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Type 1 RIPs
1. Malus domestica (MDP0000918923)

MALSFSIKNATTTTYRTFIEALRAQLTAGGSTSHGIPVLRRROQDVKDDQRFVLVNLTNYDSYTITVA
IDVVNAYVVGYCAGTRSYFLRDPATHPPPLHRLFPGTTRTTLPFAGDYLGLGRAAQEALQONTNRNR
AAGSRIHENISMRERIPLGPGELDNAISQLRYAESASSQAAAFIVITIQIVSEAARFRYIQGQVRDRI
RDGTSAEPDPAMLSLENSWSNLSEQIQMVPANQLLFINNGSVQIRKADNSIVLVKSVDSDAVRGVAF
LLYCGGNPPAPNSESARTSKVTVQKPTLAKKKK

2. Malus domestica (MDP0000223290)

MSIPFTLIDATPDSYSRFIDQLRARLTFGTTSQGIRVLPPSRQVGNNARFIYVDLTNYDGVTVTIGI
DVVNAYVMGYEQGEQNYPLQTLPDDPAPVELLFPNTRSAGELPFTGHYASLGEYARRMONEQPNRRD
QQALNRLSNPMRONIGLGPSSLHSAIDMLERAATPLSQAGAILVIIQMVSEAARYPYIERQVRESTIQ
TGNSFLPDPRMLSLENNWSNLSRQIMGATRAGRESFSTSVSLDDAYQSHGAPPLVVNSVRDSFIQDM
ETALLLHDRGDDRGTDQGNDPENCTPGPSGSGIGRRGXKKPRRQHE

3. Malus domestica (MDP0000134012)

MSISFTLIGATPDSYSTFINQLRDRLTFGTTSQGIPVLPSSRQVGNNDRFIYVNLTNYDGVIVTIGI
DVVNVYVMGYEQGGONYLLGGTLPDEAATVFPNTRAAGELPFRADYGSLGQYARGMPNEQPNRRDQQ
SVNRLRNDMRENTIALGPSSLHWAIHMLVHAATSSQASAITIVIIQMVSEAARYPYIERRVRESIQTAN
SFIPDPRMLTLENHWSTLSRQIMEATRAGRESFSTSVSLVDAYQSHGAPPLVVNSVRDSEFVQDMEIA
LLLHDRGDDRGTDQGIDPKNCTAGPSVSGRGKKPHDEL

4. Prunus mume (XP_016652174.1)

MALSFSTKNTNPQKYRDFIESLRQRLTAGRPKSHDIPVLPRREDVPDAQLFLLLDLTNSGNNTIRLA
IDVVNAYVVGYAAGGRSYFLKENARDNPPPIHTLFRDTTRMPPLDFDGTYTGLSRAAQEAVKRNIAR
DRARNPAVAGLHKDTPILERIPLGRNELDDAINLLSLAPSQSDQAIGFIVVIQMVCEAARFRFIEGL
LRNSMKDVYDPTIPGPATRSLETHWSDLSEEIQRVPANQTQFQKAVVLHNIRNERVEVRSVDSDVVR
GVAMLLYDQONQNANPGPSAKKPLLKNQKPHIGKPTK

5. Prunus mume (XP_016652175.1)

MILSFSTKNATPETYRGFIQALRDQLTAGRPTSHGIPVLPRREDVPDAQRFLLVDLTNSQGNTIRLA
IDVVNAYVVGYAADGRAYLLQENARDNRPPIHTLFREATTRIDLGFDGSYSGLSRVAREAVERNTPR
NRARNRAGASAHDNTPVLEQIPMGRNELDTAISLLRSASSPTNQALGFIVIIQMLSEAARFRATEGL
VRTTMRETYDPLMRGIAMESLETHWSDLSEQIQRAQQORNETGFDRTIVLHNVGNERREVNSVDSPEFV
RGVAMLLYDRNGNCNPGSGPHRHDEL

6. Prunus mume (XP_008243880.1)

MALVFSTRNATPQTYRTFIDALRLRLTAGRPTSHGIPVLPRKEDVQONAQRFLLVDLTNSENNTITVA
IDVVNAYVVGYAAGGRSYFLAENAPDDKPPIHVLFPGTTRVPTLRFNGTYSGLTRGAVEAVRRRRAG
NRDPNIDEKTPVLEQIFLGRNQLDEAIRLLRSAVSQPEQALGFVVIIQMLSEAARFROQKLRDWSALP

7. Prunus mume (XP_008243881)

MALSFSTKNTNPQKYRDFIESLRQRLTAGRPKSHGIPVLPRREDVPDAQRFLLLDLTNSGNNTIRLA
IDVVNAYVVGYAAGGRSYFLKENALDNPPPIHTLFRDTTRMPPLDFDGTYTGLSRAAQEAVKRNIAR
DRARNPAVAGLHKDTPILERIPLGRNELDDAINLLSLAPSQSDQAVGFIVVIQMICEAARFRFIEGL
LRNSMKDVYDPIIPGLAIRSLETHWSDLSEEIQRVPANQTQFQKAVVLHNIRNERVEVRSVDSDVVR
GVAMLLYDRNQNANPGPSAKKPLLKNLKPHIGKPTK
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8. Prunus persica (ppa009409mg)

MILSFSTKNATPETYRDFIQALRDQLTAGRPTSNGIPVLPRREDVPDAQRFLLVDLTNSQGNTIRLA
IDVVNAYVVGYAADGRAYLLQENARDNRPPIHTLFRDATTRIDLGFDGSYSGLSRVAREAVERNTPR
NRARNRAGASAHDNTPVLEQIPMGRNELDTAISLLRSASSPTNQALGFIVIIQMLSEAARFRAIEGL
VRTTMRETYDPLMRGLAMESLETHWSDLSEQIQRAQQRNETGFDRTIVLHNVGNERREVNSVDSPFV
RGVAMLLYDRNGNCNPGSGPHRHDEL

9. Prunus persica (ppa009637mg)

MELSFSTKNTTPQKYRDFIESLRQRLTAGRSKSHGIPVLPRREDVPDAQRFLLVDLTNSGNNTIRLA
IDVVNAYVVGYAAGGRSYFLKENARENPPPIHTLFRDTTRMPPLDFDGSYTGLSRAAQEAVKRNIAR
DRARNPAVAGLHPDTPILERIPLGRNELDDAINLLRLAPSQSDQAVGFIVVIQMICEAASMKDVYDP
TIPGPATRSLENHWSDISKEIQRVPANQTQFQKAVVLHNIKNERVEVRSVDSDVVRGVAMLLYDRNQ
NANPGPSAKKPLLKN

10. Pyrus bretschneideri (XP_009374990.1)

MALALSLLNATPKTYTAFIEALRDRLTAGRPTSHGIAVLPRREDVPDAQRFLYVDLTNYNGDTIRVA
IDVVNVYVVGYRSGNKSYILANNAENPAPTHILFPTAPGAGQSTRTMLPFTGDYPALGAYARRTAQP
SASGARNPGSRIHEDIPMLELIPLGRNELDNAITKLHYAASHSDQAAAFIVIIQMVSEAARYRYIES
QVGNRMGIDNRPYIPDPAMRSLETNWSALSEQIQKVPANGNRFNRPIQLTTVNNRPLEVNSVEADMV
QRRGIAMLLYAR

11. Pyrus bretschneideri (XP_009375039.1)

MALALSLLKATPKTYTAFIEALRARLTAGRPTSHGIPVLPRIKDVPDAQRFLYVDLTNYKGDTIRVA
IDVVNVYVVGYRSGNKSYILANDAKKPAPTHTLFPTALGATQSTRTVLPFTGDYPELGPHARRTAQS
SASGAPGSRIHENIPMLEQIPLGRNELDNAISKLHYAASHSDQAAAFIVIIQMVSEAARFRYIESQV
GTRMGIDNPPYIPDPAMRSLENEWSALSEQIQNVPANGNRFSRSIQLTTVNYRPLVVDSVEADMVQR
RGIVMLLNAS

12. Pyrus bretschneideri (XP_009346751.1)

MALALSLLKETPKTYTAFIEALRARLTAGRPTSHGIPVLPRIKDVPDAQRFLYVDLTNYNGDTIGVA
IDVVNVYAVGYRSGNKSYILANDAKKPAPTHTLFPTALGATQSTRTVLPFTGDYPELGPQARRTAQS
SASGAPGSRIHENIPMLEQIPLGRNELDNAISKLHYAASHSDQAAAFIVIIQMVSEAARFRYIESQV
GTRMGIDNPPYIPDPAMRSLENEWSALSEQVQONVPANGNRFSRSIQLTTVNYRPLVVDSVEADMVQR
RGIVMLLNAS

13. Pyrus bretschneideri (XP_009346753.1)

MGTGAAPKRRRARRAALSYVDLTNYNGDTIRVAIDVVNVYVVGYRSGNKSYILANNAENPAPTHILF
PTAPGAAQSTRTMLPFTGDYPALGAYARRTAQPSASGARNPGSRIHEDIPMLEQIPLGRNELDNAIT
KLHYAASHSDQAAAFIVVIQMVSEAARFRYIESQVGTRMGIDNPPYIPDPAMRSLETNWSALSEQIQ
KVPANGKRFSRPIQLTTVNNRPLKVDSVEADMVQRRGIAMLLYAR

14. Pyrus communis (PCP001408.1)

MALSFSIKNATTTTYRTFIEALRAQLTAGGSTSHGIPVLRRRQDVTDDQRFVLVNLTNYDSYTITVA
IDVVNAYVVGYCAGTRSYFLRDPATHPPPLHRLFPGTTRTTLPFAGDYLGLGRAAQEALQONTNRNR
AAGSRIHENIPMRERIPLGPGELDNAISQLRYAESASSQAAAFIVIIQIVSEAARFRYIQGQVRDRI
RDGTSAVPDPAMLSLENSWSNLSEQIQMVPANQLLFINNGSVQIRKADNSIVLVKSVDSDAVRGVAF
LLYCGGNPPAPNSESARTSKVTVQKPTLAKKKK

15. Pyrus communis (PCP026877.1)

MALALSLLKATPKTYTAFIEALRARLTAGRPTSHGIPVLPRIKDVPDAQRFLYVDLTNYNGDTIRVA
IDVVNVYVVGYRSGNKSYILANDAKKPAPTHTLFPTALGATQSTRTLLPFTGDYPELGPHARRTAQS
SASGAPGSRIHENIPMLEQIPLGRNELDNAISKLHYAASHSDQAAAFIVIIQIVSEAARFRYIESQV
GTRMGIDNPPYIPDPAMRSLENEWSALSEQIQNVPANGNRFSRSIQLTTVNYRPLVVDSVEADMVQR
RGIVMLLN

16. Pyrus communis (PCP011148.1)

MALALSLLYVTPEKYSAFIEALRARLTDGRPTSHGIPVLPRREDVPDDQRFLEFVDLTNYNGDTISVA
IDVVNVYVAGYCSGNKSYILKDNAENRARTQILFPTAPSATQSTPIQLPFTGDYGELGGYARRIAQP
SAARYPGSHSHERIPTLELIPLGRNELDNAITMLHYAASRSDQASSDQAAAFIVIIQMVSEAARFRY
IENQVRTRMEENYCPYIPDPAMRSLENNWSALSEQIQNVPANGSRFNRPIQLTNIRNSPHVVDSVEA
DIVQRRGIAILLYSR
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Type 2 RIPs

1. Malus domestica (MDP0000711911)

MTRVLAIYITLAFSLFLCGTECNISFSTSGATSNSYNTFIKALRAQLTNGATATIYDIPVLNPSVPDS
QRFLLVDLSNNGNNTITVAIDVVNASVVAYRARAARPYFLADAPDEALDILFNDTRGFFLPEFTSNYV
DLEKAAEKSRDKIPLGLTPLHNAITSLWNHESEEAAVSLLVIIQTVFEAARFRVIEQRVRNSISSKA
NFIPDPAMLSLENNWLAISWETQHALNGVFSKSIQLRSTNNNLFLVDSVSSSIMAGVAFLFYNCVTF
PNITKMPVNVVMGKEIDNEICAVONRTTHISGLEGLCVDVKNGLDSDGNLVQIWPCGQQORNQKWTEQ
PDETIRSMEKCMTAYSTSSPENYVMIYNCTTAVLEATKWALSTDGTITHRRSGLVLTAHEATRGTTL
TIATNSHSPKQGWRVADDVEPTVTSIIGYNDMCLTANDDKSRVWMEYCVPSKNQQOWALYSEGTIRV
NSDRTLCVTSNGHNSSNVIITILKCELKRGDQRWVFKTDGSILNPNAELVMDVKNSDVYLRQITILYPY
YGTPNQQWLPFF

2. Pyrus communis (PCP031611)

MLATIYITLAFSLFLYGTECNISFSTNGATSNSYNKFIKALRAQLTNGATRIYDIPVLNPSVPDSQRF
LLVDLSNNGNNTITVAIDVVNVSVVAYRTRAARSYFLADAPDEALDILFNDTRGFFLPFTSNYIDLE
KAAEKSRDKIPLGLTPLHNAITSLWNHESEEAAASLLVIIQTVFEAARFRVIEQRVRNSISSKANFR
SDHAMLSLENNWLAISWETQHALNGVFSKSIQLRSTNNNLFLVDSVSSSIMAGVAFLFYNCHAVTFEFP
NITIKMPVNVVMGKEIDNEICAVONRTTRISGLEGLCIDVKNGLDSDGNLVQIWPCGQQORNQKWTFEFQP
DETIRSMEKCVTAYSTSSLKNYVMIDNCTTAVPEATKWALSTDGTITHRRSGLVLTAHEATQGTTLT
IATNSHSPRQGWRVGDDVEPTVTSIIGYNDMCLTANDDKSRVWMEYCVPSKNQQOWALYSEGTIRVN
SDRTLCVTSNGHNSSNVITIILKCELRRGDQRWVFKTDGSILNPNAELVMDVKNSDVYLRETIILYPYY
GTPNQOWLPFF

Figure S1. Amino acid sequences of type 1 and type 2 RIPs from the Rosaceae species Malus domestica,
Prunus mume, Prunus persica, Pyrus bretschneideri and Pyrus communis. The RIP domain is indicated in
black, the signal peptide is indicated in red and the lectin domain is indicated in blue.

Gene A MALSFSIKNATTTTYRTFIEALRAQLTAGGSTSHGIPVLRRRODVKDDQREVLVNLTNYD 60
Gene MSIPFTLIDATPDSYSRFIDQLRARLTFG-TTSQGIRVLPPSRQVGNNARFIYVDLTNYD 59
Gene MSISFTLIGATPDSYSTFINQLRDRLTFG-TTSQGIPVLPSSRQVGNNDRFIYVNLTNYD 59

Koo K LRk ok Kk hk skk ok okkookk kk sk s Kk keokokkkok

Qw

Gene A SYTITVAIDVVNAYVVGYCAGTRSYFLR-DPATHPPPLHRLFPGTTRT-TLPFAGDYLGL 118
Gene GVTVTIGIDVVNAYVMGYEQGEQNYPLQ-TLPDDPAPVELLFPNTRSAGELPFTGHYASL 118

Gene C GVIVIIGIDVVNVYVMGYEQGGQONYLLGGTLPDEAA---TVFPNTRAAGELPFRADYGSL 116
L okeke KKKAK Kkakk Kk . Kk K . SkK K. kkK kK

[vs]

Gene A GRAAQEALQONTNR-NRAAGSRIHENISMRERIPLGPGELDNAISQLRYAESASSQAAAF 177
Gene B GEYARRMONEQPNRRDQQALNRLSN--PMRONIGLGPSSLHSAIDMLERAATPLSQAGAI 176
Gene C GQYARGMPNEQPNRRDQQSVNRLRN*7DMRENIALGPSSLHWAIHMLVHAAT SSQASAT 173

* ., K s kok me @ . . . dkhko ok kkk Kk Kk * * e Kkk K.

Gene A IVIIQIVSEAARFRYIQGQVRDRIRDGTSAEPDPAMLSLENSWSNLSEQIQMVP-ANQLL 236
Gene B LVIIQMVSEAARYPYIERQVRESIQTGNSFLPDPRMLSLENNWSNLSRQIMGATRAGRES 236
Gene C IVIIQMVSEAARYPYIERRVRESIQTANSFIPDPRMLTLENHWSTLSRQIMEATRAGRES 233

skkkokokkkkkk . Kk. ookk. K LLx Kokk kokookkk kk Khk kK

Gene A FINNGSVQIRKADN--SIVLVKSVDSDAVRGVAFLLYCGGNPPAPNSESARTSKVTVQKP 294
Gene B FSTSVSLDDAYQSHGAPPLVVNSVRDSFIQDMEIALLLHDRGDDRGTDQGNDPENCTPGP 296

Gene C FSTSVSLVDAYQSHGAPPLVVNSVRDSFVQDMEIALLLHDRGDDRGTDQGIDPKNCTAGP 293
* * . sk kK . P *

Gene A TLAKKK----K--—-—--—- 301
Gene B SGSGIGRRGGKKPRRQHE 314

Gene C SVSGRG----KKPHDEL- 306
.. *

Figure S2. Alignment of the deduced amino acid sequences of type 1 RIPs from apple (Md1RIP,
A-MDP0000918923, B-MDP0000223290, C-MDP0000134012). “*” Means that the amino acids are identical

o

in all sequences; means conserved amino acid conversions, and “.” semi-conserved amino acid

substitutions.
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1
Ricin IFPKQYPIIfFTTAGATVOSY 21
Md2RIP C ISFSTSGATSNSY 14
Pc2RIP ISFSTNGATSNSY 14
SNA-I VTPPVYPSVSFLTGA--DTY 19
Ebulin IDYPSVSFNLAGAKSTTY 18
. . :_*_ * % :*
Ricin TNFIRAVRGRLTTGADVRHEI PVLPNRVGLP INQRFILVELSNHAELSVTLALDVTNAYV 81
Md2RIP NTFIKALRAQLTNGATAIYDIPVLNPS--VPDSQRFLLVDLSNNGENTITVAID v 72
Pc2RIP NKFIKALRAQLTNGATRIYDIPVLNPS--VPDSQRFLLVDLSNNGENTITVAID sV 72
SNA-I EPFLRALQEKVILGEHTAFDLPVLNPESQVSDSNRFVLVPLTNPSGDTVTLAIDVVNLYV 79
Ebulin RDFLKNLPDPVATGTYEVNGLPVLPRESEVQVKNRFVLVRLTNYNGDTVTSAVDVTNLYL 78
Xes 11 ops * JRr. s kR kR Kok R
Ricin VGYRAGN-SAYFFHPDNQEDAEAITHLFTDVQNRYTFAFGGNYDRLEQLAGNLRENIELG 140
Md2RIP VAYRARAARPYFLADAP-D--EALDILFNDT-RGFFLPFTSNYVDLEKAAEKSRDKIPLG 128
Pc2RIP VAYRTRAARSYFLADAP-D--EALDILFNDT-RGFFLPFTSNYIDLEKAAEKSRDKIPLG 128
SNA-I VAFSSN-GKSYFFSGST-A--VQRDNLFVDT-TQEELNFTGEYTSLERQVGFGRVYIPLG 135
Ebulin VAFSAN-GNSYFFKDAT-E--LQKSNLFLGT-TQHTLSFTGNYDNLETAAGTRRESIELG 134
*_: : **: * % " : * .** ** o * * kk
Ricin NGPLEEAISALYYYSTGGTQLPTLARSFIICIQMISEAARFQYIEGEMRTRIRYNRRSAP 200
Md2RIP LTPLHNAITSLWNHE----— SEEAAVSLLVIIQTVFEAARFRVIEQRVRNSISSKANFIP 183
Pc2RIP LTPLHNAITSLWNHE--—-— SEEAAASLLVIIQTVFEAARFRVIEQRVRNSISSKANFRS 183
SNA-I PKSLDQAISSLRTYTLTAGDTKPLARGLLVVIQMVSEAARFRYIELRIRTSITDASEFTP 195
Ebulin PNPLDGAITSLWY------~ DGGVARSLLVLIQMVPEAARFRYIEQEVRPSLQQLTSFTP 187
*. **::k EgR ** H *k*** **x .:*
Ricin DPSVITLENSWGRLSTAIQESN--QGAFASPIQLQRREGSKFSVYDVSI--LIPIIALMYV 256
Md2RIP DPAMLSLENNWLAISWETQHAL--NGVFSKSIQLRSTNNNLFLVDSVSS—-SIMAGVAFLE 240
Pc2RIP DHAMLSLENNWLAISWETQHAL--NGVFSKSIQLRSTNNNLFLVDSVSS—-SIMAGVAFLE 240
SNA-I DLLMLSMENHWS SMS SEIQQAQ-PGGI FAGVVQLRDERENS IEVINFRRLFELTYIAVLL 254
Ebulin NALMLSME: sSMSLEVQLSGDlvsPFsGTVQLQNYDHTPRLVDNFEELYKITGIAILL 247
IEEARN X g L g @ER * .. % L B
Subdomain 1a
Ricin YRCAPPPSSQF EPIVRIVGRNGLC 16
Md2RIP YNC--VTFPN-———-—-—— IIKMPVNVVMGKE---IDNEICAVONRTTHISGLEGLC 286
Pc2RIP YNCHAVTFPN-———-—-—— IIKMPVNVVMGKE-—--IDNEICAVONRTTRISGLEGLCIDV 288
SNA-I YGCAPVTS \ GGEYE-——-——- KVCSVVEVTRRISGWDGLC 27
Ebulin FRCVATKT DGETCAIPAPFTRRIVGRDGLC 25:
ok : * 5 :* * :k*ﬁc:**
Subdomain 18
Ricin RDGRFHNGNAT PCKSNTD LWTLKRDNT IRSNGKCLTTYGYS—PGVYVMIYDCNT 75
Md2RIP KNGLDSDGNLVQT PCGQ——Q KWTFQPDETIRSMEKCMTAYSTSSPENYVMIYMCTT 344
Pc2RIP KNGLDSDGNLV@IWPCGQ--QRNOKWI FQPDET IRSMEKCVTAYSTSSLKNYVMIDNCTT 346
SNA-I RYGHYIDGNPV@LRPCGN--ECNQLWI FRTDGT IRWLGKCLTAS——-—-— SSVMIYDCNT 79
Ebulin RNGYDTDGTPI .PCGT——Q OWT FYNDKT IRSMGKCMTANGLN-SGSYIMITDCST 82
** **: * kk%k **:*: :** :*'*
Subdomain 1y
Ricin AATDATRWQIWDNGT IINPRSSLVLAATSGNSGTTLTVQTNIYAVSQGWLPTHNTQPFVT 135
Md2RIP AVLEATKWALSTDGT ITHRRSGLVLTAHEATRGTTLTIATNSHSPKQGWRVADDVEPTVT 404
Pc2RIP AVPEATKWALSTDGT ITHRRSGLVLTAHEATQGTTLT IATNSHSPRQGWRVGDDVEPTVT 406
SNA-I VPPEATKWVVS IDGT ITNPHSGLVLTAPQAAEGTALS LENNIHAARQGWTVG-DVEPLVT 138
Ebulin AAEDATKWEVLIDGS1INPSSGLVMTAPSGASRTTLLLENNIHAASQGWTVSNDVQPIAT 142
ckkak s akek | K kksak | Kok o % s Rk . .
Subdomain 2a Subdomain 2[3
Ricin TIVGLYGLCLQANS--GQVWIEDCSSEKAEQQWALYADGSIRPQONRDNCLTSDSNIRET 193
Md2RIP SIIGYNDMCLTANDDKSRVWMEYCVPSKNQQQWALYSEGTIRVNSDRTLCVTSNGHNSSN 464
Pc2RIP SIIGYNDMCLTANDDKSRVWMEYCVPSKNQOQWALYSEGTIRVNSDRTLCVTSNGHNSSN 466
SNA-I FIVGYKQMCLRENGENNFVWLEDCVLNRVQQEWALYGDGTIRVNSHRSLCVTSEDHEPSD 198
Ebulin LIVGYNEMCLQANGENNNVWMEDCDVTSVQQQWALFDDRTIRV.NSRGLCVTSNGYVSKD 202
* ok Sxk % Kk ok ok Sk kKK Lk KRk
SubdomainZv S
Ricin VVKILSCGPASSGQRWMFKNDGT ILNLYSGLVLBVRASDPSLK PLHGDPNQIWLP 253
Md2RIP VIIILKCELKRGDQRWVFKTDGS ILNPNAEL KNSDVYLR PYYGTPNOQWLP 524
Pc2RIP VIIILKCELRRGDQRWVFKTDGS ILNPNAEL KNSDVYLRE; I PYYGTPNOQOWLP 526
SNA-T LIVILKCEG-SGNQRWVFNTHGTISNPNAKLLMDVAGRDVSLR RPTGNPNQOWIT 257
Ebulin LIVIRKCQG LATQRWFFNSDGSVVNLKSTR KESDVSLQEVIIFPATGNP WRT 261

kkk Ky ik kK . . * kkk ok

Ricin
Md2RIP
Pc2RIP
SNA-I TTHPA 203
Ebulin QVPQI 207

Figure S3. Sequence alignment of type 2 RIPs from M. domestica (Md2RIP) and P. communis (Pc2RIP), Ricin,

“.y

Ebulin and SNA-IL “*” Means that the amino acids are identical in all sequences; “:” means conserved
amino acid conversions, and “.” semi-conserved amino acid substitutions. The N- —terminal signal peptide
and linker are shown in gray. Amino acid residues known to be important for the carbohydrate binding
activity of ricin are shown in green; Residues reported to be critical for the binding to sialic acid in the
Neu5Ac(a2-6)Gal/GalNAc sequence of 2-6-sialyllactose (according to [1]) are indicated in blue. The
amino acids known to be important for the catalytic activity of the N-glycosidase domain of ricin are
highlighted in yellow. Cys residues involved in disulfide bridges are shown in red. Putative N-
glycosylation sites are highlighted in pink. Basic residues for 65-Gal binding [2] are highlighted in

gray. Homologous subdomains (o, 3, v) are indicated by arrows.
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(A) A
RIP domain
MdAI1RIP
(1-301)
Signal RIP domain Lectin domain
peptide
mazrie [
(1-22) (23-257) (258-548)
(B)
MdI1RIP

MALSFSIKNATTTTYRTFIEALRAQLTAGGSTSHGIPVLRRRQDVKDDQREVLVNLTNYD 60
SYTITVAIDVVNAYVVGYCAGTRSYFLRDPATHPPPLHRLFPGTTRTTLPFAGDYLGLGR 120
AAQEALQQONTNRNRAAGSRIHENISMRERIPLGPGELDNAISQLRYAESASSQARAFIVI 180
IQIVSEAARFRYIQGQVRDRIRDGT SAEPDPAMLSLENSWSNLSEQIQMVPANQLLFINN 240
GSVQIRKADNSIVLVKSVDSDAVRGVAFLLYCGGNPPAPNSESARTSKVIVQKPTLAKKK 300
K* 301

Md2RIP
MTRVLAIYITLAFSLFLCGTECNISFSTSGATSNSYNTFIKALRAQLTNGATAIYDIPVL 60
NPSVPDSQRFLLVDLSNNGNNTITVAIDVVNASVVAYRARAARPYFLADAPDEALDILEN 120
DTRGFFLPFTSNYVDLEKAAEKSRDKIPLGLTPLHNAITSLWNHESEEAAVSLLVIIQTV 180
FEAARFRVIEQRVRNSISSKANFIPDPAMLSLENNWLAISWETQHALNGVESKSIQLRST

NNNLFLVDSVSSSIMAGVAFLFYNCVTFPNIIKMPVNV

©)
MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYSDLEGDFDVAVLPPFSNSTNNGLLFINTTI
ASIAAKEEGVSLEKRE*A*EA*EFALSFSIKNATTTTYRTFIEALRAQLTAGGSTSHGI PVLRRRQDVKDD
QRFVLVNLTNYDSYTITVAIDVVNAYVVGYCAGTRSYFLRDPATHPPPLHRLFPGTTRTTLPFAGDYLGLG
RAAQFALQONTNRNRAAGSRIHENI SMRERI PLGPGELDNAI SQLRYAESASSQAAAFIVIIQIVSEAARF
RYIQGQVRDRIRDGTSAEPDPAMLS LEN SWSNLSEQIQMVPANQLLFINNGSVQIRKADNSIVLVKSVDSD
AVRGVAFLLYCGGNPPAPNSESARTSKVTVQKPTLAKKKKGLQKLISEEDLNSAVDHHHHHH

Figure S4. Sequence information of RIPs from Malus domestica cv. Golden Delicious. (A) Schematic
diagrams of protein domains in MdRIPs. Md1RIP sequence consists of a RIP domain (amino acids 1-
301). Md2RIP consists of a signal peptide (amino acids 1-22) followed by RIP domain (amino acids
23-257) and lectin domain (amino acids 258-548); (B) Predicted amino acid sequences of apple Md1RIP
(GDR accession no. MDP0000918923) and Md2RIP DNA (GDR accession no. MDP0000711911). The
termination codon is marked with an asterisk (*). The signal peptide and the lectin domain within the
Md2RIP sequence are highlighted in yellow and green, respectively; (C) Deduced sequence of apple
type 1 RIP construct expressed in Pichia. Note that the apple sequence is preceded by an N-terminal
signal peptide from yeast (in bold) necessary for secretion and followed by a C-terminal tag containing
a c-myc epitope and a (His)s tag (shown in bold and italic). The cleavage sites for the a-mating factor
secretion signal sequence are indicated (Kex2 protease site at position 86 and Ste 13 protease sites at
positions 87 and 89). The N-terminal sequence of recombinant MdRIPs determined by Edman
degradation is underlined. Putative N-glycosylation sites are highlighted in gray.
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Figure S5. SDS-PAGE after PNGase F treatment of the recombinant Md1RIP (A) or Md2RIP (B). Lanes
1, 4 and 7: untreated Md1RIP, RN Ase B and Md2RIP; lanes 2, 5 and 6: Md1RIP, RN Ase B and Md2RIP
treated with PNGase F. Lanes 3 and 8: protein ladder (Fermentas). In each well, 2 ug protein was
loaded. The position of the polypeptide corresponding to PNGase F is indicated with an asterisk.
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Figure S6. Glycan array analysis of recombinant Md2RIP at 300 pig/ml. The Consortium for Functional
Glycomics website (http://www.functionalglycomic.org) supports the complete raw data for all the
proteins. Sugar code used: green circles represent mannose residues, yellow circles indicate Gal, blue
squares indicate GIcNAc residues, red triangles show fucose, purple diamonds indicate NeuAc and
green diamonds indicate KDN.
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Figure S7. Ribbon diagrams of type 1 RIP from apple (A), peach (B) and pear (C), showing the a-helix-
[-hairpin structure (colored orange) located in the C-terminal region of the RIPs. Structural similarity of
the a-helix-B-hairpin structure of type 1 RIPs of apple (D), peach (E) and pear (F). Conservation of the
secondary structural features of type 1 RIP of apple (G), peach (H) and pear (I). The code-colored
conservation scale used by ConSurf is as follows:

Bz 456 78H

Variable Average Conserved

A
BE27 201 WSKISEGIRKA---VKKVIS-PPIELVNASNGKWTVNQV 235

Apple 220 WSNLSEQIQMVPANQLLFINNGSVQIRKADNSIVLVKSV 258
Peach 226 WSDLSEQIQRAQQRNETGFD-RTIVLHNVGNERREVNSV 263
Pear 220 WSNLSEQIQMVPANQLLFINNGSVQIRKADNSIVLVKSV 258

Figure S8. (A) Alignment of the a-helix-B-hairpin motif sequences from BE27 and type 1 RIPs from
apple, peach and pear; (B) Helical wheel drawing of the helices of BE27, apple, peach and pear. The
amino acid charge is indicated in red (negative), black (neutral) and blue (positive). Hydrophobic amino
acids are boxed [3,4].



Molecules 2016, 21, 1105; d0i:10.3390/molecules21081105

Table S1. List of genes encoding RIPs from Rosaceae.

Species Accession Number Size  Location in the Genome  Signal Sequence Sequence Database Source
Type 1 RIP
MDP0000918923 301 aa unanchored No
Malus domestica MDP0000223290 314 aa unanchored No
MDP0000134012 306 aa Chr3 No Genome database for Rosaceae
PCP001408.1 301 aa unanchored No
Pyrus communis PCP026877.1 276 aa unanchored No
PCP011148.1 283 aa unanchored No
XP_009346751.1 278 aa unanchored No
Pyrus XP_009346753.1 246 aa unanchored No
bretschneideri XP_009375039.1 278 aa unanchored No
XP_009374990.1 280 aa unanchored No
XP_008243880.1 201 aa unanchored No NCBI database
Prunus mume XP_008243881 304 aa unanchored No
XP_016652174.1 304 aa unanchored No
XP_016652175.1 294 aa unanchored No
Prunus persica 55288322322 ;zg z: EE:EEEZ;E? Ez Phytozome database
Type 2 RIP
Malus domestica MDP0000711911 549 aa Chr8 Yes Genome database for Rosaceae
Pyrus communis PCP031611 547 aa unanchored Yes
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Table S2. Overview of the top 30 glycans interacting with the Md2RIP and comparative analysis with SNA-I. The glycan with the highest relative fluorescence unit

(RFU) is assigned a value of 100. The rank is the percentile ranking. NA: not available in this glycan array version.

Glycan Md2RIP 300 pg/mL SNA-10.1 pg/mL
No. Structure RFU Pg/Rank RFU pg/Rank
11 Neu5Acp-Sp8 1421 100 25 0.09
357 KDNa2-6Gal31-4GlcNAc-Sp0 922 64.9 30 0.11
502 Neu5Aca2-6GalNAcB1-4(65)GlcNAcB-Sp8 746 52.5 NA NA
348 Neu5Aca2-6GalB1-4GlcNAcB1-2Manal-3Manf31-4GlcNAcB1-4GlcNAc-Sp12 724 51.0 17952 65.01
1466 Neu5Aca2-6GalB1-4GlcNAcB1-6(Neu5Aca2-6Gal1-4GlcNAcB1-2)Manal-6(GleNAcB1-4)(Neu5Aca2-6Gal31- 71 50.8 NA NA

4GIcNAcB1-4(NeuSAca2-6Galp1-4GlcNAcp1-2)Manal-3)Manp1-4GlcNAcp1-4GlcNAcp-Sp21
332 Neu5Aca2-6Galp1-4GlcNAcB1-3Galp1-4GlcNAcB1-3Galp1-4GlcNAcB-Sp0 719 50.6 24563 88.95
164 Neu5Aca2-6GalB1-4GlcNAcB1-4Manal-6(GlcNAcp1-4)(NeuSAca2-6GalB1-4GlcNAcB1-4 683 481 NA NA
(Neu5Aca2-6Galp1-4GlcNAcB1-2)Manal-3)ManB1-4GlcNAcB1-4GlcNAcB-Sp21
267 Neu5Aca2-6GalB1-4(6S)GlcNAcB-Sp8 638 449 14288 51.74
576 GIcNACcP1-3GalB1-4GlcNAcB1-3GalB1-4GlcNAcB1-2Manal-6(GleNAcp1-3Galp1- 633 446 NA NA
4GIcNACcB1-3Galp1-4GlcNAcB1-2Manal-3)Manf1-4GlcNAcB1-4(Fucal-6)GlcNAcf-Sp24
264 Neu5Aca2-3Galp1-4Glcp-Sp8 582 40.9 18033 26.30
346 Manal-6(NeubAca2-6GalB1-4GIcNAcB1-2Manal-3)ManB1-4GIcNAcB1-4GlcNAc-Sp12 581 40.9 NA NA
319 Galp1-4GlcNAcf1-2Manal-6(NeuSAca2-6Galp1-4GlcNAcfB1-2Manal-3)Manf31-4GlcNAcB1-4GlcNAcB-Sp12 533 37.5 22956 83.13
Neu5Aca2-6Gal31-4GlcNAcB1-2Manal-6(GleNAcf1-4)(NeuSAca2-
468 6GalB1-4GIcNAcp1-2Manal-3)ManB1-4GIcNAcB1-4GlcNAcp-Sp21 533 375 NA NA
286 Neu5Gca2-6GalB1-4GlcNAcB-Sp0 510 35.9 13790 49.94
270 Neu5Aca2-6GalB1-4GlcNAcB1-3GalB1-4(Fucal-3)GIcNAcB1-3Galp1-4(Fucal-3)GleNAcB-Sp0 510 35.9 20964 7591
Neu5Aca2-6GalB1-4GlcNAcB1-2Manal-6(Neu5Aca2-6GalB1-
482 4GIcNAcpB1-2Manal-3)Manf31-4GlcNAcp1-4(Fucal-6)GlcNAcB-Sp24 S04 355 NA NA
320 GIcNAcB1-2Manal-6(Neu5Aca2-6GalB1-4GleNAcp1-2Manal-3)Manf1-4GlcNAcp1-4GIcNAcB-Sp12 493 34.7 14464 52.38
271 Neu5Aca2-6GalB1-4GleNAcp1-3GalB1-4GleNAcB-Sp0 467 329 25668 92.95
266 Neu5Aca2-6GalNAcB1-4GlcNAcB-Sp0 466 32.8 29 0.11
56 Neu5Aca2-6Galp1-4GlcNAcp1-2Manal-6(Neu5Aca2-6GalB1-4GleNAcB1-2Man-a1-3)Man31-4GlcNAc1-4GlcNAcB-Sp21 462 325 NA NA
55 Neu5Aca2-6Galp1-4GlcNAcB1-2Manal-6(Neu5Aca2-6Gal31-4GlcNAcB1-2Manal-3)Manf31-4GlcNAcfB1-4GlcNAcp-Sp12 458 32.3 18898 66.44
64 Fucal-2GalB1-3GalNAcp1-4(NeuS5Aca2-3)Galp1-4GlcB-Sp9 429 30.2 19 0.07
1465 Neu5Aca2-6Galp1-4GlcNAcB1-6(Neu5Aca2-6Gal31-4GlcNAcB1-2)Manal-6(GleNAcB1-4) o 29.8 NA NA
(Neu5Aca2-6GalB1-4GlcNAcB1-2Manal-3)Man31-4GlcNAc31-4GlcNAc-Sp21
326 Neu5Aca2-3Galp1-4GlcNAcB1-2Manal-6(Neu5Aca2-6Gal31-4GIcNAcB1-2Manal-3)Manf1-4GlcNAcp1-4GlcNAcB-Sp12 406 28.5 10 0.04
268 Neu5Aca2-6Galp1-4GlcNAcB-Sp0 370 28.6 27613 100
269 Neu5Aca2-6Galp1-4GlcNAcB-Sp8 355 26.0 14288 51.74
330 Neu5Aca2-6GalB1-4GlcNAcB1-3Galp1-3GIcNAcB-Sp0 353 25 21014 76.10
49 Neu5,9Ac2a2-6GalB1-4GlcNAcB-Sp8 344 24.9 21953 79.50
57 Neu5Aca2-6Gal31-4GlcNAcB1-2Manal-6(Neu5Aca2-6Gal31-4GlcNAcB1-2Manal-3)Man31-4GIcNAcB1-4GIcNAcp-5p24 339 24.2 NA NA
481 Neu5Aca2-6Gal31-4 GIeNAcf1-6(NeuSAca2-6GalPB1-4GlcNAcf1-3)GalNAca-Spl4 334 23.9 NA NA




Molecules 2016, 21, 1105; d0i:10.3390/molecules21081105 S10 of S10

Table S3. Geometric and thermodynamic qualities of the RIP models built by homology modeling (* since ANOLEA works with 3D structures, both the numbering
of residues (*) and the number of residues (**), refer to the models built for type 1 and type 2 RIPs from Rosaceae).

Models Residues * out of the Allowed Areas in the Residues with Values over the = QMEAN
Ramachandran Plot Threshold in the ANOLEA Plot Value
Type 1 RIP apple D44, A91, F101, N233 (4) 15 out of 292 residues ** 0.60
Type 1 RIP peach N9, D44, D81, V151, T342 (5) 11 out of 294 residues ** 0.57
Type 1 RIP pear A91, F101 (2) 5 out of 292 residues ** 0.58
Type 2 RIP apple K273, E344, 5353 (3) 15 out of 538 residues ** 0.56
Type 2 RIP pear D99, H142, A245, N250, 1252, E324, Y411, D420 (8) 11 out of 528 residues ** 0.57
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