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Figure S1. Expression levels of putative XTHs in Fragaria vesca varieties Reine de Vallées, Hawaii 4

and Yellow Wonder.
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Figure S2. Phylogenetic tree of XTH candidate genes from F. vesca. The tree was constructed using
Genious v5.6 software with the Neighbor-Joining method with 5000 bootstrap replications. Amino acid
sequences were retrieved from the F. vesca Genome Browser database and their accession numbers
are as follows: gene00216, gene00661, gene00663, gene01781, gene01986, gene05197, gene05204,
gene05205, gene05220, gene05221, gene05591, gene09279, gene09672, genel2291, genel3718,
genel7597, genel7598, genel8893, genel9553, genel9781, genel9782, genel9783, gene24600,
gene24869, gene24871, gene28698, gene28699, and gene28700.
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Figure S3. gPCR analysis of FvXTH9 (a) and FvXTH6 (b) at different fruit maturation stages (small
green, large green, white and ripe fruit) as well as other tissues (young leaf, old leaf and flower) of F.

vesca. Hawaii 4. Relative expression levels are normalized to the reference gene (interspacer gene).



Section 1

(1) 1 10 20 30 40 55
At-XTH10 (1) —— - -MTLINRSKPFVLLVGFSIISSLLLWVSQASVVSSGDENKDFFVTWSPTHVN
At-XTHE (1) ————~— MAKIYSP-SFPGTLCLCIFTLLTLMFIRVSARPATEVEDFKAAWSESHIR
At-XTH7 (1) ----MVVSLFSSRNVFYTLSLCLFAAL---YQPVMSRPAKFEDDFRIAWSDTHIT
FvXTH6 (1) ----MYPSLRSG-SVIASISLCFLSLFS---LSAFARPATELQDFQVTWSDSHIR
SI-XTH7 (1) MATLTCCSLKNS-AFVLILVYALTFSFS---LVS-ARPATELQDFKIAWSDSHIK
At-XTH (1) ~— -~ MVGMDLFKCVMMIMV---LVVSCGEAVSGAKFDELYRSSWAMDHCV
FWXTHO (1) -~-------- MASASLFLSVILGLS---LFLG---PVSSAKFDELFQPYWASDHFT
At-XTH8 (1) --METERRIITSCSAMTALFLFMTALMASSSIAATPTQS-FEDNFNIMWSENHFT
SI-XTHL (1) —————-—- MGIIKGVLFSIVLINLSLVVFCGYPRRPVDVPEWKNYEPSWASHHIK
SI-XTH4 (1) ~—--------- MKGVLVAFVLINLSILASCGAPRKVIDVPEWNNYEPSWSSHHIK
At-XTH4 (1) ------ MTVSSSPWALMALFLMVSSTMVMAIPPRKAIDVPEGRNYVPTWAFDHOK
At-XTHS (1) ------ MG-RLSSTLCLTFLILAT--VAFGVPPKKSINVPEGRNYFPTWAFDHIK
Fe-XTHL (1) ~—————~- MASSQQCTLLLSIMLMGS--VTMAAPPKRPVSVPEGRNYMPTWAFDHIK
Md-XTH1 (1) ------ MASCKQWTVFLSLLCLVS--ATVAAPPKKPVAVPEGRNYMPTWAFDHIK
PtEXET16A (1) ------ MAAAYPWTLFLGMLVMVS--GTMGAALRKPVDVAEGRNYVPTWAFDHIK
Consensus (1) SVLLSLLLILS L F NY PTWA HIK
Section 2
(56) 70 80 90 100 110
At-XTH10 (52) TSNDERSRTLKLDQES SSIQTFLEGQIDMKIKLIR TMVAY¥MSSDO
At-XTH6 (50) QMEDEKAIQLVLDQST ASKRKYLEGRVSMKIKLIP TVTAFYMNSDT
At-XTH7 (49) QIDGEGRAIQLKLDPSS ASKKQYLEGRVSMKIKLIP TVMTAFYMNSDT
FyXTH6 (48) QIDGERAIQLVLDONS SSKHKYLEGRVSMKIKLIP TV TAF¥MNSDT
SI-XTH7 (51) QLDGEGRGIQLILDONS ASRSKYLEGRVSMKIKLVP TVTAFYMNSDT
At-XTH9 (44) N--EGEVTKLKLDNY S ESRSKYLEGKVSIQIKLVE TVMTAFYMSSDG
FVXTH9 (41) Y- -EGELLHMKLDNY S SSKNKYMEGKVTVQIKLVE TMTAFYMSSDG
At-XTH8 (53) TSDDEEIWNLSLDNDT QTKHMYREFGWFSMKLKLVG VMTAYNMCSEN
SI-XTH1 (48) FLNGGTTTDLILDRSS OSKKSYLEGHFSMKMRLVG VMTAFYLSSNN
SI-XTH4 (45) YLNGEGTTAELLLDKSS OSKRSYLEGHF SMKMKLVG VMTAF¥LSSTN
At-XTH4 (50) QFNGESELQLILDKYT OSKGSYLFGHFSMHIKLP VMTAFYLSSTN
At-XTH5 (47) YLNGESEVHLVLDKYT OSKGSYLEGHFSMHIKMV TMTAFYLSESON
Fc-XTH1 (48) YFNGENEIQLHLDKYT OSKGSYLEGHFHMQIKLEP TVTAFYLSESTN
Md-XTH1 (48) YFNGEGKEIQLHLDKYT OSKGNYLEGHFHMQIKMVP TMTAYYLSSQON
PHXET16A (48) YFNGENEIQLHLDKYT QOSKGSYLEGHFSMQMKLVP TVYTAFYLSSQON
Consensus (56) NGG IQL LD SG GFQSK YLFG FSMKIKLV GDSAGTVTAFYMSSDN
Section 3
(111) 111 130 140 150 165

At-XTH10 (107) - - -PNHDET 0 LDNREE AKDFHT
At-XTH6 (105) --ATVHDEL o] KGDREQ SMDYHT¥TI
At-XTH7 (104) --DSVHDEL 0 KGDREQ SRDFHE¥AT
FvXTH6 (103) --DAVHDEL Q QGNREE AADFHTNTI
SI-XTH7 (106) - -DNVHDEL o] KGDKEQ SADFHTYTTI
At-XTH9 (97) - --PNHNEF E VGNREOQ TTEFHTY¥SI
FVXTH9 (94) ---PLHNEF E VGNREQRLD TTDFHS¥SI
At-XTH8 (108) GAGPERDETI o] TGNREMRHS TKDYHT¥ST
SI-XTH1 (103) - - -AEHDEI 0 KGNREQRIY TKGYHSY¥ SV
SI-XTH4 (100) ---AEHDETI 0 KGDREORTIY TKDFHS¥Y SV
At-XTH4 (105) - - -NEHDET o] KGNREQRIY SKAYHTYST
At-XTH5 (102) - - -SEHDEI 0 AGNREOQRIN SKDYHS¥ SV
Fc-XTH1 (103) - - -AEHDEI Q KGDREQRIF TKEYHSY SV
Md-XTH1 (103) - - -NEHDEI Q KGDREQRIF TAAYHSYAV
PHXET16A (103) - - -SEHDEI 0 KGDREQRIY TKEFHY¥SV
Consensus (111) EHDEIDFEFLEGNRTGQPYILQTNVF GKGNREQRI LWFDPTKDFHTYSI




Section 4

(166) 166

190 200 210 220

At-XTH10 (159) LWNIHQIVF
At-XTH6 (158) LWSHKHIVFY,
At-XTH7 (157) SWUNHLRIVFY
FvXTH6 (156) LWNHHHIVFY
SI-XTH7 (159) FWNHHQAVF S
At-XTH9 (149) LWSKRSVVF
FVvXTH9 (146) FWNQRQVVFL
At-XTH8 (163) LWNNHQLVFF
SI-XTH1 (155) LWNTYLIVIF
SI-XTH4 (152) LWNTYQIATF
At-XTH4 (157) LWNMYQIVFF
At-XTHS (154) LWNMYQIVFF
Fc-XTH1 (155) LWNLYQIVFF
Md-XTH1 (155) LWNLYQIVFL

PHEXET16A (155) LWNMYMIVFL

HGEKGVA--YPRLQP
NEAKNIA--YPTSQP
NEARKVE--YPRFQP
NEAKGIP--YPKLQP
NEAKGIP--FPKFQP
LEEKGIP--FAKDQA
MESKGLP--FPKDQA
SDKVPNNDFFPNQOKP
SKDLGVEK--FPFNQP
SKDIGVK--FPFNQP
AKDLGVR--FPFNQP
SKDVGVEK--FPFNQP
SKDLGVK--FPFNQP
SKDLGVK--FPFNQP
CKDLGVEK--FPFNQP

NGES
EADD
EADD
EADD
EADD
NADD;
NADD|
NADD|
DADD
NADD|
NADD
NADD
NADD
NADD
NADD R L

SVQASL
GVYSTL
GVYSTL
GVFSTL
GVYSTL
GVYSSI
GVYSST
YLFSST
KIYSSL
KIYSSL
KLYSSL
KIYSSL
KLYSSL
KLYSSL
KIYSSL

o oo o 00 o oo
il e e e e

Consensus (166) LWN YQIVFFVDDVPIRVFKN DLGV FP NQPM VYSSLWNADDWATRGGL
Section 5
(221) 221 _ 230 240 250 260 275
At-XTH10 (212) D SKGPEVASFGDYKIDACIWIGNTSFCN-------~-
At-XTH6 (211) E SK YAYYKDFDIEGCPVPGPTF-—————————
At-XTH7 (210) E SR YAYYKDFDIEGECPVPGPAD----—-—--—~—
FvXTH6 (209) E SK YAYYKDFDIEGESVPGPAN--—--——-———— EGTAYQA
SI-XTH?7 (212) E SKSPEFAYYKDFDIEGCCAMPCPAN----—------
AE-XTH9 (202) SH VASYKEFQIDAGEIPTTTD--————— LSKCNGDQKF
FvXTH9 (199) VASYKGFDINACECPASVAGAENAKKCSSSNGDKKY
At-XTHS8 (218) E VSSYKDFAVEGERWKDPFPACV--———-———
SI-XTH1 (208) E TASYTSFHVDGCEAATPQEVQV-——————
SI-XTH4 (205) E IASYTSFHIDGECEAVTEPQEVQV-—-—-~-—-
At-XTH4 (210) E VASYKGFHIDGEQAS--VEAKY-------
At-XTH5 (207) E VASYRGFHVDGECEAS--VNAKF--—---—-
Fc-XTH1 (208) E VATYRGFHIDGEEAS--VQARF-----—-
Md-XTH1 (208) E IASYRCFHIDCEEAS--VEAKY-——————
PHtXET16A (208) E IASYRSFHIDGEEAS--VEAKF-——————

Consensus (221) EKTDWSKAPFVASYK F IDGCE C TQG WWDQ FQD
Section 6

(276) 276 290 317

At-XTH10 (259) LTRVQKRWFKWVRKYHLI CSLPKY-

NAVEARRYRW
SPVEARSYRW
NALEYRRYKW
SPVQARQYRW
SLHQNHQLIW
NVHONHQLVW
SKTQKMDYAW
DALQYRRLRW
DGPEYRKLHR
DAEQWRRLEW
DANQYKRLKW
DAYQWRRLRW
Md-XTH1 (254) EDAQQWRRLRWMRKKFTT
PHtXET16A (254) LDAFQYRRLSWMRQKYTT
Consensus (276) L A QYRRLRWVR

RVNHM
RVNHM
RMNHMT
RMNHMI
RANHMT
KNHHM
QRNLV
RQKYT
RONFXI
RMKWT I
RKRYTI
RQRFTI

At-XTH6 (256)
At-XTH7 (255)
FVXTH6 (254)
SI-XTH7 (257)
At-XTH9 (250)
FVXTH9 (254)
At-XTHS (265)
SI-XTH1 (256)
SI-XTH4 (253)
At-XTH4 (256)
At-XTHS (253)
Fc-XTH1 (254)

ZzazZzzzzz000040d409gd

Figure S4. Amino acid sequence alignment of group I/1l XTHs using AlignX Vector NTI Advance V.11.5.
software. Sequences correspond to the following GenBank accession numbers: A. thaliana (At-XTH4
(NP 178708), At-XTH5 (NP 196891), At-XTH6 (NP 569019), At-XTH7 (NP 195494), At-XTH8 (NP
563892), At-XTH9 (NP 192230), At-XTH10 (NP 179069), S. lycopersicum (SI-XTH1, BAA03923), SI-
x domestica (Md-XTH1, AANO7897), F. chiloensis (Fc-
XTH1, ADE42488) and Populus tremula x Populus tremuloides (PttXET16A, AAN87142). Identical

amino acids in the sequences are shaded in black. The red box indicates the conserved motif and

XTH4 (AAG43444), SI-XTH7 (AAS46243), M.

HHHdHHd3>X+d4d30+dH30

s B = I e B o

—

HMIYDYCTDRSRFP V PPEC R

asteriks (***) mark the N-linked glycosylation motif.



a. FvXTH9-His b. FvXTH6-His
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35 kDa

M CE FT A4 A5 A6 M CE FT A4 A5 A6

Figure S5. Purification of FvXTH9-His and FVXTH6-His. M, protein marker; CE, crude extract; FT, flow
through; A4-, A5-, and A6-fractions were eluted with 250 mM imidazole. Target protein (33 kDa) is shown

by arrow.
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Figure S6. pH optimum of FVXTH9 (a) and FvXTH6 (b). No XET activity was present in control PYES2.
Different buffers were used as follows: sodium acetate buffer (pH 3.6, pH 4.0, pH 4.6, and pH 5.2),
sodium succinate buffer (pH 5.0, pH 5.5, pH 6.0, and pH 6.5) and sodium phosphate buffer (pH 6.2, pH

7.0, pH 7.4, and pH 8.0). Each assay was performed as 4 replicates; error bars are standard deviation
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Figure S7. Metabolite analysis of F. x ananassa fruit after agroinfiltration. Relative concentration (%o
equivalent of internal standard of the dry weight) of (a) pelargonidin rutinoside, (b) epiafzelechin
pelargonidin glucoside, (c) ellagic acid, (d) kaempferol glucoside, (e) kaempferol glucuronide, (f)
kaempferol malonyl glucoside, (g) quercetin glucoside, (h) quercetin glucuronide, (i) catechin, (j)
epicatechin dimer, (k) epiafzelechin-epicatechin, (I) p-coumaryl glc ester, (m) ferulic acid glc ester, and
(n) caffeic acid glc ester. The data were obtained by analysing 4-6 fruits (10 DPI) for each sample.
Control fruit was infiltrated with A. tumefaciens AgLO contained pBI121 empty plasmid. The asterisk
indicates statistically significant differences (p < 0.05) between agroinfiltrated fruits with XTHs and the

empty plasmid.
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Figure S8. Amino acid sequence alignment of BAXTH8 (XP_003573584.1), EfHTG (CEH24720.1),

FvXTH6 (gene05591), and FVXTH9 (gene01986) as well as pairwise sequence identities using

Geneious software with default values.
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