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Supplementary Figure 1
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Supplementary Figure 1. Frequency distribution histogram of disease index of the 290

Upland cotton varieties.
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Supplementary Figure 2. Population structure of the 290 cotton accessions. (a) Corresponding

Ln (AK) values when K from 1 to 10. (b) When K=2, the population contained 290 cotton

accessions was divided into two subpopulations. (¢) Principal component analysis (PCA) of the

population. (d) Neighbor-joining tree of the 290 cotton accessions.
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Supplementary Figure 3. The nucleotide variations nearby the GaGSTF9 homologue in G.
hirsutum are not associated with Fusarium wilt resistance in Upland cotton. Gh_ 411G1459 and
Gh _DI11G1615 are the homologous genes of GaGSTF9 in A subgenome and D subgenome,
respectively. Blue dashed line represents the genome region of the gene. Red dashed line

represents the Bonferroni-adjusted significance threshold (—logo (P) = 6.43).
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Supplementary Figure 4. GWAS analysis for Fusarium wilt resistance in a population

All

contained 194 Upland cotton cultivars. (a) Frequency distribution histogram of disease index
of the population. (b) Manhattan plot for disease index. The red solid line represents the
significance threshold (—logio (P) = 13.05). The significant SNP (D03 2176763) was marked
by arrowhead. (c) The distance between FW"-linked SSR markers and D03 2176763 on
chromosome D03. Position of FW* and SSR markers was determined according to Wang.”!
These two SSR markers were mapped to the ‘TM-1" reference genome recently assembled by
PacBio RSIL!" The sequence of JESPR304 matches with a genomic region from 1,707,836 bp
to 1,707,629 bp, and CIR035 from 2,177,424 bp to 2,177,088 bp on chromosome D03. The
SNP D03 2176763 is at the 2,247,994 bp-position of on chromosome D03 in the ‘TM-1’

genome.
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Supplementary Figure 5. Linkage disequilibrium (LD) decay in D03 chromosome. When r*

is half of the maximum, the corresponding physical distance is set as the extent of LD (200 kb).



Supplementary Figure 6
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Supplementary Figure 6. Phylogenetic tree of glutamate receptors from G. hirsutum (Ghir),
S. lycopersicum (S1), O. sativa (Os) and 4. thaliana (AT). Ghir D03G002390.1 corresponds to
Gh_D03G0209 and is marked by asterisk. GLR1. GLR2. GLR3 and GLR4 are indicated by
orange, green, purple and red. SIGLR1.1 and SIGLR1.2 are GLRs in S. lycopersicum, the
accession numbers are AB623193 and AB623194, respectively. LOC _0s06g06130.1 is a GLR

in O. sativa.
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ATGLR2.2 DGLRSIN...ETGIEAME|GVLIGIKTYI|PK|SKD|LETFRSRWKRRFP . .. ..... OME|LN|V[Y
ATGLR2.3 DD[LSLIN...ETAVEAMEGVLGIKTYIPKSPDLEKFRSRWRSLEP . ... .... RVEL S|V|[Y
ATGLR2.4 DHLVLMN...GTD|IEAMQ|GVI|GI|RTHF|P|I|SEELQTIFRSRLAKAFP . .. ... .. VSE[LN|I|Y
ATGLR2.5 DLMSIMG. . .ESS|LVNMHGVLGVKTYFAKSSKELLHLEARWQKRFG. . . ... .. GEE|LN|N[F
ATGLR2.6 DQMSVMG. . .ESS|LENMHGVL|GV[KTYF|SRSKELMYLETRWRKREG. . . ... .. GEE[LNN[F
ATGLR2.7 NL[LKSNER..GSS|LENMQ|GVL|GVRSHIPKSKKLKNFRLRWEKMFPKKGN. .. .DEEMN|/I[F
ATGLR2.8 HMMRHIHH. .GRS|LNT[I|D|GVL|GV|R/SHV[PK/SKGLEDFRLRWKRNFKKENPW. . LRDD|LS|IF
ATGLR2.9 HMMRHINN. .GRS|LNT|I|EGVL|GV[R|SHV[PK|SKELGDFRLRWKRTFEKENPS . . MRDD[LNV|F
ATGLR3.1 SVLDSNLPLDTKL[VN.|.|.|GVLITLRLHT[PD|SRKKRDFAARWKNKLSNNK. . ... TIGLNV|Y|
ATGLR3.2 SLLDSVNPLPAKTARES|LR|GVL|TL[R/IHTPNSKKKKDF[VARWN . KLSNG. .. ... TVG|LNV|Y,
ATGLR3.3 TNLDSSSPLPAER|LET|IQGVLVLRPHTPDISDFKREFFKRWR.KMSGA. . . ... SLALN|T|Y
ATGLR3.4 TAMDSMEHVDSDTMDL[LIQGVVIAF|RIHY T|I|E|S|S VKRQFMARWK . NLR. . . .... PNDG|F N|S|Y
ATGLR3.5 TA[LDSMEPLDPRA|LDL|LQGVVAFRHY TPESDNKRQF[KGRWK . NLRFKESLK . SDDGJF N|S[Y
ATGLR3.6 TI|IDTDSPLPLDT|INN[I|QGV I|TLRLHT[PNISIIMKQONFVQRWH.NLT. . ...... HVG|L S|T[Y
ATGLR3.7 VTLDSLS..DKGTLKRLEGVVIGLRIQHIPESVKMEHFTHKLQSNRS « v v v v v v v ... MNALY|




110 120 130

GhGLR4.8 TRRAKANV|LCALPAIDKATMGNE|SSTS e ele oo CYMSREHMY ET
GluA2 SIALTYDAVIQVMTIEAFRNLRKQRIEISR| LIANIPIAVPWG|QGVIE I|E R|A|
ATGLR1.1 G[LRAHDIAICIILANRAVEKEFSV.SGKVEA . . . . V|SAD|LLDT|T
ATGLR1.2 G[VWAHDVAWSLASAAEVTRM.PTVTS.|. ... P P .. TLLEAI
ATGLR1.3 G|IWAHDIAFALARAAEVIRM.PNVTS.|. S . .. TLLIEE|IT
ATGLR1.4 S|IWAHDIAWSLARAAEVAKL.PGLSVY|.. FR P .|. DLLIEAT
ATGLR2.1 GLWAYDA|TTALALAIEEAG..TSNLTEF .. LIQG|LIGVSQY|GPK|L LIQ T|L
ATGLR2.2 G[LWAYDA|TITALAMAIEDAG. .INNMTESN....VDTG.KNVSE|LDG|LGLSQF|GPK|LL|QT|V|
ATGLR2.3 G|LWAYDATTALAVAIEEAG. .TNNMTF|SKV...VDTG.RNVSELEALGLSQF|GPK|LL|QTL|
ATGLR2.4 G[LRAYDA|TTALAMAVEEAG..TTNLTFSK....MDG..RNISD|LEA|LSVSEY|GPK|LIRS|L
ATGLR2.5 A[CWAYDAATALAMSVEEIR..HVNMSENTTKEDTSRD.DIGTD|LDE|LGVALS|GPK|LLDA|L
ATGLR2.6 E[CWGYD|TATALAMSIEEISS.NVNMSEF[SQTKRNTSRD.DTGTD|LDD|L|SFALS|GPK|LLQA|L
ATGLR2.7 A|LRAYD|S|IITALAMAVEKTN..IKSLRYDHP...IASG.NNKTNLGTLIGVSRY|GP S|LLKAL|
ATGLR2.8 GLWAYDS|TITALAMAVEKTN. .IS|SFPYNNA...SGSS.NNMTD|LGT|LHVSRY|GP S|LL[EA|L
ATGLR2.9 A[LWAYDS|IITALAKAVEKAN. .TK|ISLWYDNG...STLS.KNRTD|LGN|V|IGVSLY|GP S|LQKA[F
ATGLR3.1 GLYAYDT|VWIIARAVKTLLEAGGNLSFSNDAKLGSLKG.EALN|LSALISRFDQ|GSQ|LLDY|T
ATGLR3.2 GLYAYD|T|VW/IIARAVKRLLDSRANISFSSDPKLTSMKGGGSLN|LGALISIFDQ|GSQFLDY|T
ATGLR3.3 GLYAYDS|VMLLAR|GLDKFFKDGGNISF[SNHSMLNTLGKSGNLN|LEAMTVFEDG|GEA|LLKD|T
ATGLR3.4 AMYAYDIS|VWLVARALDVFFRENNNITEFSNDPNLHKTN.GSTIQ|LISALISVENE|GEK|FMKTI|T
ATGLR3.5 A[LYAYDS|VWLVARALDVEFFSQGNTVTEF[SNDPSLRNTN.DSGIK|LSKILHIFNE|GER|FLQV|T
ATGLR3.6 A[LYAYDT|VWLLAQAIDDFFKKGGNVSFSKNPIISELG.GGNLH|LDALKVFEDG|GKI|FLES|T
ATGLR3.7 ALHAVYDTVWMIAHGIEELLNEGINITFSYSEKLLHAR.GTKLHLEK[IKFFNSGELLLEK|L|
(D03_2176763) SNP2 SNP3

140 150 160 170 180

GhGLR4.8 AR..EIASI|IEDYLWLKPGTTVYEE[SDRISD|LD LNSRNPTPNT. ... ........
GluA2 LKQVQVEGL|S[ENIKFDONGKRINYTINIMELKT IGYWS[EVDKMVVT.........
ATGLR1.1 RH.SRFK|GLS[EDIQIS.DNKFISETFEIVNIIGR IGLWS|.GGSFISQRRQ . . . . ...
ATGLR1.2 KE.SRFK|GLS[ENFQLD.DMKLLSDK|FEIVNMIG VGFWNSNGISFISNRRQLS . .STH
ATGLR1.3 TK.TRFNGLS[EDFQLN.DKKLLSNK[FEIINMIG VGFLN|SNGISFISNRRHLS . .STH
ATGLR1.4 PESAKHKGLS[DIKFI.DKKFISDKFEIVNMIG VGLWN[SGSFI|ISNRRRRL..SST
ATGLR2.1 SR.VRFQGLA[EDFQFI.NGELQPSVFEIVNVING IGFWMKEYIGLFKNVDQK. .PAS
ATGLR2.2 ST.VQFK|GLA[EDFHFV.SGQLQPSV|IFEIVNMIG IGFWTIEGN|GLVKKLDQE . .PRS
ATGLR2.3 LT.VQFRGLA[EFRFF.RGQLQPSV|IFEIVNI|IIN IGFWKEGNGLVKKLDQQ..ASS
ATGLR2.4 SQ.IQFK|GLIS[EDYHFV.DGQLHASV|IFEIVNV|ID VGFWTIQDKIGLVKDLSPS..SGT
ATGLR2.5 ST.VSFKGVA[RFQLK.NGKLEATTFKIINIEE VGFWEK[SKVIGLVKSLRVD . .. ..
ATGLR2.6 AT.VSFKGVA[ERFQLK.NGKLEATTFKIVNIEE VGEFWEK[SKVIGLVKSLRVN. .QTG
ATGLR2.7 SN.VRFNGLA[EEFELI.NGQLESSV|FDVINIIIG IGLWRPSNGIVNAKSKN. .TTS
ATGLR2.8 SE.IRFNGLA[RFNLI.DRQLESPKFEIINFVG VGFWTPSNGLVNVNSNK. .TTS
ATGLR2.9 SE.VRFNGLA[EEFKLI.DGQLQSPKFEIINFVG IGFWTPRDGLMDATSSN. .KK.
ATGLR3.1 VH.TKMS|GLT[PVQFHPDRSMLQPS|YDIINLVD IGYWSINYSIGLSIVPPES.FYSK
ATGLR3.2 VN.TNMT|GV|T[§QIQFLPDRSMIQPS|YDIINVIVD IGYWSINHSGLSIIPPES.LYKK
ATGLR3.3 LG.TRMV|GLT[EOLQFTPDRSRTRPA[YDIINVIAG IGYWSINHSGLSTVLPELLYTKE
ATGLR3.4 LG.MNHT|GV|IT[PIQFDSDRNRVNPA|[YEVLNLEG VGYWSINHSIGLISVVHPET .LYSR
ATGLR3.5 LE.MNYTGLT[HQIEFNSEKNRINPAYDILNIKS VGYWSINHTIGF|ISVAPPET .LYSK
ATGLR3.6 LQ.VDRI|GLT[RMKFTSDRNLVNPAFDVLNV|IG IGYWFINHSGLISVMP . . . .. ADE
ATGLR3.7 LK.VNFTGIA[EOVQFGSGRNVIGCDYEIINVNK VGEFWSKNGGEF|SVVAPKT . RHSQ
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199 209 219 229
GhGLR4.8 ......... . .JcGITOMAATLSF[STSK [TE[T STAVPVRS IPMQF[LJNISQODE
Glua2 ... ... [ P O LITELP SGN| ENKTV|VIVTTILESPYVMMKKNHE
ATGLR1.1 ......... ... JIVWPGR|SRKIPRHRVLAEK. .GEKK|VLRVILVTAGNKVIPHLVI[SVRPDP
ATGLR1.2 . ....... DINLET|IIIWPG|GSAQSPKGR[SLRE . . . SGRKK|LRV|LVT|SSNRFPRLMKVETDP
ATGLR1.3 ........ NKLET|IIIWPGGSAQSPKGT|SLID. . .SDRKK|LRV|LVTSSNRFPRLMKVETDP
ATGLR1.4 ........ KALETIIWPGGSTRIPKIRSLKEKRHGKKKK|LRV|LVPAGNITPQILEVKTDF
ATGLR2.1 KTTFSSWQDRLRPIIWPGD|IITSVPKGWEIPT. ... KIRILQI|GIVPVNNTEFQQF|VKATRDP
ATGLR2.2 IGTLSTWPDHLKHIIWPGERAVSVPKGWEIPT. ... KIKILRI|GIVPKRIGEF|TDLVKVTRDP
ATGLR2.3 ISALSTWKDHLKHIVWPGEADSVPKGWQIPT. ... KIKILRI|GIVPKRTG[Y[TDLVKVTRDP
ATGLR2.4 TRTFSSWKNHLNPILWPGIITLTVPKGWEIPT. ... KIELQI|GIVPVG.TEFPQFVKVTTDP
ATGLR2.5 . .KVSHSSRRLRPIIWPGD|IIIFVPKGWEFPT. ... KIKILRI|A|VPKKDGENNFVEVTKDE
ATGLR2.6 I .KISHSSHRLRPIIWPGD|IIIFVPKGWEFPT. ... KKILRI|A[VPKKDGFINNFVIEVTKDA
ATGLR2.7 ..... VLGERL|IGPVIWPGK|SIKDVPKGWQIPT. ... KMLRV|GIIPVKKGF|LEFVDAKIDP
ATGLR2.8 ..... FTGERFGPILIWPGKISTIVPKGWEIPT. . .. KIKIIKV|GVPVKKGEFFNFVEVITDP
ATGLR2.9 ......... TLGPVIWPGK|SKIVPKGWEIP. . . . GKKILRV|GVPMKKG|F|FDF[VIKVTINP
ATGLR3.1 PPNRSSSNQHLNSVTWPG|GI|SVIPRGWIFRN. ... RRILRI|GVPDRAS[FKDF[V[SRVNG .
ATGLR3.2 LSNRSSSNQHLNNVTWPG|GISETPRGWVEPN. ... RRILRI|GVPDRAS[FKEFVISRLDG.
ATGLR3.3 KPNMSTS.PKLKHVIWPGETFTKPRGWVESN. ... KIELKI|GIVPLRVS|Y[KEFVISQIRG.
ATGLR3.4 PPNTSTANQRLKGIIIYPGEVTKPPRGWVEPN. ... KIPILRI|GIVPINRVS[YITDYVISKDK. .
ATGLR3.5 PSNTSAKDQRLNEIIIWPGEV|IKPPRGWVEFPE. ... KIPILKI|GIVPINRV S[Y[KNYA[SKDK . .
ATGLR3.6 MENTSFSGQKLHSVVWPGH|SIIKIPRGWVESN. ... RHLRI|GVPINRYR[FEEVV[SVK. . .
ATGLR3.7 KKTSFVSDEKL|GDITWPGGGREKPRGWVIAD. ... DPLKIVIVPRRVSEVEFVTEEKN .




2
[

230 240 250 260 270
GhGLR4.8 KNHNEAQ[ITEFWIDLEKERVAVMP IN[TITYKLVPF]Y..GSD. ... .. [.IDQLFKALIVRR. . .
GluA2 MLEGNER|Y|E[§]YCVDLAAE|IAKHICGFK[YKLTIVGDGKYGARDADTKIWNGMV|GELVYG. . .
ATGLR1.1 ETGVN.T|V|S[FCVEVFKTICIAPFNYELEFIPY .|.|. ... .. ... RGNNDN|LA[YLLISTQR . D
ATGLR1.2 ITHEITI|V|[E[FCIEVF|QAISIAPFNYEVEYIRW.|.|...LN....GTN[YTKLAYALHSQK.D
ATGLR1.3 VTINEL. I|V[E[FCIEVFRAISISPFNYEVEYIPW.|.|...LN....GSN[YDNLAYALHSQK.D
ATGLR1.4 KTGVT.ARAT[YCIDVFET|SILPFNYEVEYIPWPGA..IN....YKN[YNDLV|YTLYSQK.D
ATGLR2.1 ITNST.I[F|S[EFSIDYFEAVIQAIPYDII|SYDFIPFQ..DGG. .. ... YDALVIYQVYLG. . .
ATGLR2.2 ITNST.V[VK[EFCIDFFEA[VIQAMP YDVSYEFFP[FE..KPNGEPAGN[HND|LVHQVIYLG. . .
ATGLR2.3 ITNST.V[V|T[FCIDFFEAVIRELPYDVISYEFIPFE. .KPDGKTAGN[Y[ND|LV|[YQV|IYLG. . .
ATGLR2.4 LTHET.IV|T[FCIDFFEA[VIQAMP YDVSHRFIP|F|G..DD....... ... .].DlGKTN. ..
ATGLR2.5 NTNVP . T|V|T[FCIDVENT[VMSQMP Y|AVSYEYIPF|D..TPDGKPRGS[YDEMV|[YNVFLG. . .
ATGLR2.6 NTNAP.T|I|T[FCIDVEDTAMRQMP YAlVPYEYIP[F|E..TPDGKPRGS[YDEMV|YHVFLG. . .
ATGLR2.7 ISNAM.TP|T[YCIETIFEAVLKKLPY|SVIPKYIAFL..SPDEN. ...[YDEMV|YQVIYTG. ..
ATGLR2.8 ITNIT.TPK[EYATIDIFEARLKK|LPY|SVIPQYYRFE..SPDDD .|YDDLV|IYK[VDNG. . .
ATGLR2.9 ITNKK.T[P|T[YAIEIFEAALKELPY|LVIIPEYVS[FE..SPNN..... YINN|ILV[YQV|YDK . . .
ATGLR3.1 .. .SSNK[V|Q[E]YCIDVFEAAVKLILSYPVPHEFIFF|/G..DGLTN. .PN[Y[NELVNKV|TTGVD .
ATGLR3.2 ...S.NKV|Q[EYAIDVFEAAVKLIISYPVPHEFVLF|G. .DGLKN. .PNF[NEFVNNV[TIGV. .
ATGLR3.3 .. .TENMFK[EFCIDVFTAAVNLILP YAVPVKFIP[Y|G..NGKEN. .PS[Y[THMVEMITTGN. .
ATGLR3.4 .. .NPPG|VR[EYCIDVFEAAIELLPYPVPRTYIL[Y/G..DGKRN..PS[YDNLVNEV[VADN. .
ATGLR3.5 .. .NPLG|VK[EFCIDIFEAAIQLILPYPVPRTYIL[Y|G..DGKKN. .PS[YDN[LI|SEVAANTI. .
ATGLR3.6 . ..SNGMI|T[FCVDVFIAAINLILPYAVPFELVAF|G..NGHDN. .PSNSELVRL[I[TTGV. .
ATGLR3.7 ...SSHR|IQEFCIDVEIERALKFVPYSVPYIFEPEG. .NGHSS. .PNYNHLIQMVITDGV. .

280 290 300 310 320 330
GhGLR4.8 T TVMT RK[G 5] S VIEPMLVMKEKPEPN . QV[F SF M [TINEMEYC|TL 2]
GluA2 K LIT I|]TLV|RE S L[e]I|S|IIMIKKPQKSKPGV[FSFL AlYE[IMC|T V|
ATGLR1.1 K IITI|ITSNRS T I[IGIILTVKKKSQ. .GMWTFF EK S|LIYLIAIS G
ATGLR1.2 K IITI|ITSDRS T MELIGIIVAAKERS . . . .MWVFF T|P N|LIY I|T|S 2|
ATGLR1.3 K IITIITSNRS T MELIGIIVAVKERS . . . .MWVFF T|P D|LIY I|T|S A
ATGLR1.4 K IITIITDNRS T MELAVVTAKDKS . . . .MWIIF T|L S|LEYL{T|T 2|
ATGLR2.1 K TITI|SSNRS S S[eV|GILVV[PVKDSVRRSS|TIF L TILALYLII|S L
ATGLR2.2 0Q TITIJLANRS T S[eV|GIL I V[P LKDEVKRDK|F SF 1| S|TELYLIT|T L
ATGLR2.3 R TITIILVNRS T S[eV|GILIVEMTDPVKRDY|ILFM SWKILYL|T|S F
ATGLR2.4 V TITIILANRS T S[eV|GMVV[PLKDNVARSS|LIFF T|P GILIYGM|T L
ATGLR2.5 E TITIILANRS A T[eI|V[FLV[PVKDGKEKGEWVFE 1| TIK E|LEYLV|T 2|
ATGLR2.6 E TITIILANRS A T[eI|V[VVV[PVKDEREKGKWVFE 1| TR E|LIYF|LIT 2|
ATGLR2.7 A V|T I[VANR S T s[ev|SMMV[PLKDN . . KNTWVE 1 S|L D|LEYV|T|T 2|
ATGLR2.8 T V|T IITAYRS T s[ev|SMMV[P VRDNENKNT[WVE 1| G|LD|LIYV|T|T 2|
ATGLR2.9 T IITI|TANRS T S[gv|SMMVIPVRDNENKD T[WV F 1 S|LE|LIYVIT|T G
ATGLR3.1 IAIVTKRT T S[ELV[VVAPVTRLNE . NP[WAF L T|L PMYAV|T A
ATGLR3.2 IAIVTKRT T S[ELV[VVAPVTKLND . TP[WAF L T|P P|MYA[V|T 2|
ATGLR3.3 VIAIVTNRT T S[ELVIVVAPFKKLNS . GAWAF L N[R LMPJAV|T G
ATGLR3.4 IITIVINRT T S[ELVIVVAPVKEAKS . SP[WSF L T|I EMYAV|T G
ATGLR3.5 V|ITI|ITNRT T S[ELVIVVAPVKGAKS . SP[WSF L T|I EMYAV|T G
ATGLR3.6 IITIIITERT T S[ELVIVVAPVRKLGS . SAMAF L T|P QMY L{I|A A
ATGLR3.7 IAIVPSRS S T[ELVIVVIPANDDN. .ATWIF L IT/s RILIICIVIV 1

340 350 360 370
GhGLR4.8 AMTMFNAFVIWLV. ... ... ...... ESRTGHESVG. . . .. [..].RIFWEFPLATLF[Y|GGHR
GluA2 FAYIIGVSVIVLFLV|SRFSPYEWHTEEFEDGR[E|T|Q S|S|E|S TNE F|G I|F|N S|L[WF|S|LGAFMQ|QGC|D
ATGLR1.1 AFFVLITGIVVWLV|. .o ... .. ERS|VN[P|EF|Q|GISWG . Q|0 L|SMMLWE|G[F S T I|V|F|A . HR
ATGLR1.2 AFFVLITGIIVWLI/. .. ... .. ERAENKEF|Q|GISWP . Q|0 I|GIVV|IWE|G[F S TL|V|Y|A . HR
ATGLR1.3 FFFVLITGVIIVWLI|. . v .o vvenn.. .. ERAENK|EF|Q|GISWP . Q|0 I|G[VV|LWE|G[F S TL|V|Y|A . HR
ATGLR1.4 SFFILTGAIVWLI|. .. ..o vu.... ERH|DN[ADF|Q|G|S CF . Q|0 I|G|T L|LICF|G[F S TL|V|F|A . HR
ATGLR2.1 LSFF|I|IGLVVWVL. .o v ... EHRIVN[PDE|DIGPGQ . Y|QL|S|T I[FWE|S|F SIMVEF[A . PR
ATGLR2.2 VFEFFLVGISVWTL. ..o ov. ... EHRIVN[SDF|R|GIPAN . Y|QA|S|T I[FWF|AF S TMVF[A . PR
ATGLR2.3 ISFFLVGCITVAVL. ..o ..., EYKRNPDF|S|IGPPR . F|QA|S|T I|CWF|AF S TMVF[A . PR
ATGLR2.4 GSFFV[VGFVVWIL. o oo v ... EHRVN[S|EF|T|GPP Q. Y|QI|S|TMFWF|AF S IMVF[A . PR
ATGLR2.5 ASFLY|IGIMVWIF|. .. .......... E Y QADEE FIR[E/QM I I DK I|S|S VIF|Y FIS|F S TLIF[F|A . H[R
ATGLR2.6 ASFLY|TGIM. .. .|[c ..., SRR U 1 S R I Y
ATGLR2.7 CFFV[F|IGFIVWIL. oo v .. EHRIVN|[T|DF|R|GIP P H . H|Q I|G|T S[F|WF|A|F S TMN[F|A . HR
ATGLR2.8 CFFV[LIIGFVVWLE. .. ..o ... .. .. EHRIVN|[TDF|R|GPP H . H|Q I|G|T S[FWF|S|F S TMV[F[A . HR
ATGLR2.9 CFFVF|[IGEVVWLEl. .. ..o ...... EHRVN[TDFRIGPPQ . Y|Q I|GIT S|LWE|S[F S TMV|F|A . HR
ATGLR3.1 SFFV|IVGARIWIL[............. EHR/IND|EFR|GPPR . RQI|I|T I|LWE|T[F S TMF|E|S . HR
ATGLR3.2 AFFLIVGSVIWIL[. ....uvvoun... EHR/IND|EF[R|GPPR . K|Q I|V|T I|LWE|S[F S TMF|E|S . HR
ATGLR3.3 CCFLFEVGIVVWIL[.....0vv.u.... EHR|TND|E F|R|GIP PK . R|Q C|V|T I|LWE|S[F S TMF|F|A . HR
ATGLR3.4 GFFLFVGAMVWIL[. .. ..o vu.... EHR|FN|QEF[R|GPPR . RQL|IT I|FWE|S[F S TMF|E|S . HR
ATGLR3.5 ALFLFVGAVIWIL[. ... .0vo.o.... EHR|FNEEF[R|GPPR . R|Q I|I|T VIFWE|S[F S TMF|E|S . HR
ATGLR3.6 ASFLIVGAVIWCL[. . ... .oo.u.... E HK|/HN[D|E F[R|GIP PR . RIQV|I|T T|FWE|S|[F S T LIF|F|S . HR
ATGLR3.7 VSFLVIAVVIWIL/. . v.vuuwun... EHRINEDERIGPPR. RQLSITMLLE/SIES TLFKR . NQ




389 399 429 439
GhGLR4.8 E|SPR[SINLI[V|[FVLAPWL D[T|E s S[s|c LD[T|ED[LJKK TNA I[VEC[D)
Glua2 I|SPR|S|L SGR|I[VGGVWW RMV SP|T|E SAED LISKQTE I AlY G|T|L,
ATGLR1.1 FEKLOQEKMSSRFLVIVHV RMQLN/.|. . .|.|. .|.|. . HOMV[F GG|s
ATGLR1.2 EKLQEHNLSRFVVTVWV QIIRF N . .NEDY[VGH|L
ATGLR1.3 EKLKHNLSRFVVTVHWV QOIIRFN|S .|.|. .NEDY[VGH[L
ATGLR1.4 FERLQEHNMSRFVVIVHWI QII[RGLK|. . .|.|. .|.|. . SNEN|I GF|F
ATGLR2.1 FERVL[SFWARVVVIIUWY H|LHP T|V|TN .|I[NS|LLAKGE S|V G|Y|Q
ATGLR2.2 ERVLIS[FGARISLVVTHWY QLINPT|T|TS .[MS S[LILHRGE T|VG|Y|Q
ATGLR2.3 ERVF|SFWARALVIAWY KLINPT|I|TS .[MSS[LILEKGE T[VG|Y|Q
ATGLR2.4 ERVMS[FTARVVVITHY OLINPTIE|TS .|IKN[VILAKGGP[VAY|Q
ATGLR2.5 RPPSE[S[FFTRVLVVVHW|C E|L|RP T|V|RH . |MDD|LIRK S GVN|I G|Y[Q
ATGLR2.6 .. . .[.|. . .||]c ... . E|L|RP T|V|RH . |MDD|LIRN S GVN|I G|Y[Q
ATGLR2.7 EKVV|SNLARF[VVLVHWC LILIQP T|V|TN . |[WKD|L|I KENKNI|I G[Y|Q
ATGLR2.8 EKVV|SNLARF[VVVVHC RF|QPAR|IN .|[VKD[LIIKNGD Y[V G|Y|Q
ATGLR2.9 ENVV[SNLARFVVVVHWC S|L|QP T|V|TN . |V[ND|L|T KNRD C|[V G|Y|Q
ATGLR3.1 E[TTV[|S|TLGRMVLLIWL QILINSP|I|KG . |VDT|L|I SSTGR|IGF[Q
ATGLR3.2 ENTV[|S[TLGRAVLLIWL QILINSP|I|[RG.|VDT|L|I SSSGR[VGF[Q
ATGLR3.3 ENTV]S[TLGRLVLIIWL QO[LISSP|I|KG .|I[ES[LIRERDDP|I G[Y|Q
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Supplementary Figure 7. Amino acid sequence alignment of GhGLR4.8 with AtGLRs and
GluA2. SNP1-SNP4 are marked by red arrow, S1 segment of LBD is indicated by red line, S2
segment of LBD is indicated by green line, the conserved ‘SYTASLTS’ motif of M3 is
indicated by orange line, and the number indicates the amino acid length of GhGLR4.8. The

amino acid sequence from top to bottom is GhGLR4.8, GluA2 and Arabidopsis 20 AtGLRs.
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Supplementary Figure 8. Association analysis between FW resistance and four nucleotide
variations in the GhGLR4.8 coding sequence. (a), (¢) and (d) Other three polymorphisms in
GhGLR4.8 are not associated with disease index. In box plots, center line indicates median, box
limits denote upper and lower quartiles, and points indicate outliers. Statistical significance was
determined by a two-sided #-test. (b) The disease index shows significant difference between

allele ‘AA’ and allele ‘CC’ of the strongest association SNP (D03 2176763).



Supplementary Figure 9
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Supplementary Figure 9. Genotype frequency distribution of SNP D03 2176763. The SNP
information of 352 resequenced accessions is derived from our previous study.!'?! Wild group,
wild cottons; ABI group, cottons from America, Brazil and India; Chinese group, cottons from

China.
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Supplementary Figure 10. The expression pattern of GhGLR4.8 gene. (a) qRT-PCR analysis
of the expression levels of GhGLR4.8 in resistance (R) and susceptible (S) cotton varieties (b)
qRT-PCR analysis of the expression levels of GAGLR4.8 in resistant and susceptible cotton
varieties at different time points after inoculation. The expression level of genes was normalized
by the expression of G. hirsutum UB7, data are presented as mean + SD from three technical

replicates.
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Supplementary Figure 11. Knockdown of candidate genes through VIGS except for
GhGLR4.8 has no effect on FW resistance. (a) Phenotype of TRV:00 plants and genes-silenced
plants at 20 days after inoculation with Fov. VIGS assay was conducted in a resistant cultivar
Xinluzao 46 (Xin46) background. Susceptible cultivar Xinluzao 7 (Xin7) was inoculated with
Fov simultaneously. (b-d) Detection of genes silencing efficiency through qRT-PCR. Data in

b, ¢ and d are presented as mean + SD from three technical replicates.
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Supplementary Figure 12. Knockdown of GhGLR4.8 strongly suppressed resistance to Fov
in Upland cotton. (a) Disease symptoms of 7RV:00 and TRV:GhGLR4.8 plants at 20 days after
inoculation with Fov. Two highly resistant cultivars (Xin46 and YZ1) and one susceptible
cultivars (Xin7) were selected. (b) Expression levels of GAGLR4.8 in TRV:00 and
TRV:GhGLR4.8 plants was determined by qRT-PCR. (¢) Distribution of disease grade of
TRV:00 and TRV:GhGRL4.8 plants. (d) Vascular bundles coloration in longitudinal-sections of
inoculated TRV:00 and TRV:GhGLR4.8 plants. (e) Relative content of Fov DNA in inoculated
stem of TRV:00 and TRV:GhGLR4.8 plants. Data in b and e are presented as mean + SD from

three technical replicates.
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Supplementary Figure 13. Knockdown of GhGLR4.8 through VIGS has no effect on
Verticillium wilt resistance. (a) Disease symptoms of 7RV:00 and TRV:GhGLR4.8 plants at 20
days after inoculation with V. dahliae. (b) Expression levels of GAGLR4.8 in TRV:00 and
TRV:GhGLRA4.8 plants were determined by qRT-PCR. Data in b are presented as mean + SD

from three technical replicates.
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Supplementary Figure 14. Repeat of co-segregation analysis between GhGLR4.8""*¢

genetic marker and Fov resistance. The detailed description refers to Figure 3.
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Supplementary Figure 15. Transcriptome profile of fungal genes in hypocotyls of Fov-

infected Fov7 KO#5 versus in vitro-grown Fov. (a) The number of differentially expressed

fungal genes (DEFGs) (P < 0.05, | log2 (FC) | > 1). Fold change was calculated by (in planta

Fov)/(in vitro-grown Fov). (b) The venn diagram of DEFGs. (¢) GO enrichment of host-induced

genes of Fov. TOP10 significantly enriched biological process GO terms are show. Three

biological replicates were included for each treatment.



Supplementary Figure 16

(a) 2500 up wdown 18492172 © Fov7 KO#5

2000
Count
1500 Translation - ® ® 40
1000 Regulation of transcription, DNA-templated - @ 30
Regulation of systemic acquired resistance - ® @ 120
500 Recognition of pollen- @ 160
Protein phosphorylati
f TO! e.m pl mp.ory ation @ ~logio(P-value)
1668 Fov7_KO#5 Proline biosynthetic process-
Oxidation-reduction process @ l 10
8

(b) Intracellular protein transport - °
Chitin catabolic process- 6
Cell wall macromolecule catabolic process - 4

oot Pvalue 0 053 0.1e'3 0.15¢-3
Treatment 10 dpi VS 5 dpiu;
10 dpi P piup
5 dpi
Genotype
Fov7 KO#5 Count
J668 Xylan biosynthetic process - ®
Translation - : ?go
Systemic acquired resistance - ® 150
Response to oxidative stress -
Plant—type secondary cell wall biogenesis - —~logio( P-value)
Plant-type cell wall organization - 18
Oxidation—reduction process - 15
e Lignin catabolic process - ® 12
— Intracellular protein transport - ° 9
§ High Cellulose microfibril organization- 6
P-value0 le-6 2e-6 3e-6 4e-6 Se-6
10 dpiVS 5 dpidown
M Low
() J668
Count
PP ® 5 Count
Transcription initiation from RNA polymerase II promoter- Transmembrane transport -
Sterol biosynthetic process- : }(5) Root development- : 780
Response to abscisic acid- o Response to oxidative stress- ® 150
Regulation of transcription, DNA—templated @) ® 2 Protein phosphorylation -
o " Oxidation-reduction process -@ .
Proteolysis —logm(P-value) Lisoi Dol p ~logio(P-value)
Proline biosynthetic process- 35 ignin catabolic process- . 40
Negative regulation of transcription, DNA—templated- < Defense response- 30
30 Chitin catabolic process-
Lipid transport- 25 N . P ] 20
Cell wall macromolecule catabolic process
Drug transmembrane transport- 20 .
. A . . : Auxin efflux - ° 10
Cell—cell signaling involved in cell fate commitment- ° 15

— Pvalue 0 led 2ed ded ded
Pvalue 0 001 002 003 004

10 dpi VS 5 dpiup 10 dpiVS 5 dpidown

Supplementary Figure 16. Transcriptome profile of plant genes in hypocotyls of Fov-infected
Fov7 KO#5 and J668 at 10 dpi versus at 5 dpi. (a) Number of differentially expressed plant
genes (DEPGs) (P < 0.05, [log2(FC)| > 2) in Fov-infected hypocotyls of Fov7 KO#5 and J668
at 10 dpi versus 5 dpi. Fold change is calculated by 10 dpi/5 dpi, dpi, days post inoculation. (b)
Heat map of DEPGs in hypocotyls of Fov7 KO#5 and J668 at 10 dpi versus 5 dpi. (¢) and (d)
Gene ontology (GO) enrichment analysis of DEPGs in hypocotyls of Fov7 KO#5 (c) or J668

(d) at 10 dpi versus 5 dpi. Three biological replicates were included for each treatment.
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Supplementary Figure 17. Sequence comparison of Fov7 in G. hirsutum (TM-1), ! G.
barbadense (3-19)""" and G. arboretum (Shixiyal).'"! Ghir 402G017230.1 is the Fov7
homologue in A subgenome of TM-1, Ga02G0002.1 is the Fov7 homologue in Shixiyal,
Gbar A02G016930.1 and Gbar D03G002290.1 are the Fov7 homologues in A and D

subgenome of 3-79, respectively.



Supplementary Table

Supplementary Table 1, 3, 7-10 were offered in a separate file.

Supplementary Table 1. The disease index of 290 cotton accessions for GWAS.

Supplementary Table 2. The significant SNPs associated with Fusarium wilt.

SNP Chromosome Allele Position P value -logl0 (P) MarkerR®

D03 2176763 D03 G/T 2176763 7.84E-11 10.106 0.17535
A01 30018512  AO01 A/T 30018512 6.47E-09 8.189 0.12425
D03 2135880 D03 C/T 2135880 9.11E-09 8.040 0.13716
D03 2146908 D03 G/A 2146908 1.81E-08 7.742 0.13175
D03 2115717 D03 G/A 2115717 2.34E-08 7.631 0.12975
D03 2148731 D03 G/A 2148731 6.76E-08 7.170 0.12145
D03 2135218 D03 A/T 2135218 7.34E-08 7.134 0.1208
D03 2115674 D03 C/T 2115674 9.72E-08 7.012 0.11862
D13 41766280 D13 T/G 41766280 1.35E-07 6.869 0.11606
D03 2125319 D03 A/G 2125319 1.54E-07 6.813 0.11506
D03 2076487 D03 A/C 2076487 1.78E-07 6.749 0.11393
D03 2380413 D03 T/G 2380413 2.04E-07 6.691 0.11288
D03 2145709 D03 G/A 2145709 2.32E-07 6.634 0.11187
D03 2147303 D03 C/T 2147303 2.79E-07 6.554 0.11045
D03 2138339 D03 A/G 2138339 2.99E-07 6.524 0.10991
D03 2073788 D03 G/A 2073788 3.40E-07 6.468 0.10893
D03 2075791 D03 G/A 2075791 3.52E-07 6.453 0.10866




Supplementary Table 3. The FW resistance of 194 cotton accessions collected from

previous study.

Supplementary Table 4. Genes located in candidate region of Fov7 locus and its annotation.

Gene ID Strand Start Stop Annotation
Gh_D03G0203 - 2027606 2029122 heat shock factor 4
Gh_D03G0204 + 2045424 2045591 unknown
Gh_D03G0205 + 2094618 2094950 chloride channel B
Gh_D03G0206 - 2125102 2144777 cytochrome P450, family 83
Gh_D03G0207 - 2166718 2167364 Protein of unknown function (DUF1685)
Gh_D03G0208 - 2169915 2173932 unknown
Gh_D03G0209 - 2175025 2177322 glutamate receptor 3.3
Gh_D03G0210 + 2179082 2182850 unknown
Gh_D03G0211 + 2193477 2194673 unknown
Gh_D03G0212 - 2203285 2203968 bHLH DNA-binding superfamily protein
Gh_D03G0213 + 2218541 2219557 mitogen-activated protein kinase kinase kinase 19
Gh_D03G0214 + 2226884 2228258 F-box/RNI-like superfamily protein
Gh_D03G0215 - 2229735 2231887 PLC-like phosphodiesterases superfamily protein
Gh_D03G0216 - 2232858 2235938 Plant protein of unknown function (DUF869)
Gh_D03G0217 - 2238291 2240938 protein serine/threonine kinases
Gh_D03G0218 - 2255453 2257785 Integrase-type DNA-binding superfamily protein
Gh_D03G0219 + 2293920 2297367 Cystathionine beta-synthase (CBS) family protein
Gh_D03G0220 - 2304123 2304617 DREB and EAR motif protein 3
Gh_D03G0221 - 2314748 2317694 Dentin sialophosphoprotein-related
Gh_D03G0222 + 2338597 2347155 P-loop containing nucleoside triphosphate hydrolases
Gh_D03G0223 - 2348736 2351761 Leucine-rich receptor-like protein kinase family protein
Gh_D03G0224 + 2368534 2373145 2-oxoglutarate (20G) and Fe(II)-dependent oxygenase
Gh_D03G0225 - 2373295 2374910 FMN-linked oxidoreductases superfamily protein




Supplementary Table 5. Features of the GLR genes in Upland cotton

Gene ID Gene Name Chr Length (aa) Genomic Region
Ghir_ A07G021120 GhGLRI1.1 A07 627 91819388-91821699
Ghir_ A07G021130 GhGLR1.2 A07 847 91850132-91854091
Ghir_D07G009840 GhGLR1.3 D07 792 11852666-11858516
Ghir_ D07G021310 GhGLR1.4 D07 862 53661343-53664759
Ghir_ D07G021320 GhGLR1.5 D07 776 53666922-53669913
Ghir_A07G003890 GhGLR2.1 A07 979 4330442-4336180
Ghir_D04G008970 GhGLR2.2 D04 851 18628789-18638112
Ghir_ D04G015310 GhGLR2.3 D04 914 49556864-49564141
Ghir_D07G003910 GhGLR2.4 D07 915 4037638-4043561
Ghir_ A02G019470 GhGLR3.1 A02 947 107934254-107939151
Ghir_A05G018230 GhGLR3.2 A05 851 17246944-17253044
Ghir_ A12G001330 GhGLR3.3 Al2 885 1683238-1688933
Ghir A12G016770 GhGLR3.4 Al2 813 91878901-91883964
Ghir_A13G006510 GhGLR3.5 Al3 905 14068841-14073278
Ghir_A13G009800 GhGLR3.6 Al3 821 52745568-52750576
Ghir_A13G009810 GhGLR3.7 Al3 921 52799328-52804364
Ghir_D03G000100 GhGLR3.8 D03 310 98496-99510
Ghir_D05G018240 GhGLR3.9 D05 909 15825979-15832082
Ghir D12G001360  GhGLR3.10 D12 810 1630516-1636164
Ghir D12G017030  GhGLR3.11 D12 813 49647233-49652268
Ghir_ D13G005830  GhGLR3.12 D13 810 7699695-7704665
Ghir_ D13G009280  GhGLR3.13 D13 821 19596508-19601650
Ghir D13G009290  GhGLR3.14 D13 921 19625438-19630396
Ghir_ A02G017230 GhGLR4.1 A02 481 105680541-105683016
Ghir_ A02G017250 GhGLR4.2 A02 566 105697917-105714265




Ghir_A05G016210 GhGLR4.3 A05 900 15273260-15279087

Ghir_A05G020820 GhGLR4.4 A05 405 20134953-20137186
Ghir_A10G002660 GhGLR4.5 A10 904 2350198-2354896
Ghir_A10G002670 GhGLR4.6 A10 972 2354914-2358484
Ghir_A10G002680 GhGLR4.7 A10 889 2361358-2365538
Ghir_D03G002390 GhGLR4.8 D03 641 2246112-2248669
Ghir_D05G016050 GhGLR4.9 D05 818 13966076-13971543
Ghir_D05G020760  GhGLR4.10 D05 740 18081772-18085238
Ghir D10G003440  GhGLRA4.11 D10 904 2872905-2876333
Ghir_ D10G003450  GhGLR4.12 D10 932 2877535-2881153
Ghir D10G003460  GhGLR4.13 D10 897 2882280-2888831

Supplementary Table 6. Percentage and number of unique RNA-seq reads aligned to Fov

race 4.
Days Post Inoculation
5 10 5 10
Number of
Biological Percentage of Fov ~ Uniquely Aligned
Replicate Plant Reads Reads
1 Fov7 KO#5 0.10% 0.70% 17429 315378
2 Fov7 KO#5 0.09% 0.69% 31558 201704
3 Fov7 KO#5 0.06% 0.66% 13410 193339
Average 0.08% 0.68% 20799 236807

Supplementary Table 7. Transcriptome profiles of fungal genes in hypocotyls of Fov-infected

Fov7 KO#5 versus in vitro-grown Fov, related to Figure S15.



Supplementary table 8. Transcriptome profiles of plant genes in hypocotyls of Fov-infected

Fov7 KO#5 versus J668 at 5 dpi and 10 dpi, related to Figure 5.

Supplementary table 9. Transcriptome profiles of plant genes in hypocotyls of Fov-infected

Fov7 KO#5 and J668 at 10 dpi versus 5 dpi, related to Figure S16.

Supplementary Table 10. Primers used in this study.



