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Table S1 Primer sequences and properties of triterpene-related and housekeeping genes used to (a) isolate oxidosqualene cyclases and (b) used

on the panel of 20 apple cultivars

(a) Primers used to isolate Oxidosqualene Cyclases

Primer name

Sequence

attB1 F_OSC4_MR
attB2 R_OSC4_MR
attB1 F_OSC5_RG

attB2 R_OSC5_RG

GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGTGGAAGCTTAAGGTCG
GGGGACCACTTTGTACAAGAAAGCTGGGTCTAATCACGCTTTGGAAGG
GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGTGGAAGCTTAAGGTCG

GGGGACCACTTTGTACAAGAAAGCTGGGTTTAGACATCAACAAATGGAACCC

(b) Primers used to measure gene expression by PCR

Genes Accession Primer Sequences (5'-3") Size Tm (°C) E References
Number (bp)
eF-la AJ223969.1 F: ACTGTTCCTGTTGGACGTGTTG 208 82.5 1.861  Giorno ef al. (2012)

R: GAGTTGGAAGCAACGTACCC
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IMPA-9
MdGAPDH
MJACTIN

MdOSC1

MdOSC3

MdOSC4

CN909679

EB146750

EB127077

FJ032006.1

FJ032008.1

KT383435

F: TCGTGAACTCAGGCGCTTACTG 205

R : AAGCAACGGTAAAGCGGGCAAC

F : TGAGGGCAAGCTGAAGGGTATCTT 185

R: TCAAGTCAACCACACGGGTACTGT

F: ACCATCTGCAACTCATCCGAACCT 185

R: ACAATGCTAGGGAACACGGCTCTT

F 0 238
TTGTACTACTAATCCAGTGATCAAGATGTGG

R : CTCTCTTAGTATCTGAAAACGCCATAGGAG

F: GCAATCGTGATCAAAGAAGATGTGGAGG 232

R: TTCTCTTAAAATCTGAAAACGCCATAGG

F: CTCTCGAAGTAACAATGAAGCACA 124

83.5

82.5

82

84

84

79

1.953

1.874

1.919

1.857

1.882

1.864

Giorno et al. (2012)

Malladi & Hirst (2010)

Malladi & Hirst (2010)

Brendolise ef al. (2011)

Brendolise ef al. (2011)
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MdOSCS5 KT383436

CYP716A17 EB148173
5

R : TAATCACCATTTGGGTCTTCAG

F : TATGCATCCAGCAAAAATGTTT 152 77.5
R : TCCAATTAATTTCGCCATAAGGT

F : AGGCACGTTCCTCGCTTC 70 71.5

R : CAAACCCTAAGAGGAGGGTCA

1.851

1.974
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Table S2 Summary of the skin triterpene composition of 20 apple cultivars separated into three russeting groups: russeted (four cultivars), semi-

russeted (nine cultivars), and waxy (seven cultivars)

Triterpene Acids (nmol g™ DW) Triterpene-caffeates (nmol g™ DW)
Ursolic Oleanolic Oleanolic acid -3- Betulinic acid -3- Betulinic acid -3-
Total Triterpenes _ _ Betulinic acid )

acid acid trans-caffeate trans-caffeate cis-caffeate
Russeted
Average 6899° 1569 800° 1628° 416° 2115° 371°
Min—-Max 4971-8075 670-2802  500-1270 1094-2095 248-511 1287-3722 266-586
Semi-russeted
Average 55672 1981% 1515° 1028 205° 693° 145"
Min—Max 4228-7636 1464-2504 991-1974 527-1712 72-406 291-1312 68-257
Waxy
Average 5864° 2839° 2045° 687° 90° 159 45°
Min 3562-7379 1680-3816 1203-2540 324-834 23-175 82-252 25-73

Data are expressed in nmol g DW. Data were obtained after HPLC-DAD analysis as described in the Materials and Methods section. Averages with no letter

in common within a column are significantly different (P < 0.05; One-way ANOVA, Tukey’s pairwise results).
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Fig. S1 Chromatograms of typical LC-APCI-MS analysis of the products of
MdOSC3 (iii) after transient expression in Nicotiana benthamiana, following the
methodology described in the Materials and Methods section. p19 was used as a
negative control (i) and mixed with authentic standards at 20 ug ml™ (1, lupeol; 2,
B-amyrin; 3, a-amyrin) (ii). Compounds were identified and quantified on the
basis of their mass spectral data (Fig. S3). Chromatograms are presented as
selected ion plots of the m/z 409.8 [MH-H20]+ ion.
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Fig. S2 Expression analysis of triterpene biosynthetic genes (MdOSC1, MdOSC3,
MdOSC4, MdOSC5) by real-time qPCR on RNA extracted from apple skin

tissues. Error bars show SE (n = 3).
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S3 Mass spectra comparison (MS1, MS2, and MS3) between lupeol, germanicol, B-amyrin, and a-amyrin.
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Fig. S4 Chromatographic trace of extract of Nicotiana benthamiana leaf transiently transformed with MdOSC4 (b) and the same sample spiked
with taraxerol (T) (a) showing no taraxerol in the leaf sample. Mass spectra of the taraxerol peak (MS1, MS2, and MS3) (c). Transient
expression of MdOSC4 (b) led to the formation of germanicol (G), B-amyrin ($-A), and lupeol (L). The presence of taraxerol (T) could therefore

be excluded.



= New
Phytologist
Fig. S5 Alignment of P450 predicted amino acid sequences from apple
(CYP716AL175) and other species. The prefix is the cytochrome P450 designation,
and the suffix identifies the species as follows: At, Arabidopsis thaliana; Aa,
Artemisia annua; Mt, Medicago truncatula; Vv, Vitis vinifera; Cp, Carica papay;
Pt, Populus trichocarpa; St, Solanum tuberosum; Nt, Nicotiana tobaccum.
GenBank (GB) numbers (or Arabidopsis identifiers) in the order listed in the
alignment are: AT5G36140 (CYP716A2-At), AT5G36110 (CYP716A1-At),
XP_002264643 (CYP716A20-Vv), XP_002280969.1 (CYP716A19-Vv),

XP_002309057.1  (CYP716A8-Pt), = ABC94483.1  (CYP716Al4-Aa),
XP_002324668.2  (CYP716A3-Pt),  XP 002325241  (CYP716A6-Pt),
XP_006338129 (CYP716A13-St), no GB identifier (CYP716A36-Nt),

CBN88268.1 (CYP716A12-Mt), BAJ84106 (CYP716A15-Vv), BAJ84106
(CYP716A17-Vv), no GB identifier (CYP716A16-Cp). The text/background
colour code refers to the degree of similarity between the different sequences:
red/yellow, identical; dark blue/turquoise, conservative; black/green, block of

similar; black/white, nonsimilar.
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CYPT716A175

50

——————— MYLTEEFLFESS-H1FPLEFELGRHLSNFRY PNLPPGK IGEPE
—————— M¥MAEMITLFESS-ELESLELLLRRHLSHFSYPNLPPGNTGLPE
-MEELLLSFLLIMALSES-- FWIRFFVAKLEKSSG---INLPPGKMGEPF
-MEESLLEELPWATLFTT--ESHUSFEIYKLMI ISHGTPRNLPSGNTGLPY
-MEEPFISELPYGELFEISAYSESYEINKHRYYLS-SLNNLPPGNTGLPE
MVDHILIFSIFHSHEIVNMLUPESLY FVEYKSKPVVD---RKLPPGOTGHPY
-—--MONEFLNLEEAVFFETFFES IEVYKHRSKFK--HPNLPPGSSGLPY
-—-MEFL¥VSINCVFVFLVSHELLL YKNKS-GEG-—-—-—— LPPGKTGWPV
-—-MEVFYEYLLCErTEF TSEATLHFEEYRRNSGSL--TGTLPPGKTGWPF
--MEPNFYESLLBEFVSFESHSLFFIEYRORSP-—-—- LNLPPGKMGYPT
-—-MEVFELSLLET FVESVSTGLH LEFYKHRSHFT--GPNLPPGK I GWPM
---MEVFELSLLETFVESVSTGLHLEFYKHRSHFT--GPNLPPGK I GWPM
-—-MEHL¥ETLLEAFVSFUSHESTF IEEYKHRSPYA--YPNLPPGKIGLPF
-—-MEHFYETLLEGFVSFETHSLSVOEYRHRAQFV—-GTNLPPGKVGYPY

51 100
IGETISFLSAGROGHPEKEV TDRVRHEESSG---EFRTHLFGSBFAVVTGA
IGESFSFLSAGROGHPEKETI TDRVRRESSSSSCVEKTHLFGSBTAVVTGA
IGESLEFLRMGRKGTPERFIQDRMAKY STQ---IFKTCLEGEBTAVVCGA
IGESEQOFLSNGRKGHPEKETISERMLKESSK---VEKTSLFGETAAVECGE
IGESLEFLITGOKGOPEKFILDRMAKESSK---VFKTSLECEPTAVFCGA
IGETLEFLINGWKGHPEKFIFDRMARES PH---VFKTSLMLEDAAVECGS
————————————————————————————————————————————— MLNGV
IGETLELILTGCKGHEOKEF LDRKERYASE - - - VERTNLF COPARVLEGE
FGESLEFLSTGWKGHPEKFIFDRVAKYSSS---VFKTHLLGEEAAVFCGA
IGESFEFLSTGWKGHPEKFVFDRMTKYSSS---VFKTHLLGEKAAVECGP
IGESLEFLSTGWKGHPEKFIFDRMRKYSSE---LFKTSIVGESTVVCCGA
VGESLEFLSTGWKGHPEKFIFDRISKYSSE---VFKTSLLGEPAAVFAGA
VGESLEFLSTGWKGHPEKFIFDRISKYSSE---VFKTSLLGEPAAVFRGA
VGESLEFLSTGWKGHPEKFIFDRIARYSSV---IFKTNLLGEPAAVECGA
IGETYQFLATGWKGHPEKFIFDRMTKYSSE---VFKTSLMGEKAATIFCGA

101 150
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AGNKE LFSNENKLVTAWWP SSVNKIEPSSLOTSSO-EESKKMRKLLEGER

AGNKE LFSNENRLVE TWWPEFVNKIEPSAVEKSPK-EEARRMRRLIPPEL
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E ~EEATKMRKMLPNFT

“EEA
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BCNKELFSNENKLYTAWNPSSVNKYEPSSLETSAK - EEAKKMF KHLPNEN
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KPEALRRYVCUMDETAORHFEFEnANOBoBIVEPH TRRH T F SEACRIFLS
KPEALRRYVGHMDETAORHEEEEWANOBOVEVEPL TKRETFSEACRSFLS
KPEALORYVGIMDSIAKWHLDNHWPLNE TV TVEPLAKOY T FMUACRIFLS
KPEALQRY[ESIMDVIAQRHEEESWNKEEV T VEPLAKMET FRLACRLFLS
KPESLORYE S0V IAORHL ASDWECKOEVSVEPLAK TY T FWIACRIFLS
RPESLROYVPUMDMMAQRHEKEEWHGMBOEN THEMTONET FSLACKIFlS
KPEALRRYECTMDMITXREFALEWGNKAEVIVEPLAKS Y T FELACRIFLS
BPBALKRYVGEF DKAAGRHFABEWENKKvVIIVEPLAKRETFGLACSLFLS
KPEALORYVGINDHI TORHFASCWENKEO VUIVEPLTKRY T FLACRIFLS
KPEALQRYVGIMDHTAORHFASSWENKNOEr VEPLAKRY TFWLACRL S
KPEALORYVGYMD IAORHE FHWDNKNEN TVEPLAKRY T LIACRIFHS
KPEALQRYEGIMDHTAQRHFADS WBNRBEVEVEPLAKRET FWLACRLFHS
KPEALORYEGINDH [AORHFADSDNRDEVIVEPLAKRET FWLACRLFHS
KPEALQRYEGIMDGTAQRHEEEGWENKEEVK VEPLAKSY TFHEACRLFHS
KPEALORYECINDTJARREFAECHENKKEVEVEPLARNY T FWEARRIFFS

201 250
HBDLE YK BB T ECH - ST EDE -6 RENRATRA SR UESKENS 1T
HEDEA R¥R0L=BOFN THEVGE - ST IDLPETRENRATRAS L ERKEN AT
EDDPKEEAKER) ErHELARCEMSI T\ - PG PFNRATRKDSURKELRAT
WEDEDEVEK ! BEEFN: LABGIIAK - IDL 6T SFNKGIK: SNLURKFLHAT
MEDBE-YOKESK EFNDLARGIISI PIDL >\ PENRGVRASNVY: KELLKT
TE0R 3rSTPIDLPWTELRRALACNF TRRENTAT

EEDEDHEAK. B PEDEPG7E. SRATRAS T IRTELFAI
MEDENHVAKEADE - DYLASGHIST »IDL>G T PENRAIKA SN- IRKELVRI
BISTEIDL-GIPENRAIK: SNLIRK LLL!

EEABGIISE-IDL? FERKENTKI

EE-BXAVAKE BrHYLASCBITY - IDL-GTPE  RATK SNF IRKSEAT
[EDBAHVAKE: < B HJLASGBIEN »IDL >G T PEHRATKA SN IRKFLRAT
EEDBNEV-REAEEFHHLASCIISI PIDL>GT AFNRGIRASNF [RRELLKT
BEDSv=BAK . GBEF AULASGETSN - B 76 TPEYRATKASN - ER: EETKI

251 300
EROREEBIKAGK VSVE-BD1 LSHMLEN TCET - - - -KBEDEADKIBHLLEG
VRORKEELKAGKALEE-HDILSHMLMNIGET----KBEDEADKIEGLLIG
-RIQILA-SIKHDILSIMLTIT-QFIN-ADIII e

EKQRKDLAKGKASEX QD1 LSHMLAC-
TRORKIDLGEGKAS ST -0D1 LoHML HCDENGK FHGBEDTA DK1LGLLIG
TKORKWDLAEGKASPT Qb1 L oL LI SDENG KILG
TRQREIDLAEGASPT 0D LSHVLL

EKQRKIDLABGRASON -QD1LSHMLEATDEDE 5
TRORKIDLAEGKASON-0D1 LSHMLEATDEDECHHNEMETA DK 1 LGL1IG

DEKGAFMSEEDIADTILALLAS

EKQRKIDLE\/6:ASPT-0D1 LsHL MSDESGorHsEEDEADKILGLLIG
EKQRKIDLABGKASPT QD1 LSHLELCDEHGS HHKEHDEA DRI BGLLIG
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GHDT TS IVETFVNYLAEF PHI Y ORVLEEQKEI LNNKDVN-EKL TWEDIE
GHDTAS I VCTFMVNYLAEF PHVY ORVLOEOKETLKEKKEK -EGLRWEDIE
EHDIASAY 1 [F HIKYEARHPOff Y NELKEOHERA CKK - EMLOWEDEQ
GHDTASAT 1TF IVKELAELPHY Y Br VEXEOMEIAKSKAPG - ELLNWEDIP
GHDIASAA1TF IVKYLAELPHY Y NKELEEOREIAKEK TPG- ELLNWEDIQ
G I

GHDTASAACTF HI MEIAKSK NvBDIO
G+ DTASATCTr IVKYLABL M1 B-V¥x-OMEN L 5B ARG -BLLNWEDEQ

351 400

RMRY SWNVACEVMREVPPIAGTFREATDHFSEKGEY I PKGWK -LYWSATHE
RMRY SWNVACEVMREVPPLSGTFREAIDHFSEKGEY I PKGWK-LYWSATHE
RMKY SUNVANEVHRLAPPLOCSFREA THDF THACES T PKGHKF LYWS TNA
KVBY SWNVACEVMRLAPPHOGAFRE AMNDFlE=GES T PKGWK-LYWS THE
Ry SuNVACEVHRFAPPLOCAFREMEEFNEACEE T PKGHK - LYWSANT
MK Y SWNVACEVERLAPPLOGEFRE AMID - INGHIS T PKGWK -LYWSALS
RMEY SWNVACE TERESPPF I GNFREATKDF TENGEAI PKGWKASHELTLY
NMTYSWNVIREVERICPTFP-NVREATHDFDENGES I PKGWKAKYEP-- -
RMKY SNVACEVERLAPPEOCAFREA S0 BFNCES T PKGHK - [YWSANS
MK Y SWNVACEVERLASPLOGAFREATNDFEENGEY T PKGWK - LYWSANS
RMKY SNVACEVHRISPPLOCEFREA THDF MFNCES T PKGHK - LYWSANS
NMRY SWNVACEVMRLAPPLOGAFREATEDFWENGES 1 PKGIK - LYWSANS
Ry SWNVACEVHRLAPPLOCAFREA TIDF UENCES T PKGHK - LYWSANS
MK Y SWNVACEVERLAPPLOGAFROAEY DFEEDGES T PKGWK - LYWSANS
RMKY SNVAOEVER LAPPLOCAFREAFSDF UENCEE T PKGHK - LYWSANS

401 450

THR----- NPEYFPEPEKFEPSRFEGSGPKPYTEVPFGGGSRECPGREYA
--NPDYFPEPEREEPNRFEGSGPKPY TRV PFGGGPRMC PGKEYA

————— EKFDPSRFEGNGPIPYTEVPFGGGPRMC PGKEYA
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Fig. S6 Mass spectra comparison (MS1, MS2, and MS3) between betulinic acid, ursolic acid,

oleanolic acid, and a putative morolic acid.
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