type II Isuncurn

type I TaCHI7

ty‘pe Iv TaCHI10

FAP3 | aacirr

FAP?D | racur17

FAPT | acara

CrCHI2




type 11

type |

type IV

FAP3

FAP2

FAP1

ZmCHIS5
ZmCHI8
OsCHI2
TaCHI12
TaCHI14
TaCHI13
TaCHI15
TaCHI17
TaCHI18
OsCHI4
ZmCHI10
CqCHI1
BoCHI2
GmCHI6
GmCHI8
S1CHI7
CsCHI2
PtCHI2
PtCHIS
AtCHI4
PpCHI5
CriCHI5
CsCHI5
S1CHI1
CriCHI3
BoCHI8
BoCHI1
CqCHI6
PtCHI1
ZmCHI2
OsCHIS5
TaCHI4
TaCHIS
S1CHI5
CsCHI1
GmCHI1
GmCHI9
PpCHI4
PaCHI3
PaCHI6
CrCHI1
CrCHI2

MQGEWSLPNPFQQTTFFGLVKPSNNNRA
WPKATVALVGPRSFVAMPHDEHRRLRKLTAAPINGFDALTGYRAVGLNANAAAKYFRKVLLLLNSLTSSKEASDFIMKDWSIFSKFDHNGAYLPMLPIDSPI .
.............. MKDWSIFSKLDHNGGYLPRFPMDSPI.

MKPDWSIFSKFDHNGGYLHKFPIDSPI.
MKPDWFIFSKLDHNGGYLHKFPLGSPI.
MKPDWFIFSKLDHNGGYLHKFPLGSPI.
MKPDWFIFSKLDHNGGYLHKFPIGSPM.
MKHDRLIFANIGHAGGYMYQYPPEFPM.
MKHNRLIFANIGHAGGYMYQYPPEFPM.
MKHNRLIFANIGHAGGYMYQYPPEFPM.
MKADRLMLSNLDHDLGYLHKFPSDFPM.

..PEVFTYLEPFVFRSSSL
MNNDFVWLPSLYSD. . .PELFTYLEPFVFRSSP.SSHFLQSMA. .. .......

MRNN...FMDGDWG..SSEMFPIDPLM.

MRNNWLWFMDLDGG..SPYIFPVEPLA. .
MRNNWLLFMDLNGE..SQYTFPLEPLL. .
MRNNWFFFMDLDGE..SQYMFPLEPLL. .

.SHDVGLGLISQVGNLVECSFQHP
.SHDIGLRLVSQVGNLVECSFQHP
.SHDIGLGLISHFGTLVESSFQHP
.SHDIGLGLISQVGALVESSFQHP
.PHDIGLGLISQVGALVESSFQHP
.SHDIGLGLISQVGALVESSFQHP
.SHDLGLSLVTHLGRLLGSSLQHR
.SHDLGLSLVTHLGRLLGSSLQHR
.SHDLGLSLVTHLGRLLGSSLQHR
.SHDLGLSLFTHAGTMVGSSLRQH

FLHSLA..........

PYGFGANFLSHLSLIVDG....S
MNSFGGHMFSQITSFMDNPFYQH
SQGFGAILFSQISSFVDNPLHQS
SQGFGANLFSQLSSFVDNPLHQS



type II I

type |

type IV

FAP3

FAP2

FAP1

Outgroup

GmCHI9
PpCHI4
PaCHI3
PaCHI6
CrCHI1
CrCHI2

MDGILAAVPSAVCVSLRISCRNLDNAESIYHFPGKSLNRVSVLQTGNYV

MQKSLAQRAGRQTFGAAR

AAAAAAAAAAAAAAAAAA MHYCHYYLGLSIWVLIELHLELGFSVNDRSYLDLHFSLAMALLSCRAVSQSISISLSSVSVAASK

«...MSSSLOSVSIQGLTGG

................... MVVRSPPSKRCAGAAMMVASVVPSPLAGPALARPGRTRLL

MMVPSVVPAPLAGPALARPVRTRLLPPCDLPAGPSLQSASGCRVARGGARR

........... MMVASVVPSPLALARPVRTRLLPPCDLPAGPSLQSASGCRVARGGARR

................... MLGAVAASTSLCFSPSTYSTRIVVLRRISNSTLALNNGHSFLLLSAKPMHFSSHKSSRRQPHFL
................... MLGAVAASTSLYFSPSTNSTRIVVLKRISNSTLPFSNDHSFSLLSATPMHFSSHKSSRRQPHFL

MAMSMCSTQAWNILHHFPLKSPNHPVSLPFYKTHSDFSPLSTIPHLNNN
QWGLTCKSRDSLKHVFEHRNVSVFPFHYVSKDISPGFFGNISKSTIQHFVNEAERLHSCSLLSLAAAMI
MPPFEDMSPKVLPNILTESIEIDGL

................. MAAAGAISVWISTSTPTKITAFNSIPRICYPLKLSRNGIYPL

KYL.
KRSLLHVPGSLALEAFSCITKFTGAMLCWWNNNNNLQ. .

... TNSRSFALEEAFGHVSRFSGALLFWLSRASSSNVARSL.RG.SPPLRFGS....VQVKAGSTTNVRVFGFPFG...SKWK.SSFSSVRLGKISSLAMRMIWR.
.NNSRSFALEEAFGHVSRFAGALLFWLSRASSSNLARSL.RGSSPPLRFGS....VQVKA.VSTNVRVFGFPFG...LKRK.SSFASVRLGKISSLAMRMIWR.
RNL.YVPGSQALQEAFKCFSKYAGALLVWFATVTNSRGNNQI.SGGYRSSRNTRSGMSIQTQETTSSRHYFMELFWQ...SRCKGKIITIPVIFRRISKFTVNQOMYK .
SHLSSIPGSLAI .EGFNHIAKLAGAILFVLSSGSSVNI.REI.SGSPHGSKTRSCTSFSQVKHITSSKQNFKKFCFS...FRSQGDSRMPVIFGKISSFVSKLVFR.
GFL.HVPETMAFQEALNHVSKLAGGLIFWFTSASSSNLSRQI.SGNQRSPRPGSCKSPAQVKNSTSTRHDLAGLGFG...SISKGESSHPVVFSKISNFVMRLLHR.
RFL.HVPGTMAFQEALNGMSKLAGGLIFWFTSASSSNLSRQI.SGNQISPTPGSCRSSAQVKNSTSTRCDLAGLGFG...FVSKVESSPPVVSSTISSFVMRLLLG .

. .SKPIKGEFGGAWKLALRSTIAVLPWTYIVKSSRSETTIGKEDLNGTNSQRSPASAGLADSTGAYLSS
.CATGSGTVQEAFSCLNKFAEAFYFWFSRASNPKLFQRL.SA...AAGSSSRVCRSHIKQVASCLQHLPGLQFG...SQLRKDHAVQMLLARLASTTFGRLWT.

.CSSGNVKAQEAFICLRKFARAFFFWFSRAYDPKSPHGF .
.CFSGNVKAQEAFICLRKFARAFFFWFSRAYDPKSPHGF .
.CSSGNVKAQEAFICLRKFARAFFFWFSRAYDPKSPHGF .
.CSSGNLIVQEAFDRLNKFARAFCYWLSRVSNPKNLRRL.

. .SYSQHLHRLLECLLMQATFLCSPAASALAAVVM

.................. SHIKRVTSGVQNLVGSQFASLKEGHAVQLLLARLAQATVGRMWN.
.................. SHIKRVTSGVQNLVGSQFASLKEGHAVQLLLARLAQATVGRMWN .
.................. SHIKRVTSGVQNLVGSQFGSLKEGHAVQLLLARLAQATVGRMWN .
AAAAA MSMEGPSSGACQSHINHLSSRMONLAVLQFGYLVREEHAVQLLLANFASTTLGRLWN .
................... MKPNQLITSHVDIHRFSFPMREEQAVQLILARLASATIGRLLN.

EVEEHHACNILMLA.AATVV

.CATGSGAVQEAFSCFNKFAGAFYFWFSRASNPKLFQRLSAA... AGSSSRACRSHIKQVTSCLQHLPGLEFG...SQLREDHAVQVLLARLASATFGRLWTEVEERHACNILMLAA. .ATVI
CSTGNGAVQEAFSCFNKFAGAFYFWLSRASNPKIFHRLSAIA..AAGSSSRACQSQIKQVTSCMQHLAGLRFG.A.SQVREEHAIQILLAKLANATFGRLWNEVEERHACNILMLAA..AATV
.SSAGSGAVQEAFSSFNKVAGAFYFCLSRASNPKILHRL.SA...VAGSGSRACRAHIKQVTSCVQHLAGL....... QVREEHAIQMLLAKLANATLGRVWN.EVEERHACNILMLAA.ASVI
.CSTGSGAVQEAFSCFNKVAGAFYFCLSRASNPKILHRL.SA...IAGSGSRACRAQIKQVTSCMQHLAGL....... QVREEHAIQMLLAKLANATLGRAWN.EVEERHACNILMLAA.ASVI
.CSTGSGAVQEAFSCFNKVAGAFYFCLSRATNPNILHRL. ... ....... SAIAGSGSRACRAQIKQVTSCMQHLAGLQAREEHAIQMLLAKLANATLGRAWNEVEERHACNILMLAA. .ASVI

DIEQQHASNLLTMAGFAAIV
DIEQQHASNLLTMAGFAAIV
DIERQHASNLLTMAGFAAIV
DFQQQHACNVLTLAGAMAIV
. .EQORACNLLTLAGAVAIV

LAPASVALTEAFTCFSKFAGSIVLFFS..GSSQIQTKF.NSDSNLPKPSN..SFGQSKHNAPSTKPYRRLPVTIVSCFRFPHESFAALFGHKFSAFSLRHFLRAAADDVKPFPVLSLA..AALT

..... KMEISNYQLRSLSSCDDSSEQRVKSCYHPNFSLFRIHYGSKDLIPALFSKSTIQHFVNEAERLHSCSVLSLAVSLMSV

EAKRLSLFPVLSLA..VALV
EAKRLRSFPVLSLA..AALV
EAKHLQSIPVLSLA..AALV
EAERLQSFSVLSLA..AALV
EAERRQSFPVLSLA..AALI
EAERLQSFPVLSLA..ASLV

.................. MVSFRFPFSFSQPPRATTSFSGFSISAVAVSVTVGAAAAGAAIAASRNPSHPILEWAFSSHRSSL

..... MAMAGSRRMGLLALL

MAWRRVVNGLATPLATLAAIQQSYTVLLE

MPTTMEDVTAKIDAVEIDSKSVVALKEKAIEGEVKTTETTQEKTNEAKSN

................ MAASFSYSFFGNVFANAPLWKKVSVGAGVAAASGMVAAEIYNRQRNGFSIAASLSDEFASFMHSNSL

MVRRGGHVGNSRSSSSSTSSLSLNHIKGVCLSVLMRECNERTHKLTKTTNSHLPNTRRWLRSASLSRFLSPLSPNHRI

................ MVSFRFPFSFSQPSLPKPPRATSSSSRFSVSAVAVTLTVGAAAAVAASRNPRHTILDWVFSSHRSSL
AAAAAAAAAAAAAAAAAAAA MGSLRFPFSSFPPPFNPKPSATSLRLLAAAGASIAGACAGIAITONSDKHPILONTLDFLLIH
................ MVSLRFPFLFSQPKKHPNGISRTITSRSFPATTTTVACALAAGAAAFAGIAATRNSKNPKQDNPFIQ

.MVSLRFPTAAIPRLPPSQAPNGVAIAATVAAARAAAAAVAASLTLTGKSTGRPVPHPA
...................... MVSLRFPAATFPRLPPPRPPSRPAFAAALAAARAARA
.MVSLRFPAATFAHLPTPPPPHRAAIAAAIAAAAAAAAAAGFALTAKSAGRPLPRPSHSA
.MVSPRFPTATFARLPPPPPPHRAATIAAATIAAAAAAAAAAGFALTAKSAGRPLPRPAHSA

AAAAAAAAAAA MASLRFPFLFPOQPHKTPSSATSDAPSRSFSTVAVAVASGGSALAAAGAIIAITQSPKNPFLENAMNFLLSNF
................ MVSLRFPFSFSQSSTSTLPSPNSPPFRASTLAVIVAATAAVATIAATAAASASTKDTGATPNPKHPF
............................. MSSMLRFPFSFLQPQRPQFPRPFTAFAAARAAVSSSDRSFLRNALNSFFSVNPSM
..................... MSSMLRFPFSFPQPRRPQFPRPFTAFAAAVAGASAAVVAVSSSDRSFLRNALNSFFSSDLSM
.............................. MNAVPGPSFSSRSFWTGVTSFVKNGGVPQRWRAAAGAGAGVVGLGLALTRPEV
................ MASSLPLPLNPNSPQIPRHSSTPTSSTSSSSIRCLAVTILGVGIGVGLAVAPHLAKQRNWVAQSLRDV

MVGFETRDGFAIPTGNAKQSDSLKPENFKFWSARAAPM

GOQFTLGGRRRGPLKRFYKIALKTFTFGLAGRGGRGGAVGARRRGRGARGPPLASLSAAILEPADVDLDDGYGPSTGQPLALTTTGVPGMSVLTPAAGVASFPLAILPPVHPDSEVPSGLYEHHSHIR



type 11 I

type |

type IV

FAP3

FAP2

FAP1

1 19
.. AASITAITVEN
. .PASITNVTVEF
.PASITNVTVEF
MATISAVQVEF)
. .ELLKQGLVIEG
.ELLKQGLVIEG
QLDFGSLDIEG
. .PAGITDMEVGR,
.. VASVVSMEVEG
.ATVLNGVELEG

........ MAVPEVVVDG
........ MAVPEVVVDG
MAAVSEVEVDG
........ MAVSELEVDG
........ MAVSELEVDG]
........ MAVSELEVDG]
.LPSVTPLHVDA|

V|

IF|

..FPSVTSVTVEN
..LPSVTNLQVDS
..LPSVTNLQVDS
. .FPAVTKLHVDS
..LPTVTKLQVDS
..LPSVTKLQVDS
..STGVSEVKVED
.STPVTEVKVED
MACVTKLQVEN
.............. MYNE
..PLTSSGIQIEA]|
.AVPLSEIQIEN
MGTEMVMVHE]
MSPLHPPRDA
MSPLHPPRDA
.............. MEMD

.............. MEMD

........ MGSECVVFEG

........ MGLQVVNVEG

........ MGPQVVKVED!

QYPIRPISSVLTYICSLASSSI . v v v v vt v nennnnnnnnnnnean . ...KMASEVVMVDE]
......... MGNDVMVDD|

. .KKAAATVEVEG
. .KKAAATVEVEG

.. .KKAAATVEVEG]
........ TETVNVEG
GTEIATVEVEG
GTEMATVEVEG
........ MGTEIVMIHE

V|

HHHHHHHAHHO WO HH << 2 <<

Ho<<<<<: PL<2000HO00N
&
%)

........ MATEEVLVDE

v
Vi
L]
v
G
G
T

R

EECECECESECE]
P

........ MATEEVLVDE
........ MANNMVMVHE|
............ MVNVDE;

........ MGPQVVNVEG]
. .WKDSWSVPEKA|

.AEDYAEETATS
ASLTVKDAQSG

<AHHHHHH
EEEEL R R e I e F S A I Rl R R R - R A A e )
Ll
»

PASRTNATKCGSARLQSSLVAGSQL..... . ...ADNVVTEPATS
CriCHI8 VQPLLGLLSSRFQVQPCYRPINTSVHPHLSAYQVPSKQLV . .SEKVKVERTTN
TaCHI3 PPCDLPAGSSLQSASGCRIARGGARRPQHISFAAGG ...GDAFVVEGATN]
TaCHI2 POQHISFAAGGGARA . . ot v v ittt ettt e et e e e et e et e o GDAFVVEGATN
TaCHI1 POHISFARAGGGA A . o i v vt o vt oot oo s oo s o oo oo nooaoosssassassssssssssssssssssseessesensoes GDAFVVEGATN

. .GDAFVIEDTTN

PaCHI8 . . .. ...t iiiiiiiinn MPYRATVSYKHG
GmCHIS AQAAASSGMQLALSWKMNNADWGINF . ...NAEYVEEPATN
GmCHI7 AQARASSSAR . v vttt e et e e e e e e e e e e e e e e et e et e e e e e e e e e e e e e e e e e e e e e e e e e e NAEYVEEPATN
S1CHI6 STFERNGQYEQNLTIKAAASS. . .SAEYTEEPATK
BoCHI3 RKRNCVATSRIVVEKAARAA S SV GN . o ittt i it e et e et e et et e et e et et ettt et e et et e e e e eee e ADENVEEPATS
CQCHIZ . . i i i e e e e e e e e e e e e e e e e e e e e e e e e ...A...NAEYAEEPATR|

PtCHI4 STPTHLSFKASSSSSSSSSSSF . v v it ittt i et e et e e e e e . ...SAEYTEETATK

I

V|

V|

E|
I
IF

= O
)
@

PR

HRROHHHHHHHORAPOOBEFOPEFOHHNOOOOH-.

Q

THHNTHH®NPOO®BEBEBTRHHZI00 N NP UE®TY® TN Uooo-.

EEELISE
el RN

EE R
VOO NN

A=
aE
[zl

AtCHI2 PSLNVMSANGLALPLGSNDVKLRENIEHRTCPENTEHRTCQVGCEEYSGL .SFQKLDWTRQSVEPRTG
CriCHI4 DEKEDLLEQVSAMRVQDY.... .TFS...TESFVIEPKTG
o1 I - - -
SMCHIZ . . . . L e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
PpCHI6 PPSSLALFQYGQDAFGVDNCDGALFGLP . .. .SQAVVVEPKTG]
L - P . ...SENVVSEPKTG
CriCHI1 PSLENIPSKMLSNQLDKAGNVMGNK EDKVIIEPKTG
ZmCHI5 B0 2 N T T

ZmCHI8 PPFENISPKMLAASMALRKDRGNIEP......... TEQSYSEENRPGCACVAVP . .LPEDATEPTTG
OsCHI2 PPFENISPKMLADSMTLGRDNGRTREP........ VDQHSLEENHSGCTCVAVP . .LPEDATEPKTG
TaCHI12 PPFENISPMMLADSMMLGKDG.DQIREH....... VDQPYLDERHPGCARVAVP ..LLEDLTEPRTG
TaCHI1l4 PPFENISPKMLADSMMLGKDG.DQIREH....... VDQPYLDERRPGCARVAVP .RTI...LPEDLTEPRTG]
TaCHI13 PPFENISPKMLADSMMLGKDGVDQIGEHVDQPYLDERRPGCARV . ..ttt i ittt it eieeeneen .AVPRTIYPEDLTEPRTG]
TaCHI15 PPFENISPKMLAELITFGNVDGYINMP........ AEQPCLDTKRLSCSSVAVP .TTI...FQEDAVEPKTG
TaCHI1l7 PPFENISPKMLAELMVEGNVDGYINMP........ ADQSCLDGKRLSCSSVAVP .TTI...FQEDAVEPKTG]
TaCHI18 PPFENISPKMLAELMAFGNVDGYINMP........ ADQSCLEGKRLSCSSVAVP .TTI...FQEDAVEPKTG]
OsCHI4 PPLENISLKTLAESMALGNIKDYVSRPMDKPYLEDKCIKSRSV. .. .AVPSTIFQGDAIEPKTG
ZmCHI10 PPLENISSMMLAESITSRNIDSDIRRL........ VDQPYVEGKCLSCACPSVP .STI...FQEDPIEPKTG]
CqCHI1 PPLDHFTPSMLTIPPEDADTQVLASM. ........ DKSPCNVQSHRDCVGHAFP .EFK...WLRDTVEPKTG]
BoCHI2 NGLGLSLGSDDVQVSNNVEHRSCQVGRNGL . ... ...t vvvn .SFHKLDAKRPTVEPRTG
GmCHI6 PPFQNLSSNVLASPLLNPDVQIFGAM......... DQVPKEVE . .ELS...QAKPAVEPKTG]
GmCHI8 PPFQNLSSNVLSSPLOQNPDVQMFGAM. ........ DQVPKEVE . .ELN...QAKPAVEPKTG]
S1CHI7 PPFENFA............ MESHSGE......... DHRPCEVD. .NLN...WSRHAVEPRTG]
CsCHI2 PPLDNISSKVLTAPLENSDVMV.............. QRPCDVD.HQGRAGLSFS .DLN...WRRHVIEPRTG]
PtCHI2 PPFGNLSSKLLAIPGENDDVPVHAST......... GQRPCEVE.RSGCPGLSFP .DLN...WTRHAVEPRTG]
PtCHI5 PPFDNLASKVLAIPLENGDVQVHASI......... DQRPCEVE.HCGCPGLSFS .DLN...WTRHAVEPRTG
AtCHI4 S PGS I Tt ¢ o o o o o o o o oo oo s oo s oo e oo o oo s e oo s sessessessesssssssssssssssssss ADESVVEPKTG
PpCHIS PLLSNSHDAVLSH......... .SNA...YEKNVKEPFTG]

CriCHI5 P ... .. ... ...,
CsCHIS5 SDGSSNAAT...K.........
S1CHI1 PEKESNGATFKEE.........
CriCHI3 PNRSVIPFACLSPL
BoCHI8 PRRHPLSVSAVAVTVTIVGGAAIVA . . o o v i vttt ettt e enaannn
BoCHI1 LPWGSITL. .. .o vevnnn
CqCHI6 LPFTPNAPFWGCLSLSSDV. ..
PtCHI1 NALNLLFSNHLLAPWASLSLAD.
ZmCHI2 PLWASLSL ..o v nennnen.
OsCHI5 AAAASLTLTAKSAGRPPLP. ..
TaCHI4 SLWASLSL....ADS.......
TaCHIS PLWASLSLAES . ... ..o
S1CHIS SPNKNHSSPLWGSVS.......
CsCHI1 LOEALNFFFANRSLPLWGSLS.
GmCHI1 PLLGSLSLAD . ..« v v
GmCHI9 PLWGSLSLAD . v v v v vt v et e et et oo s oo e e et e e e e e e e
PpCHI4 APHRKLAAEELWRGLSSWKCDVSRFASIA. .. oo v v vt v vennnnn
PaCHI3 CAQRKRAPSYFWGPLACLSLAT . v v v v v v it e et et e e et ee e e
PaCHI6 . . . . .t i it iii it e i
CrCHI1 TPFASLSASILGGLG.......
CrCHI2 SLHYHGHAEHLAHNQQNLSQLWNRARQPHHAHAQPHQTSHHQATQLCTCGGA

....... AHVKVKEPF TG
....... EEAVQVEPKTG
....... EVPVEVEPKTG
....... SVSPFTEPKTG
.SRN...PSVFSSTRSSP
.ADS...SSESVAEPKTG]
....... TPPDVTEPKTG
....... PSPSVVETKTG
.ADA...AAPSSVEPRTG]
.HPA...PLWASISLADG
....... GAPGNVEPRTG
....... GAPGNVEPRTG
.LAD...NSAPVTESRTG
.SADPVVHSRTG
SGVCVVEAKTG
SGVSVVESKTG
.WAE...PVEEVVEPSTG]
.EVSQMEKTKTTVEPNTG]

.KPG...SAGGRVEPATG]
.STG...MDCSAACAASA|

H A H H H H H HHHH H HHHHHHH H < H -

<
MHLLUPPPPHPOLOTLOOOEHOEHEAEAEIEHOR AR R RARRN RN R R EHO M-
"
)

Y|
Al

Xz
ELD
L]

NONONNEAPPHNNPN<<ZPVOPEZEEALE<QHBE PP PAAAARA®0E .

Sl

CE]

CHEHHS <D G E H < QO -
[SESNS

>—<
< HHEP R
[5)

IE

IL|

209 3

TFKHQSSSPN...........

. .RRDILQPEAKG

SSDTALQSMYSS. .

NSIIAKDTQSNLS .
KKNASGLT
DNLFTGEKNYNLN .
DNIFTGEKNYDFN.
DNLIAGEQNSSFT. .
HNILSGENNSNLC. .

QKQIDNN

CYLKKP

CPS
SQPLHAKHGHGSHSLQHL

IEIKITOTZHIIIOIRKSKKIZITCOCOP P PEPREPRPEPE: PEPHEPPE: BEP B2 PE PP PP

HA<HAHAHAHEHNES<S<<S<EEREEEES<S<S<<S<<HAHAAAASARAUSAS0REREEEAE:

THHHHHS<S<HHH <60 <<




type II I

type |

type IV

FAP3

FAP2

FAP1

PaCHI6
CrCHI1
CrCHI2

HOOHZZ A b
HHHHAHHHA -0
AHHHAA<S<SH

<sbEHESgE G
=

HI =

PR L]

<< <<<<-

.E
.E
.E
.E
.E
.E

SHHAASA:

QaQa
HHHHHHHHH S S <OHZZHHHIDIH<<ZI<<<<<<<-.
HHHHHHHIHHS ARSI P P W00 P W WD PO D

. QT
. D[T|
. DV
. D[I|
. D|T|
. D|T|
. E|I]
. E[T|
. EV|
. E[T|
. E|T|
. E[T|
. E|I]
. AL
. AL
. T[T
. TIT
. E|T|
. E|I]
. E[T|
. E[T|
. E[T|
. E|T|
. E|T|
. E|I]
. E[T|
. E[T|
. E[T|
. E|T|
. E|T|
. E|I]
. E[T|
. E[T|
. E[T|

HHHS S IHHHHHHHHHHH SIS S HS SIS IIa<

e
<<

D HH R R R R 0 W H 000 B B D

SRR R R R R R R R R R R B A R e N S e e R A e I A A

(AT DD D DD D DD DD DD DOD DD D DD DD IRNARANARN DD DO DO ANRD D DO D DD DO D OO HOD DD DWW %W
PPHEED PP PP P PP H<SHHHE PSSP <

ARAHHAHAARRAHRHAHAHAARARDG HA-

*x
*
n

KFT
KF T
KF T
KE T
TVT
TVT
KFT
LVT
KE T
TET
KFT
KF T
KF T
KE T

KET
IVT
KF T
IST
IIT
IFT
IFT
IFT
KF T
KE T
KFS
KET
KFT
KF T
KF T
VKT
VKT
IFT
IFT
KFY
RET
RE T
KE T
KET
KFN
KEN
KEN
KYN
KYN
KYN
KFT
KFY
KF Y
KE T
KE T
KET
KFT
KVY
KVY
KAY
KVY
KVY
KVY
KVY
KVY
KVY
KIY
KVY
KVY
KVY
KVY
KVY
KVY
KVY
KVY
KIY
INLY
INLY
KIY
KIY
KIY
INL Y
INLY
INLY
NLY
INLY
INLY
INL Y
INLY
INLY
DLY
INLY
KVY
KVY
KVY
KVY
KVY
KIY
KIY
KIY
DVY
RAY
RAY
KIY
TVY
EEE
DVY
DVY
DVY
DVY
DVY
DVY
DVY
DVY
DVY
DVY
DVY
TVY
INVY
TRL
HVY
KIY

S e 4D
EEEEEELE]
FEE B BB

R

P PI<00 0P
=]

EEaEaeN =N =N =]
EEE -

wmrrrwwvrrrwwvgrawﬁyamrwwm

<<<<<drro<<a<g
(SIS0 S S S S = W= 0 S S S S S 5

OPOPPPPOLP P PP PP PIPIPPPIORAPPPPOPIPPIISIIIP . IPPPPPP
A e e e e e e e e R T N

ZH0
EPHIHHAS SISO PP PIIHASIIIPIOPPID
<P ARNS AR EEE<POOORRIP RO < H < H -

<SPPI HHHHHHHHHS ISP SHREHSOHSHEHHHAS S

R RN R NN R R R
R REEREREEEEREERE R EEER RG]

EEEEEEEEEEE

| (ST S0 S S S S S S S S S SO S S S SRl Sl S S Sl S S S S S S S S S S S S S S S o S S S S 0 S S s s S S o S S 0 S S S S O O sl S S S S < = < S S s s S S

R L L i L I e e R R N e R e e e e e R e R R R e e e R B B B B B B R R R e R B B B M Bl el o R )

CrEPPEEP I I BP0
KPPPPHHA<S<0WOUOP<<I<I<IBDEE <

L AAKWKGKSSE

. GAK]
.AAK
AAK
S GK|
SGK
- SQK

.TLR
. LLK|
. ANK]|
. AKK
. ARK
. AKK
AAK
AAK
AAK
SAK
. SAK]
. SVK
TSFG
S VK]
SVK

1%}
<
=

B
o<
KRR

o
el el h-s)
“nun==

0o
Q= Q=

HEQ
w n B
F SNSRI S NNNIILAINIIINITE NS

o
=

B eYeYolel
=010 0

%)
v

[2Xa2Ko)
OHmE®
=R N 2

noo
g g
=

[2X2X2K0)
R
=R R X

[2X2X2K0)
=D
=R R X

BNl
- o
=

LAEK

%)
=]
=

PSFA

[TAKKKKKKIKKKKKKKKKHH R KKKKKKKKKKKKKKKKKKKKKKKKKKKE S S S SSS5555 3

EL|
EL|
EL|
EL|
EL|
EL|
EL|
EL|
EL|
EL|
EL|
EL|
DL
DL
DL
EL|
EL|
oL
EL|
EL|
EL|
EL|
EL|
EL|
EL|
EL|
EL|
EL|
EL|
EL|
EL|
EL|
EL|
EL|
EL|
NL
EI
EL|

. |Q L

oL,

.o

EL|
EL|
EL|
DL
EL|
EL|
EL|
EL|
EL|
EL|
EI
GF|
EA|
DL
EL|
ET
ET
ET
ES
ET
01|
AT
AT
DI
EI
E V|
EI
KL
EL|
DL
DL
EL|
oL
EL|
EL|
EL|
EL|
EL|
EL|
EL|
NL
NL
NL
NL
KL
EL|
KL
EL|
EL|
EL|
EL|
EL|
EL|
EI

EL|
EL|
E L|
D L|
EL|
EL|
QL|
D L|
D L|
E L|
E I
EL|
EL|
EL|
E L|
E L|
EL|

E L|

LI

LETL...... D
LDSL...... D
LDSL...... D
VHTL...... H
EKED...... D
EKED...... D

CEND...... L
.......... 4
ARSA...... D
SNTL...... D
INDSS...... D
ASDA...... A
ASDA...... A
AADA...... A
ASDA...... A
ASDA...... -\
ASDA...... A
TESV...... P
TESV...... P
TESD...... Q
TESV...... N
MESV...... P

TESI...... P
TESV...... P
TESV...... P
VESV...... E
TYSL...... E
EHSV...... E
TESV...... E
TDSV...... E
AGDD...... D
AFDA...... a
AFDA...... Al
LKDGS..... A
LKDGS..... E
LDEES..... G|
VEDDS. . ... G|
VEDDS..... G
LADD...... D
AEED...... D
MEDE . . .... A
MEDE. ..... A
MEDE. ..... a
LADA...... a
VODD...... G|
VODD. .. ... G|
AGDD...... D
EEND...... E
EDNE...... E
AEDD...... D
AEND...... D
TEND...... E
VEDDS . .... D
ORDS...... s
FESDN..... D
HTOT.......
VKDE . ..... A
YKDA...... A
FDAS...... s
FDAS...... s
FDAS...... s
FDSS...... s
FDAS...... s
EQDN...... L
OGNS...... s
QGNS...... s
00ODP...... s
ORDS...... s
EQDP...... A

ARSSSGGGGGS

HHPORPZZ0 X0

90
LGP LF . E.KL[IRG
CGPLF . E.KL[IRG|
CGP L F i E.KL[IRG
CGP L F i E.KL[IRG
CGMLY e DTKI[FSV|
AP LS. E.KI[FSV|
AP LH. D.KLVRY|
NG L.
GP TQV|
cp ARV
CE TRV

. KE[TRYV|
.KFARYV|
. KE[TRYV|
. KE[TRYV|
. KFE[TRYV|
. KF[TRV|
.KLARYV|
.KLARYV|
.KFMQV|
. KF[IKYV|
. KF[IKYV|
. KF[IKYV|
. KF[IKYV|
.KF[IKYV|
.KF[THV|
. KEMRYV|
. KF[TRV|
.KF[TRI
. KEMRYV|
. KV[IRYV|
CYLCYV|
.CYLCYV|
CKLIKI
LKLIIKI
.KLAKI
.KAVRI
.KAVRI
. KF[IRYV|
. TV[IKA|
. KVLRYV|
. KVLRYV|
. KVLRYV|
.KLFRYV|
.KLLRI
L KLFRI
. KV[IRYV|
.KF[IRL|
.KF[IRL|
.KYLRI
. KFLRYV|
............... D.KFLRV]|

.V .
.AT.CVGKGREGRGPGSMLRQKKDRAQA|

................. TNLKL|

. v
CAQ LA L L e E.KSLOTI|
LGALF L e N.KVIQL|

LV V|
LOoI
IKI,
LNI
LNI
LNI
LSI
LSI
LOI
LOI
L QI
LLI
L QI
LOoT
LOI
VRL|
VRL|
VRM
VRM
LRL|
VRL|
VRL|
VRL|
VRL|
VRL|
VRL|
VRL|
VRL|
VRL|
LRL|
VRL|
VRL|
VRL|
VRE|
VRL|
VRL|
VRL|
VRL|
VRL|
VRL|
VRL|
IRL
LVL|
LIL|
IKM
MRL|
VRL|
IRL
IRL
VRL|
VRL|
VRL|
VRL|
VRL|
VRL|
IRL
VRL|
IRL
IRL
VRL|
VRL|

HHHOOOOn
RN N x| K

EEIEE

D

Ir<<Eg<d<<S<<g<<<<<<undrrgg<HSHAH-

"
o

-©

*

. LRT
. LRT
ILP
LKP
LKP

LYNQ
.VDT,
VSP
LILP

]

.ILP
.IRP
.ILP
ILP
ILP
ILP
KKR|
. KKR
. IKP
KLP
RVP
KLP
KLP
.KLP

ILP
LLP
ILP
LILP
.ILP
. IKE
GES A
GES A
VKGQ
VKGO
. IKE
.IKG
IKG
IKE
IKE
IKE
. IKE
. IKE
IKE
IKE
IKE
. IKE
. IKE
. IKE
IKE
IKE
IKE
.LLP

.VRD
.VRD
.ARD
.ARD
ARD.
.VRD
.VRD
.VRD
.VRD
. VRA]
.VRD
.VRD
.VRD
.VRD
.VRD
.VRD
VRD.
.VRD
NYNG
HEKK|
LYKG
LYKG
HYQG
HYKG
HYKS
SYNG
SYNG
SYNG
SYNG
SYNG
SYNG
NYKG
NYKG
NYKG
HYNG
NYNG
NYSG
NYNG
NCRG
NCRG
SCNG
SCNG
NCNG
NCNG
VYGK
.DKD
DQD
SFSG
VESN
VYGR
VYGK
VYSK
VY SR|
VYSK
VYGR
VYGR
VYGR
VYGR
VY GR|
MYSK
VYGR
VYGR
vYGS
VYGK
VYGK

LRL|

PASGV ...t iiiii i G.LSLTI]

SSRL

BHAHHHSHHHHHHHHHHHAHA S S RHHH ISP ISAE ISP PPN PR EEE: BFHH 0SS SIIIIIIIAI<SIHHHPEIIIRRRER . RRERRRRRRRRRRRR: R

T<EHCO000000O0OO0OIICIIDICICLCUCLLLILLLULLLHIGLESL S LS HSIP SIS HISHHEHH SRR

. CRN

F<]EEEEEEEEEEEE << <PHHRHRREREEEEEE S HSS<S<<HI<S<S<<<<<<<<S PFHHHHHHHHHHHHHEHHSBPEEPEHEPEEPEEE: PR <SP BB BB

MONOROOOONNNNNNZNRHRAPZRRARXAARARROOOOOOOOOONZRXHH T RNOOOOUU00DU000000nnH0



type 11|

type |

type IV

FAP3

FAP2

FAPI1

PpPCHI6
CriCHI6
CriCHI1
ZmCHIS5
ZmCHIS
OsCHI2
TaCHI12
TaCHI14
TaCHI13
TaCHI15
TaCHI17
TaCHI18
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Supplementary Figure S3. Protein sequence alignment of CHIs among 15 green plants. The
first line indicated the model protein sequence of MsCHI. The critical catalytic residues
essential for bona fide CHI active sites are shown with red asterisks. Residues for the
hydrogen bond network are marked with green asterisks. The blue boxes indicated the
residues responsible for substrate preference.



