Table S1. Lists of the invertase gene candidates in soybean.

8 Gene  ORF MW
Gene Gmax 2.0 fl cDNA NCBI Chr Location Model (bp) (kDa) pl Target
GMCWIL Glyma.07G008800 NM_001249396.1 Cchr07: 647865-652858 1 1695 63.54 8.84 Apoplast
GmCWI2 Glyma.08G192000 XM_003531563.3 Cchro8 15440745-15445678 1 1695 63.60 9.22 Apoplast
GmCWI3 Glyma.15G024600 XM_003546647.3 chris 1992572-1996208 1 1728 64.39 8.75 Apoplast
GMCWI4 Glyma.13G349300 XM_003543542.3 chri3 43903578-43906955 2 1725 64.45 9.16 Apoplast
GMCWI5 Glyma.08G191900 na chro8 15431365-15437778 1 1545 61.37 8.76 Apoplast
GMCWI6 Glyma.14G096600 XM_003544491.3 Chri4 9045982-9049929 3 1713 65.09 5.87 Apoplast
GmCWI7 Glyma.10G074800 XM_003535691.3 chr10 7745865-7752555 1 1731 65.43 9.48 Apoplast
GmCWI8 Glyma.17G227800 XM_006601164.2 chr17 38275485-38278808 2 1689 64.41 5.08 per
GmMCWI9 Glyma.17G227900 XM_003549299.3 chri7 38284476-38287851 2 1659 63.25 5.17 Per
GMCWIL0 Glyma.20G029100 XM_003556688.3 chr20 3460364-3464727 2 1668 62.90 8.42 PM
GmCWI11 Glyma.19G195400 XM_003553553.3 chr19 45262941-45267834 1 1665 64.78 9.10 Apoplast
GMCWI12 Glyma.03G197400 na Chro3 40681218-40685449 1 1605 60.40 8.39 Apoplast
GmVIL Glyma.01G211000 XM_006573669.2 chroL 54261857-54266740 1 2028 75.06 5.43 chl
GmVI2 Glyma.05G056300 XM_003525755.3 Cchr0s 5148962-5154038 3 1938 7176 5.66 PM
GmVI3 Glyma.06G318500 XM_003526326.3 Chr06 50710931-50716437 2 1941 7213 5.36 PM
GmVI4 Glyma.09G231500 XM_003533466.3 Chro9 45478768-45483760 2 1893 70.59 5.39 PM
GmVIS Glyma.11G030800 XM_003538679.3 chril 2225720-2230176 1 1860 68.61 5.10 Per
GmVI6 Glyma.12G005100 XM_003540527.3 chri2 395447-400775 2 1845 68.86 5.70 PM
GmvI7 Glyma.17G138500 XM_003549854.3 chr17 11222613-11227294 2 1938 71.98 5.8 PM
GmCIL Glyma.03G230400 XM_003520741.2 Chr03: 43205651-43209277 1 1992 75.25 5.47 ER/Cyto
GMCI2 Glyma.04G005700 XM_003523456.3 Chr04: 460114-463655 5 1713 65.24 6.78 Per/PM
GmCI3 Glyma.05G185500 XM_014775774.1 Chros: 37243691-37249494 4 1959 74,10 6.39 Mit/PM
GmCI4 Glyma.06G005400 XM_006581041.2 Chr06 446722-450595 2 1722 65.39 6.34 Per/PM
GmCI5 Glyma.07G236000 XM_003529455.3 Cchro7: 41783573-41788799 1 2040 77.00 6.13 Cchi/PM
GmCI6 Glyma.08G143500 XM_003531340.3 Chro8: 10949673-10956219 1 1959 73.87 5.84 Mit/PM
GmCI7 Glyma.10G145600 XM_003535267.3 chrlo: 38035440-38039395 1 1956 73.73 6.59 ch
GmCI8 Glyma.10G214700 XM_014763320.1 chr10: 44674211-44679453 4 1668 63.21 6.11 PM
GmCI9 Glyma.12G024000 XM_014764424.1 chri2: 1748002-1751739 3 1674 63.58 6.02 PM
GMCI10 Glyma.17G037400 XM_003550769.3 chri7: 2732048-2737399 2 2043 77.02 5.94 chl
GmCI1L Glyma.19G227300 XM_006605197.2 chr19: 47882570-47886680 1 2016 76.01 5.43 Cyto
GmCI12 Glyma.20G095200 XM_003555130.3 Chr20 33827363-33831352 1 1959 73.84 6.79 Cyto/Chl
GmCI13 Glyma.20G177200 XM_014772800.1 Chr20: 41446962-41451980 2 1668 63.25 6.22 Per/Chl

fl cDNA, full length complementary DNA; Chr, chromosome; ORF, open reading frame; MW, deduced molecular
weight of the protein; pl, isoelectric point; Per, Peroxisome; PM, Plasma Membrane; Chl, Chloroplast; ER,
Endoplasmic Reticulum; Cyto, Cytosol; Mit, Mitochondria; n.a, not applicable. The gene ID was obtained from the
genome assembly nomenclature of Glyma.Wm82.a2 in Soybase database (https://soybase.org/). Predictions of
protein subcellular targeting were performed by programs of PSORT (https://wolfpsort.hgc.jp/) and CELLO
(http://cello.life.nctu.edu.tw/). Protein molecular weight (MW) and isoelectric point (pl) were deduced by the

program of EXPASYy (http://web.expasy.org/compute_pi/).



Table S2. The lists of primers were used for qRT-PCR, subcellular localization and protein expression.

qRT-PCR
Gene Gene ID NCBI Gene ID 2.0 Primers Size
GmEF/ab EV279336 Glyma 0262766001 | Fx CORCT ST SARGAACAT A ToATS 182 bp
GmCYP CF806591 Glyma12G024700.1 | FY ACCACOAAGACCOACTCSS 121 bp
GMACTII BW652479 Glyma.02G091900.1 | E U ATCTTOACTEACCETOOTTATTCC 161 bp
GMACT2/7 BW677100 Glyma.04G215900.1 | Fr T TCCCT ACCACC T e ot 198 bp
GMCWIL | Glyma07g01090 | Glyma07G00g800.1 | o LT OACTICT TCTACTEATECETCT 162 bp
GMCWI2 | Glyma08g204%0 | Glyma08G1920001 | fn ACCAATTOCCATOACTATETCTA 157 bp
GMCWI3 | Glymal5g02850 | Glyma.15G024600.1 E113: ’:%‘%’é;’éﬂ%ﬁ%ﬁ%%ﬁ%% 182 bp
GMCWI4 | Glymal3ga2530 | Glyma 13G349300.1 Ellz: ’éﬁg%;‘é%’%é@rgm&?m 121 bp
GMCWIS | Glyma08g20480 | Glyma08G101000.1 | r= ACGTCCTIATCATTTITAASCAGE 161 bp
GMCWIG | Glymaldgli000 | Glyma14G0oee001 | fn ACACAATIGEATOAATEOCCCT 198 bp
GMCWI7 | Glymal0goss70 | Glyma.10G074800.1 E113: ?‘é‘éﬂfggﬁ;;ggéﬁg%g?“ 147 bp
GmCWIS | Glymal7g34570 | Glyma17G2278001 | fo (ATCACTECATCACABECEE 191 bp
GMCWI9 | Glymai7ga4se0 | Glymal7G2zreoon | po [CAGTITOTCCIITGCOTST 173 bp
GMCWIL0 | Glyma20g03620 | Glyma20G020100.1 | Fr rOATACTATGACCATECCCTACAT 166 bp
GMCWILL | Glymal9g38160 | Glyma.19G195400.1 E113: ’égzﬁggg’éﬁgﬁgggﬁgg 147 bp
GMCWIL2 | Glyma03g35520 | Glyma.03G197400.1 Ellz: gi@gﬁggééﬁﬁégg?gggf 102 bp
GmVIL | Glyma01g41990 | Glyma01G211000.1 | Fi TAACCOATEAGEEACTCECA 152 bp
GmVI2 | Glyma05g04200 | Glyma05G0se300.1 | Fr T CTECCARIGTOCCAAGTCA 188 bp
GMVI3 | Glyma06g47640 | Glyma.06G318500.1 Eﬁfigggggﬁﬁgg@ﬂgﬁ:ﬁg 111 bp
GMVI4 | Glyma09g36580 | Glyma.09G231500.1 Ellz: g%?g%g%’?éﬁggg%g‘é 193 bp
GmVI5 | Glymallg03se0 | Glyma11G0308001 | Fr GEATOAACCETECAMTE TICT 100 bp
GmVIG | Glymal2g00780 | Glyma12G005100.1 | FY GCTSACAATICTTICIECAGTS 169 bp
GmMVI7 | Glymal7g14750 | Glyma17G13g500.1 | FITAAAATOTOCCAATETOAGCC 114 bp

Co-localization

Gene Primers
GmCWI4- CWI4-attBl: GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGGCCATATCTCCAA
pK7RWG/pB7YWG CWI4-attB2-: GGGGACCACTTTGTACAAGAAAGCTGGGTGTTGATTTTTGCCTTC
attB1 attB1_adapter: GGGGACAAGTTTGTACAAAAAAGCAGGCT
attB2 attB2_adapter: GGGGACCACTTTGTACAAGAAAGCTGGGT
pPDONR201 SeqLA: TCGCGTTAACGCTAGCATGGATCTC
SeqLB: GTAACATCAGAGATTTTGAGACAC




Pichia expression

Gene

Primers

GmCWI4-pMDC32

CWI4-attBl: GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGGCCATATCTCCAA
CWI4-attB2+:
GGGGACCACTTTGTACAAGAAAGCTGGCTCGTTCAGTTGATTTTTGCCTTCTTC

GmCWI4-pPICZoA

CWI4pPICZ-F1: AATCCGGAATTCTCTCAATGGTGTTCTTCCCATTG
CWI4pPICZ-R1: GACTAGTCTAGACCTCAGTTGATTTTTGCCTTCTTC

pPICZaA

5’ AOX1:GACTGGTTCCAATTGACAAGC
3> AOX1:GCAAATGGCATTCTGACATCC

pDONRZeo

M13-fw: GTAAAACGACGGCCAGT
M13-rev: GGAAACAGCTATGACCATG




(1) B-Fructosidase motif _(3) _(4) (5)

GmCHWIL Hv- =YRNLQSLSSDS-SNQPYRTAYHFQHP KW INDPNGPLRYAGLYHLF YO NPEGAVWGN-IYWAHSY SKDLVNWT PLDPAI FPSQPSDINGCWSGS TTLLPG--NKPVL LY T! 132
GmCWI2 HI YRNLOSVSSDS-SNQPYRTAYHFOHP NWI NDPNGP LRYGGL YHLF YOI NPEGAVWGN-IYWAHEY SRDLVNWT PLDPAI FESQS SDINGCWSGS ATLLPG--NKPAL LY T! 132
GmCWI3 EW- YRNLOTLSSDS-SDOPYRTAYHFOHP KNWINDPNGPMRYKGLYHLF YOI NPEGAVWGN - I WAHSY SKDLVNWT PLDHAL YPSQPSDINGCWSGSATILPG--GKPAI LYTY 138
GmCWI4 HW: YRNLOTLSSDS-SOQPYRTAYHFOHRKNWINDPNGPMRYKGLYHLFYOI NP K GAVWGN-T{WAHS[ SNDLVNWT PLOHRAI YPSQPSDINGCWSGSAT ILPR--GKPHI LYT! 137
GmCWIS YL YRNLOSLSSEYSYDQPYRTAY HFQHWHWI NDPHGPMRYGGLYHVF YO NPFGATWGN- I WAHSY SKDLVNWT PLOPALFPSQPSDINGCWSGSATLLPG--NEPMILYT! 133
GmCHIG GI ETSTHSTNNRTPERQPYRTHY HFQHRONWMN-~ ~GPMYYKGYYHLFY ONPE RATFGDRI YWGHSSYDLINWI HLNNAT EPSGPYDNNSCWSGSATI T PGK-EQPVI LYTY 131
GmCWIT DI YPDLQS ISARSV-SKLQRTHYHFQ HRKNWINDPNGEMYYNG | YHLF YO NPK GAVWGN -1 {WGHAY SKDLI NWKELEPALYPSKPFDKY GVWSGSATVLEG--KGPVILYT 139
GmCWI8 AS PHSINSIKFKVPEKQPYRTWY HFOHP ONWMNDBNAPMY YKGVYHEF YORNPY APTFGEKMUWAHSSYDL INWI HLNHEAI EPSDSYDINSCWSGSATILPGEEEQPYILY T 121
GmCWI9 AS: PDNINSVEYNVHEKQPYRTWY HFQHP QWMNDPNGFMY YKGYYHFF YORNPY APT FGRHMYWGHSVSYDLINWIHLNHI LEPSESYDINGCY SGS ITTLFV=--EKPVIMYTY 118
GmCWI10 == === ====-VR-GDYHRTEFH FOHLENWMND PNGPMY YNGYYHLFY O NPX GTVWGN - TWAHSVSKDLINWNG I EHATY PSKPF DKFGCWSGSATIT PG--KG PV LY T 126
GmCWI11 KV YPHLOSVSTISV=-SROHRTAY HFQHPKNWI N=-=~GPMYYNGIYHLFY (Y NPKGSVWGN~-TYWAHS [ SKDLINWRTLEPALYPSKPFDKFGCWSGSATIVPG-~KGPVI LYTY 136
GmCWI12 —=YPHLOSVSTISV-SGOHRTAY HFOHPKNWIN-- -GPMY YKG Y HLFY (Y NPKGS VWGN-IYWAHSY SKDLINWRSLEHALYPSKPFDKFGCWSGSAT IVPG--KGPVI LYT 136
GmVI1 =SWLFNSNNGNGESYPWNNSMLSWORTAYHFOHE KNWMNDPNGEMY YKGHYHFF YOI NPR GAVWG D-TYWGHAY SRDMT HWFHL PLAMVADQWYDENGVWTGSATI LB D=-~GQVIMLY T 233
GmVIZ SSMLFAVEDGASKAFPWDNSMLSWORTAFHFOHE KNWMN DPNGEMYYKGHYHFF YOI NPR GAVWG D- IWGHAY SRDMI HWLHL PLAMVADQWY DMOGVWTGSATILFN--GE I JMLY T} 205
GmVI3 NEPLFH=====KVSYNWTNAMFSWQRTAFHFQHONNWMNDP DG LFHMGH YHLF YOI NPT SA TWGN=1JWGHAY SRDMT EWFYLE TAMGEDTWY DINGVWTGS AT 1LEG-=GK I I LYT(] 209
GmVI4 NPYLSQ-—---KASYNWTNAMLSWQRTAFHFQHORNWMN DPNGE LEYMGHYRIF YOI NPL SAVWGN-TYWGHAY SROLT EWLYLPIALVEDKWEDISGVWSGSATLLPD--GKIIMLYT 193
GmVIS ~SWQLNSNNGSGESYPWNNSVLSWOQRTAYHEQH ~GPMEYKEWYHFFY O NPEGAVWG D- IYWGHAY SRDMI HWLHL PLAMMADOWY DKNGVWIGSATILPD--GQITMLYTY 225
GmVI6 NQYLSH-===-KASYNWTNAMLSWQRTAFHEQHORNWMN DENGE LEYMGHYHVF YOI NPL SAVWGN =1 JWGHAN SRDLT HWLY LP IALFEDKNEDVNGVWSGSATLLED==GK I IMLY T 186
GmVI7 SEMLFAVEDGASEAF PWDNSMLEWQRTAFHFQHE KNWMN DPNGEMYYKGWYREF YOI NPX GAVWG D- I\WGHAY SRDMI EWLHL PLAMVADQWY DMQGVWTGSAT ILPN--GE ITMLY T 205
Tl Ter@) e osglreriket Lo s lntkt et s . iy ediCatalidic site
GmCWIl I-DLLNOOVONLAQPKNLSDPFLREWVKS PKNPLMAPTSANKINSSHFRDPTTAWIGKDC HWRVLVGSKRRTRGIAI L YRSKDFVNWVOAKHPLY ST LGSGMWEC PDE F PVLNND---0QL 248
GmCWIZ I=DSLNQQVONFAQPENLS DPF LREWVKS PKNPLMAPTS ANK [N SSHFRDPTTAWLJSKDC HWRVLVGSKRRTRGMAT LYRSKDFVKNVQAKHP LESTLGSGMAEC PDF FPULS NG===(0L 248
GmCWI3 I-DPNMHQVQNLALPENMS DPLLREWVKSPKNPLMAPTSANMINSSSFRDPTTAWLGKDG YWRVL IGSKIHTRGMA I LYKSKNFVNWVQAKQPLHSAEGTGMWECPDFYPVMLNNKPSSTI 257
GmCWI4 I-NPNKHQVONLAIPKNMSDPLLREWVKSPKNPLMAPTISNNINSSHFRDPTTAWLCKDCYWRVLIGSKIHTRGMAIL YKSKN FVNWVQAKQPLESAEGTCMWECPDE Y PULDNKGPSTI 256
GmCWIS I-DSMMRQVONLAQPENLSDPFLREWVKSFKNPLMEPTSANNIDSSHFROPTTAWLGKDCQWRVLVGS LRET SGTALL YKSKDFVDWVQAEQPLHSTLGSGMWECPDF FPVLS NG---QL 249
GmCWI6 I-DDKKHQVONLAMPRNLS DPFLREWIKHPOQNPVMSPPS--GVEVNMFRDPS TAWIGK DCKWRVV IGAQNGDEGKT ILYQSEDFVNWKVDPNP FYASDNTGYCECPDE FPUNI SG-~5SKN 246
GmCWIT VIDKQSNEVQLYAIPENKSDPFLREWVKPKAFNP I-VVADHSMNASVFRDPTTAWWS KDC HWRMLIGGRRKDRGMAY LYRSKDFVEWI QAKHP IHSARSTGMAECPDF YPVSLKG===KN 255
GmCWIS I-DNNKYQVQONMAMPEDLS DPF LREWVKHPONPAMTPPS--GVEVNNFRDPSTAW(GKDC KWRVVIGAQNGDEGKTILYQSEDFVNWRVELNPFFATDNTGYCECPDFFPUS INS-~--TN 235
GmCWI9 S-DTNKHQIQNLAMPKNLSDPFLREWVKDPQNPIMIPPS--GIDVEQFRDPTTAWYGGDC KWRVI IGAKTGDDGKALL Y ESDDFVNWK LHPNPLYAS DNTGMFECPDEFPVHI SG--5KS 233
GmCWI1O0 VIDENNTQUQCYAEPEDPNDPLLRRWVEPDKLNPA-VV-DKDVNHTHFRDPTTAWNGKDC HWRMLVGSVRKRRGIAYLYRSKDFKTWVRAKHP IHSKGGTGMWECPDE Y PUEVIG-—-NV 241
GmCWI11 VVDDKQTQVQCYAVPEDLNDPLLREWVKPDKENP I-LVANKGVNGS AFRDPTTAWNSKDC HWK I LVGSERRKRRGIAYLYRSKDFMTWVQAKHP IHSKGETGMAECPDF Y PVLVNG-—-NQ 252
GmCWI12 VVDDKQTOVQCYAIPEDLNDPLLOKWVKPDKENPI-LVANKGVNGS AFRDPTTAWSKDC HWK I LVGSRENLTGIAYLYRSKDFMNWVOAKHP IHSKGETGMAECPDF YPYLLRG-=-NA 252
GmVIl S-TNESMQVQNLAYPADPSDPLLVOWIKY PANPVLFPPP--GIDAKOFRDPTTAW JTSECKWRISIGSKLNKTGIALVYDTNDFKTFERVEGV LHVVPGTGMAECVDF FPUSSKG---EN 347
GmVI2 S-TNESVQVONLAYPANPSDPLLVDWIKY PGNPVLVPPP--GIGAKOFRDPTTAWYTSECKWRITIGSKLNKTGIALVYDTEDFKNYE LKEGLLRAVAGTGMAECVDEFPVEKEN-—-EN 319
GmVI3 D-TREYVQVQNLAYPANLSDPLLLDWVKYAGNPVLVPPP-~-GIGPKOFRDPTTGW JSPDC KWRVATGSKKGKKGI SLVY TTTDFVNFE SNDHY LHAVPGTGMWECVDFYPVS I SG--~5R 323
GmVi4 N-TDRNVQVQNLAY PANLS DPLLLDWVKYANNPVLVPPP--GIGPKOFRDP TTAW JSPDEKWR ITIGSKLNK TGLE LLYRTQDF I HYEQS DRY LEQVPGTGMWECVDE Y PV VNG-~--PN 307
GmVIS S5-TNESVQVQNLAYPADPSDPLLVOW IKY PANPVLFPEP-~GI DAKOFRDPTTAWT SECKWRISIGSKLNKTGIALVYDTI DFKTFEHVEGV LHAVPGTGMWECVDF FEVIESKG--~EN 339
GmVI6 S-TDONVQVONLAYPANLSDPLLLDWVEYADNPVLAPFP--GIGPKOFRDPTTAWEG PDEEKWR ITIGSKLNGTGLSLVYRTQDFIHYEQNDHY LEQVPGTGMWECVDF Y PV VNG---PN 300
GmV17 S-TNESVQVQNLAYPADPSDPLLVOWIKY PGNPVLVPPP--GIGTKOFRDPTTAWT SECKWRITIGSKLNKTGIALVYDTE DFKSYELKEGLLRAVDGTCHMWECVDEFPUSKKEN=-=-EN 319
sat % ok s wmas maw . TR T T I cod we o waie
GmCWIL GVDTSVNG-YDVRHVLKVSLDDKKHDY YMIGSYNAAKDAFI PDEES--NEFVLRYDYGK WY ASKTFFDJGKKRRILLGWANE SSSVAADI HKGWSJL HTI PRALWLH-KS GKQLVQWEVY 364
GmCHI2 GVDTSVNG-EYVRHVLKVSLDDKKHDYYMIGSYNARKDAFIPDEES--NIFVLRYDYGK Y[y ASKTFFDOGKKRRI LLGWVNE SSSVADDIHKGWS AT HT T PRAIWLH-KSGRQLVOWPVE 364
GmCWI3 GLDTSVNG-DNVRHVLEVS LDDEKHDHYLIGTYDIAKDI FTPDNGFEDSQTVLRYDYGKYYASKTIFEGKNRRVLLGWVNE SSSVSDDIHKGWAQI HTI PRAIWLH-KSGKQLVOWPVV 375
GmCWI4 GLDTSVNG-DNVRHVLKVSLDDTKHDHYLIGTYDI AKDIFTEONGFEDSQTVLRYDYGK WY ASKT I FENGKNRRVLLGWVNE SSSVPDDIHKGWAQT HTT PRATWLH-KSGKQLVQWEVV 374
GmCWIS GVDTSLNG-DHVRHVLKASLSAKQHDYYMIGSYNATKDVFIEDNGT--NQFVLSYDYGK Y[y ASKTFFDIJGKKRRI LLAWVSE SSSSADDKHKGWS I ¥ TI PRT IW LH-KSGKQLVOWEVV 365
GmCWIG GVDTSVON-PSVREVLKIS YLRKQHDY YFLGKYVS DOENF I PDVRFTGTSSDLRY DY GR Y ASKSFFDYRKNRRILWGWVNE SDSTODDIHKGWAGLOS I PROVWLD-KSGKRLVOWPIE 364
GmCWIT GLDISVVGSSSIKHVLKNSLDLTRYEYYTIGTYFKNKDKYIPDNTSEDGWGGLRYDYGNEYASKSFFDASKNRRILWAWANE SDSKEDDVHKGWAQI QST PRTVWLD=-YGGKQLVQWFVE 374
GmCWI8 GVDASVOS-05VRHVLKISYLRRHODY YFLGKYVY DEGN FVPDVKFTGTSSDLRLDYGKEYASKSFF DHAKNRR I LWGWVNECDTROND IRKGWAGL OCI PROVWLD-ES GKOLMOWEPIE 353
GmCWIY GVDTSIQN=5SVKHVLKMS YONKQLEYY FLGEY FPDQEKF I PDADWARTGLDL I LDHGMEY ASKSFFDMAKK RRI LWGWSKECDTTQDDYHKGWAHLQS I PROVALD=KS GKWLMQWP LE 351
GMCWII0 -=--=- VG-NPVKEVLENSLDDTKFDYYTVGTYLEDKDRYVEDNTSVDGWGGLR YDY GNEY ASKSFFDHSKNRRI LWGWANE CDKF IDNFHKGWAQI QAT PRTVWLD-FTGRQLVQWEVE 353
GmCWI11 GLETSEGG=NHVKHVFKNS LDMTRFDY Y TVGTYFEDKDRYVEDNTSVDGWGGLRYDY GNE[Y AS KSFFDHSKN RRI LWGWANE SDTKEDDVHKGWAQI QAT PRTVA LD=STGRQLVQWEVE 370
GmCWI12 GLETSEEG-NHVKYVFKNSLDITRFDYYTVGTYFKDKDRYAFDNTSEDGWGGLR YDYGNHYASKSFFDHSKNRR I LWGWANE SDTKEDDVHKGWAGI QAT PRTVWLD-STGRQL--—--~- 364
GmVIl GLDTSING-ENVKREVVKVSLDDDRHDYYALGTYDEKNVKFTPDDFNNDVGIGLRYDYGI Y ASKTFYDSKGRRVLWGWIGES DSEYADVAKGWAS/QGI PRTVALDKKTGSNLIQWPVA 466
GmVI2 GLDTSING-AEVKHVMKVSLDDDRHDYYSIGTYDEKNVLFTPDDAKNDVGVGLRY DYGI FY ASKTFYDONKERRVLWGWIGESDSEYADVAKGWAS/QSI PRTVELDRKTGSNLLOWE VA 438
GmVI3 GLDTSENE-PNVKHVLKASMDETRVDHYALGTYFIENDTWVPDN PLEDVGIGLY LDYGRYYASKTFYDHEKERRI LWGWINETDTESDDLAKGWASLQTI PRTVLFDSKTGTNLLLWPVE 442
GmVI4 GLDTSENG=-PDVKHVLKASLDDTKVDHYAIGTYFIENDTWVPDNPNEDVG IGLKLDYGRY[YASKTFYDJOKQRRILWGW INES DSETADLHKGWASLOQTI PRTVVFDKKTRTNLLHWPVE 426
GmVIS GLNTSING-ENVKHVVEVSLDDDRHDYYALGTYDEKNVEFTPDDFKNDVGIGLRYDYGIHYASKTEYDQSKGRRVLWGWIGES DSEYADVAKGWAS/QGI PRTVTLDKKTGSNLLQWP VA 458
GmVIé = ===s==e=ee DVKHVLKASLDDTKVDHYAIGTYFIENDTWVE DNPHEDVG IGFKLDYGR Y ASKTFY DQHKNRRI LWGW INESDSETADLHKGWASLQT I PRTVVFDKK TRTNLVHWEVE 410
GmVI7 GLDTSVNG-DEVKHVMKVSLDDDRADYYAIGTYDEKSVLFTPDDAKNDVGVGLRY DYGI FYASKTFYDQNKERRLLWGW I GESDSEYADVAKGWAS/Q ST PRTVELDRKTGENLLOWEVA 438
parw e ow soarE oaE o,z oww N T Tl T e Ty T *
(10)
GmCWI1 EVEKLRAYPVNLPPOVLKGGKLLP INGVTATQADVEISFEVSNLREAEVLD-YWTIDPQILCSKK-GSSIKSGUGPFGULVFASEGLOEYTSVEFRIFRHQ--HKY LVLLCSDOSRSSLNK 480
GmCWIZ EVEKLRAYPVNLLPQVLKGGKLLP INGVTASQADVEISFEVSKLRKAEVLD=YWTDPQI LCSKK=GSSVKSGIGPFGLLVFASEGLOE Y TSVFFRIFRHQ==HKY LVLLCSDQNRSSLNK 480
GmCWI3 ELESLRVNPVHWPTKVVKGGEMLOQVTGVTAAQADVEISFDVNEFGKGEVLD-QWVDPQI LCSRE-GAAVKGGIGPFGILVFASRGLOEYTAVFFRIFRYQ-~NKNLVLMCSDQSRSSLNK 491
GmCWI4 ELESLRVNEVHWPTKVVKGGEMLQVTGVTAAQADVE I SFEVNEF GKAEVLD-KWVDPQI L CSRK=GAAVKGGI|GPFGLLVFASRGLQE Y TAVF FRTFRYQ==NKNLVLMCSDQSRSSLNK 490
GmCW1S EIEKLRAYPVNLPPQVLKGGOLLHINGVTATQYF-========s=cccecoaacoc ~QILC-KN-GSSIISELGPFGLLVFASEGLOQEYTSISFRIFRHQ--HKYLVLLCSDQSRSSLNK 458
GmCWI6 EVEKLRDKHISIMGEKLVYGSNLEVSGITASQADVEVLFELPELQSAEFLDPDGVDPQLLCSQE-DASRSGI JGPFGULALASKDLKERTAIFFKIYRAP--NRYVGLMCNDQRRSSFRE 481
GmCWIT ELNSLREKEVEISHQKLKKGQHVEVEGITAAQADVEVTE SFSSLORAEPFDSRWVNAQDL CSQK-GSKVOGGYGPFGLLTLASERLEEFTPVFFRIFEAP--NEKHVILMCSDARSSSLER 491
GmCWIB EIEKLRDKQISILGEKLVGGSIIEVSGITASQADVEVLFELPELENVEWLDESEVDPHLLCSEE-YATRSGT JGPFGULALASEDQTEHTAVFFRIYRAS--NRY ICFMCSDQSRSSLRQ 470
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Figure S1. Multiple sequence alignment of the acid invertase (CWI and V1) gene family in soybean. The boxed
region indicates the 13 well-conserved regions including typical B-Fructosidase motif and catalytic site from the

known CWI and V1 of the selected green plants.
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Figure S2. Multiple sequence alignment of the cytoplasmic invertase (CI) family in soybean. The boxed regions

indicate the 12 well-conserved regions from the known CI of the selected green plants.
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Figure S3. An unrooted phylogenetic tree of the soybean invertase family. The invertase family are divided into
three subgroups. Phylogenetic analysis was done using neighbor-joining method in MEGA 6. The posterior

probabilities have been multiplied by 100. The scale bar shows expected number of nucleotide substitutions per site.
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Figure S4. Expression detection of inhibitor genes in response to stress factors. Expressions were analyzed by qRT-
PCR. Data represent mean values £SE of at least three independent biological replicates. GmACT2/7, GmACTII,
GmEF/ab, and GmCYP were used as reference genes. Asterisks indicate significant differences in comparison with
the control using Student’s t-test: ***P<0.001, **P<0.01, *P<0.05.
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Figure S5. Extracted acid invertase activities in various soybean tissues. GS, 24 hours germinating seed; RT, root;
FL, flower; YS, young seed; ML, mature leave. The enzyme activity data represent means +SE of at least four
independent biological replicates.
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Figure S6. Recombinant protein purification and detection of the enzyme activities. Recombinant GmCWI4 from
Pichia pastoris were induced and purified with culture supernatants via immobilized metal ion affinity
chromatography on Ni-IDA resin, and analyzed by SDS-PAGE and Coomassie staining (a). Immunoblot analysis
with a polyclonal antibody (c-Myc) was raised against a GmCWI4 protein fragment (b). Detection of enzyme
activities under different incubation conditions (c, d). Data are means of three replicates. M: protein ladder, S:
culture supernatant, C: concentrated culture supernatant, D: concentrated culture supernatant after dialysis, FT:
column flow through, W1-3: wash steps, E1-E6: elution fractions. C Covalent coupling of purified GmCWI4 to
HiTrap NHS-activated HP 5-ml column. Input: as loading control a 1:50 dilution of the actual protein solution was
used, FT: column flow through, W1-7: washing steps for column inactivation. Activity is expressed as a percentage
of the maximum activity calculated by the amount of fructose and glucose released after incubation of 25ug of
recombinant GmCWI4 with 50ul sucrose substrate.



