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Studies on the Single-spore Cultures of.
Saccharomycodes ludwigii Hansen

(I) The Homozygous Sporulation and the Heterothallic
Agglutination

Yuwao Ohara, Hideo Nonomura and Toyohiko Yamazaki

(Department of Food Technology, Faculty of Engineering,
Yamanashi University, Kofu)

Ascospore tetrads were isolated from the yeast, Saccharomycodes ludwigii Hanszn by
micromanipulation. It was found that each of the 4 single-spores isolated from an ascus
was viable, except some asci in one parental strain (I), of which 2 out of the 4 single-
spore isolates lost their viability. Almost all clones obtained from ‘the 4 parental strains
(I—1V) sporulated singly during the period of F; to F;, but the amount of spores produced
was generally small except heterozygous clones.

An intensive mutual agglutination was observed in certain combinations of the crossing
of the clones (F;) derived from the ps.rentai strain I and/or II. Some clones of the strain
I did not agglutinate with any other clones at the stage of Fi, but they ssgregated to hav=
their opposite types of agglutination by further single-spore isolation, i.e. F,. The crossing
between vegetative cells with agglutination types opposing each other resulted in production
of a few heterozygous hybrids, (not agglutinative) but highly sporiferous. The results
suggested that these mutually agglutinative reactions in S. ludwigii might be a heterothallic
character of the clones. These reaction may possibly bz comparable with the mating types,
concealed mating typss of [unbalanced homothallic strains and sexual agglutination in
Saccharomyces.

In the meanwhile, a self-agglutination was observed in the clones of the other parents
{II and IV).
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Saccharomycodes ludwigii 3T T (ﬂTﬁlCﬂﬂ?&_ﬂ'é) 2T ORILLTEHD, TOMILIBFHE
4 (conjugate) L7-DbRFMIE LBUFELHRT L5125, Winge 552 12, OXITZE BT
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4% (heterozygous) TH 5B & U1z, 7 Hiort® REFORFERRDBEBFEERD BEERER Ko T
BEt U-R, £ORETFHEERICIIEISFORIFEMOEE, HIf%{&{t (intracellular self-diploidization)
Lfﬂ@%&ﬁ;&j‘é HE;‘&AE_‘& av (homozygous clones) DEFEHELZHE LTS,

=¥ 503 Sd. ludwigii bCﬁﬁéﬂ?’" 2EMY OB L RALERICIVE-BRTFRERORESG /o
VISBEFEES T EERR LY, INOOHETIREICES LItaTasiBAT 2NN 3 /- H BRI %
R, BRETHELGO Winge 50 550 Hjort® OBAERTZ L LI, Hort® 3 Sd. ludwigii
& Sd. ludwigii var. bisporus & DRJICIIKHE (hybridization) 255D ONEH -7 E LTNBEY, EESOD
B 0 VICRBKRERICT AED 7 0 VT O EEICEEL, #A4 (copulation figure) &3 51 B3R
AED—HEORMICHT 2 RUEANMEDS 5 &b, oI/ uvick-Tik Fi THEEEL
BTOHDBHY, CokHT /uvTOBEREEMIR Saccharomyces BOEST! (heterothallic mating
types) &5 WIRAEHEFE 4 Y v 7 fﬁ@@&}%‘*&” Wnckerharn") OEERIS (sexual agglutination) 73
& LEAEd 2B OMHISUS &% bh, EBREROMEEE LT3 1)) LVBRTEETOERERER
&3 3. ‘

| BRE S KU RSN
1. HEEH S ELTEE LR S ludwigii © 4¥ (Table 1) 055, 28 I, I 17 FyBER

KD AMAT SN SO0 OS5 LRBIIC A BT TRESHHRT 50D THY, Mo 25 (1L IV) ZEHE
##BS (OUT, TFO) X0AMEN. bDTHE.

Table 1. Parent strains of Saccharomycodes ludwigii Hansen used.
(Medium: Malt extract. Storage temp. 4°C. Transfer interval: 3 months)

Strain No. | : Remarks*
I 0-17 Ohara et al., 1962 } These had been isolated from Japanese
I O-81 Ohara et al., 1964 grape musts with a synthetic medium.**
i OUT-6282<AHU —3175 (F. Hemmi 453), was received in 1967
I\ IFO—-1043<-0UT —6274<YCC (H. J. Phaff) C—114, was received in 1967.

* OUT: Faculty of Engineering, Osaka Univ., IFO: Institute for Fermentation, Osaka. AHU:
Faculty of Agri., Hokkaido Univ., YCC: Yeast cultures collection, Dept. of Food Tech. Univ.
of California. The arrow shows how a culture had derived from.

** Modified Wickerham’s synthetic agar medium containing 1g/! L-lysine-HCI as the sole source
of nitrogen®.

2. EREM  EFHBXURFEXEIEKRD Table 2. Preparation of potassium acetate agar
REF LML BIE T2 BAICHA L, BFHRA (KAA) and sodium acetate agar
_ (NAA) media*.
& LTiE McClary 57 OEEMAREL D - :
(Table 2), Fowell 41> 4 k¢ Lodder 5% o : o KAA NAA
8% (Table 5) SFH10FEE LA L. Na-acetate (anhydrous) | . —g 8.2g
K-acetate 9.8 —
= B O & Glucose . 1Q.0 10.0
‘ Yeast extract (Difco) 2.5 2.5
1. BTFERROAE  FEFERMEEHICI0 MgSO.-7H:O 0.7 0.7
T3 M, FIEELAHRAEL T 3XTERRED KCl 1.9 1.9
BOXD 1ALERED, SERTHRAEICE Dist. water (ml) 1,000 1,000
AL, 25°C7 BRIEE L. WUBOK GREAT Agar 20 20
712 N/10 KOH) ¢ & Y,  BHEEROE L0 o

: * After McClary et al except ngucose concentra
’2174 M 7xtC<Eb ﬁ%&ﬁﬁ (400{@) D— tion, MgSO! TH:O, and KCL.™" -
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B iCH100~150fHOMBEN B A A BEICRR L, #IR1000EPOFREE 2 BHAL, TOFHERY, MR
DITRUREA LBFERE () ZRE LB 1EUTOBARNELL > TRDL L.

2. MBEFOAME  De Fonbrune HOFMMHBEMHA L. Cox 5! (X Saccharomyces BO R
FoMICHINRE O 7 > VEERERL, FRERBT ISR LTV S, Uk UEE S FEEBUMATICHT
R NI TFEORILE X U REORNT > Ui MIRFA MBI MMt T 3 RN 5 20T, HEEE
KAA Bl 0EFHICBBLIOL T3 RHBRTFEMMTIL5C L. TRbEAN~TFR (24
x32mm) ICEHFEX (4%) OMEEYD, 20Licton7 >V (HBRAx=tu7 7Y, 5X12mm % 4%
S ANt Do, COH—2F 2% Lindegren!® DB FICHE UFFEH KR Lt RED
FBA30~60 LI ICBUNPEE R LTS (F5R400) LD BRILITF (S$1-Sy, Ss—Si) % 1 @758
L, 0% tu07y Y/ LCREMBE /. /0 RRFESIVRTFESE20 (Bl IAS:), Bllg 5° @
FHFHICEDBCIC2 AMERL, CRRELTIHATLITHARZ 1.

3. BREOHESX 5Oo0UDFEFEXHEEHICIC, 3~ 4 BRIEELHEHE 2 KE, £hTh
HEAEK (0.85%) KR L 7: (W1x10/ml HiE) ©ob, €D 1#T>%ER54 F/' 72 LTRAL, EHS
RS T 2 0 ErLHRNICER L CREEoRREHE L (Fig. ). Xk, SEESELRTARR
12 7vyv IIALS & ITALS: OB ZhENXBLUOYREL, [TALS: LHEEBRERERTIOEYH,
HAuS: LEETIHOEXE, ZOVTNELERLEVLOEZHL L.

II (Parent) AunS: S: Ss S

Alon(-;
IIAI ls‘
Ss

S.

S

Fig. 1. Occurrence of intraisolate agglutination on a slide glass. Agglutina-
tions occurring in mixed cell suspensions (one drop contained 1X10° cells
per ml) of each clones of IIA;;S;+S,, S;+S,, S;+8Ss, and Ss+S..

4. savoEsSER HEBERERT (X, YH) Rﬁﬁ&& LTERR L ITALS: & 1IALS: %F
FEHiC30°C, 2BMRESERL0D, REKT2ENESL, SHARKEMIENENDOMRE (K1X10
/ml) & U Brock!® OHiCHE > CHEKERES S¥. £ OO0 1% MgS0,-7TH:0 ofRDic 0.85% NaCl
%, %7: Lindegren™ DHEEAEHIC.85% NaCl A bOAFERA L. HA% EEREEET) XHK
T3P L EHAPTRIEELIZYD) B4R (Fig. 2) 2HRBLI.. S ¥BERBARLERALTEATEL
Phrhz bOLBHMBTFHROBSEIABIC LTHRMEREL, FIBIZRBICLTZEN eon@%mm%sml L#EE
SBEtHE L.
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RRERL SUXR

1. MEORFERER MM, Kx{ge
RARTFFRESHK, LVBIHRL, Lr g
WEICHANT & 2l FHBIEHERIRT 5 120, #
B [ ~IVOR B30 3 IBFHRES LB
U7c#R, Table 3 IRLZXSkBK I, T 0

1BRFFEOEEEIZ VA BEHIRBOTELKES
WEZRL, BESHRBICE 3 FELTFEOEK
BELDITON, 24 LTORFEREKIZ KAA
EMOFBZEPIBOODOT, KAA it Rl s
HEUTRRUA. 722U McClary 5 D Fig. 2. Conjugation and zygote-like cells forma-

TFOBOREE 1g/l ELTWH3H 10g/l &L tion by a couple of the single-spore cultures

. . 2 (ITA141S: +IIALS,) in Lindegren’s medium
APt Mﬂ%%ﬁz$toxv4ﬂﬂ%¥!%§2§§tvc i3 containing 0.85% of NeCl after 6 hours at
EAEENII oI, UL Table 4 iTRLIZ& 30°C.

S ICEERIEEREDOBADE~6£iET 20D
T KAA E#hoEREIL 10g/l L LTERL. 1, ﬁ&@ﬂﬂ%ﬁﬁmc&af&ma&#& LT, HER, B
BHLUEHOD pH 2 EOKENEZ Dhah, ThOROOTIREIICER LI 7=

Table 3. Sporulation of 4 parental strains on different media* used. (After 7 days at 25°C)

. Ratio (%) of 4- spored asci to total
Par?nt No. of asci found per 1,000 cells on** asci &n d on
strain
KAA | NAA| GA FA VA KAA | NAA| GA FA VA
1 100 37 15 33 31 67 76 65 68 93
i 575 232 420 113 221 89 77 n 87 94
Jii| 147 R S 0 13 80 — —_ — 63
i\ 110 S 11 S 11 82 —_ 50 — 79

* KAA; NAA: See Table 2. GA: Gorodkowa agar. FA: Fowell agar ‘VA: V-8 agar.
** 0: No ascus. R: Rare (one ascus per several fields). S: Scarcely one ascus per 1,000 cells.

2. MRTFOREUM MREERFOF Table 4. Sporulation of parental strain I on KAA
y:3) 8k [~V 0% 108 07> > medium of different concentration of glucose.
Table 6 IR L AR 133O BIT R (After 7 days &t 25C)
® (F) 287 BKRIOTHIEDS B
SELDIMLE 4 EOBRT (208) i1

| No. of asci found | Ratio of 4-spored
Glucose per 1,000 cells* | asci to total asci Growth**

Winge 5P O#4% LT3 LS REL g/l %

72D BRI BT MTED R rhTIER, L ! 114 7 24

TLE7 LoLIID S BOFEL DS o "o " oo

B L7-20l0RFDS b2 BoFE, OE

SNtz 2 EDOBTF (TAdSs, 1ALSs) 3R *: iee bso’f::x:e 3. 40 i (Mature cel

HRELTI - o8, EOMOISEIZT ~T 3t 450mp of the suspension (Mature cells
SR 7 (Table 6a). % 7-fk I, :natt:§ medium were suspended in 10 ml of distilled

H, NoFEIOARLIE4_RFOS5 5
1B HREELLOBHEM LIV N
Ho7cHs, 4HDS LNRMIC 2 BHMMT &5 - /< bDI35L (Table 6b,¢) DT, 1 SIREKFERT (n)
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KEORBELDDEREZOSNB, THOLLEKRI TRnRFOEET S EEON S OMEEED, &
EDOEBBTROCEL BHSERARTHELEZONEDT Fi T4 ﬁ%ﬁ%‘?@#%tb‘f n{FOFELE
METLICERTERL-72. T2, W, NOBAKEnRFREEL TR 1 f_&%i 515, nRFR
HOBRERIIEEL LT Winge 5P OWVH KHIXEARER (n—>N) ILk2dbDEEZ LNDH, TOHEENED
TEMSBRERFEZATHROBTFNEMICRF LA THE L 00EBRBERIETH Y, ZfEkoRT%
FE L, TNOBEMICRFLALORENAINTVICELEZL SN A.

Table 5. Sporulation of the representative 14 single spore cultures on different media used.
(After 7 days at 25°C)

No. of cells with asci per 1,000 cells of¥* | No. of cultures Persentage

Medium*| IAs IAso IIAs IVAs | produc-| with 10%] * ¢!
ing | or more | With asci

St | Ss | S1|S:|Ss|Si|S:|S:|Ss|Ss|S: S: [Ss | S, asci asci (range)

KAA |27 28|12 |65 |13 117 |31 | 21|26 | 27 225 [192 | 67 | 62 | 14 3 1.2-22.5
NAA |R|sS| 3|20 5|25/ 0/|R| O|R|R{S|R|R| 12 0 R- 2.5
GA  |39]|42|R 120 S0 0| O| O R+ 7|=a{S}pS| 11 | : 2 R-12.0
FA 0| 3/ 0/10[ 0| 8/ 0/ 0| O] 0| S|S{0|0| 5 0 0- 1.0
VA |25 22| 6(3| 5|22 | 7| S| 5[S| 8|16|10{13] 14 0 S-3.6
PP 19| 8| 0|32| 0[34|S|2|S|S|79|563|25[35] "12 0 0~ 7.9
CP | o|o|s|1|oj14|o0/ 0|0 0O/R[R| 0| 0.5 0 | o-1.4
GB |R|8|/R|3|R[38]| 0|/ 0f0|0[3]|8/R|S| 10 0 0- 3.8

* PP: Potato plugs, CP: Carrot plugs, GB; Gypsum blocks. For other abbreviations see Table 3.
** See Table 3.

3. HRFEEHK (Vov) OlR

A. WFERE SHEFARCEED 1470y (F) oW CTHETFHRESRE L8, Table 5 0k
7 v v BRUEHBNCRETEREBICREDH S LA - 1o08, ¥ LT KAA EHiBRTFRREE REIC
BHECHE LB M THE L ENTMh o, Licdi-T KAA EEFERLLE 7 vy (Fu) K20 THEFHK
RaRD - FER Table 6 IWRL7EDIC IVALS: BLU IVALS, O 2 2R EPVTFIho s ord 18
VIRICIEFEFERR L 1o, KBS DO bORIMICTEBSRRE I NS (HEiZ1000f$ 1 ES O UEKME) BETHD,
ZLTHEHBUTOERRTH 7. THRHOBI, NOMI o VAR EIBHOBRFEEEL DO D IENEETR
TCEEER LI, 21, ITIHIRFO7 a VT OTHRFERELRETZE, H2BE S & S i
BOEEZ S & St RBEVEVS XS UERSEDONEY, I, VTRIZEAEZDLIBERZED BN
ot BBIBIUCNOBEBEFEEELEINRE (F:) TTRUELTEY, BRTHEREEL A0 Table 7
DEDICKEPHFD 7 a VB TRFEERT 20T, #ids o Y ORFERIIEKR I TREREE A EEK
fbicky, ¥/10, I, NTREZZF/HRICX2 b0 EEZ 5N 5 (Table 7, 9).

B. HEEEE BHIoszory (F) KERTERESE HEGEMEZRT X, YRS IUEBELRETR
LTRFEHEOEG (Bbodbds. § IAS:) ZEHMBHD, R/ nvoX 1Y : 213, nHFcLE
EBAHEOLD IO 0 VEBD OO TEDODIBLIZRETH 225, Table8 0k S5icis3d. cola
FHREEOBNZH 7 vy (F) 2 SKBEBTFERLTER oy (F) KOOV THRTFERES X UESE
IOV THBR UERIT Table 9 X5, WIFNBETFEREOENXBLUYEICHEH, ZEIIH
Bl (X1Y1Z2=2:2:0. Lo TEKRIZDR ELEZEERDLOEBETHZ EEL NS,
Yol L?"\“C@Zi & < 6CE@¥%EJZZ%3®{EL\%><D) i»ca)J:') icﬁ}%ﬁ’é’%bn‘: 9 e} iﬁ%tﬁd ummm 5

f‘; (1 N, - SH .
SEEI o4 n /413}*@:5_@{;4@“«%1%&%? LU (ZBIs730Y), 4 5}-‘%@%@% X Uy=Eg e B 0 Fr TR
BONMWHBHSIEELNTHZ0E, T fEkiEzdhnd.: EE Iy T
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Table 6a. Spoluration and agglutination types of the single-spore cultures of strain L.
(10 asci with 4 spores were dissected, 28 cultures resulted)

Clone* EQ?JE** TypE***H Clone nggﬁ,‘;{ ’ Type ” Clone 81582‘:1 ’ Typ¢ %l Clone Si'ggg;' Typ:
% | % | | % i %
I(Parent) 10 Z :
AS |+ 2 L AS: |+ ? AS | <1 X [AS | — | (D
S, <1 Y | S| S z S:| S z S¢| S X
Ss i+ ? AS | 4 X Ss| 4 X | AuSi| 26 z
S 1 <1 Y S S Z S S Z S + ?
AS: 3 X Ss - (X AsS, 4 X Ss 33 Z
Sa + ? Sy S Z S S Z S + ?
Ss 3 X A:S, 13 Z Ss 4 X ‘ A1sS: 28 Z
S + ? S + ? S S Z | S: S X
AsS; + -2 Ss 32 Z AuSy 2 X - Ss 26 YA
S: S Z S -+ ? S S Z S S X

* Clones representing from 4 single spores of each ascus are prefixed by AsSi, S, Ss, and Si. Every
two paires of the spores (S::S; and Ss : Si) in the ascus are adherent. ‘ '
#k 1 . Germination was observed, but failing to grow. —: No germination (not viable). <(1: Very few
asci. For other abbreviations see Table 3.
##* X Y: Agglutinate with IIA1,S,, Y, and IIAsS;, X, respectively. Z: No agglutination. ?: Unable to
assume. Assumed appropriate types are given in parenthesis.

Table 6b. Sporulation and agglutination types of the single-spore cultures of strain IL
(10 asci with 4 spores were dissected, 35 cultures resulted)

Clone* | Sporulation** Type***: Clone i Sporulation Type ” Clone ‘ Sporulation Type
II (Parent) 58% Z : % | %

- AS, 2 X AS, 9 Y 1 AuwSs 1 X

S 3 Y Ss | - xX) | S 12 Y

Ss 2 X . S, : <1 Y 1 AnS 3 X

Sy — (YY) AsS, S X S: R Y

A.S; S X S 12 Y Ss R X

S: R Y Ss S X St <1 Y

Ss S X S, — (Y) AS S X

S - (Y) AS, S X S 8 Y

AsSy S X S, S - Y Sa S X

S: S Y Ss S X Ss 4 Y

Ss — x) S 4 Y AysS, R X

Sy S Y A1eSy 1 X S; ‘ R Y

AS, <1 X S 7 Y - Ss 3 X

S S Y

*, ¥k ¥%% See Table 6a.

BHI, Vo7 o yRECEEURS VHEEEEREERTIOLTLOMENT S 1.

C. A28 XBSIUYHOREMRELZ2HE (IALS: & ITALS:) 2EBAL 2HIOEAFEAD
N3 BB R R3O TR E L HEBER L2 472 £DRRIE Table 10 O X 5 IEEHKERE T, Bk
LIGEVBRTFERERER L bOM 4B O, 22 UABHMIXE (208%) YR (9#) Thbh, £hod
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Table 6c. Sporulation and agglutination types of the single-spore cultures of strain III and IV.
(20 asci with 4 spores were dissected, 70 cultures resulted.)

Clone* ilz?;:;* Type**¥| Clone ﬁlft’iog::' Type || Clone EI:?;::' Type | Clone i%?orrlll- Type
% % % %
III v
(Parent) 15 Sa (Parent) 11 Sa
AcSy S Sa AyrS, S Sa A,S, 5 Sa AsS, 6 Sa
S ) Sa S, S Sa S 4 Sa S, 3 Sa
Ss S Sa Ss R Sa Ss 5 Sa Ss - ?
S4 - ? S. S Sa S - ? S, 4 Sa
A0S S Sa AisSy S Sa AS, 24 Sa AyrSy S Sa
S S Sa S <1 Sa S 5 Sa S, S Sa
Ss S Sa Ss — ? Ss 10 Sa Ss S Sa
S S © Sa S <1 Sa Sy 3 Sa S S Sa
AuS S Sa AzsS, S Sa AsS 23 Sa A5, 6 Sa
S: <1 Sa | S <1 Sa Sz .19 Sa Sz 4 Sa
S| s Sa | S| 4| sa Ss| 7] sa S| 4| sa
S - ? S 3 Sa S. 6 Sa S - o
AwnS 3 Sa | AunS| <1 Sa || AwS: 6 Sa | AuSi| 4
S. 2 Sa - S 7 Sa -+ S, |- 4 Sa S 4 Sa
Ss 3 Sa Ss <1 Sa Ss — ? Ss 4 :
Se 3 Sa S — ? Si° 3 Sa Su - ?
A6Sy <1 Sa A:zsS: 2 Sa AnS, 4 Sa AqS; 3 Sa
S S Sa S; 4 Sa S, 5 Sa S, 2 Sa
Ss <1 Sa Ss <1 Sa Ss 4 Sa Ss 0 Sa
S S Sa S R Sa ‘ S — ? S, 0 Sa

* %% See Table 6a.
¥k Sa: Self agglutination.

Table 7. Sporulation of the clones (Fi~Fs) of strain I and IV on KAA medium after 14 days at 25°C.

Parental Generation | No. of asci* No. of clones** SPOI‘(’;Z?";‘**
Culture Sporulation** of clone dissected obtained (A) | with asci (B) | B/A | Range
%

I 10 ) % 10 28 28 100 S—33
TAS: 3 . F. 6 11 11 100 R—-7
TAS:A15S; 7 Fs 5 16 16 100 R—6
v 11 F 10 34 32 94| 0-24
IVA1.S; 4 F, 5 12 11 92 0— 3
IVA6S3AS; S Fs 11 19 19 100 R~17

* With 4 spores.

** F1, F2 and Fs clones were established by isolating single spores from asci of each parental culture.
For F,, see Table 6a, c.
*#* See Table 3.
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Table 8. . Analysis of agglutination on types from random spore isolation.

Number of single-spore cultures®

Obtained
No. of agglutinating Sa Not viable

Parent asci with agglutination types Total
strain | dissected | y | ¥ | Neither] ||| @ | 2 | X | Y| 2 | sa | 2
I 10 11 2 15 — 1 0 1 10 12 2 16 — 10
I 10 18 | 17 0 — 2 3 0 0 20 20 0 —

1 0 | —-|—-| — ls6| — | - | -] 4| =] | -3 4
I\ 10 |- |- = s| - - =] 6| =] -] 3

* Types of the cultures agglutinating with Y, X, and neither are X, Y, and Z respectively. Assumed types
are given in parenthesis. (See Table 6)

Table 9. Segregation of type Z into type X and Y on the second generation (F:) of strain L

Parental . , . No. (})1f obtaiined clones with | Sporulation (%)
e %
Spore. | Agglating: Generation | No. of asci each agglutination type range
Culture lation |-tion types of clone dissected X Y Z X Y yA
%
I 10 z° Fi 10 11 2 15 | S-4| <1| S-33
TA1sSs 33 ' Z _ F. 4 6 6 0 | R-S|0-R -
TA16S, 28 YA F. 4 7 7 0 0] 0-2 -
* See Table 3.

Table 10. Sporulation and agglutination types of the zygote-like cells obtained by conjugating a couple of
the single-spore cultures (1TA1;S:+11A1S;) of strain II.
(33 copulation figures were isolated)

Culture* ﬁf;?;;l** Type***| Culture iﬂ?;:‘ Type | Culture Egio;:' Type | Culture 1Sa It)?;: Type
- % % % %

(Parent) 58 Z C-7 2 X C-16 13 Y C-25 S Y

1IALS, -3 X 8 4 X 17 S Y 26 S X

S, R Y 9 9 X 18 1 X 27 1 X

C-1 50 AR 10 S X 19 S X 28 S X

2 2 X 11 S X 20 S X 29 40 Z

3 X 12 1 X 21 1 Y 30 S X

4 1 X 13 2 X 22 9 Y 31 S Y

5 40 Z 14 S Y 23 S X 32 S X

6 S Y 15 1 Y 24 15 X 33 50 YA

* C: Copulation figure. For other abbreviations see Table 6a.
¥% Ik See Table 6a.

BIFERELPMLUTIEL, EAFELATHMERE LLb00E IXILBEFEE D7 v VOBEATFTIRE
{, BEEALLIDOTREL>ehEEBEZ ON5.
Lo LTFBOATHRTFOESAT ZHFICOINTIE Krassilnikow!® £ L Winge 5% [Th-TREIhSH
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EINTHY, THHR7 0 VIZHEEGEREBE >OTX YR v VOEADT RO FIEZ ONAS. L
oS THIER A BIC PV TRXBMEYROMBEATELU - D L#EEIN 3.

Eek (2B, BMPEREIZED) BEEORHBFERICLD, BFEREMEHLAERLE>XBLUY
ROy icyilIhn, ¥, COXEYRYS o VIZHEREELUTES (conjugation) LUIEBFEREOSFHN
ZEBk BEEERD) ITR3E0) CEBHABIRI, Mo TEI OIS, TROEHEKI, Tos o v
RTEHERR C— VRS EDEE (flocculation) SIRXFBIINZNEUHEDSDTHD, Hansenula winge;
RWEOUMBERDD SHNOBREEZI ONED, TORICONTIRAERT BRI LBINIE S,

B B

1. Saccharomycodes ludwigii Hansen, O-17 (1), O-81 (II), OUT-6282 (III), IFO-1043 (IV) 04 &
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