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Taxonomic Characteristics, Ploidy and
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Depart. of Fermentation Technology, Faculty of Engineering,
Yamanashi University, Kofu 400

Eleven wine yeast strains were studied and classified as follows :

1. Saccharomyces cerevisiae
(A) Homothallic diploid strain.

(A1) Sporulation abundant : OC-2, Cruess 66, Charente fine champagne.
(A2) Sporulation poor, segregates Spo- spore clone : Montrachet, He-

imersheimer (Roth).

(B) Heterothallic diploid strain. Sporulation abundant : Kyokai -|

(C) Homothallic polyploid strain. Sporulation abundant. Segregates Spo-
spore clone : Champagne epernay 1938-3.

(D) Thallismunknown, polyploid. Spore usually non-viable : Waldenburg.

II . Saccharomyces bayanus

(A) Homothallic polyploid strain. Segregates Spo- spore clone :

Champagne epernay 1936-1.

(B) Thallism unknown, polyploid strain. Spore usually non-viable :
Jerez-5, Champagne epernay 1938-2.
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Table 1. Wine yeast strains.

Remarks

No. Common name

1 0OC-2

2 Jerez-5

4 Cruess 66

5 Heimercheimer (Roth)
6 Montrachet

‘9 Charente fine champagne

16 Champagne epernay 1936-1
17 Champagne epernay 1938-2
18 Champagne epernay 1938-3
19 Wardenburg
20 Kyokai No.l1

RIFY 7187«<FAT WH5-2

RIFY 7129«-FAT AY2-7

RIFY 7149«FAT WH1-7

RIFY 7153<-FAT WH2-1
Tsukamoto (1968)

RIFY 7148<-FAT WH1-6

G-18

G-19 (_Forschungsanstalt,

G-20 Geisenheim,

G-24) Germany (1965)

RIFY <RIB

Abbreviations of the authentic culture collection are as follows :
RIFY, Research Institute of Fermentation, Yamanashi University, Kofu.
FAT, Faculty of Agriculture, University of Tokyo, Tokyo. RIB, National
Research Institute of Brewing, Tax Administration Agency, Tokyo.

Table 2. Laboratory yeast strains (S. cerevisiae)?

Strain no. Genotype Ploidy
D-13-1A(H) a ho trpl his3 Haploid(n)
DK-13D (H) @ ho trpl his3 leu2 aplodin

ho trpl his3 LEU2

YS-1

@ ho irpl his3 len2

Diploid(2n)

ho trpl his3

D-13-1A(D)

a ho irpl his3

* Strains were obtained from Dr. Y. Oshima(Osaka University, Osaka),
except YS-1. YS-1 was prepared by the crossing of strains, D-13-1
A (H) and DK-13D (H). The crossing was carried out with the
mass mating method. Genotype of this hybrid was determined from the
tetrad data(Table 6)obtained with a micromanipulator. The symbols
and nomenclature used for genetic markers followed the ones made
by the Genetic Nomenclature Committee for yeast(Plishke, et al.

1976).
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Table 3. Media.

1. Nutrient medium (YEPD medium)

Glucose 40g
Peptone 10g
Yeast extract 5g
KH:PO4 5g
MgS04-7H20 2g

Distilled water 1000ml

pH 5.5 (Not adjusted)

2. Media for taxonomic study

As prescribed in The Yeasts

(1970) 11)

3. Sporulation medium (Snow1979)3)
K-acetate 20g
Agar 20g

Distilled water 1000ml

pH 6.5 (Not adjusted)

4. Minimal medium
Modified Wickerham’s (1946)8)

Glucose 10.0¢g
(NH4) 2S04 1.0g
CaCl 2:2H20 0.1g
Salt I* 10.0g
Salt II** 1.0g
Vitamin solution®** 10. Oml
Distilled water 1000 ml

pH5.5 (Not adjusted)

5. Conjugation medium
Modified Lindegren’s (1949)9

Glucose 30.0g
Peptone 3.5¢
Yeast extract (Difco) 10.0g
KH2PO4 2.0g
MgSO04:7H20 1.0g
CaClz-2H0 0.3g
Vitamin solution*** 10. Om]
Distilled water 1000 ml

pH5.5

* Salt I consists of 8.75g KHz POs, 1.25¢ K2 HPO4, 5.00g MgSO4 - 7H2 0, 1.00g

NaCl and 100ml of distilled water.

** Salt II consists of 10mg KI,7mg ZnSOs-7H20, 5mg FeClsz-6Hz0, Img CuSO4+
5H20, 1mg H3BO3 and 100ml of distilled water.
*** Vitamin solution consists of 60mg inositol, 12mg thiamin, 12mg pyridoxine,

12mg niacin, 12mg Ca-patothenate, 3ml biotin (20xg/ml), 6mg riboflavin, 6mg

PABA and 100ml of distilled water.
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Table 4. Morphological characteristics of wine yeast strains.

Strain .Cells in malt ext? Pellicle on Pseudomycelium Ascospt?reb)
Size (um) Shape malt ext. on potato agar formation

1  (356.2) X (4.4-8.4) OV none fairly well 14 R-OV
2 (5.5-8.7) X (7.0-11.6) OV ring very primitive 1-4 R-OV
4 (5.1-6.8) X (5.7-8.1) OV none not tested 1-4 R-OV
5 (4.5-7.5) X (5.6-9.3) OV none not tested 14 R-OV
6 (4.5-8.1) %X (5.5-8.3) S.0V ring not tested 1-4 R-OV
9 (4.5-6.8) X (5.1-8.7) OV none not tested 1-4 R-OV
16  (5.0-8.9) X (6.3-10.9) OV none primitive 1-4 R-OV
17 (5.79.0) X (6.7-9.5) S.0V ring fairly well 1-4 R-OV
18 (4.0-7.7) X6.2-11.5) L.OV ring not tested 1-4 R-OV
19 (4.6-7.9) X (5.2-9.8) OV none not tested 14 R-OV

a) The short and long axes of at least ‘30 cells on a photomicrograph were
measured. Width by length X100=66~75 are indicated as L.OV(long oval);
76~89, OV (oval) and 90~92, S.OV (short oval).

b) R-OV indicates round to oval. On 2% potassium acetate agar.

For frequency of ascus formation, see Fig. I.

Table 5. Physiological characteristics of wine yeast strains.

Group Fermentation Arbutin Vitamin Cycloheximide
(Strain) Assimilation require-
Gl Ga Sa Ma La Ra Me St So KNO3 split ment resistance

A
(1,4,5,6>++++—1/3—— B N B
918,19/ = + # + = F = ="= =
B
_++_%__
2,16, - + _
( 17) e = —

Gl indicates glucose; Ga, galactose; Sa, saccharose; Ma, maltose; La, lactose; Ra,
raffinose; Me, melibiose; St, soluble starch; So, L-sorbose.

From the results shown in Tables 4 and 5, seven strains of group A were
identified as Saccharomyces cerevisisae and three strains of group B as S.
bayanus.
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Table 6. Tetrad segregation in asci from

hydrid YS-1.
Combination Total asci No. of asci
Strai Phenotype* —_—
B (genotype) dissected IR 04 22
D-13-1A (H) a/a 0 4
(a ho trpl his3) Leu*/Leu- 0 4
YS-1 X 4
DK-13D (H) Trp*/Trp~ 4 0
(a ho trpl his3 leu2) His*/His™ 4 0

The resultant genotype of strain YS-1 is

a ho trpl his3 +
a ho trpl his3 leu2

* Phenotype of leucine-requiring spore clones is indicated as Leu~, and that

of non-requirement as Leu™.
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Table 7. Standard cellular characteristics used for investigation of the ploidy
of Saccharomyces yeast cells.

S. cerevisiae o Cell volume? Volumec) Dry weight? Dry wt¢) DNA content®) DNA ¢)
o o Sl R bl
strain *) e (um3) Ploidy (mg/108cells)  Ploidy (mg/101cells)  Ploidy
D-13-1A(H) n 53 1.9 1.49
YS-1 2n 125 565 3.5 1.8+0.08 3.46 1.65+0.11
D-13-1A(D) 2n 104 3.3 3.43
a) The strains are Laboratory ones (see Table 2), ploidy of which was estimated
from the results obtained by genetic analysis, e.g. mating potency, sporulation
ability, tetrad analysis.
b) For the determination of cellular volume and dry weight, cells were prepared

with standing-cultivation in 50 ml malt extract (Bllg. 15°, supplemented with 50
mg/]1 tryptophan) in a 100 ml Erlenmeyer flask at 30°C for 3 days. Volume of ‘ ‘
cells was calculated from measurement of the short and long axes of cells on ,
a photomicrograph. To determine the dry weight of the cells, approximately ‘
5X108cells were dried at 105C to obtain the constant weight. Cells used for
the determination of DNA content were cultivated on a shaker for 3 days at
30°C in 50 ml YEPD medium in a 500 ml Sakaguchi flask. They were hervested,
washed twice and suspended in distilled water at approximately 2X10%ells/ml.
DNA was extracted by the modified Schneider method, involving three extractions
with 0.5 N HCIO4 at 70°C for 15 min, from 5 ml cell suspension without elimination
of lipoid materials. DNA content was determined by the diphenylamine method
of Burton. For the estimation of the DNA content and dry weight, the cell nu-
mber in each sample treated by slight sonication (Sonifier B-12, Branson Co.,
Ltd.; 20 KHz, 23W, for 15s) was counted with a Thoma haemacytometer. A small
bud cell was counted as one cell in the determination of DNA content, and was
counted as none in that of dry weight.

¢) Mean value with standard deviation. These values were used as the standards

for investigating the ploidy of the wine yeast strains.
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Table 8. Cellular characteristics and degree of ploidy in wine yeast strains.

Ascospore?) Cell volume®) Dry weightb)
Strain germination
rate (%) (um3) (mg/10%cells)

DNA content?)

Degree of ploidy®) Inferred?

(mg/10Mcells) Volume Dry wt. DNA Average Ploidy

S. cerevisiae

1 98 120 4.4
4 100 110 4.1
5 40 127 4.3
6 67 130 4.0
9 100 118 39
18 93 164 5.7
19 0.5 189 6.3
S. bayanus
2 0 199 6.5
16 100 220 %5
17 5 205 6.5

3.24 2.1 2.4 2.0 22+0.17 Diploid
2.92 2.0 2.3 1.8 2.04+0.19 Diploid
3.68 2.3 2.4 2.2 2.3+0.08 Diploid
3.87 2.3 2.2 2.3 2.3+0.06 Diploid
4.44 2.1 2.2 2.7 23+0.26 Diploid
4.73 2.9 3.2 2.9 3.0+0.14 Polyploid
5.74 3.4 3.5 3.5 3.5+0.06 Polyploid
6.27 3.6 3.6 3.8 3.7+£0.10 Polyploid
7.01 3.9 4.2 4.2 4.1+0.14 Polyploid
717 37 3.6 43 3.9£0.31 Polyploid

a) Frequency of ascospore germination was tested on the spores isolated with

a micromanipulator (see Fig.1).

b) These data were determined in accordance with the procedures described in

footnotes of Table 7.

c) Degrees of ploidy for cellular volume, dry weight and DNA content were cal-

culated using the data of the Laboratory strains (see Table 7). Mean value

with standard deviation.

o
~

Ploidies of wine yeast strains were inferred from the following data: frequency

of ascospore formation (Fig.1), ascospore germination rate, cellular volume,

dry weight and DNA content.

HEZFiglIcXEL 2. F#HS L 72No.1,4,9, 16
N 4 ¥k & No.5, 6,180 AF THIZ, A (P &F1)
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Table 9. Tetrad segregation data for two strains maintaind under the
name “wine yeast OC-2” in different culture collections.

No. of asci with the following tetrad type

Strain® Genera- No. of asci

Sporulation (Spo*:Spo~) 9Mating type (a:a:n)®

tion®  dissected 4:0 0:4 2:2:0 0:0:4
Kyoka-1 P 22 0 22 22 0
WH5-2 P 23 23 0 0 23
-7A1 11 11 0 0 11
-7B F 11 11 0 0 11
qol & 11 11 0 0 11
-7D 6 6 0 0 6
a) Kyokai-l has been regarded as a SO; resistant strain derived from OC-2.

Tetrad spore clones derived from the strain WH5-2 are represented as
WH5-2-7A, where 7 is the ascus no. and A is the symbol for a spore of the

tetrad.

P indicates the wine yeast strains and F,,their spore cultures.

c) Sporulation on 2% potassium acetate agar.

d) Mating types were determined by observing the formation of zygotes with
strains D-13-1A(H) and DK-13D(H). n, indicates non-mater, unable to mate with

any of these standard testers.

Cruess66, Charente fine champagne?3#kiZ BRIH 7,
R TiTFIERED E (, Montrachet & Heimer-
cheimer (Roth)|3 {EKTHh 21 F KL <
FESFIIZRTEREO Wb DL - 72, &
72, Kyokai-113 W55 HrDfs R b ZREK & HE%E
SNz, ZOMOMKITI =R _E D BRI &
EIN, FREBEROFELHBS N, BERE
BICEREBARDPEHFET L2 Ll3—icibn
TWRHEETHY, HEFEEBR»HDEEZL
nTwa.
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I, EDRFIIRF NI L, BFLTCLED
BERICIETFEEI» L, Znbn ) ZLBA

’

BATh-72. BN 1IHRIEI~T o) v /%R TH- 72
HERBEDO A 3 %KL Snowd D¥HIZL & EN, FD
N Montrachet | 35 5A—ET 547, Jerez-5& Warden-
burgld B THEER I E A EB LN G WEHKRTH
D, SnowDkHIZkES) XLHTHD EITHE
TELWLDTHH 7.

Kyokai-1(7 4 >~ B4R, HAEEHS 15)130C-
27 bSOtk LCHBES N2 LD & BhIT
W3 hY, 0C-2(WH52) REZ) v 7THDLDIC
KL, Kyokai-liZBHS 2 e~T 0 7)) X% 72
B3, ZOEBROBRIZ OV TR A E 5, Kyokai-1
I3, MTHLD A F O ARE, f—R M4
S, HELAATHBER, KREHTET,
3FCTALF F—2ZFHET, MgRmoOMEEH
THETLEDEZZETTWHLWBE0C2EIZELY
HEERTHE EHEL T3, ZNHNEE]
MZTEZ) ZLETHHELPIZELLE W) Z LT
OC-2m LAERLIAHERTHL LM HIZIIHHATES
WeEEZLNLE, ZOMBEICDOWTIIEIZNARFE
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No.1 No.2
P (84)
30 6
28 2 6

6B D
doodes

P Montrachet (6)

No.4 No. 5
[Cruess 66](77) [Heimersheimer] (3)
12 >
12 3 2

6
Lead

No. 9

Charente fine
champagne (52)

6

Non
mater

BE D N

No.16
Champagne epernay
1936~1
6 (23)

@/
A

[

F1 [B]
Not Not
6 6 6 6 6 analyzed
6 1 Other 6, 6, 6, Sé lgg 6&
type
asci
No.17 No.18 No.19
Champagne epernay Champagne epernay
P [ 1938-2 1938-3 (61) sldenburg |isa)
23 132) 50
F
g Non Non

3 3 mater

Fig. 1. Segregation of sporulation ability in tetrads
of the wine yeast strains(P) and their spore
cultures(F;). Tetrads were isolated with a mi-
cromanipulator. Number of asci dissected is
indicated by the figures in bold type. Spore
formation of the tetrads was performed on 2%
potassium acetate agar. The tetrads with spo-
rulation ability(Spo*)are shown by ellipsoids

with cross marks. After incubation for 7 days
at 25°C on the medium, the frequency of spore
formation was determined by scoring at least
2,000 cells of each sample under a microscope.
Sporulation rate(%) is shown in parenthesis.
One ascus per several fields under a micro-
scope is indicated as rare frequency (R).
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