLDVTKIWPEDILPLQPVGRLVLNRTIDNFFNETEQLAFNPGLVVPGIYYS 336 

SlCAT3b      KNEHNFDFDPLDVTKTWPEDLFPLQPVGRMVLNKNIDNFFAENEQLAFCPALVVPGVYYT 336 

SmCAT3b      KNENNYDFDPLDVTKTWPEDLFPLQPVGRLVLNKNIDNFFAENEQLAFCPALVVPGVYYT 328 

SlCAT3a      ASEDMYDFDPLDVTKTWPEDIFPLQPVGRMVLNRNIDNFFAENEQVAFCPALVVPGVYYT 336 

SmCAT3a      SNEEMFDFDPLDVTKTWPEEMFPLQPVGRMVLNKNIDNFFAENEQLAFCPALIVPGVYYT 336 

CAT2         FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFIRDGMKFPDMVHALKPN 161 

BhCAT2       FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFIRDGMKFPDMVHALKPN 157 

OtCAT2       FSTVIHERGSPETLRDPRGFAVKFYTREG-NWDLVGNNFPVFFIRDGMKFPDMVHALKPN 161 

XvCAT2b      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFVRDGMKFPDMVHALKPN 156 

XvCAT2a      ----------------------------G-NFDLVGNNFPVFFVRDGMKFPDMVHALKPN 207 

OtCAT3       FSTVIHERGSPETIRDPRGFAVKLYTREG-NWDLLGNNFPVFFIRDGIKFPDVIHAFKPN 90 

XvCAT3       FSTVIHERGSPETIRDPRGFAVKFYTRQG-NWDLLGNNFPVFFIRDGIKFPDVIHAFKPN 161 

CAT3         FSTVVHERASPETMRDIRGFAVKFYTREG-NFDLVGNNTPVFFIRDGIQFPDVVHALKPN 161 

SlCAT3b      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFVRDGMKFPDMVHALKPN 161 

SmCAT3b      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDMVGNNFPVFFVRDGMKFPDMVHALKPN 161 

SlCAT3a      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNIPVFFVRDGILFPDLIHALKPN 161 

SmCAT3a      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNIPVFFVRDGIKFPDMIHALKPN 161 

                                                                          

 

BhCAT1b      LATGKPDPQ-KLAAFFAAHPETAAFRAWAKTAKPS---ASFATDSYWSLDA--FVFTGPD 95 

BhCAT1a      VRGSSRQEASSILLG----RDS-ITFGLVLELDPVQISTPAGSAWSFGPDCADQHACPDQ 213 

SlCAT1       PQTFVRDPN-TYWDFLSLVPESMHQTLI--TFSPRGVPASYRHMHGYGSHT--FKWVNEE 242 

SmCAT1       PKTNAKDPN-AFWDFLSLVPESMHQLLI--TFSPRGVPATYRNMNGYGSHT--FKWVNKE 228 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       PKTNLQENW-RIVDFFSHHPESLHMFTF--LFDDVGIPLNYRHMEGFGVNT--YTLISRD 216 

CAT1         PKSHIQENW-RILDFFSHHPESLHMFSF--LFDDLGIPQDYRHMEGAGVNT--YMLINKA 216 

CAT2         PKSHIQENW-RILDFFSHHPESLNMFTF--LFDDIGIPQDYRHMDGSGVNT--YMLINKA 216 

BhCAT2       PKSHIQENW-RILDFFSHHPESLHMFSF--LFDDVGVPQDYRHMEGSGVNT--YTLINKA 212 

OtCAT2       PKSHVQENW-RILDFFSHHPESLHMFTF--LFDDVGIPADYRHMDGSGVNT--YTLLSRT 216 

XvCAT2b      PKSHIQENW-RILDFFSHHPESLHMFTF--LFDDIGIPADYRHMDGSGVNT--YTLINRD 211 

XvCAT2a      PKSHIQENW-RILDFFSHHPESLHMFTF--LFDDIGIPADYRHMDGSGVNT--YTLINRD 262 

OtCAT3       PRSHVQEYW-RVFDFLSHHPESLHTFFF--LFDDVGVPTDYRHMEGFGVNT--YTFVNAQ 145 

XvCAT3       PKSHIQEYW-RVFDFLSHLPESLHTFFF--LFDDVGVPTDYRHMEGFGVNT--YTFVNKE 216 

CAT3         PKTNIQEYW-RILDYMSHLPESLLTWCW--MFDDVGIPQDYRHMEGFGVHT--YTLIAKS 216 

SlCAT3b      PKTHIQENW-RILDFFSHHPESLHMFSF--LFDDVGIPVNYRHMEGFGVHT--FTLVNRA 216 

SmCAT3b      PRTHIQ---------FSHHPESLHMFTF--LLDDIGIPLNYRHMEGFGVHT--FTLVNRA 208 

SlCAT3a      PKTHLQEPW-RIMDFFSHHPESCHMFSF--LFDDHGIPLNYRHMEGFGVHT--FSLVNKD 216 

SmCAT3a      PKTHVQEPW-RIMDHFSHHPESCHMFTF--LFDDHGIPLNYRHMEGFGVHT--FTLVNRA 216 

                                                                          

 

BhCAT1b      GARHAVRWRMAAE------SADDGAAAPANDPDYLAADLRQRLSRGP-LHWQLLVTLAGP 148 

BhCAT1a      LGASDQVVHWKQNGVL-ILVQDSQRRST------QLTE----INSN-------------- 248 

SlCAT1       GKANWVKFTYKTNQGIKNLTHEEAVTLSGPMPDFATKDLFTSIQEGNFPSWTFYV--MPL 300 

SmCAT1       RKAHWVKFHLVTEHGIKNLTHEEAVSLSGSKPDYATEDLLTSIEEGNFPAWKFYVQVMPL 288 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       GKAHLVKFHWKPTCGVKCLLDDEAVTVGGTCHSHATKDLYDSIAAGNYPEWKLYIQTIDP 276 

CAT1         GKAHYVKFHWKPTCGIKCLSDEEAIRVGGANHSHATKDLYDSIAAGNYPQWNLFVQVMDP 276 

CAT2         GKAHYVKFHWKPTCGVKSLLEEDAIRVGGTNHSHATQDLYDSIAAGNYPEWKLFIQIIDP 276 

BhCAT2       GKVHYVKFHWKPTCGVKCLLEEDAIEVGGANHSHATQDLYDSIAAGNYPEWKLFIQVIDP 272 

OtCAT2       GKAHYVKFHWRPTCGVKSLLDDEAVTVGGTNHSHATKDLYDAIAAGNFPEWTLYIQTIDP 276 

XvCAT2b      GKAHYVKFHWRPTCGVKNLLEDEAVTVGGNNHSHATKDLYDSIAAGNYPEWKLFIQVIDP 271 

XvCAT2a      GKAHYVKFHWRPTCGVKNLLEDEAVTVGGNNHSHATKDLYDSIAAGNYPEWKLFIQVIDP 322 

OtCAT3       GKANYVKFHWKPTCGVRCILTDEEA-----------------------------ALVMDP 176 

XvCAT3       GKTHYVKFHWKPTCGVRCLMDDEAITVGGKNHSHATQDLYDSIAAGNYPEWKLFVQVMDP 276 

CAT3         GKVLFVKFHWKPTCGIKNLTDEEAKVVGGANHSHATKDLHDAIASGNYPEWKLFIQTMDP 276 

SlCAT3b      GKCTYVKFHWKPTCGVKSLLEEEAVVVGGSCHSHATKDLTDSIAAGNYPEWKLYIQTIDP 276 

SmCAT3b      GKCSYVKFHWKPTCGVKSLLEEQAVIVGGSNHSHATQDLQDSIAAGNYPEWKLFIQTMEI 268 

SlCAT3a      GKCTFVKFHWKPTCGLKFLSDEDAVVVGGSNHSHATKDLQDAIAAGNYPEWKLFIQTMNP 276 

SmCAT3a      GKCTYVKFHWKPTCGLKYLSKQEAVVVGGSNHSHATKDLYDSIAAGNYPEWKLFIQTMNP 276 

                                                                          

 

BhCAT1b      GDPT------DDATKAWPADR-PTVDAGTLVLDSEQPQDSGPCRDINYDPTVLPDGIAIS 201 

BhCAT1a      ------------------------------------------------------------ 248 

SlCAT1       EDAPKYKWDPFDLTKVWLHKDYPLMEVGKLVLNRNVQNYHAEVEQVAFSPGNMVPGIEPS 360 

SmCAT1       EDAPKYKWDPFDLTKVWLHKDYPLMEVGRLVLDRNVENYHAEVEQAAFSPGSFVPGIEAS 348 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       DHEDKFDFDPLDVTKTWPEDIIPLQPVGRMVLNKNVDNFFAENEQIAFCPAIIVPGIHYS 336 

CAT1         AHEDKFDFDPLDVTKIWPEDILPLQPVGRLVLNKNIDNFFNENEQIAFCPALVVPGIHYS 336 

CAT2         ADEDKFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIIVPGIHYS 336 

BhCAT2       EHEDRFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIVVPGIYYS 332 

OtCAT2       AHEDRYDFDPLDVTKTWPEDILPLQPVGRLVLNRNIDNFFTENEQLAFCPGVIVPGIYYS 336 

XvCAT2b      DHEERFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIVVPGVYYS 331 

XvCAT2a      DHEERFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIVVPGVYYS 382 

OtCAT3       DTEDRYDFDPLDDTKTWPEDLLPLQPVGRLVLDRNVDNFFNENEQLAFGPGLVVPGIYYS 236 

XvCAT3       DEEDRYDFDPLDDTKTWPEDLIPLQPVGRLVLNRNIDNFFAENEQLAFGPGLVVPGIYYS 336 

CAT3         ADEDKFDFDPLDVTKIWPEDILPLQPVGRLVLNRTIDNFFNETEQLAFNPGLVVPGIYYS 336 

SlCAT3b      KNEHNFDFDPLDVTKTWPEDLFPLQPVGRMVLNKNIDNFFAENEQLAFCPALVVPGVYYT 336 

SmCAT3b      KNENNYDFDPLDVTKTWPEDLFPLQPVGRLVLNKNIDNFFAENEQLAFCPALVVPGVYYT 328 

SlCAT3a      ASEDMYDFDPLDVTKTWPEDIFPLQPVGRMVLNRNIDNFFAENEQVAFCPALVVPGVYYT 336 

SmCAT3a      SNEEMFDFDPLDVTKTWPEEMFPLQPVGRMVLNKNIDNFFAENEQLAFCPALIVPGVYYT 336 

CAT2         FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFIRDGMKFPDMVHALKPN 161 

BhCAT2       FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFIRDGMKFPDMVHALKPN 157 

OtCAT2       FSTVIHERGSPETLRDPRGFAVKFYTREG-NWDLVGNNFPVFFIRDGMKFPDMVHALKPN 161 

XvCAT2b      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFVRDGMKFPDMVHALKPN 156 

XvCAT2a      ----------------------------G-NFDLVGNNFPVFFVRDGMKFPDMVHALKPN 207 

OtCAT3       FSTVIHERGSPETIRDPRGFAVKLYTREG-NWDLLGNNFPVFFIRDGIKFPDVIHAFKPN 90 

XvCAT3       FSTVIHERGSPETIRDPRGFAVKFYTRQG-NWDLLGNNFPVFFIRDGIKFPDVIHAFKPN 161 

CAT3         FSTVVHERASPETMRDIRGFAVKFYTREG-NFDLVGNNTPVFFIRDGIQFPDVVHALKPN 161 

SlCAT3b      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFVRDGMKFPDMVHALKPN 161 

SmCAT3b      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDMVGNNFPVFFVRDGMKFPDMVHALKPN 161 

SlCAT3a      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNIPVFFVRDGILFPDLIHALKPN 161 

SmCAT3a      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNIPVFFVRDGIKFPDMIHALKPN 161 

                                                                          

 

BhCAT1b      LATGKPDPQ-KLAAFFAAHPETAAFRAWAKTAKPS---ASFATDSYWSLDA--FVFTGPD 95 

BhCAT1a      VRGSSRQEASSILLG----RDS-ITFGLVLELDPVQISTPAGSAWSFGPDCADQHACPDQ 213 

SlCAT1       PQTFVRDPN-TYWDFLSLVPESMHQTLI--TFSPRGVPASYRHMHGYGSHT--FKWVNEE 242 

SmCAT1       PKTNAKDPN-AFWDFLSLVPESMHQLLI--TFSPRGVPATYRNMNGYGSHT--FKWVNKE 228 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       PKTNLQENW-RIVDFFSHHPESLHMFTF--LFDDVGIPLNYRHMEGFGVNT--YTLISRD 216 

CAT1         PKSHIQENW-RILDFFSHHPESLHMFSF--LFDDLGIPQDYRHMEGAGVNT--YMLINKA 216 

CAT2         PKSHIQENW-RILDFFSHHPESLNMFTF--LFDDIGIPQDYRHMDGSGVNT--YMLINKA 216 

BhCAT2       PKSHIQENW-RILDFFSHHPESLHMFSF--LFDDVGVPQDYRHMEGSGVNT--YTLINKA 212 

OtCAT2       PKSHVQENW-RILDFFSHHPESLHMFTF--LFDDVGIPADYRHMDGSGVNT--YTLLSRT 216 

XvCAT2b      PKSHIQENW-RILDFFSHHPESLHMFTF--LFDDIGIPADYRHMDGSGVNT--YTLINRD 211 

XvCAT2a      PKSHIQENW-RILDFFSHHPESLHMFTF--LFDDIGIPADYRHMDGSGVNT--YTLINRD 262 

OtCAT3       PRSHVQEYW-RVFDFLSHHPESLHTFFF--LFDDVGVPTDYRHMEGFGVNT--YTFVNAQ 145 

XvCAT3       PKSHIQEYW-RVFDFLSHLPESLHTFFF--LFDDVGVPTDYRHMEGFGVNT--YTFVNKE 216 

CAT3         PKTNIQEYW-RILDYMSHLPESLLTWCW--MFDDVGIPQDYRHMEGFGVHT--YTLIAKS 216 

SlCAT3b      PKTHIQENW-RILDFFSHHPESLHMFSF--LFDDVGIPVNYRHMEGFGVHT--FTLVNRA 216 

SmCAT3b      PRTHIQ---------FSHHPESLHMFTF--LLDDIGIPLNYRHMEGFGVHT--FTLVNRA 208 

SlCAT3a      PKTHLQEPW-RIMDFFSHHPESCHMFSF--LFDDHGIPLNYRHMEGFGVHT--FSLVNKD 216 

SmCAT3a      PKTHVQEPW-RIMDHFSHHPESCHMFTF--LFDDHGIPLNYRHMEGFGVHT--FTLVNRA 216 

                                                                          

 

BhCAT1b      GARHAVRWRMAAE------SADDGAAAPANDPDYLAADLRQRLSRGP-LHWQLLVTLAGP 148 

BhCAT1a      LGASDQVVHWKQNGVL-ILVQDSQRRST------QLTE----INSN-------------- 248 

SlCAT1       GKANWVKFTYKTNQGIKNLTHEEAVTLSGPMPDFATKDLFTSIQEGNFPSWTFYV--MPL 300 

SmCAT1       RKAHWVKFHLVTEHGIKNLTHEEAVSLSGSKPDYATEDLLTSIEEGNFPAWKFYVQVMPL 288 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       GKAHLVKFHWKPTCGVKCLLDDEAVTVGGTCHSHATKDLYDSIAAGNYPEWKLYIQTIDP 276 

CAT1         GKAHYVKFHWKPTCGIKCLSDEEAIRVGGANHSHATKDLYDSIAAGNYPQWNLFVQVMDP 276 

CAT2         GKAHYVKFHWKPTCGVKSLLEEDAIRVGGTNHSHATQDLYDSIAAGNYPEWKLFIQIIDP 276 

BhCAT2       GKVHYVKFHWKPTCGVKCLLEEDAIEVGGANHSHATQDLYDSIAAGNYPEWKLFIQVIDP 272 

OtCAT2       GKAHYVKFHWRPTCGVKSLLDDEAVTVGGTNHSHATKDLYDAIAAGNFPEWTLYIQTIDP 276 

XvCAT2b      GKAHYVKFHWRPTCGVKNLLEDEAVTVGGNNHSHATKDLYDSIAAGNYPEWKLFIQVIDP 271 

XvCAT2a      GKAHYVKFHWRPTCGVKNLLEDEAVTVGGNNHSHATKDLYDSIAAGNYPEWKLFIQVIDP 322 

OtCAT3       GKANYVKFHWKPTCGVRCILTDEEA-----------------------------ALVMDP 176 

XvCAT3       GKTHYVKFHWKPTCGVRCLMDDEAITVGGKNHSHATQDLYDSIAAGNYPEWKLFVQVMDP 276 

CAT3         GKVLFVKFHWKPTCGIKNLTDEEAKVVGGANHSHATKDLHDAIASGNYPEWKLFIQTMDP 276 

SlCAT3b      GKCTYVKFHWKPTCGVKSLLEEEAVVVGGSCHSHATKDLTDSIAAGNYPEWKLYIQTIDP 276 

SmCAT3b      GKCSYVKFHWKPTCGVKSLLEEQAVIVGGSNHSHATQDLQDSIAAGNYPEWKLFIQTMEI 268 

SlCAT3a      GKCTFVKFHWKPTCGLKFLSDEDAVVVGGSNHSHATKDLQDAIAAGNYPEWKLFIQTMNP 276 

SmCAT3a      GKCTYVKFHWKPTCGLKYLSKQEAVVVGGSNHSHATKDLYDSIAAGNYPEWKLFIQTMNP 276 

                                                                          

 

BhCAT1b      GDPT------DDATKAWPADR-PTVDAGTLVLDSEQPQDSGPCRDINYDPTVLPDGIAIS 201 

BhCAT1a      ------------------------------------------------------------ 248 

SlCAT1       EDAPKYKWDPFDLTKVWLHKDYPLMEVGKLVLNRNVQNYHAEVEQVAFSPGNMVPGIEPS 360 

SmCAT1       EDAPKYKWDPFDLTKVWLHKDYPLMEVGRLVLDRNVENYHAEVEQAAFSPGSFVPGIEAS 348 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       DHEDKFDFDPLDVTKTWPEDIIPLQPVGRMVLNKNVDNFFAENEQIAFCPAIIVPGIHYS 336 

CAT1         AHEDKFDFDPLDVTKIWPEDILPLQPVGRLVLNKNIDNFFNENEQIAFCPALVVPGIHYS 336 

CAT2         ADEDKFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIIVPGIHYS 336 

BhCAT2       EHEDRFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIVVPGIYYS 332 

OtCAT2       AHEDRYDFDPLDVTKTWPEDILPLQPVGRLVLNRNIDNFFTENEQLAFCPGVIVPGIYYS 336 

XvCAT2b      DHEERFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIVVPGVYYS 331 

XvCAT2a      DHEERFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIVVPGVYYS 382 

OtCAT3       DTEDRYDFDPLDDTKTWPEDLLPLQPVGRLVLDRNVDNFFNENEQLAFGPGLVVPGIYYS 236 

XvCAT3       DEEDRYDFDPLDDTKTWPEDLIPLQPVGRLVLNRNIDNFFAENEQLAFGPGLVVPGIYYS 336 

CAT3         ADEDKFDFDPLDVTKIWPEDILPLQPVGRLVLNRTIDNFFNETEQLAFNPGLVVPGIYYS 336 

SlCAT3b      KNEHNFDFDPLDVTKTWPEDLFPLQPVGRMVLNKNIDNFFAENEQLAFCPALVVPGVYYT 336 

SmCAT3b      KNENNYDFDPLDVTKTWPEDLFPLQPVGRLVLNKNIDNFFAENEQLAFCPALVVPGVYYT 328 

SlCAT3a      ASEDMYDFDPLDVTKTWPEDIFPLQPVGRMVLNRNIDNFFAENEQVAFCPALVVPGVYYT 336 

SmCAT3a      SNEEMFDFDPLDVTKTWPEEMFPLQPVGRMVLNKNIDNFFAENEQLAFCPALIVPGVYYT 336 

BhCAT1b      ------------------------------------------------------------ 0 

BhCAT1a      ------------------------------------------------------------ 0 

SlCAT1       -------------------------------------------MAAISACSFSIRSS--- 14 

SmCAT1       ------------------------------------------------------------ 0 

XvCAT1       ------------------------------------------------------------ 0 

OtCAT1       ------------------------------------------------------------ 0 

CAT1         ------------------------------------------------------------ 0 

CAT2         ------------------------------------------------------------ 0 

BhCAT2       ------------------------------------------------------------ 0 

OtCAT2       ------------------------------------------------------------ 0 

XvCAT2b      ------------------------------------------------------------ 0 

XvCAT2a      MQHGSPLDPQCDPDPTIATKKSCANFFFFVFFVHNEKQLYKFLRQAREQLAYVIARRLRS 60 

OtCAT3       ------------------------------------------------------------ 0 

XvCAT3       ------------------------------------------------------------ 0 

CAT3         ------------------------------------------------------------ 0 

SlCAT3b      ------------------------------------------------------------ 0 

SmCAT3b      ------------------------------------------------------------ 0 

SlCAT3a      ------------------------------------------------------------ 0 

SmCAT3a      ------------------------------------------------------------ 0 

                                                                          

 

BhCAT1b      ------------------------------------------------------------ 0 

BhCAT1a      -----MRT----------------NDLHFCVCNFFISASGISFNSTSGNSFISTSGPILL 39 

SlCAT1       -----LESNSSSNG-NGTGKKPENVRLGTHGKPLYTTLSGIPVSEDNHSVTVGESGNVLF 68 

SmCAT1       -----MDAESGSKA-SNGNSKSASVRVGSSGKPLHTTLAGAPVSDDNNSVTVGQSGHLLF 54 

XvCAT1       -----MDPYKFRPSSAS-------------NSSYWTANSGAPVWNNNSSLTVGTRGPILL 42 

OtCAT1       -----MDPYKHRPSSTN-------------NATIWTTNSGAPVWNNNSALTVGQRGPILL 42 

CAT1         -----MDPYRVRPSSAH-------------DSPFFTTNSGAPVWNNNSSLTVGTRGPILL 42 

CAT2         -----MDPYKYRPASSY-------------NSPFFTTNSGAPVWNNNSSMTVGPRGPILL 42 

BhCAT2       ---------QYRPSSAF-------------NSPFMTTNSGAPVWNNNNSLTVGSRGPILL 38 

OtCAT2       -----MDPYKFRPSSSF-------------NAPMWSTNSGAPVWNNDNSLTVGPRGPILL 42 

XvCAT2b      ---MMLRHYRRRSLSSH-------------R-------PSLPLLLLSPSSLFYITGPILL 37 

XvCAT2a      YPKQLLKIDQWIPTSTGHQVLSTHRSGPPTQAPLSGTTTTPSPLDLEVMTGVYFRGPILL 120 

OtCAT3       ------------------------------------------------------------ 0 

XvCAT3       -----MDPQKHVPSSAF-------------DTKYTTTNAGGPVWNDDQALTVGSRGPILL 42 

CAT3         -----MDPYKYRPSSAY-------------NAPFYTTNGGAPVSNNISSLTIGERGPVLL 42 

SlCAT3b      -----MDPYKYRPSSAY-------------NSSHFTTNSGAPVWNNNASLTVGSRGPILL 42 

SmCAT3b      -----MDPYKYRPSSAY-------------NSAHFTTNTGAPVWNNNASLTVGSRGPILL 42 

SlCAT3a      -----MDPYKHTPSSAN-------------NSPYFTTNYGAPVWNNNSSLTVGSRGPILL 42 

SmCAT3a      -----MDPYKHTPSSAF-------------NSSFFTTNSGTPVWNNNSSLTVGSRGPILL 42 

                                                                          

 

BhCAT1b      ------------------------------------------------------------ 0 

BhCAT1a      EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDITHLTCADFLRAPGVQTPLILR 99 

SlCAT1       EDVHYFEKQAHLNRERTPERFVHAKGAGAYGYFEVTKDVSHLCKAKFLSEVGKQTPAFVR 128 

SmCAT1       EDVHLFEKQARLNRERVPERFVHAKGAGAHGYFEVTKDVSNLCKAKFLSEPGKRTPVFAR 114 

XvCAT1       EDYHLIEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRSPGVQTPVMFA 102 

OtCAT1       EDYHLIEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPGVQTPVIVR 102 

CAT1         EDYHLLEKLANFDRERIPERVVHARGASAKGFFEVTHDITQLTSADFLRGPGVQTPVIVR 102 

CAT2         EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDISNLTCADFLRAPGVQTPVIVR 102 

BhCAT2       EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDITHLTCADFLRAPGVQTPLILR 98 

OtCAT2       EDYHLVEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPGVQTPVIVR 102 

XvCAT2b      EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPSVQTPVIVR 97 

XvCAT2a      EDYHLVEKLANFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPSVQTP---- 176 

OtCAT3       -----------------------------MDPTKCTHDVSSLTCADFLRAPGVRTPAIVR 31 

XvCAT3       EDYHLIEKIAHFARERIPERVVHARGASAKGFFECTHDVTNLTCADFLRSPGVQTPVIVR 102 

CAT3         EDYHLIEKVANFTRERIPERVVHARGISAKGFFEVTHDISNLTCADFLRAPGVQTPVIVR 102 

SlCAT3b      EDYHLVEKLAQFDRERIPERVVHARGASAKGFFEVTHDISNLTCADFLRAPGVQTPVIVR 102 

SmCAT3b      EDYHLVEKLAQFDRERIPERVVHARGASAKGFFEVTHDVSHLTCADFLRAPGVQTPVIVR 102 

SlCAT3a      EDYHLVEKLAHFDRERIPERVVHARGFSAKGFFEATHDVSNLTCADFLRAPGVQTPVIVR 102 

SmCAT3a      EDYHLIEKLAQFDRERIPERVVHARGASAKGYFEVTHDISNLTCADFLRAPGVQTPLIVR 102 

                                                                          

 

BhCAT1b      -------------------MALRFAQADGQQWRTGMNSMPVFPVATPQAFYAQLQAQQPD 41 

BhCAT1a      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFIRDGMKFPDMVHAYQSE 158 

SlCAT1       FSSVLAERGYTDLGRDIRGFPIKLYTEEG-NWDLVGNNTPVFWVRDPIKFPDFVHSQKRH 187 

SmCAT1       FSSVAAERGFTDLARDVRGFAVKFYTEEG-NWDMTGNNTPVFWVRDPLKFPDFVHSQKRN 173 

XvCAT1       FQQLFMSVEVLKP----------------------------------------------- 115 

OtCAT1       FSTVVHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNMPVFFIRDGMKFPDMVHAFKPN 161 

CAT1         FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFVRDGMKFPDMVHALKPN 161 

CAT2         FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFIRDGMKFPDMVHALKPN 161 

BhCAT2       FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFIRDGMKFPDMVHALKPN 157 

OtCAT2       FSTVIHERGSPETLRDPRGFAVKFYTREG-NWDLVGNNFPVFFIRDGMKFPDMVHALKPN 161 

XvCAT2b      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFVRDGMKFPDMVHALKPN 156 

XvCAT2a      ----------------------------G-NFDLVGNNFPVFFVRDGMKFPDMVHALKPN 207 

OtCAT3       FSTVIHERGSPETIRDPRGFAVKLYTREG-NWDLLGNNFPVFFIRDGIKFPDVIHAFKPN 90 

XvCAT3       FSTVIHERGSPETIRDPRGFAVKFYTRQG-NWDLLGNNFPVFFIRDGIKFPDVIHAFKPN 161 

CAT3         FSTVVHERASPETMRDIRGFAVKFYTREG-NFDLVGNNTPVFFIRDGIQFPDVVHALKPN 161 

SlCAT3b      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNFPVFFVRDGMKFPDMVHALKPN 161 

SmCAT3b      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDMVGNNFPVFFVRDGMKFPDMVHALKPN 161 

SlCAT3a      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNIPVFFVRDGILFPDLIHALKPN 161 

SmCAT3a      FSTVIHERGSPETLRDPRGFAVKFYTREG-NFDLVGNNIPVFFVRDGIKFPDMIHALKPN 161 

                                                                          

 

BhCAT1b      LATGKPDPQ-KLAAFFAAHPETAAFRAWAKTAKPS---ASFATDSYWSLDA--FVFTGPD 95 

BhCAT1a      VRGSSRQEASSILLG----RDS-ITFGLVLELDPVQISTPAGSAWSFGPDCADQHACPDQ 213 

SlCAT1       PQTFVRDPN-TYWDFLSLVPESMHQTLI--TFSPRGVPASYRHMHGYGSHT--FKWVNEE 242 

SmCAT1       PKTNAKDPN-AFWDFLSLVPESMHQLLI--TFSPRGVPATYRNMNGYGSHT--FKWVNKE 228 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       PKTNLQENW-RIVDFFSHHPESLHMFTF--LFDDVGIPLNYRHMEGFGVNT--YTLISRD 216 

CAT1         PKSHIQENW-RILDFFSHHPESLHMFSF--LFDDLGIPQDYRHMEGAGVNT--YMLINKA 216 

CAT2         PKSHIQENW-RILDFFSHHPESLNMFTF--LFDDIGIPQDYRHMDGSGVNT--YMLINKA 216 

BhCAT2       PKSHIQENW-RILDFFSHHPESLHMFSF--LFDDVGVPQDYRHMEGSGVNT--YTLINKA 212 

OtCAT2       PKSHVQENW-RILDFFSHHPESLHMFTF--LFDDVGIPADYRHMDGSGVNT--YTLLSRT 216 

XvCAT2b      PKSHIQENW-RILDFFSHHPESLHMFTF--LFDDIGIPADYRHMDGSGVNT--YTLINRD 211 

XvCAT2a      PKSHIQENW-RILDFFSHHPESLHMFTF--LFDDIGIPADYRHMDGSGVNT--YTLINRD 262 

OtCAT3       PRSHVQEYW-RVFDFLSHHPESLHTFFF--LFDDVGVPTDYRHMEGFGVNT--YTFVNAQ 145 

XvCAT3       PKSHIQEYW-RVFDFLSHLPESLHTFFF--LFDDVGVPTDYRHMEGFGVNT--YTFVNKE 216 

CAT3         PKTNIQEYW-RILDYMSHLPESLLTWCW--MFDDVGIPQDYRHMEGFGVHT--YTLIAKS 216 

SlCAT3b      PKTHIQENW-RILDFFSHHPESLHMFSF--LFDDVGIPVNYRHMEGFGVHT--FTLVNRA 216 

SmCAT3b      PRTHIQ---------FSHHPESLHMFTF--LLDDIGIPLNYRHMEGFGVHT--FTLVNRA 208 

SlCAT3a      PKTHLQEPW-RIMDFFSHHPESCHMFSF--LFDDHGIPLNYRHMEGFGVHT--FSLVNKD 216 

SmCAT3a      PKTHVQEPW-RIMDHFSHHPESCHMFTF--LFDDHGIPLNYRHMEGFGVHT--FTLVNRA 216 

                                                                          

 

BhCAT1b      GARHAVRWRMAAE------SADDGAAAPANDPDYLAADLRQRLSRGP-LHWQLLVTLAGP 148 

BhCAT1a      LGASDQVVHWKQNGVL-ILVQDSQRRST------QLTE----INSN-------------- 248 

SlCAT1       GKANWVKFTYKTNQGIKNLTHEEAVTLSGPMPDFATKDLFTSIQEGNFPSWTFYV--MPL 300 

SmCAT1       RKAHWVKFHLVTEHGIKNLTHEEAVSLSGSKPDYATEDLLTSIEEGNFPAWKFYVQVMPL 288 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       GKAHLVKFHWKPTCGVKCLLDDEAVTVGGTCHSHATKDLYDSIAAGNYPEWKLYIQTIDP 276 

CAT1         GKAHYVKFHWKPTCGIKCLSDEEAIRVGGANHSHATKDLYDSIAAGNYPQWNLFVQVMDP 276 

CAT2         GKAHYVKFHWKPTCGVKSLLEEDAIRVGGTNHSHATQDLYDSIAAGNYPEWKLFIQIIDP 276 

BhCAT2       GKVHYVKFHWKPTCGVKCLLEEDAIEVGGANHSHATQDLYDSIAAGNYPEWKLFIQVIDP 272 

OtCAT2       GKAHYVKFHWRPTCGVKSLLDDEAVTVGGTNHSHATKDLYDAIAAGNFPEWTLYIQTIDP 276 

XvCAT2b      GKAHYVKFHWRPTCGVKNLLEDEAVTVGGNNHSHATKDLYDSIAAGNYPEWKLFIQVIDP 271 

XvCAT2a      GKAHYVKFHWRPTCGVKNLLEDEAVTVGGNNHSHATKDLYDSIAAGNYPEWKLFIQVIDP 322 

OtCAT3       GKANYVKFHWKPTCGVRCILTDEEA-----------------------------ALVMDP 176 

XvCAT3       GKTHYVKFHWKPTCGVRCLMDDEAITVGGKNHSHATQDLYDSIAAGNYPEWKLFVQVMDP 276 

CAT3         GKVLFVKFHWKPTCGIKNLTDEEAKVVGGANHSHATKDLHDAIASGNYPEWKLFIQTMDP 276 

SlCAT3b      GKCTYVKFHWKPTCGVKSLLEEEAVVVGGSCHSHATKDLTDSIAAGNYPEWKLYIQTIDP 276 

SmCAT3b      GKCSYVKFHWKPTCGVKSLLEEQAVIVGGSNHSHATQDLQDSIAAGNYPEWKLFIQTMEI 268 

SlCAT3a      GKCTFVKFHWKPTCGLKFLSDEDAVVVGGSNHSHATKDLQDAIAAGNYPEWKLFIQTMNP 276 

SmCAT3a      GKCTYVKFHWKPTCGLKYLSKQEAVVVGGSNHSHATKDLYDSIAAGNYPEWKLFIQTMNP 276 

                                                                          

 

BhCAT1b      GDPT------DDATKAWPADR-PTVDAGTLVLDSEQPQDSGPCRDINYDPTVLPDGIAIS 201 

BhCAT1a      ------------------------------------------------------------ 248 

SlCAT1       EDAPKYKWDPFDLTKVWLHKDYPLMEVGKLVLNRNVQNYHAEVEQVAFSPGNMVPGIEPS 360 

SmCAT1       EDAPKYKWDPFDLTKVWLHKDYPLMEVGRLVLDRNVENYHAEVEQAAFSPGSFVPGIEAS 348 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       DHEDKFDFDPLDVTKTWPEDIIPLQPVGRMVLNKNVDNFFAENEQIAFCPAIIVPGIHYS 336 

CAT1         AHEDKFDFDPLDVTKIWPEDILPLQPVGRLVLNKNIDNFFNENEQIAFCPALVVPGIHYS 336 

CAT2         ADEDKFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIIVPGIHYS 336 

BhCAT2       EHEDRFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIVVPGIYYS 332 

OtCAT2       AHEDRYDFDPLDVTKTWPEDILPLQPVGRLVLNRNIDNFFTENEQLAFCPGVIVPGIYYS 336 

XvCAT2b      DHEERFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIVVPGVYYS 331 

XvCAT2a      DHEERFDFDPLDVTKTWPEDILPLQPVGRMVLNKNIDNFFAENEQLAFCPAIVVPGVYYS 382 

OtCAT3       DTEDRYDFDPLDDTKTWPEDLLPLQPVGRLVLDRNVDNFFNENEQLAFGPGLVVPGIYYS 236 

XvCAT3       DEEDRYDFDPLDDTKTWPEDLIPLQPVGRLVLNRNIDNFFAENEQLAFGPGLVVPGIYYS 336 

CAT3         ADEDKFDFDPLDVTKIWPEDILPLQPVGRLVLNRTIDNFFNETEQLAFNPGLVVPGIYYS 336 

SlCAT3b      KNEHNFDFDPLDVTKTWPEDLFPLQPVGRMVLNKNIDNFFAENEQLAFCPALVVPGVYYT 336 

SmCAT3b      KNENNYDFDPLDVTKTWPEDLFPLQPVGRLVLNKNIDNFFAENEQLAFCPALVVPGVYYT 328 

SlCAT3a      ASEDMYDFDPLDVTKTWPEDIFPLQPVGRMVLNRNIDNFFAENEQVAFCPALVVPGVYYT 336 

SmCAT3a      SNEEMFDFDPLDVTKTWPEEMFPLQPVGRMVLNKNIDNFFAENEQLAFCPALIVPGVYYT 336 

BhCAT1b      DDPLLPARSAAYADSYLRRTSEEAHLPGSARPSAQARPEAAR------------------ 243 

BhCAT1a      ------------------------------------------------------------ 248 

SlCAT1       PDRMLQTRLFSYDDAARYRIGTNYHQIPVNRSIAKVQ--TYARDGAMVTTENGGSKPNYY 418 

SmCAT1       PDRILQSRLFAYDDAARYRIGTNFHDVPINKPIVKVQ--TYSRDGAMVVSDNGGSKPNYY 406 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       DDKLLQTRIFSYADTQRHRLGPNYLMLPVNAPKCA--YHNNHHDGFMNFM-HRDEEVNYF 393 

CAT1         DDKLLQTRIFSYADSQRHRLGPNYLQLPVNAPKCA--HHNNHHDGFMNFM-HRDEEVNYF 393 

CAT2         DDKLLQTRVFSYADTQRHRLGPNYLQLPVNAPKCA--HHNNHHEGFMNFM-HRDEEVNYF 393 

BhCAT2       DDKLLQTRIFSYADTQRHRLGPNYLQLPVNAPKCA--HHNNHHEGFMNFM-HRDEEVNYF 389 

OtCAT2       DDKLLQTRVFSYSDTQRHRLGPNYLLLPANAPKCA--HHNNHYDGFMNFM-HRDEEVDYF 393 

XvCAT2b      DDKLLQTRIFSYADTQRHRLGPNYLMLPANAPKCA--HHNNHYDGFMNFM-HRNEEVDYF 388 

XvCAT2a      DDKLLQTRIFSYADTQRHRLGPNYLMLPANAPKCA--HHNNHYDGFMNFM-HRNEEVDYF 439 

OtCAT3       DDKMLQCRVFAYADTQRYRLGPNYLMLPVNAPQCAVNYKNNHYDGAMNFM-HRDEEVDYF 295 

XvCAT3       DDKMLQCRVFAYADTQRYRLGPNYLMLPVNAPKCA--FHNNHYDGAMNFM-QRNEEVDYF 393 

CAT3         DDKLLQCRIFAYGDTQRHRLGPNYLQLPVNAPKCA--HHNNHHEGFMNFM-HRDEEINYY 393 
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XvCAT2b      PSRFDPVKHAER-FPIPPPVLNGKREKIVIHKENNFK----------------------Q 425 

XvCAT2a      PSRFDPVKHAER-FPIPPPVLNGKREKADKSLGQKLATRLNVRPSM-------------- 484 

OtCAT3       PSRHAPLRHAAPTATVPPRPVAGKREKTTIRKPNDFK----------------------Q 333 
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BhCAT1b      ------------------------------------------------------------ 243 

BhCAT1a      ------------------------------------------------------------ 248 

SlCAT1       PRLLWKQMTDMDKLQTAKNIANHIRGAAE------------------------------- 490 

SmCAT1       PRMLWKLMSEEDKEQTVSNIANHIRGAAE------------------------------- 476 

XvCAT1       ------------------------------------------------------------ 115 

OtCAT1       AGERYRSFDPA------------------------------------------------- 441 

CAT1         PGERYRSWDSD------------------------------------------------- 441 

CAT2         PGERYRTFTPE------------------------------------------------- 441 

BhCAT2       PGERYRSWEPD------------------------------------------------- 437 

OtCAT2       PGERYRSMDPA------------------------------------------------- 441 
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XvCAT2a      ------------------------------------------------------------ 484 

OtCAT3       PGERYRSWDPD------------------------------------------------- 344 

XvCAT3       PGERYRSWAPD------------------------------------------------- 441 

CAT3         AGDRYRSWAPD------------------------------------------------- 441 

SlCAT3b      PGERYRSWPAD------------------------------------------------- 441 

SmCAT3b      PGARFRSWPAD------------------------------------------------- 433 
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SlCAT3b      ---------------------RQERFVMRWVEALSDPRVTHETRNIWLSYWSQADKSLGQ 480 

SmCAT3b      ---------------------RQERFIARVVDALSDPRVTHEIRSIWLSYWSQADRMLGQ 472 
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XvCAT2b      KLATRLNVRPSIGSIVALGERGRRFEMLKLFVSMDAQHAMGRGIVLSYATPYPRSGLVWV 605 

XvCAT2a      ------------------------------------------------------------ 484 
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Figure S4. Distribution of drought responsive cis-elements in promoters of APX genes. 

Numbers on the x-axis denote distance from the transcription start site. Colors indicate the 

different types of cis-elements. Downward and upward wedges indicate that the cis-element is 

on the positive or negative strand of the promoter, respectively. 
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Figure S5. Distribution of drought responsive cis-elements in promoters of GPX genes. 

Numbers on the x-axis denote distance from the transcription start site. Colors indicate the 

different types of cis-elements. Downward and upward wedges indicate that the cis-element is 

on the positive or negative strand of the promoter, respectively. 
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Figure S6. Distribution of drought responsive cis-elements in promoters of CAT genes. 

Numbers on the x-axis denote distance from the transcription start site. Colors indicate the 

different types of cis-elements. Downward and upward wedges indicate that the cis-element is 

on the positive or negative strand of the promoter, respectively. 
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Figure S7. Distribution of drought responsive cis-elements in promoters of SOD genes. 

Numbers on the x-axis denote distance from the transcription start site. Colors indicate the 

different types of cis-elements. Downward and upward wedges indicate that the cis-element is 

on the positive or negative strand of the promoter, respectively. 
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