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Supplementary Fig. 1

d
Protein Uniprot MW(kDa) Peptide Unique
name Accession spectrum peptides
Number matches
IFT121 Q22U89 137.8 145 74
IFT139 I7MFN3 153.9 116 67
IFT144 Q22BP2 158.1 114 65
IFT140 17LvZ7 161.4 101 55
IFT122 Q244W3 143.7 86 55

IFT43 Q22NF5 16.7 3 3

———————— 100 nm




Supplementary Fig. 1 | Biochemical and cryo-EM analyses of the purified IFT-A
complex. a, Mass spectrometry analysis of the purified IFT-A complex. b, A
representative cryo-EM image of IFT-A. Each experiment was repeated three times

independently with similar results. Source data are provided as a Source Data file.
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Supplementary Fig. 2 | Structure determination of the IFT-A complex by cryo-EM.
Cryo-Image processing flowchart, reconstruction of the IFT-A complex and angular

distribution of reconstructed particles.
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Supplementary Fig. 3 | Local resolution estimation of IFT-A. a-g, Local resolution
maps and the corresponding Fourier Shell Correlation curves for IFT-A in elongated
state (a), IFT-A in folded state (b), base module at 3.6 A (c), base module at 4.7 A (d),

head module at 4.2 A (e), head module at 4.6 A (f) and head module at 6.0 A (g).
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Supplementary Fig. 4 | Cryo-EM density maps of the IFT-A complex. a, High-
resolution density maps of the head and base modules in two orthogonal views. The
IFT-A components are colored and the color scheme is shown on the right. b, Cryo-EM
density maps of the IFT-A subunits with the atomic models in cartoon representation.
¢, Predicted aligned error (PAE) plots of AlphaFold-2 predicted IFT139n, IFT140c,

IFT1 44WD1 and IFT1 44c.



Supplementary Fig. 5

IFT139, IFT139

870-890 1318-1334

IFT121 IFT121 IFT122 IFT122 IFT122

331-340 350-361 87-95 190-199 209-223

IFT122

915-939

IFT140

IFT140 IFT140 IFT140 IFT140 IFT144 IFT144

425-431 574-581 583-592 705-714 853-870 414-421 729-743



Supplementary Fig. 5 | Representative cryo-EM density maps for the selected

elements of each component of IFT-A.



Supplementary Fig. 6

[VDRIREETG). . QVE]

R x@cElr RO 1.X DAD[ISL

G o i lr RITIO LKTG S GDADS L,

pla DRI Fer B rcBlr Vo YRMG G S GV SR

KVKGKSSEAT
KVKGKNSEAT

. YAs!
GTATMAATAA,

4A 4B
a9 al0
20 00000000000 0000000 1)

B rAcMlr xiERL TRESSC. . DIAQ!

ArsTaj

27 a28
20000000 00000000000 £0000000000000000
e eHcevsicuon . csqavs. . . ¥oTEca
SR B T Rrmczgrecvern, csaavs - Exoirene
LRSS A e TR R PR LR BEREE
30 a3l
£0000000000000

3
rexrrizl - rexerizt
o J—
sirrial Rexprizl
Vazrzizd
Dazrrisl Dazrrizl
i teny Crirrizi
rexrrizl rexerizt
e e
retien Rexprizl
Vazrzizl Nmzrrizl
Dazrrizl Dazrrizl
pieen sy pusteen
rexrrizl rexerizt
- TEIFT121 TeIFT121
sirrial Rexprizl
) | sareraz Nmzrrizl
Dazrrizl Dazrrizl
; Crremizl ettt
rexrrizl rexerizt
P J——
e rseen
Frie Nmzrrizl
Dazrrizl Dazrrizi
i teny Crirrizi
B28 B29 B30 B2 B33
J—— I | I =, J—
TerFTi2l 311 [NOAT FE¥T KROHRAR) HEAFAYQRI. . .DR JrNNRRNLFE RN CCER TeIFTi21
Vazrzizl 306 B L E AL X . MR S i i pretseen
Datrrizl 313 or 1 YN R E Y TCHEE R | Hvv P LN 3 Go A b = A, o, S Datrrizl
Crirmial  3lo o5 vy x ¥y nfly ke on | v varn - - - DRsERcy MK bk + 2 Ry HRKL VA LR Crirrizi
B39
rexrrizl rexerizt
——— mvEae rezrmiz
Retrrial 381 Fngle Hezrrisl
Vazrmizl  3e1 Fnge imzrrisl
Dazrrial 391 o Dazrrizl
Crirrial 8 & Crirrizi
rexrrizl rexerizt
e tvoveeg rezrmiz
sirrial 45 Tsx1100 Hezrrisl
Vazrmizl 484 TSxAIa0 Nmzrrisl
€\ | perrmizi a1 GESTQRGI|s{IPHCA K A DmIFT121
Q| == Frimzrg Crzrmizl
p43 paa
rereriz1 =,
rerm2n s19 7 Tead. ... ...
HeIFmial 525 TroRfsmenvelloxysLNe DARVEDSTERGVVG
Mmirtial 533 VIORHoFENVAATAXYSLDC DTRVIDSTGRAVVG
Dairrial 348 AUEFSTANVABRNRRENNA DoNRET o
p S Er R cs) PARAPG | GoARTHG
1A
a2
rexrrizl 20000
——— R DRIYER
s1rrial 608 RAETEKY
Vazrzizl 60 RAETEKY
Datrrial 68 LEay
Crirrial 596 R

IFT121

IFT122

3A 3B 4A Loop-45
a7 a8
TeIPTI22 TeTPTI22 00090000000 9990000000 220000
TerrP122 1 TerPri22 L ABRRKE TGRS P[INREQNKE INSDASR] .
Pri22 1 EsIPTI22 HENLALE sf-.|--..oexET o
MazPTi22 1 A MaIPT122 RENLAL s [ 2l loexer a )
bmrPriz2 1 srpnsk.nnsls ENvC DmIFTI22 sREY s o | . lrpgEK A:
crrPriz2 1 0 QETe® . . EXD . cVRNVCYDLC crrPri22 E EEF) rE. [ Iporsv A
TeIPTI22 TeIFTiz2 000000
mereriz2 81 TerPri22
PTi22 70 EsPTI22
MaIPTI22 70 PTI22
bmIFTi22 78 DmIFTI22
crPri22 76 crrPri22
pl4 Bls B16 B17 al6 al?
- TtIFT122 — — TtIFT122 000000000 0200000000
TeIFT122 161 TPDY TerPri22 AL QAN DL ERJD EQMT A K Al
1aa NS SRWESFWMNRENEDAEDVIVNRYIQEIPSTLRSAVY BsIPTI22 siLvolavETQrEDERFARGEX
1aa MmIFT122 sLvolyorxroENFAfcEx
152 DmIFT122 QvVoETEVRDPERFRFAES
crPTi22 150 crrPri22 iz v EaExili DAFL L B2
p18 B19
TeIPTI22 —_ = TerFTI22
mereri22 205 TerPri22
224 BsIPTI22 s v
189 MaIPT122 sFpL
200 DmIFTI22 irras
crPriz2 193 crrPri22 T8
26 Bss (53
TeIPTI22 TerFTI22 00000000 =
Tereriz2 259 TerPri22 . EASTILAR. - sKEs[JeEs HEr N e
304 HSIFT122 -PRDTES| G| LHIR ARPFEGSHE REsT
25 MaIPT122 Ik G TR RsT
254 DmIFTI22 EHEG s =5 e i Fc Y
CrIFTi22 245 crIFT122 PERE ol VIVIR| T
B30 B31 p32 Bs7 ps8  Bs9 28 B60
TeIPTI22 — _ — TerFTI22 > - — —_
TerPri22 RELEN TerPri22 REvErs: KEKANDGWQESHQGDQ)
IRELYKK EsIPTI22 B i KRD.DRQL.EIANNSSQT
RELYKK MaIPT122 S B i {GKWR.ETSSNNS
RDLYRK DmIFTI22 i \4Qg¥ P EV DT SDAE AERMLLAR AR . . . L.\ - 2 coonnnnnn- .
crPri22 EFiviey crrPri22 o lv D ERQA.KAAEVGG
p6L 029
TtIFT122 TtIFT122 > — £000000000000000
TerPri22 TFNNEPQKGGNDNES|
EsPTI22 RLVE[TK . . . DSIGDED Y
o jreceiten XEDEmN . [ (DSIgEDpE
DmIFTI22 ls
) |ceremi crIrri22 7
TeIPTI22 TerFTI22
TerPri22 FCRSVDERA .
BsIPTI22 ¥ CRRCKDD )
MaIPT122 ¥ CRRRIDDT| .
DmIFTI22 FCHTSSEKL :
crPri22 crrPri22 At LGGPLGSARGRI KARMSVPFQQGRE
TeIPTI22 TerFTI22
TerPri22 ..
BsIPTI22 o
MaIPT122 o
DmIFTI22 i
crPri22 crrPri22 v

TPR

ZBD

TPR

ZBD




Supplementary Fig. 6

al a2
TerrT130 20000000000900000000000  202900009000090 200 rerrrias
merrm3e 1 [oiideqxMorILIfg GFTsTHQRF CREQTFAT. o xKETora merrias i
Hetrrids 1 [osa. .o TR R HRRVELVAS HOT < vGS NxQbvSLC HeTrnids vin
sarrizs 1 fbsgo.lllll : R YHRVELVAS Hoh K 35 NKQDVSLC Vi
baterizs 1 fosup.lllll : REYNSMORT ST DG AL E Bh NDBELOFS Dazrnizs x5l
Cererizs 1 Maom. ..l : Kxmpe NEGNTADANRDLSSIQONSDLELA Cerrrizs o T
as a6 a7 o8 a9 ads adé
TtIFT139 00000000000 £00000000000000 2000000000000 0200000000 00000000000 TtIFT139 0000 20
marme 0 ‘ SDRATCLAAT DFENTRE AT mearms 741 ERm . . NEAL D PR TRNE
Hetrride 73 EXALYHACL % HeTrnils 730 ARk roornydeypdan Hﬂrwa
Natrride 73 RRALYHAGL Ao 730 AR L R
Datrrile 73 Sscacyvmav] hlcs Dazrnils 745 O . e
Cerrrize 72 SDQBCLHLASHYL Y TS5 AR GLY R VL ANGE DIV P AGYLEGHT T Cererize 778 B H e 0
nl al0 alld 148 ad9
TtIFT139 000 000 0000000000000 9 TtIFT139 020 0000000000 00000000000000000000000 20
mePris 157 [COEGOKE. ... LERSTQLEEELFNEQRE TNKN NN PR L TE| merri3e 819 RARETTRD[TESDEYFLETYQNAKRNQEGE Y] RTSPGVETEIDMYRKALRKS] TERARGE FEpFER
HelFt13s 183 [ITRGREBY.. . TRRALK7EBROEQDG - - - - ND TUNQI IVIE DSE EEAFVK Hernids 807 KAERVLGRA PELSABuEDGRCQVE EXLoD ATTarg RV LKRVQMEQE DAVEA
183 [r1RoxERY. .. AKKALRYFEGLADG . - | [ND) TV SQ TVNE DS ELOAFEK 806 KHERVLGHSLAREBYS . | BLSADMUDGRS GV ATAALQQARE L AR LKk VGMEQE DAVES
DatFTi3s 183 [LoSSAHQT.. . GNGKWSTLHGCTARSNG | | KN SMREoDISTRLIE Dairti3s 826 NAAN:LODSDKQNA.NEDSLEEMQLQTKQLLI SExrLaR HALCT IRV ENEYE
Cifrtils 153 [13QQQDDEYDMLFDESELODALSAEHQAVERDE. | |ND VL1 NV RE OWEVEAL VBT CeiFrile 885 ANVIAAINKALERNRDGLEATENPGLDVEAWS! YSQagsn LKLRGEL S HAVAL
ald als alé al7 as0 asl 052 as3
TtIFT139 20000 0000000000000 00000000000 TtIFT139 £000000000000000000 00000000000000
mearmi3e 227 KOLmDEIEQLYD YONFT Oy oD K IMITNL L 1Y 1FATIGD T ETGCE R x P ATE SR aPMEK T s VS L s merri3e 898 [ERNTEADNYIEIAKYENQVERNERRTEDITA CEnKENLEPKL
HeIFT130 330 KLQUALQEDGTVETAQRLILQDS QNN RMQAL Y Y CEED T ER Al T KAENAGH T o AN D QA aTE YN T 7L o HeIrni3s 879 OKALAARTCAEIMKHSVAQRDYEXM. 1KEYR PoSCLRQEALLaS
1135 220 KLQUALGEDATVETAQRLLL QDN AV AMEAL YYDV ERAAT KN e B . N 2 3 878 QxuEAnBTCAL I KHOAAQRDYE K. TmE Rl SLRAEALLHAR
DafFTi3s 223 ETQUEALEIDNALDTANRYYNMEDEEVARLRTRGHLN T VAN e KAAAAT QLY £k 1 e S 1V VE : Cor o DaIFzils 899 QSKILSKIcILIMQ@SIRIXNSELA. ¥REKECUKYTE crnrloo: dor
Cifrils 339 RMOMMCGENEQUIETLORYIAADGGHIMAGAWN CAT SILIEEN N KQAAK O DFS SuNR olE R BHF £ R A a CRIFTile 939 (QRBRTAAICEDLABQOKRARQEDEN. MELYMEALRAED VS LAY AKLALANOD TDACQAQHY TLARE
al8 al9 a20 a2l as7
[y |z 0000009000000000 2000090900000  20000000900000  £9000092000000 220000 Pos— 2000
mearri3e 307 GENQTPKETMXLINGCKAESRLi AR YEC) sivnorEREQFQERSA T BV DIKEC ML Lo THEQTED ] mearme  o7s rEn
(L |mesemizs 300 dudol Hoxrariisisrpduasastran [r oY KL K YR B DB Mo S L VEE 1QCal 1REOTan A Helrnils 48 Fou
MaFT130 300 GRNQLIPQKVQSELEkArsHriaaaE AT It CaRv KE R YR T L NE SN S VT 1RC QI TBCQL @D A MaFTi3 947 o
J= | DmIFTi3s 303 SRNKELAKLTLRCIEKVNEENGGNVSILT LIpDveDRELAFRSNCN VDS TiFDALICHL TLCK DLES| DmIFT139 968 ER
Citerils 309 col Trviva o DR LIL EANAGALEAQE MAGEL BE 2 Cetrrie  9os 50
22 a23 a24 as8 as9 a60 a6l
TtIFT139 2....0000000 0000000000000 TtIFT139 020000000 2000000000000
TEIFT139 387 [J....[DFINQTTNNGE. - RTSETALEALVSTKQENVDPRVTIKS ESC TEIFT139 1057
Hetrrids 380 [0l lEriNElgasio. AR R bt HeTrnils 1038
MatFri3s 380 [ . CErFESEFGQoMG. MalFT3s 1027
DatFri3 383 [1140QLSYLMKLIDYK . Dazrtils 1048
Crrrras 383 [ oMELEDNE PoHADES 54 Ceterize 107
rererizo 200000 rerrrizo
mePri3e 433 LETAQEANRE. mearmae 1127 6GEEQOERNLIDTERINNDY . .
HeIFT130 425 THESQLEGK. HeTFmids 1108 SnvEoa,
MalFT3s 423 THrBLEDE. Matrride 1107 SsvEan
Datrrids Dazrrizs 1124 QveLa
Cetenize Ceterile 1lds Lite
3 a6 67
rererizo 20000000000 rerrrias 2000
mexrnize <STTRVEEG . DPRNEE] o AT SNRHILD) merme 1200 G KT
Hetrr130 N HiCLER | NoS YAD Bcl sy Hetrnids 1181 =1 i
freetteen NNLQHCLER | SE3YAR Lcr SR i Matrride 1180 H=n X
Datrrids 1SRG HTLNLE GO ETE) avr L ALAGhETV Dazrrils 1202 H=s xMip
Cetenize RRBGETLAN . NEEE oI LHICovYVARDE ESAVOAND G AY S SN AL it Ceterile 1320 B N
a3s
rererizo rerrrizo
rexrnize 7 FEVRDKANG SRV VS . ANSVLQESDKD) mearmas 1280 1] ROV AR
Hetrr13e (55 CHIRTGAS TKS KD . - RKTEVDRSH HeTrnids 1261 3 QviEnE e
freetteen (8L £ M KRS RAS SKSKH . | -RTEVDASH Matrrils 1360 5 Qv Ean e
Datrrids x| TVGQRHDY TAPTONNT 105 3D Dazrnids 1282 o oGy res NN
Cerrrize NNKILDD AKRY LB SPUNL 5 GV RTALTY QQRARLGRRVVE P TLEE| Cetrrizs 1300 iRy e e
A A
A A
Bl al B2 6 a0
TtIFT144 — — TtIFT144 2 0000000000000 02000 0200000000 2000
maPriee 1 MASSREVEESKDDLNGSGKVLFS[R . DCS T TVCHes KVl FERRERKL KEIVEKGEK - . - - - NXVEGTE meaFriee 697 FOENAVLEN ‘ SQBE
HOIFTI4d 1 - oMXRIESLLERTWLGAP!GHAGRTSGN LAV Cuanp, HeIrt1dd 671 ILNDEAAWN SehTa!
MafFT14d 1 |l IMXRVESLLEKSWLGADTOHARKSSaN LA Cumiin) MafFTiid 671 MINDRTSWS Nebval
DafFTldd 1 .MSPEKILYKYEEPHGIGOVYHIHQK. .. cse DaIFTies 670 QUNQSSAWE) iR
crIFrias 1 D MExrrevep RvLEse . kenELA EYPNPDGRACAAAQUO! CrIFTIee 681 QLRQVESWR! SR
57 Bs ) 0t 12 n a3 ald
rereriga — = .0 rerrriad 0000 03200000006000000 200 000000000
marriee 71 BEPATDQENSTCELENVEGTSFEEDTES f— sAQosE? FCRRLARG TN ReSDRSKIDNENG
HeIFT14d 67 DVPAVIAEKSSCHYEfDANTNRTSALDNGH HeTrnidd B i EipE
MafFT14d 67 DIPAVIABKSSCIYEfDANTNRTSGL DNGH frectison SATAC R M Erpe
DatFtldd 66 DLPGIITSGSENITELMDYNGQEKISYE TG DazFnied D E Y o ¥ AR £ A Q0L HF) NS KERETDALMDSSPEYEERVR
CifFrled 77 DoPlaripAcNrMUFIHLAGNKEVQKIESEH cerriad B QLD AL ATHCK ERGAM v
pls Bl6
rereriga - =, rerrriad
mearriee 149 [EO[UDEGILTTCREERVETUSIaNS QEENTafAR QRS - o mearria 847
HeIFT14d 145 (GCHNABNLLALGGEDGMITVEN - 0B [ E e o R Helrtldd 81
MaTFT14d 145 (GCHNSENLLALGGEDMMITYSN. OF KSEop| KESMS KT e R TS 5 MaFTidd 812
DafFtlid 143 GAfSAQNLLALGSEDMSFSL N £ R DA DY E AEMANGE 21 A - O Datrtidd 82
Citrridd 156 mAMRONIMAL B Cererias 830
20 p21 p2 p2s 26
rereriga = rerrriad
mearrie 227 CEVEERKEEKTVD AL EEYEYTEETE DATICTN DT T K L AGET) N mearria 927
HetPrlad 333 AoPlErqobEfNIVCY S TS oLk VAT Cl b Helrldd 82
MatFTldd 223 VoDEQoAvENTvC Yy v gy 1 e o 'S VALS Qi K ATl o MaFTidd 892
DatFrldd 332 roflorqsmvEsignn R, A H Dairtidd 905
Cotrridd 336 LoPActomier ks s iEAAy AL Ay ki 150y AS LoR VIR ABANCY R VD et rri
p2s n” 29 B30 e B2 B33 B34 26 27 w28 29
TtIFT144 — 000 —_— - TtIFT144 020000000 2000000
TEIFT144 307 [LGTWEEVKSQRIEL|PKAAGNVTKMQEANNELILEV VAL TtIFT144 1007 DNMED. . . FTLEERLR]] KIAEh]e]
HeIFT14d 303 |[LVDL.KoMYVILNLDEENKGLGTLSH Do AL S Hernidd 971 KMoz AD T TGS - EDTTNED oS/ ALY Fchs
MafFT14d 303 [TBL.RDMYAITNLDDENKGLGTL LD AAL S Matrridd 971 [KAETAD T 1A | EDTINED Y@ LY HCbs .
DafFtldd 302 [ITNL.QERERITMVE:DHAGUQMEDLsE oL A Datrtidd 988 KLRRHGELLERYENARS 5D v EALAEE Hioar
CEIFTed 315 ANADYNEIKGDAVDELANQALEKVGHTKOv AT v Ceterids  oes [EMDTEART VAR - - SAXBVD YoMl xS
p3s 36 39 40 pa1 pa2 als
TtIFT144 — — —_— TtIFT144 000000000000000000 000000
TeIFT144 387 QNVSS[INLETCHG] LWLDQKRNG[IIKGGEMIQKRD YL GS VKDIRE KCILH| TtIFT144 1084 YIDDMIDLVCRNK.|. TQSLVKITTIRs DEDQ)] K1 EYEE|
HetPTlad 379 SKLxDMEYLCTVASTC xvQra HeIFT1dd 1049 .SEDNVATEMATER N, . o A AT
NatFrlid 379 L IKLKDVEYLOTVASIG x1gra MalFT14d 1045 | SEDNVAIEMAIET VRE AR 1R S AR RN D
DatFrlid 380 GEEPABLSERDE PR VESHEL oifio Dairtidd 1068 NNEDQVSLSLAIDC e T AP S - R
CifFrlad 392 QTVARIELENCHA K- VVQRREYLOTITALK Huwva CRIFTIed 1066 - -NBALEKAV A MR N ec - B A
pa3 pad pas pas a7 a6
TtIFT144 TtIFT144 00000000000 £000000000000000000
mernie 467 1) FETDxaf 3 mearrie 1157 REEETTQRTREEN
Hetrrldd 482 1) oRCRf i HeTrn1dd 1128 VDI oMYAELKSQRIRKT ElSE N
Natrrldd 483 1) oxcRf i MafFT1dd 1138 VAHSMYABLKAQRIKI oL
Dt 456 2 1P 3DAv] 3 Dazrnidd 1148 LJvoMQELRNNDSYIAL Y
CetPridd 465 PHSVEAGHABDELDY. . . -VIHGEGQPANE CetPriad 1141 KBHGTKQLEALNEKEZEGEL
psd.
TtIFT144 TtIFT144 00000000000 0000 020000000000
merriae FINErLTQrFRELLATED mearria 1237 SKERRd
Herr1dd A I e Herldd 1204 HGLENS
frecttson TaHsKvIzags. 1 llll MafFTidd 1304 AGLENS
Datrridd e S Dairtidd 1324 AQLEKS
Cerrriad ] - CetPriad 1217 ALk emer
pss ps6 ps7 pss 3 ad p62 ad3 ns add
TtIFT144 — — —_— 000000 TtIFT144 0000000000 200 £000000000000000000
maPriee 617 TXNPGRPVQTIEDRGVKEINHSFHLIKCETPSESTNGaN | (] ¥i|o KGRDDIbaGHYRFFLQN mearria 1311 SERE AN T P 1KY AESEE GRERIES VTNLN By . KVENPEGAAS LR QLRATRGS SEQKKK -
HeIFTIad 603 - .nioiiiC TKp £ B KEEAL YN BT T QS AR VNN 1Y« GE! (8 LKDTG - - P DELREHLAGN HeTrnldd 1278 Hch s RN A QLK SDOTOY - - L :
sateriad 603 1111101 Ko £ HREEAL YN AR TC QT QSR TNS TV« S E (6 MKDTE . B IDLRQMLTGT Matrrids 1378 # ST RN S8 QLK T TDOS Y | | :
batPriad 607 ....llll - A B T T - SqAANLquL) DazFridd 1308 Al e N APEQLLDVED TREY | | ILAAS - - :
Comeriad e1n 1111101 ct CRLXSHANMDRYIESE IRARBAKAF Cetrrid 1293 LAnBRRuvLSDWABEHG R DP VDL ARVREVQDPLIK . | | KQQQAQRTNASGEEAS

IFT144




Supplementary Fig. 6
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Supplementary Fig. 6 | Multiple sequence alignment of the IFT-A components. a-
f, Sequences of several representative organisms are used for alignment in IFT121 (a),
IFT122 (b), IFT139 (¢), IFT144 (d), IFT140 (e) and IFT43 (f). The short names Tt, Hs,
Mm, Dm and Cr are the abbreviations of Tetrahymena thermophila, Homo sapiens, Mus
musculus, Drosophila melanogaster and Chlamydomonas reinhardtii, respectively. a,
Accession numbers used for IFT121 are as follows: Q22U89 (Tt), Q9P2L0 (Hs),
Q8BND3 (Mm), Q9W097 (Dm) and A8JFR3 (Cr). b, Accession numbers used for
IFT122 are as follows: Q244W3 (Tt), QOHBG6 (Hs), Q6NWV3 (Mm), Q9VSJ6 (Dm)
and HOCTG®6 (Cr). ¢, Accession numbers used for IFT139 are as follows: [TMFN3 (Tt),
Q7Z4LS5 (Hs), QOHA38 (Mm), AOA0Q9X6X6 (Dm) and A9XPAG6 (Cr). d, Accession
numbers used for [FT144 are as follows: Q22BP2 (Tt), QSNEZ3 (Hs), Q3UGF1 (Mm),
A1ZBM3 (Dm) and A9XPA7 (Cr). e, Accession numbers used for IFT140 are as
follows: I7LVZ7 (Tt), Q96RY7 (Hs), EOPY46 (Mm), Q7KTZ4 (Dm) and Q68K27 (Cr).
f, Accession numbers used for IFT43 are as follows: Q22NF5 (Tt), Q96FT9 (Hs),
QI9DA69 (Mm), Q9VK67 (Dm) and ASHYPS (Cr). The two helices in each TPR motif
are distinguished and labeled as helix A and B. Linkers between the WD and TPR
domains of IFT122, IFT121, IFT144, IFT140 are highlighted in light blue shadows.
The Loop-45 in IFT122 crucial for formation of the elongated and folded IFT-A
complexes is highlighted with a cyan rectangle. Mutations that impair cargo binding,
interactions of the components within IFT-A, interactions between IFT-As, or
interactions between IFT-A and IFT-B are denoted by blue rectangles, purple triangles,

red stars and black stars under the sequences, respectively.
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Supplementary Fig. 7 | Electrostatic surface potential showing the interactions at
the TPR junctions. The opposite electrostatic surfaces important for the IFT144-
IFT140 interaction (a) and the IFT122-IFT121 interaction (b) are highlighted in dashed

circles. Positive potential, blue; negative potential, red.
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Supplementary Fig. 8 | IFT43 in the base module. Atomic models of IFT43y and
IFT43c are colored in violet and purple respectively, while other IFT-A components and

the density map of the base module in grey.
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Supplementary Fig. 9 | Structural alignment of the head and base modules. a-b,
Two opposite views of the head (a) and base (b) modules. Proteins in the folded state
are colored as Fig. 1a, and those in the elongated state in gray. The black arrows indicate

the flex of IFT144¢ and IFT139x.
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Supplementary Fig. 10 | Twist in IFT139x during the incorporation of the
elongated IFT-A complex into the anterograde train. a, Cartoons and schematic
diagrams showing the difference between solenoid structures of IFT139x in elongated
state (light blue) and assembled state (gray) of the IFT-A complex. b, [FT139y is

superimposed to compare the conformational changes in the two states in (a).
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Supplementary Fig. 11 | Interface between IFT-A and IFT-B in the anterograde
train. a, Low-resolution Chlamydomonas 1FT train map (EMD-15261) at the ciliary
transition zone. b, Composite map generated by fitting high-resolution structures of
IFT-A and IFT-B (EMD-15980 and EMD-15977) into the anterograde IFT train map in

(a). Dashed rectangles denote the interfaces between IFT-A and IFT-B.
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Supplementary Fig. 12 | Enlarged views of mutations at type-II and -III interfaces.
a, Human disease mutations are mapped onto the assembled IFT-A of anterograde trains.
Dashed boxes in colors indicate type-II mutations and closeup views of those mutations
at the interfaces are shown below. b, The [IFT-A]-[IFT-B] interfaces. Closeup views of
the type-III mutations at the [I[FT-A]-[IFT-B] interfaces are shown below. Mutations of

type I-IV are shown in blue, red, black and purple dots, respectively.
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