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PLANT SCIENCE

A chemical genetic roadmap to
improved tomato flavor

Denise Tieman,"** Guangtao Zhu,"”* Marcio F. R. Resende Jr.,* Tao Lin,'*

Cuong Nguyen,? Dawn Bies,? Jose Luis Rambla,” Kristty Stephanie Ortiz Beltran,”
Mark Taylor,2 Bo Zhang,? Hiroki Ikeda,?> Zhongyuan Liu,? Josef Fisher,® Itay Zemach,®
Antonio Monforte,” Dani Zamir,® Antonio Granell,” Matias Kirst,’

Sanwen Huang,"*t+ Harry Klee"*{

Modern commercial tomato varieties are substantially less flavorful than heirloom
varieties. To understand and ultimately correct this deficiency, we quantified flavor-

associated chemicals in 398 modern, heirloom, and wild accessions. A subset of these
accessions was evaluated in consumer panels, identifying the chemicals that made the
most important contributions to flavor and consumer liking. We found that modern
commercial varieties contain significantly lower amounts of many of these important flavor
chemicals than older varieties. Whole-genome sequencing and a genome-wide association
study permitted identification of genetic loci that affect most of the target flavor
chemicals, including sugars, acids, and volatiles. Together, these results provide an
understanding of the flavor deficiencies in modern commercial varieties and the
information necessary for the recovery of good flavor through molecular breeding.

with consumer liking and 37 that significantly cor-
related with flavor intensity (table S3), 28 of which
were associated with both overall liking and flavor
intensity. These chemicals provided a foundation
for a genome-wide association study (GWAS).
Although postharvest handling can nega-
tively affect flavor (6), our results indicate that
representative modem cultivars, such as Florida
47 and Flora-Dade, are not well liked even when
grown using commercial practices and harvested
when fully ripe (table S2). To address the question
of why modern tomato cultivars lack the flavor of
older accessions (heirlooms), we examined the
flavor-associated chemical composition of 48 mod-
em cultivars relative to 236 older S. lycopersicum
accessions. Discriminant analysis of principal com-
ponents (DAPC) using single-nucleotide polymor-
phism (SNP) data identified five classes, including
one that contains all of the known modern elite
inbreds and hybrids (fig. S1). A total of 13 flavor-
associated volatiles were significantly reduced in
modern varieties relative to heirloom wvarieties
(fig. S2). Volatile chemicals define the unique flavor
of a tomato and are essential for consumer lLiking
(2, 4). Thus, poor flavor of modern varieties can
largely be attributed to the dilution of many flavor
volatiles that positively influence liking. This dilu-
tion of flavor chemicals should be correctable by
reintroducing superior alleles of genes controlling
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YBPITAIA VS MAPAAOZIAKEG MNMOIKIAIEG
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Figure 2 | F, design: genetic mapping in monkeyflowers. a | Mimuius lewisii and
¢ | Mimulus cardinalis were crossed to produce b | a fertile F, progeny. The F, was seif-
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HXONTPOKAT>ZAPH TOMATA

O AiBaAlwTtdkng o€ €va BLBA0 TOU 1942: O képumog g Meoomnviag
KoL oL opevai Aekévau autou” avadepel OtL otnv Meoonvia, péExpL

TNV OEKAETIO TOV 1930 LTI PXAV KUPIWG TPELG TIOLKIALEG TOUATAG

H Katoapr] (n o dtadedopévn)
ueTpiov pey€Boug TEMAATUOUEVN E LEYAAOV OUPaAOV Ue eTiidDAVELX
SLUAAKWEVTV, HE QPKETIV OAPKA Kall YAUKELQY, LE OAlyOV XUUOV,
KOTAAANAOG SLa o paokeUTjV TIEATE Ko oaAdtag, (Quyilel ehadpd,

KOAALEPYELTAL WG TIPWIHOG,.
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NMEIPAMATIZMOZ

[payuatomor}Onke YEVETIKT] KOl CUYKPLTLKT) AVAAUGT)
TOU YEVWHOTOG TG XOVTPOKATOAPTIG TOMATOG

H yevetikn avadAuon €0€l&e OTL amoTEAEL pia EexwpLoT
TIOLKIA L HE 0ADUWIG SLOYWPLOUEVA YEVETLKA
XOPOKTINPLOTIKA
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‘Eva puTo €xel kat aB€ato kOoo!!

TIEINAITO MIKPOBIOMA;

AloBeTeL n OLaitepn molkiAla XovtpokaTtoopr) OLKO TNG;
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2TOXOI

* To TEIl NMeAotrovvioou “d1atnpnTng”’ TNG
XOVTPOKATOAPNG TOMATAG KAl AAAWYV
TAPASOCIaAKWY EAA VIKwV_TI'OIKI)\IwV




H XONTPOKAT2ZAPH EINAI MIA TTIOAY
ENTATIKA MEAETHMENH TOMATA

To teptypadiko deAtio (CPVO-TP/44/2) yia tnv evtoén pLog
TIOLKIALOG TOMATOG TIEPLAAUPAVEL 51 YapaKTNPLoTIKA!! Ta
OTIolO TIPETIEL VA TIEPLYPADOUV HE KABE AeTITOPEPELQL:
Duto: UG avaTITUEEWG (TTEPLOPLOMEVOG 1] UN TIEPLOPLOUEVOG)
STENEXOG: UKOG LECOYOVATIOU
®UAMNo: B€on, TAdTOG, HEyeBOg puANapiwY, OTIATIVOTNTA, KATI).
To&lavOio: TUTIOC
AvBo0g: XvoudL Tou OTUAOU, XPWO

Kapmdg: MeyeBog, oxnua, avAakwoelg, Koidwpa, peyebog kopdidg,



2TOXO

2UCTNMATIKN CTTOPOTTAPAYWYN PUTAPIWV
AVOEKTIKWY O€ aoBEvelEg




EYXAPIZTQ

Tnv epeuvnTIKT) Opdda
NHOAKOZ KAAAIMAXOZ
Ap. 2TTHAIONOYAOZ IQAKHM
Ap. KOTZIPAZ ANAZTAZIOZ
TOYZ OOITHTEZTOY TMHMATOZ
TOYZ 2YNEPITATEZ TOY N'EQIONIKOY MANEMIZTHMIOY

Tnv epeuvnTtikr opdoda tou K. M KATINAKH

TO IAPYMA KAPETAN-BAZIAH KAI KAPMEN KONZTANTAKOTMOYAQY

E>AZ yLo Tnv uttopovrj oag



