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Probing the Microbial Mysteries of Wine
Microbiome research is impinging on enology and viticulture, meaning
it is time to think in terms of the grapevine supraorganism

Iratxe Zarraonaindia and Jack A. Gilbert

Wine enjoys a long tradition as a valuable social
lubricator, one that works across societies, inter-
national boundaries, and economic classes. Not
surprisingly, the grapevine receives extensive at-
tention from researchers as well as the general
public. While most scientifıc studies have rele-
vance to public life, research on wine and the
microorganisms that help support its production
is just that little bit more compelling, primarily
due to its cultural importance.

U.S. viticulture, once linked mainly to Califor-
nia, expanded into other regions of the country,
including Oregon, New York, Missouri, and
Michigan. Thus, wine production is a growth in-
dustry, one that generates more than $30 billion
in revenue each year and employs about 24,000
people worldwide. Wine grapes are widely dis-
tributed geographically, reflecting the huge num-
ber of varieties created by viticulturists through
hybridizations to make plants resistant to dis-
eases such as phylloxera and to pests and other
pathogens, including nematodes, fungi, and bac-
teria; to grow and be productive under different
climates and different soil conditions; and to pur-

sue economically valuable characteristics, includ-
ing better grafting potential, higher yields, and
particular grape sizes, shapes, coloring, and fla-
vors.

While so many other food crops shape the
land in which they are planted through re-
quirements for irrigation and amendments to
make the soil better fıt their needs, grapevines
were adapted mainly through selective breed-
ing. Recently, as with so many other studies
concerning plant and animal health, micro-
biome research is impinging on enology and
viticulture, leading us to think in terms of the
grapevine supraorganism, which takes into ac-
count both benefıcial and pathogenic members
of the plant’s associated microbiome. Addi-
tionally, microorganisms in the surrounding
soil can alter its physicochemical properties,
thereby improving nutrient availability and
plant productivity.

Recognizing the Microbiome
Associated with Grapevines

Understanding how to harness the microbiome
to improve vine productivity, adaptability, and
resistance, not to mention characteristics such as
the flavor and color of the desired product, is the
focus of a number of research groups of late,
including our own. We are building the vine mi-
crobiome knowledge base in much the same way
as the Human Microbiome Project is doing for
our bodies, with the aim of developing strategies
to help viticulturists make the most of this crop.

We live in an era in which genomics emerged
as a powerful approach to studying biology. In-
struments and procedures for sequencing DNA
and RNA molecules, methods to examine protein
and metabolite profıles, and analytical tools to
interpret the increasing stream of data are central
to this new era. Through use of these analytic

SUMMARY

➤ Microbiome research on grapevines takes into account both beneficial and
pathogenic microorganisms associated with such plants, including those
found in the surrounding soil.

➤ Knowledge about the grapevine microbiome will be used to develop
strategies for improving this crop.

➤ Not only yeasts but also bacteria within the microbiota of grapevines affect
the health of these plants as well as the quality of wines produced from
their grapes.

➤ Part of the grapevine microbiome consists of beneficial microbes, also
known as plant growth-promoting bacteria, associated with the plants and
the soils in which they grow.

➤ Once we better understand which bacteria influence the flavor of wine, or
the health and productivity of grapevines, we can begin to identify how
some of these microorganisms might be selectively applied to this crop.
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tools, we are making great leaps in knowledge of
the mechanisms that support plant health and
productivity. This progress is especially rapid for
the grapevine research community, whose mem-
bers are devoting considerable efforts to deter-
mine the vine genome, proteome, and metabo-
lome.

For example, researchers associated with the
International Grape Genome Program (www
.vitaceae.org/index.php/International_Grape_
Genome_Program) study grape genetics and
genomics, and the biological processes related
to pathogen and abiotic stress resistance of the
plant, including the reproductive traits deter-
mining grape yield. From those efforts, we now
have the fırst draft genome of a grape variety
and an understanding of the metabolites and
hormones associated with the ripening process
of the grape. However, just as humans are now
seen as a complex ecosystem that integrates the
human genome with the genomes, transcrip-
tomes, proteomes, and metabolomes of the mi-
croorganisms associated with us, plants also
form complex interactions with bacteria and

fungi, and so, exploring grapevine-microbe in-
teractions promises to be a valuable addition to
our understanding of this crop.

Early Research Focus Is on Yeasts,
Other Fungi, and Pathogens

Research on the grapevine microbiome focuses
primarily on those microorganisms that influ-
ence wine quality and account for its organoleptic
properties, chiefly through secondary metabo-
lites that are produced while grapes ripen and
then are fermented. The major microbial com-
munities associated with these steps are the
yeasts, led by Saccharomyces cerevisiae.

The role of bacteria other than a few lactic acid
bacteria in wine making was long considered to
be minor or even detrimental. However, recent
studies show that bacteria within the microbiota
affect the health of grapevines and the quality of
wine. This realization stems from studies of bot-
rytized wines, that is, wine made from grapes that
was infected naturally with a fungus such as Bot-
ryotinia cinerea.

FIGURE 1

Grapevines support both harmful and beneficial microbes, and these can affect very aspect of the plants’ growth,
resistance to disease, and grape yield. (Image © elkor/iStockphoto.)
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For example, by analyzing 16S rRNA ampli-
con sequences recovered from botrytized fer-
ments of grape juice, Nickolas Bokulich, David
Mills, and their collaborators at the University of
California, Davis (UCD), identifıed a broad range
of low-abundance bacteria not traditionally asso-
ciated with wine. They also detected atypical lac-
tic acid bacteria that they believe comprise part of
the “normal-indigenous” microbiota of ferments.
Although the role of these bacteria in the fermen-
tation process and their organoleptic properties
requires much more research, they are of major
interest to the wine industry.

Due to the high economic losses that patho-
genic microorganisms generate, they are another
focus of vine microbiome research. Of particular
interest are antagonists that might act as agents
for controlling those diseases. Indeed, the micro-
biome in general may play a key role in resisting
pathogens that infect plants such as grapevines by
secreting particular chemicals to activate plant
defense mechanisms against particular patho-
gens or environmental triggers.

Some Research Focuses on Plant
Growth-Promoting Bacteria

The microbiome also contains members that
compete with pathogens for resources, produce
antibiotics against them, or suppress their growth
or spread in different ways. Such benefıcial mi-
crobes, also known as plant growth-promoting
bacteria (PGPB), are associated with many plant
species, but research regarding how they act fo-
cuses mainly on the soil-root environment, ac-
cording to Essaïd Ait Barka of the Université de
Reims Champagne-Ardenne in Reims, France,
and his collaborators.

For example, inoculating grapevine plants
with Burkholderia phytofırmans (strain PsJN)
protects them against the grey mold disease
caused by B. cinerea and mitigates other damage
that results from low temperatures. These fınd-
ings illustrate how several microorganisms influ-
ence the disease burden of this plant.

However, few biological antagonists that pro-
tect plants against diseases are identifıed. For ex-
ample, while several biological control agents are

FIGURE 2

Wine barrel full of grapes ready for pressing. The complexity of the grapevine ecosystem and its associated
microbes can have quality and individual characteristics of wines. (Image © RapidEye/iStockphoto.)

FEATURE ARTICLE

444 • Microbe—Volume 9, Number 11, 2014



Downloaded from www.asmscience.org by

IP:  190.2.111.105

On: Sun, 02 Oct 2016 11:06:26

being studied for their capacity to protect grape-
vines against crown gall disease induced by Agro-
bacterium vitis, there is no conclusive evidence
that any of these agents is effective. The observed
irreproducibility might stem from a lack of un-
derstanding of the role that plant-associated bac-
teria, as a community, play in modulating disease
suppression. Although many of these agents are
effective in vitro, they typically fail when applied
to grapevine plants in fıeld settings, where highly
complex microbe-to-microbe and microbe-plant
interactions take place.

Much of what we know regarding plant-mi-
crobe associations was learned by studying Ara-
bidopsis or, to a lesser extent, potato, tomato, rice,

cannabis, and maize plants, as well as poplar
trees. From such studies, we know that plant-
associated microbes are extremely dynamic, and
the presence and abundance of different species
fluctuate dramatically in response to an array of
factors. While root microbial compositions are
species or cultivar specifıc and developmental
stage dependent for some plant species, for other
plant hosts soil properties prove to be the major
factors shaping root microbial communities. In
contrast, the microbiota associated with leaf sur-
faces appears to be primarily influenced by fluc-
tuating conditions, as well as plant genotype.

Davide Bulgarelli of the University of Dundee
in Scotland, Paul Schulze-Lefert of the Max
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Zarraonaindia: From Marine Genomics in Basque Country
to Metagenomics near Chicago

Iratxe Zarraonaindia fell in love with science watching a
cartoon series that explained the human body in terms
children could easily understand. Lymphocytes traveled in
space shooting antibodies, while DNA molecules were dolls
with complementary head shapes. “It was awesome,” she
recalls. Once she learned to read, she “read aloud my biology
lessons to all my dolls and wrote the lesson on a blackboard,”
she adds. “I wanted to become a biology teacher, something
that I am still pursuing.”

Zarraonaindia, 33, a postdoctoral scholar at the University
of the Basque Country, recently completed a stint at the Argonne
National Laboratory near Chicago, where she focused on the
use of metagenomics to study grapevine-microbe interac-
tions. “I found this project particularly interesting because
wine making has a lot of tradition in the Basque country and
Spain,” she says. “Microbes not only interact with the plant,
but also with each other, and these interactions are dynamic,
changing with the developmental stage of the plant, and
dependent on environmental triggers, and with the metabo-
lites generated by other microbes in the community.”

Zarraonaindia grew up in Bilbao. “Nowadays the city is
known for its gastronomy and the Guggenheim museum,
which attracts a lot of tourism, but some years ago this was a
very gray, industrialized city,” she says. Today, however, “it is
a comfortable and friendly place with temperate climate
surrounded by green mountains and a beautiful coastline
with beaches, but rainy . . . very rainy. This is the price we have
to pay for a beautiful landscape.”

Her father is a planning and management engineer, and
her mother worked in the public health system; both retired

three years ago. She is the middle child of three, with an older
brother, who is an industrial engineer, and a younger sister,
who works in a bank. She differs from them, describing herself
as “an answer seeker, a little disorganized and happy flower
person, considered the rebel of my house, more imaginative
and art-directed.”

Zarraonaindia received her undergraduate degree in biol-
ogy and genetics in 2004 from the Complutense University of
Madrid, and a diploma in advanced studies in 2007 from the
University of the Basque Country, where she earned her
doctorate in marine population genetics in 2011. “During my
university years, I decided to specialize in genetics, for which
I had to move to Madrid,” she says. “ This change was a great
deal for me, it was like moving to another state . . . and I had
to switch from studying in Basque to studying in Spanish.”

She married her longtime boyfriend Mikel Aguirre, an
electronic engineer, in December 2011, and they moved to
Chicago the following February. “Although we found a bunch
of cultural and lifestyle differences, we had a great time in
Chicago,” she says. After finishing at Argonne, she learned she
was pregnant and “we decided to move back home to raise
our baby and create a research group focused on meta-
genomics here in the Basque country. Metagenomics is still in
its infancy in the Basque country.”

In her spare time, she enjoys dancing, singing, and playing
basketball. She also likes to read novels, mostly thrillers “with
detectives and stories full of mysteries and twists,” she says.

Marlene Cimons
Marlene Cimons lives and writes in Bethesda, Md.
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Planck Institute for Plant Breeding Research in
Cologne, Germany, and their collaborators pro-
pose that plants select bacteria from soils in two
steps. First, soil factors determine the composi-
tion of bacterial communities in which a plant
grows, and plants then change those established
microbial communities when they encounter the
plant roots. And, second, the plant host fıne-
tunes this microbial community, differentiating
its root associated-community from the rest of
the soil microbiota.

Factors Affecting Microbes
Associated with Grapevines

Research to evaluate factors affecting the ecology
of microbes that associate with grapevines, shap-
ing their diversity in compartments other than
the grapes themselves is very limited so far. In-
deed, very few studies consider the grapevine as a
whole or include soil and root systems. Although
some researchers investigated how farming prac-
tices, fruit maturity stage, and grape health affect
the bacteria that live on grapes, they did not con-
sider the effects of flowers, leaves, roots, and the
surrounding soil.

To fıll this gap, researchers from Argonne Na-
tional laboratory, the University of California,
Davis, the RTI International Center for Agricul-
tural Environmental Biosolutions in North Car-
olina (FMC Corp.), and viticulturists from the
Sparkling Pointe Winery in Southold, N.Y., be-
gan to survey the microbiota associated with
grapevines in 2011 to characterize microbial
communities within different habitats along the
plant. This survey includes samples from both
below- and above-ground environments—spe-
cifıcally, bulk soil, soil of the root zone, roots,
leaves, flowers, and grapes.

This study, the Merlot Microbiome Project,
characterized bacteria associated with merlot
grapevines from fıve vineyards on Long Island,
N.Y., during two years. Analysis was based on 16S
rRNA amplicon and shotgun metagenomic ap-
proaches to explore the grapevine-associated mi-
crobial communities and how they change from
one plant genotype to another, among different
soil types, different developmental stages, and
under different soil conditions.

Different habitats in the plant give rise to dis-
tinct microbial species profıles, with a profound
difference between below- and above-ground en-
vironments. Moreover, microbial species diver-

sity decreases within plant habitats with their rel-
ative distance from the soil. These differences
likely arise because of habitat-specifıc environ-
mental constraints that differ strikingly between
soil-root environments and above-ground tis-
sues such as the leaves, grapes, and flowers.

However, those differences are also due to
plant-exerted selective pressures, which attract
and repel microbes through an immune system
and by means of root exudates. In fact, merlot
roots are enriched for certain bacteria presenting
functional traits that favor their movement to-
wards root exudates, as well as genes involved in
the defense of the plant against pathogens. Thus,
those taxa are ideal candidates as artifıcial inocu-
lants, which viticulturists could use to obtain
higher yields and more healthy vines.

Microbes Travel the Grapevine

While the idea of using specifıc microorganisms
to improve plant health is exciting, determining
which ones cooperate with the plant and other
associated bacteria is also important. For exam-
ple, a subset of bacteria in soil that colonizes the
inner roots crosses into the vascular system to
spread through the stem to above-ground organs.
In other words, some of these microbes special-
ize, colonizing other vitally important segments
of the plant.

Our research group and others fınd that some
soil-derived bacteria, once thought to be indige-
nous to grapes, can colonize above-ground or-
gans of grapevines either as endophytes within
tissues or as epiphytes along surface tissues.
Moreover, they can be found in initial ferments
during wine production. To what extent these
soil-derived microorganisms affect wine flavor is
not yet known, but the fact that they can be trans-
ferred from soil to grape, and from there to the
grape must, the crushed products, and to the
initial ferments suggests a more direct role of soil
microbiota in wine making, and their potential
involvement in the formation of region-specifıc
organoleptic characteristics. Bokulich, Mills, and
their collaborators at UCD believe this phenom-
enon may contribute to a “microbial” terroir.

Besides regional wine variability, viticulturists
recognize wine quality and flavor differences
across different years, or vintages, that might cor-
relate with microbial community shifts associ-
ated with changes in climate and weather pat-
terns. Grapevine is a demanding species that
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requires suitable temperature and moisture to
produce grapes that yield fıne wines. By improv-
ing our understanding of how these climate shifts
affect the microbial community, viticulturists
may learn better how to predict the quality and
properties of their wines.

Once we better understand which bacteria in-
fluence the flavor of wine, or the health and pro-
ductivity of grapevines, we can begin to identify
how these organisms might be applied to this
crop. Several methods are readily applicable, in-
cluding inoculating seeds. If vendors develop in-
oculants that are specifıc to particular soil ecosys-
tems, growers could plant the same grapevine
strain in different soil types and maintain a com-
parable degree of productivity and similar wine
properties. However, seed propagation is not
common in viticulture, which depends primarily
on cuttings and grafts to propagate strains.

Inoculating soils with microbes is now com-
monplace, with microbial powders that are sup-
posed to help in growing plants being sold widely
in garden centers. Thus, newly identifıed bacteria
could be applied directly to soils, either as a pow-
der around the roots or in aqueous solutions
sprayed on the soil. It is also possible that spray-
ing microbes on above-ground tissues could
prove effective in reducing pathogen burdens. As
with other crops, bacterial applications also
might influence the turnover of soil nutrients and
metabolites, which could reduce the need for and
costs of adding organic and inorganic fertilizers.

In the past, viticulturists inadvertently selected
for key microbial commensals while choosing
which grapevines to propagate. Now we are en-
tering an era during which manipulating whole-
plant supracommunities could become the norm.
Hence, we need to survey wine varieties for their
associated microorganisms to identify key rela-

tionships that can be further exploited. With such
information, we can begin experiments to ma-
nipulate some of these microbial-vine associa-
tions to further characterize their impact on the
properties of vines and wines.
Iratxe Zarraonaindia is a postdoctoral appointee at Argonne
National Laboratory and is enjoying a postdoctoral grant from
the Basque Government (IKERBASQUE contract), Basque
Foundation for Science, 48011, Bilbao, Spain, and Jack A. Gilbert
is Group Leader for Microbial Ecology at Argonne National
Laboratory, and Associate Director of the Institute for Genomic
and Systems Biology, Lemont, Ill., and Associate Professor in the
Department of Ecology and Evolution, University of Chicago,
Chicago, Ill.
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