. CAVALIERI ef al.: Genetic and Molecular Diversity in Sacch. cerevisiae, Food technol. biotechmol. 36 (1) 45-50 (1998) 45

UDC 663.12:579.253
ISSN 1330-9862

original scientific paper

Genetic and Molecular Diversity in Saccharomyces cerevisiae
Natural Populations

D. Cavalieri'*, C. Barberio', E. Casalone?, F. Pinzauti',
L. Sebastiani', R. Mortimer® and M. Polsinelli!
] Dipartimento di Biologia Animale e Genetica, Universita di Firenze, Via Romana 17, 50125 Firenze.

2 Dipartimento di Scienze Biomediche, Universita di Chieti, via dei Vestini, 66100 Chieti.

) Department of Molecular and Cell Biology, University of California, Berkeley CA 94720, U.S.A.

Summary

Received: September 9, 1997
Accepted: January 15, 1998

Two Saccharomyces cerevisiae populations isolated from grapes collected in two geographically distinct Ital-
fan regions, Tuscany and Sicily, were partially characterized by a multimethodological approach including genetic
and molecular techniques. A total of 166 isolates, 61 from Sicily and 105 from Tuscany were characterized by
random amplification of polymorphic DNA analysis. Preliminary results, obtained on 36 strains that were not
differentiated with the above mentioned technique, showed that genetic analysis combined with restriction frag-
ment length polymorphism using the DC4 probe are the most powerful combination of methods. Using this
approach we were able to show that 34 of the 36 strains were unique and the remaining two fell into one class.
This demonstrates a high level of biodiversity in these populations.
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Introduction

In recent years the study of ecology and biodiversity
of Saccharomyces cerevisine strains isolated from natural
environments has developed rapidly. This was mainly
due to the application of genetic analysis (1) as well as
to the improvement of the techniques addressed to the
analysis of DNA polymorphisms.

Molecular methods used to characterise Sacch. cere-
visiae strains include: a) pulsed field gel electrophoresis
(PFGE) (2,3); b) restriction fragment length polymor-
phism (RFLP) (4); c) techniques cxploiting polymerase
chain reaction (PCR) such as random amplification of
polymorphic DNA (RAPD) (5,6), or amplification with
primers targeting specific sequences, eventually associ-
ated with restriction analysis of the amplified fragments
(PCR-RFLP) (6-8); d) restriction enzyme analysis on mi-
tochondprial (9) or genomic DNA (10).

Although these techniques allowed the detection of
diversity in Sacch. cerevisiae strains recovered from
grapes and from natural fermentations (1,3,11-13), an
approach combining both genetical and molecular tech-
niques is still lacking,.

Here we describe preliminary results from the study
of natural populations of Sacch. cerevisiae performed us-
ing the following strategy: 1) isolation of Sacch. cerevisiae
strains from grapes and must fermentations; 2) typing
of isolates by random amplified polymorphic DNA
(RAPD). Strains not distinguished by RAPD analysis
were analysed with the following methods: 3) Restric-
tion Fragment Length Polymorphism (RFLP) and Pulsed
Field Gel Electrophoresis (CHEF); 4) tetrad analysis ex-
amining: spore viability, homothallism/heterotallism,
fermentation of sucrose, maltose and galactose, growth
on a non fermentable carbon source (glycerol), copper
resistance, hydrogen sulfide production; 5) sulfite resis-
tance and killer phenotype.

Materials and Methods

Media and growth conditions. Media used were
YPD medium (yeast extract 10 g/L, bacto-peptone 20
g/L, glucose 20 g/1.), YPG (yeast extract 10 g/L, bacto-
-peptone 20 g/1., glycerol 30 g/1. and 1% ethanol added
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after autoclaving), and minimal medium (MIN) (Difco
yeast nitrogen base without aminoacids with (INH,),50,).
Media used for genetic analysis were prepared according
to Mortimer (1). Solid media included 2% agar (Oxoid).
Growth temperature was 30 °C if not otherwise stated.

Grape collection and isolation of Saccharomyces
cerevisiae strains. Grapes were collected in two Italian
vineyards located in Tuscany (Montalcino) and Sicily
(Castiglione di Sicilia), respectively. About 500 grams of
grapes were placed in sterile jars, crushed with a sterile
instrument and the resultant must was fermented at 20
°C. During fermentation must samples were diluted and
plated on YPD. Single colonies were further isolated and
Sacch. cerevisiae strains were selected by analyzing cell
and colony morphology as well as the inability to grow
on lysine agar (14).

Genetic analysis. Strains were sporulated and sub-
jected to tetrad analysis. Spores were scored for the fol-
lowing genetic traits: a) ability to ferment sucrose, mal-
tose, galactose, and to grow on a non fermentable car-
bon source (glycerol); b) copper resistance; ¢) production
of H,S; d) spore viability was scored as: high>85% (H),
medium between 85-50% (M), low<50% (L.). Scoring was
performed as described previously (1).

Crude lysates from single colonies. Strains were
grown 20 hours on YPD plates. Cells from colonies of
about 1 mm in diameter were picked up, suspended in
50 pl. of a 200 pg/mL zymolyase solution in sterile
water, and incubated for 10 min at 37 °C. Cells were pel-
leted by centrifuging for 1 min at room temperature
(RT), resuspended in 20 pl. of sterile water, heated for 5
min at 95 °C and cooled on ice.

RAPD analysis. Two different oligonucleotides were
used in RAPD experiments, 1283, 5’GCGATCCCCAZ,
RF2, 55CGGCCCCTGTS'. Primers, synthesized by stand-
ard phosphoramidite chemistry, were deprotected, dried,
dissolved in TE (10 mM TRIS-HCI pH =75, 1 mM
EDTA) and used without further purification. Amplifica-
tion reactions were carried out as described previously
(5) using 5 pl. of crude lysates and 0.25 U of Super
Therm DNA polymerase (Advanced Biotechnologies
Ltd). Electrophoresis conditions and the analysis of the
amplification products were performed according to Paf-
fotti et al. (5).

Extraction and restriction of genomic DNA. DNA
was extracted from frozen ycast cells as described by
Barberio et al. (10). DNA samples were tested spectro-
photometrically for purity according to Sambrook et al.
(15) and stored at 4 °C. Five micrograms of DNA were
treated with 15 units of Hindlll restriction enzyme (Boe-
hringer, Mannheim) at 37 °C for 14 h. DNA fragments
were separated by electrophoresis on 0.8% agarose gel
in TEA buffer (0.04 M Tris-acetate, 0.001 M EDTA pH = 8)
at 1.5 V/cm for 16 hours.

Probe preparation and Southern hybridization. The
probe used for Southern hybridization (DC4) was an
anonymous sequence of 2.4 Kb. It was obtained by Hin-
dlIl restriction of a plasmid clone from a Sacch. cerevisiae
genomic bank prepared in our laboratory. The probe was
labelled with digoxigenin-11-dUTP and the hybridiza-
tion signals were detected by using the chemilumines-
cence method following the instructions of the supplier

(Boehringer, Mannheim). Southern blotting, hybridiza-
tion conditions and analysis of the hybridization pat-
terns were carried out as described previously (5).

Pulsed field gel electrophoresis. Chromosomal
polymorphisms were scored using CHEF gels, and the
molecular weight marker was strain YPHB0 (pulse mar-
ker 225-2200 Kb Sigma). Samples were prepared from
each of the strains and run as described (2,16).

Killer phenotype and sulfite resistance. Killer phe-
notype was checked according to Young (17) using
Sacch. cerevisiae strain STX343, obtained by Yeast Genetic
Stock Center as killer sensitive strain. Sulfite resistance
was scored on YPD plates pH = 3.85 in the presence of
300 and 500 pg/mL sulphite (18).

Results

Strain isolation. A total of 166 isolates, 61 from Sic-
ily and 105 from Tuscany, were characterized as Sacch.
cerevisine strains.

Generation of random amplified polymorphic DNA.
In order to screen large numbers of isolates we adopted
the RAPD technique. This method is relatively fast, the
limiting step being the DNA extraction. This step was
shortened by setting up a method of amplification from
crude lysates obtained from single colonies, as described
in Materials and Mecthods.

Amplification by the 10-nt primers RF2 and 1283
was performed on all 166 strains. The reproducibility of
the method was assessed repeating the same reactions
using lysates obtained from three independent cultures
of 14 randomly selected strains.

An example of the amplification profiles obtained
with the two primers is shown in Fig. 1.

The analysis of the clectrophoretic patterns showed
that:

i) both primers gave rise to amplification profiles in
all the strains examined;

ii) primer 1283 gencrated six amplification patterns,
on Montalcino strains, characterized by a number of
bands from 10 to 12 with size ranging between 280 and
1450 base pairs (bp). One profile was common to 90%
of the strains analyzed. Three strain specific profiles
were found. Three different amplification patterns were
found for the Sicilian strains, characterized by a number
of bands from 8 to 10 with size ranging between 305 and
1350 bp. The most common profile was shared by 68.8%
of the strains.

iii} analysis of Montalcino population with primer
RF2 generated five amplification profiles characterized
by a number of bands from 12 to 14 with size ranging
between 420 and 1480 bp. One pattern was common to
93% of the strains. Two amplification profiles, with 12
and 13 bands ranging from 290 to 1390 bp, differing in
only one 326 bp fragment, were found in Sicilian strains.
The 12-band pattern was common to 96.7% of the
stramns.

Combining the results obtained with both primers it
was possible to distinguish 11 different pattern combina-
tions in Montalcino strains, one common to 90% of the
strains and 8 strain specific. The same analysis showed
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Fig. L. An example of RAPD amplification patterns of 13 of the 105 Montalcino strains (lane 1-13). 1A amplification with primer
1283, 1B amplification with primer RE2. Molecular weight standard, is 123 bp DNA Ladder (the faster band is the 123 bp monomer).
Amplifications patterns of lane 1 in both 1A and 1B represent the most common profile over the 105 Montalcino strains (90% of
the strains with 1283 and 93% with RF2)

Table 1. Results from genetic analysis

Strain sSUC MAL GAL cup YPG HaS Y% spore viability CLASS
Cs4, CS6, CS11, CS815 +4+ +/4+ +/+ /- +/+ 3/2 H 1
55, CS13, CS1a +/~ +/~ +/- —- +/+ 3/2 M 2
CS8, Cs17 +/+ +/+ o+ - +/4 4,2 L. 3
sl +/ ++ +/+ +/~ +/+ 4/3 11 4
Cs2 +/+ +/+ +/= -~ ++ 4/2 M 5
(5% +/+ +/+ +/~ -~ +/+ 3/2 L [
Cs7 +/+ +/~ +/+ -~ +/+ 3/2 I 7
s +i+ +/+ +/~ /= +/+ 4/3 I 8
CS10 + ++ + +/ +/+ 3/2 H 9
CSs12 +/~ ++ +/= —= +/+ 4/3 L. 10
CS14 ++ +/+ +/~ /- ++ 3/2 M 11
518 i+ +/4+ +/~ ~/~ +i+ 4/3 M 12
M1,M4 +/+ +/+ +i+ —f= +i+ 4/4 M 13
M6, M17 +/~ +/+ /- +- +/- 4/3 [ 14
M13, M14 +/- +/+ +/- +/- +/4+ 4/2 M 15
M2 +/= +/+ +H- +/- ++ 4/3 H 16
M3 ++ +/+ +/- —/~ ++ 4/4 H 17
M5 +/- +/~ +/~ -~ ++ 4/3 L. 18
M7 +/+ —/- +/+ -/~ ++ 4/4 Il 19
M8 +/~ ++ +/4 -~ ++ 4/4 1, 20
MY +/+ +/+ + /- -~ ++ 4/4 L 21
M10 +/— +i+ +/+ +/~ +/+ 4/4 M 22
M11 +/+ ++ +/+ -~ +i+ 4/4 L 23
M12 +/+ ++ 4+ +/+ +/+ 4/4 I 24
M15 +i+ ++ -+ -/ +/+ 4/4 H 25
Mio +/~ - +/+ +/+ +/+ 4/4 M 26
M18 +/+ +/+ +/= +/- o+ + 4/4 L 27

Six tetrads were dissected for each of the 36 strains, spores were analyzed for ability to ferment sucrose (SUC), maltose (MAL),
galactose (GATL) and growth with glycerol (YPG) as a carbon source, copper resistance (CUP), production of H;S (1-4). Spore viability
was scored as: high>85% (H), medium between 85-50% (M), low<50% (L.).
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5 pattern combinations in Sicilian strains, one common
to 67.2% of strains and 2 strain specific. Strains of the
two populations did not show amplification patterns in
common.

In order to assess if strains with the same RAPD
profile were identical, 18 Montalcino and 18 Sicily
strains sharing the most common RAPD profile were
subjected to further investigation. In this preliminary
work strains from Montalcino will be referred to as
M1-M18 and those from Sicily as CS1-CS18.

Genetic analysis. Six tetrads were dissected for each
of the 36 strains and analyzed for ability to ferment su-
crose (SUC), maltose (MAL), galactose (GAL) and
growth with glycerol (YPG) as a carbon source (petite),
for copper resistance (CUP), for production of H.S and
homotallism. In addition, we considered differences in
other traits under genetic control such as spore viability,
growth rate mutations and colony morphology muta-
tions as criteria for distinguishing strains. The results ob-
tained, considering homozygosity /heterozygosity for
cach trait, were pooled to obtain classes of combinations.
Twenty-seven classes were found, 21 of which were
unique and 6 common to at least two strains (Table 1).
The overall level of heterozygosity was 80%.

All the strains analyzed were sporulation proficient,
with spore viability ranging from 100% to 25%. Three
Montalcino strains, M3, M7, and M15, which showed
100% spore viability, were completely homozygous with
respect to the markers considered. Strains M17 and M6
were heterozygous for growth on glycerol indicating the
segregation of a petite nuclear mutation. Higher het-
erozygosity was found with respect to SUC, GAIL, CUP,
and H,S production. Strains M1 and M14 showed 2:2
segregation for a recessive gene controlling colony mor-
phology, as two spores of the tetrad showed rough colo-
nics with geometrical designs (Fig. 2) allowing to distin-
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Fig. 2. Growth on YPD of yeast patches, derived from 4 spores
(from left to right of every line) of five dissected tetrads of
strain M1, shows 2:2 segregation for a recessive gene controlling
colony morpholegy
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guish strain M1 from M4 (Class 12). Strains M3, M7, M8,
M9, M10, M6, M17 and M16 showed segregation of slow
growing colonies.

Restriction fragment length polymorphism. Geno-
mic DNA from the same eighteen yeast strains was di-
gested with the restriction enzyme HindIll and hybrid-
ized to probe DC4 (Table 2). This one is a Sacch. cerevisiae
DNA fragment that revealed a good level of polymor-
phism, as already tested in our laboratory (unpublished
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Fig. 3. Hybridization patterns of Hindlll digested DNA from 13
Montalcino (M1-13, Tig. 3A) and 10 Sicily (CS1-CS10, Fig. 31)
strains, obtained with probe DC4. Sc¢1014 is Saccharomyces cere-
visine Type strain from DBVGPE. Numbers at the right end indi-
cate the size (Kb) of bands of the digoxigenin-labelled molecular
weight marker. Lambda (&) DNA/HindIll in 3A and Lambda
(1) DNA /HindIll/EcoR]1 in 3B
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results). Preliminary sequence data (not shown) indicate
that this encompasses part of a telomeric Y sequence.
Hybridization profiles (Fig. 3) of M strains showed
10-17 bands ranging from 2500 to 6600 bp, with 8 hy-

Table 2. Results from RFLP analysis

Hybridization patterns Strains

A (51, €86, CS10, CS11, CS17
B S8, €89, €514, CS15, CS16,
C s2
D Cs3
E C54
I CS5
G Cs57
11 Cs12
Cs513
L 518
M M4, M8, M9, M10, M11
N M13, M2, M5, M6, M14
@] MI, M15
r M17, M18
Q M3
R Ml6
S M7

T M12

Table 3. Results from PFGE analysis

PFGE profiles Strains
A CS1, CS4, CSh, CS10, CS11, C517
B (52, CS3, CS5, S8, €89, €812, CS13,
514, CS15, CS16, CS18
C M2, M6, M13, M14
D MBS, M9, M11
I M1, M12, M15
E M17, M18
G M4, M10
I M3, M7
| M5

L Mlo6

Fig. 4. CLHIEF gel analyses of 14 Montalcino strains, »me« lane
containsg Sacch. cerevisine YPHS0

bridization profiles four of which were unique. Hybridi-
zation profiles of CS strains showed 7-13 bands ranging
from 1740 to 7440 bp. Ten different profiles were present,
cight of which were unique. This probe enabled us to
differentiate strains not previously distinguished, name-
ly €54, CS15, CS6 (class 1), CS5, CS13, CS16 (class 2),
CS8, CS17 (class 3), M6 and M17 (class 14).

PFGE. Results of PFCE, analyzed according to the
previously used criteria, showed 8 electrophoretic pro-
files in M strains (Fig. 4), two of which unique, and two
profiles in CS strains (Table 3).

Killer phenotype and sulfite resistance. All CS
strains were able to produce killer toxins, while only one
strain (M16) from Montalcino was a killer. With respect
to resistance to sulfite, 75% of the strains, regardless of
their origin, were resistant to 300 ug/mlL sulfite and 50%
were resistant up to 500 pg/mL.

Discussion

RAPD analysis with primer 1283 and RF2 enabled
us to recognize 16 different patterns, 10 of which were
strain specific. Although this percentage (6%) is low the
method is fast and its differentiation power could be im-
proved using more or other primers.

Both genctic analysis and RFLP with DC4 probe
showed to be powerful techniques, allowing the distine-
tion of 21 and 12 strains with unique features, respec-
tively. The level of heterozygosity (2/3) shown by ge-
netic analysis at one or more loci is in agreement with
data previously obtained by Mortimer ef al. (1); more-
over the fact that in Montalcino strains 100% viability is
associated with complete homozygosity could be ex-
plained by genome renewal (1),

PFCE analysis showed a lower power of discrimina-
tion compared to RFLP, as only 2 strains showed unique
profiles and both were already distinguished.

The analysis of killer phenotype and sulphite resis-
tance were not useful for strain discrimination despite
their ecological significance.

In conclusion, the combined use of genetic analysis
with DC4 probe hybridization allowed the distinction of
34 strains out of 36 tested, indicating the presence of a
high level of diversity in Sacch. cerevisine natural popu-
lations.

If we consider that the strains are part of a larger
population of natural wine yeast we can estimate the
size of this population using statistical considerations.
With 34 unique strains and two strains representing a
35th class the estimated size of this population is 2448
distinct individuals. This estimate assumes that these in-
dividuals are equally frequent and that selection of the
strains is random. This diversity can represent a valuable
resource to develop new strains of intercst.
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Geneti¢ka i molekularna raznolikost
u prirodnoj populaciji Sacch. cerevisiae

SaZetak

Dwije populacije Sacch. cerevisiae, izolirane iz grozda podrijelom iz dviju talijanskil pokrajina — Toskane i
Sicilije, djelomicno su okarakierizirane multimetodoloskim pristupom ukljucujuci geneticke i molekularne postup-
ke. Ukupno 166 izolata, 61 iz Sicilije i 105 iz Toskane, okarakierizirani su analizom amplifikacije polimorfne
DNA. Preliminarni rezultati, dobiveni na 36 sojeva koji nisu bili diferencirani prema spomenutom postupkii,
pokazuju da je geneticka analiza povezana s polimorfizmom duljine restrikcijskih fragmenata, koristeéi DC4 son-
du, najsupjesnija kombinacija. Koristeci taj postupak utvrdeno je da je jedinstveno 34 od 36 sojeva, a preostala
dva pripala st w jedan razred (klasu). Rezultati upucuju na visoki stupanj bioraznolikosti til populacija.





