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Historical Genetics: The
Parentage of Chardonnay,
Gamay, and Other Wine Grapes
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The origins of the classic European wine grapes (Vitis vinifera) have been the
subject of much speculation. In a search for parental relationships, microsat-
ellite loci were analyzed in more than 300 grape cultivars. Sixteen wine grapes
that have long been grown in northeastern France, including ‘Chardonnay’,
‘Gamay noir’, ‘Aligoté’, and ‘Melon’, have microsatellite genotypes consistent
with their being the progeny of a single pair of parents, ‘Pinot’ and ‘Gouais
blanc’, both of which were widespread in this region in the Middle Ages.
Parentage analysis at 32 microsatellite loci provides statistical support for these

relationships.

The wines of northeastern France, notably
those of the Burgundy and Champagne re-
gions, have been highly regarded for centu-
ries. Like most of the world’s finest wines,
they are made entirely from old cultivars of
Vitis vinifera L. The cultivars most strongly
associated with this part of France are ‘Pinot
noir’ and ‘Chardonnay’, which are used both
for Champagne (/) and also for the best red and
white wines, respectively, of the Cote d’Or in
the heart of Burgundy. These two grapes are
now grown in many of the world’s wine re-
gions. In the southern part of Burgundy, the red
wines of Beaujolais are made primarily from
‘Gamay noir’. Several other cultivars, including
‘Aligoté’, ‘Melon’, and ‘Sacy’, are used in
wines carrying regional Burgundy appellations.

Grapevines are propagated vegetatively, so
that the individual vines of a cultivar are genet-
ically identical to each other (except for somatic
mutations) and to the single original seedling
from which the cultivar originated. While some
cultivars may have originated in the regions
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with which they are now associated, others are
thought to have been introduced by traders or
conquerors, most notably the Romans. Al-
though a few varieties have been produced by
controlled crosses since the mid-1800s, most V.
vinifera cultivars in existence today are centu-
ries old and are thought to have arisen by
several mechanisms— domestication of wild
vines, spontaneous crosses between wild vines
and cultivars, and spontaneous crosses be-
tween cultivars (2). Such a spontaneous cross
between two cultivated varieties gave rise to
‘Cabernet Sauvignon’, the most important
cultivar of Bordeaux and arguably the most
highly regarded red wine grape in the world

Fig. 1. Inheritance of parental mi- P G 1
crosatellite alleles by progeny cul-

tivars for locus VVMD5 (top) and
VVMD28 (bottom). Microsatel-

lites were amplified from genomic &
DNA, ‘electrophoresed in poly- =
acrylamide gels, and visualized by
silver staining. Lanes represent
(from left to.right) (P) Pinot noir,
(G) Gouais blanc, (1) Aligoté, (2)
Aubin vert, (3) Auxerrois, (4) Ba-
chet noir, (5) Beaunoir, (6) Char-
donnay, (7) Franc noir de la Haute
Sabne, (8) Gamay blanc Gloriod,
(9) Gamay noir, (10) Knipperlé,
(11) Melon, (12) Peurion, (13) Ro- -
morantin, (14) Roublot, (15) Sacy,
(P) Pinot noir, and (G) Gouais
blanc.
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today (3).

Any wild vines that were parents of to-
day’s important wine grapes cannot be iden-
tified, because they no longer exist. Parents
that are themselves cultivars, however, may
still exist in collections if not in cultivation.
In a search for the parents of some important
French wine grapes, we -analyzed 322 culti-
vars of V. vinifera (4), including most extant
old French cultivars.

Samples of 51 cultivars were obtained from
the vineyards at the University of California at
Davis and the rest were taken from the variety
collection maintained by Institut National de la
Recherche Agronomique at Domaine de Vas-
sal, near Montpellier, France. After an initial
screening of all cultivars at 17 microsatellite
loci (5), we compared microsatellite alleles
within all possible sets of three to identify pairs
of cultivars that could have contributed the
alleles of the third cultivar (6). A subset of
cultivars was then further analyzed at 15 addi-
tional loci (7).

On the basis of 32 loci, 16 cultivars had
microsatellite genotypes consistent with their
being the progeny of a single pair of parents—
‘Pinot’ and ‘Gouais blanc’ (Fig. 1) (8-10). For
each of the 16 putative ‘Pinot’ X ‘Gouais
blanc’ progeny, we calculated parentage indices
to compare the probability of the observed
progeny alleles if it had the putative parents to
the probability of those alleles, if it had two
random parents, or if the parents were close
relatives of the putative parents. We show the
detailed parentage indices for ‘Chardonnay’ in
Table 1 and summaries for all 16 progeny
cultivars in Table 2. The likelihood ratios show
that the putative parents are 10'? to 10’ times
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time and place. Historical references to the
individual progeny cultivars point to beginnings
in different locales ranging from the eastern-
most Loire Valley to Champagne to Alsace.
Both parents were widespread in northeastern
France and could have been in close proximity

in all of these places. ‘Pinot’ was also grown in’

other parts of Europe in the late Middle Ages,
so that crosses between the two parents could
have occurred in places other than France.
However, the progeny discovered in this study
are all historically associated with northeastern
France and not with other places, suggesting
that the crosses occurred here. Other ‘Pinot’ X
‘Gouais blanc’ progeny may well exist in other
parts of Europe.

Several of the progeny can be traced back to
the early Middle Ages or before (‘Chardonnay’,
‘Gamay noir’, ‘Melon’). The others are men-
tioned in literature from 100 to 400 years ago.
Several progeny varieties that were first de-
scribed only in the late 19th century (such as
‘Gamay blanc Gloriod’ and ‘Peurion’) may
have existed before this time. Although ‘Gouais
blanc’ would have been a more probable parent
earlier, when it was more widespread, even a
relatively rare crossing event in the 19th cen-
tury could have produced successful progeny
cultivars. ‘Pinot’ and ‘Gouais blanc’ are
clearly a good parental combination, whereas
any other varieties growing in the vicinity
would likely be ‘Pinot’ or ‘Gouais blanc’
relatives and would be less fit as a conse-
quence of inbreeding depression.

Nine of the progeny cultivars have light-
colored fruit (white-yellow to amber), four are
blue-black or violet-black and two have inter-
mediate pink berries. ‘Gouais blanc’ has yel-
low-gold berries. The parent of the dark-berried
cultivars (‘Bachet noir’, ‘Beaunoir’, ‘Franc

REPORTS

noir’, ‘Gamay noir’) must have been ‘Pinot
noir’. But because ‘Pinot noir’ is heterozygous
for berry color, we cannot say whether ‘Pinot
noir’, ‘Pinot gris’ or ‘Pinot blanc’ was the par-
ent in the other cases. However, ‘Pinot noir’ has
always been the most common form so that it is
the more probable parent.

Although ‘Gouais blanc’ has never been
highly regarded and is maintained in only a few
grape variety collections today, its genetic po-
tential as a parent has been clearly demon-
strated here, particularly in the case of ‘Char-
donnay’, considered one the world’s greatest
wine varieties. Knowledge of parental rela-
tionships such as those reported here can
facilitate rational decisions regarding the size
of grape germplasm core collections, which
are constantly threatened by economic con-
straints. A core collection containing ‘Pinot
noir’ and ‘Gouais blanc’ will contain the
same allelic resources as a larger collection
that also includes cultivars that are the prog-
eny of these two.

Although most grape cultivars are hermaph-
roditic and largely self-pollinating, grape is in-
tolerant of inbreeding (/4). In searching for
parental relationships among more than 300
cultivated grape varieties, we did not find any
that are the selfed progeny of another cultivar
(15). Furthermore, despite their geographic
proximity over a long period of time, none of
the ‘Pinot’ X ‘Gouais blanc’ progeny cultivars
seem to have produced any successful progeny.
Our results suggest that heterosis has played a
significant role in the emergence of successful
wine grapes. ‘Gouais blanc’ is genetically rel-
atively dissimilar to ‘Pinot’, sharing only 20 out
of 64 alleles at the 32 loci studied, consistent
with an eastern European origin for ‘Gouais
blanc’. The large number of successful progeny

Table 2. Summary of parentage analyses for 16 putative progeny cultivars of ‘Pinot’ (P) and 'Gouais
blanc’ (G). X and Y denote random unrelated cultivars. The likelihood ratio shown for each possible
parentage for each progeny cultivar is the cumulative product of the ratio for each of 32 loci. Ratios are
calculated from 95% upper confidence limits of allele frequencies.

Likelihood ratios of Pinot X Gouais blanc versus alternative parents

Progeny
X XY G X X P X X G xP PxXG
relative relative
Aligoté 1.09 X 10" 123X 10" 9,14 X 108 2.04 X 104 225X 103
Aubin vert 1.86 X 10" 1.41x 10" 1.05X 108 7.92 X 10®  9.14 X 102
Auxerrois 792X 10%% 277 %X 10"  1.82 X 107 1.34 X 10*  4.47 X 102
Bachet noir 251X 10" 6.02X10" 520X 108 9.83 X 10° 1.26 X 10°
Beaunoir 386 X% 10" 733x10" 181X 108 2.19 X 10 8.34 X 107?
Chardonnay 591X 10" 417X 10" 479 X 107 1.01 X 10*  6.91 X 10?
Dameron 370 X 10" 260X 10" 121X 108 2.80 X 104 835X 102
Franc noir de la Haute Saéne 7.53 X 10™ 2.32 X 10" 2,53 X 108 1.95 X 104 1.05 X 103
Gamay blanc Gloriod 469 X 10 817X 10" 303Xx10° 7.77X10® 3.11X10%
Gamay noir 6.99 X 10" 1.66x 10" 527X 108 925X 10 1.87 X 103
Knipperlé 892 X 10" 473 x 10" 896 % 108 1.18 X 104 1.31 X 10°
Melon 579X 10" 261X 100 137X 10" 229X 10® 6.22X 103
Peurion 2.05x 10" 268X 10" 505 X 10° 575X 10® 4.05X 10°
Romorantin 376 X 10 173X 10"  9.44 X 108 2.00 X 104 192 x 103
Roublot 192 X 10™ 131X 10" 190X 10" 411X 10® 6.26 X 103
Sacy 2.04 X 10 235X 10" 249 X 108 1.26 X 104 1.48 X 103
3 SEPTEMBER 1999 VOL 285 SCIENCE

these two parents have produced may be a
consequence of their genetic distance (/6).
Modern grape breeding programs might benefit
from the use of comparably distant parents.
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Differential Stimulation of PKC
Phosphorylation of Potassium
Channels by ZIP1 and ZIP2

Jianping Gong, Jia Xu,* Magdalena Bezanilla,} Rika van Huizen,
Rachel Derin, Min Li}

Targeting of protein modification enzymes is a key biochemical step to achieve
specific and effective posttranslational modifications. Two alternatively spliced
ZIP1 and ZIP2 proteins are described, which bind to both KvB32 subunits of
potassium channel and protein kinase C (PKC) {, thereby acting as a physical
link in the assembly of PKC{-ZIP-potassium channel complexes. ZIP1 and ZIP2
differentially stimulate phosphorylation of Kv32 by PKC{. They also interact to
form heteromultimers, which allows for a hybrid stimulatory activity to PKC{.
Finally, ZIP1 and ZIP2 coexist in the same cell type and are elevated differen-
tially by neurotrophic factors. These results provide a mechanism for specificity
and regulation of PKC{-targeted phosphorylation.

Protein phosphorylation is important for the
regulation of neuronal excitability and many
other non-neuronal processes. Phosphorylation
of ion channels, which could change channel
expression as well as kinetic properties, is
thought to be one of the key regulatory mech-
anisms of membrane excitability (/). The exis-
tence of signaling complexes containing both
ion channels and closely associated protein ki-
nases and phosphatases has been inferred from
biochemical and electrophysiological studies
(2). Such ion channel-kinase/phosphatase
complexes are thought to provide the necessary
macromolecular organization for signaling
specificity and regulation (3, 4). Many ion
. channels are phosphorylated by serine-threo-
nine kinases -such as PKC and PKA (5). The
mechanisms for targeting the specificity and
regulating the activity of PKC or PKA to ion
channel proteins are not well understood.
Potassium channels are important for con-
trolling neuronal excitability (6). Shaker-type
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potassium channels have been implicated in
associative memory in model systems (7).
The auxiliary Kv@ subunits specifically inter-
act with a subset of Kva subunits, which, in
some cases, results in modulatory effects (§—
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subunit found in both excitable and nonexcit-
able cells, and the native neuronal Shaker-
type potassium channel has an estimated stoi-
chiometry of (Kva),(KvB), (11).

To identify proteins that functionally in-
teract with potassium channels, a yeast two-
hybrid library made from rat hippocampal
mRNA was screened against full-length
KvB2. The interacting clones include multi-
ple partial cDNA fragments of KvB2 (12). In
addition, we found two cDNA fragments,
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known Kvp2-binding proteins. Sequence
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that B20 and B24 are identical except for a
stretch of 27 residues missing in B24. Al-
though B24 has never been reported, B20
was identical to a previously reported gene
known as ZIP (PKC-zeta interacting protein)
that is isolated as a protein interacting with an
atypical PKC{ isozyme (/3). Human ho-
mologs for this protein, known as A170 or
p62, have also been identified (/4). Thus,
B20 and B24 were termed ZIP1 and ZIP2.

We generated primers flanking the insertion
site, which allows polymerase chain reaction
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(PCR) to amplify DNA covering the putative
splicing site, thereby producing DNA frag-
ments of distinct sizes (/5). Reverse transcrip-
tion (RT)}-PCR using rat cerebellum mRNA
amplified two DNA fragments (Fig. 1C, lane
5). They possessed the same mobility as the
PCR products obtained using cloned ZIP1 and
ZIP2 as templates and corresponded individu-
ally to the coding sequences of ZIP1 and ZIP2
(Fig. 1C, lanes 2 through 4). These data provide
evidence that ZIP1 and ZIP2 resulted from
alternative splicing, and both transcripts are
present in the brain. The two forms contain a
number of protein domains suggestive of their
biochemical features (Fig. 1, A and B). The
NH,-terminal acidic motif is a novel domain
homologous to a segment of CDC24 in yeast.
They were found in diverse proteins of evolu-
tionarily distant species ranging from bacteria
to mammal. All share a characteristic sequence
pattern of (Y/W)XDXXGD(L/F) (V/I). The
zinc finger domain contains three CXXC motifs
and a DYDL signature (/6, /7). Both PEST
and ubiquitin associated (UBA) domains are
involved in regulation of protein turnover by
either coding protein stability or directing pro-
teins to degradation pathways. In addition, the
PEST sequence is implicated in interaction with
calmodulin (/8).

ZIP was identified from rat brain cDNA
library, but its expression was not restricted to
the nervous system. A 69-kD polypeptide was
detected in all tissues tested (Fig. 1D). Different
from most tissues, regions in the central ner-
vous system gave rise to two bands, 69 and 66
kD, both of which could be completely blocked
with purified GST-ZIP1 fusion protein (79).
The sizes of the two polypeptides are consistent
with those of ZIP1 and ZIP2, although we
cannot rule out that the two species result from
differential posttranslational modifications. RT-
PCR was employed to detect the expression and
relative ratio of ZIP1 and ZIP2 transcripts. In
nonexcitable tissues, ZIP1 was present in sig-
nificantly higher amounts than ZIP2, whereas
in regions of the central nervous system, the
ZIP1/ZIP2 ratio was closer to 1 (Fig. 1D, lower
panel). The expression of the ZIP proteins was
also temporally regulated. In the cerebellum, an
area with a high expression level of ZIP (Fig.
2C), the expression of the ZIP proteins peaked
at postnatal day 13 (Fig. 1E). The two ZIP
polypeptides differed both in expression level
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