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Molecular breeding of the yeast Saccharomyces. —Monograph—  Yasujt Osuima (Depart-
ment of Biotechnology, Faculty of Engineering, Osaka University, 2-1 Yamadaoka, Suita-shi,

Osaka 565) Seibutsu-kogaku 71: 341-350, 1993.

In 1951, shortly after the end of World War II, I entered Osaka University to study
yeast biology in brewing technology. This was due to my father’s wish, in part, as well as to
my own interest, though I had to give up the possibility of pursuing my long-cherished desire
to be an aeronautical engineer. Because my family owns a small sake factory locally, I was
already somewhat familiar with yeast, and had some interest in this simple organism. When
I became a senior student in the Department of Fermentation Technology, Faculty of
Engineering, I joined the laboratory of industrial microbiology. Professor Masao Oda,
head of the laboratory, introduced me to Mr. Kentaro Wakabayashi, an alumnus of the
Department working as a research student in the laboratory at that time. Professor Oda
asked me to do some hybridization experiments with Saccharomyces yeast under Mr.
Wakabayashi’s supervision. This was my first contact with yeast genetics. Since then, I
have been involved with and conducted experiments in several areas of yeast genetics and
molecular biology for almost 40 years. This article summarizes my major topics in yeast
genetics and molecular biology: homothallism and the controlling element model for mating
type switching, mechanisms of gene regulation, the structure and function of a yeast
plasmid, pSR1, and its application to chromosome engineering.
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W XD Saccharomyces BoOERBKCIIERERE
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OEHEEE) AhHh, ThoESRTRURETE
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FHEETF L OB Y MAT B BE ¢ 286
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Diagram of the mating type genes on chromosome III. The diagram is not to scale. W, X, Y, Z1 and

Z2 represent regions defined by homologies between MAT and HML or HMR. The W region is 723 bp in
length and is homologus between HML and MAT. The X region (704 bp) is found at HML, MAT and
HMR. HML and HMR can have either in a-specific sequence Ya (642 bp) or the a-specific sequence Ya

(747 bp).

Z1 (239 bp) is found at HML, MAT and HMR, whereas Z2 (89 bp) is found only at HML and

MAT. The MAR, SIR, and CMT genes were detected independently, but these genes were assigned later
to four SIR genes which produce proteins to turn off the expression of the HML and HMR genes. Trans-
position of the Ya or Y& information to the MAT locus is initiated by cutting DNA at a specific site in

MAT by the HO product, an endonuclease.
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LB BEFOBRENEDLR, MFELD / — 1
EH (19834F) OOk,
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Lo L, MBI 5 & L OBEMBIEE XI5,
FLUHEREER LT\ . BBR4SE, v ) —
I b RERKFCE - 1oy, FiEORILBEEL (B
HRAFHEZRER) BF L L THEZ M- 7.
DRy, BErROEBBEEE (P) BEDIC X b Dl K ED
TEHEHRA7 3 - ERWAERRET L E2HLDL
h, Thie—Brs 7 -ARBBEEREINZTSH
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DEADa B = —ZOWT, Sl LTERREE X
DEEECRETES. i) WHEMBEAA7 > 8-+
OIE IR OEE LK E L, BRI IHEL
DHENBS THA. i) EHFOPIBEDESIL,
THRODKAT 7 A —ER LU P, BUARBERDOLH
HRGTEH LA—ESEERCL > TREI LT
505, ZhbOEREEOVTRIOWTHERE
EROLHELXPH/CEL. iv) TLEBERETF LD
ERDFIERRI 7 L OBROBEC OV THREOK
EFROVCTHEBERM R TH Y, EHEEREYE
HLENTES.

—7, BT 3REFORRBEEECOWLT
13, 1960 DED L D KE Seattle © Washington X
HFRBWTH S5 7 b — ARBBEROLERGTRENR
2 Douglas & Hawthorne 512 X b SEERAY 7 PFFE 68
BRI, BRTREMOEBRETFRRASME T 71131966
FEREI NSO LHL, 20T AL, 1960FEKH)
FrEREN T KBECRBT AT 7 b — A4 r /D
ErxHHEEINDLLEIANKEL, E-A2EDOE
EFRBEE 2 v 2B X 5 EETESHEER
2BNCER Y, BEBERBTRF I/ - ADHE
DOWTCOEBSTEEL, £OON-OFF 2 v+ r —
AEFTSETHELDTH T

FRAT  F—ERICILDHEREEBHE L CHL L,
CDEZATXHBATELVERLEEBERL,
HETETF A E L TUTOELZHERE L1573 37
bLBRETRECLA DNAKEERT s v 227K
&, ERTFOESZEENCIRET2ARTFE v 32
8, t0ARFOERFIRESEEYRERFOHERY
FITCACHETIBEYFHARFD, 3D
VA BRFHIBRCEEIR, Zhbr v 7K
DECEFE LS - THEMFO P, BECOVLTOE
B BMRBERETCEETHLOELSTHD. &
iz, RA7 , X —ERiTiT, BREOEETCI,
FRFCEFILTELSE O ERFOBE A FORE
ZHAETHS.

COEZIARROEBCLH D, YFRCIAES
CEFARLRT, BEFS 7 b - ARTORN ¥4
B ¥Rt TORBCKLT, 72 b —RAFRC
B2 BEFRBERFZ v 27ETH5 Gad B
ERIUTRYHEA L TT - ol E L U EL%
4, BEATBAREETEE) LoEROILD,
Lo EFALDHETRT AL, BETIHE
BEfioBA -, £ F 10 0N FEBPFRIRIE,

bbb =935k, Bko% OWRETTHA
Twb (AETRF S 2 b — AR DOWTEILAYE
OFERBFEE). TOFBR, FERTIHRLDY,
HRARFEETFH5 VI ARFEEFLERTOER
HHEZF, WThoflERdef s LTIMAERRK

S =F o, PERBHT B L o e N L

S AER RV IR T AR E L0V 199141,
Douglas & Hawthorne {& & 5 E# D £ 7 AR E LISk
FHfEAEDL i b, Theia L TKERES
SOEKEIC L D, MARERPOLE LI OROZ
DEBE EE L FHIOWTER L (STH54). Fig. 2
13, FOBELDEART » &2 —ERBEFOXRES
HROBERTHS.
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Fig. 2. The regulatory circuit for the phosphatase
genes. The protein factors, enzymes, and enzyme
precursors in the regulatory circuit are shown in
open ovals, and the genes under regulation by these
proteins are shown in boxes. The factors in the
shaded hexagon and ovals, P;, rAPase (repressible
acid phosphatase) and rALPase (repressible alkaline
phosphatase) are the input signals and outputs of
the regulatory circuit, respectively. The regulatory
factor, for which the corresponding gene is not
shown, is produced constitutively, or its regulation
is unknown. The arrows in the regulatory circuit

_ indicate positive or stimulating function of the fac-
tors, and the bars indicate repressive or inhibitory
functions. The Pho9 (Pep4) protein, proteinase
A, is needed for processing the Pho8 polypeptide.

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

1993 5%

BRoNFERE 345

I ABEXH ODNARBE 2 VA HTHBZ &,
T REBT 2BERET 7 =€ — 5 — LOEERS
11 CACGTG/T TH 5B Z L5159 hlioh o 7o, B,
ERTF# v 7 &L DNABEEEOIFBECOVTO
e L, CoHEROZRTELS ¢ BOREF
ZoWT, ThEThOERBIRITT /e e— 45—
OEEDEVEE_TFTRFOBRERA H = X AZDNWT
WrERT 5.

Ebwr, #7727 - ARBERLERLETI, —7
TSRO S a - AR L ARBMEETITE. o
HE @B BEFOBITT- 0L, BRCZET 2
CAMP H A Y — ¥ & VEBEFO ras CEULELEE
FoFERwolkdib, GTPHEE& £ v 7 HOWEI
BUOOWLT.

BEFREBEC OV TOBRBOD TREFC IS
ZhBORREBEDOBRABYMIRC KT 520 F4Y
¥R RRBRIECCHEBLES> DO TH Y, BIZT
RB BT 2EFERTFHERE OSBRI/ DD
H5. Fl, ¥ EORBRBEOCOETF AL
W, BLOEBEFEOTBXSIE, BN TERE
HEADBATR LI, TEOL, TOWEXELT
Bohtcr e -5 —EEL RO DNA KA L BED
BAINLHERE XTI EREEFLEETFI¥EE
i\ C, RERMAIELEE - ~27 8 —F
PREETHELOTH Y, EEBHT, FLEREWmE
LTIELFIBEINT V5.

ARBEOBFIFRORL, A X IVOFEECIZ,
X FHE @EBWEEX), FEMSK GEEX), WMIE
B BEEX), % Bz LX), X8EE LX)
¥, HLO¥EER (MK OB IHI0OTH
5.

3. BMB77X3IFFLEEOHMBRMBAIRD
RELTHEEM~OILR

19804, ABEOA T, BEAVWEHE IOV
THEE - 7 5 -Ru#BETDZ L BECHERN
Fo7ey2 b BRRE L. TOB, S cerevisiae LA
HOXOMBERICKTHEE « 7 4 -FROKHEXERE
By 5 A I FOBRESS 21T e DOBNEKPED
WMEDTHS.

DT R 7 MERTHIL, XTI THLIACEMEE
D77 A FpSR1 R, S. cerevisiae D 2 pm
DNA¥* D TRBFLEHOBVEA~N 2 & —DLE
SUXBELENT, BR752 I VO—BlEEL

B OWTORFRED T X7 L DORER, 7
A3 FOSEEEMEFRTAEES v 7 HOKF
L, 77AIVEBEFOa—FTHREVRAIERX
CERLDE VA 7ERBENTE T 521V EDOR
REABALMAER D, ThLBEMNTIMCEEY 5 2 s
WE DA ERETFDNAYRAT A L7 & —
HEIHTEECHR O EREETHH I Lo
.

2 pym DNA 2 WTOEIADTHEN S, BRT 5 A
I VR 2EoORM G B, BEMRPTIIORD
PELVEIETHEET D Z LA bR TV . pSRI
75 A3 FORE LISV TOHMRNERE R
haioh, pSR1 75 A 3 Fioh 2 EORMEGEL D
b, BROBBXRCI D ZOREMEIBERI S fTH
RAZ g otc. BREGNEFETDC LR
THTHHH, ZOHFMEROEEZ R invivo D
DNA #x B CHERORBVER LD Z L2
DD, S cerevisice DR EELTIBIETHZ LADIN
e w#E X DUt

pSR1 75 A i FiX Fig. 3 1R$ X 512 6,251 bp >
LI ARIRDNA D FTHSH.N X DHFRIIITE
1A U 959 bp DIEERELF A & 7o B —xF DA & RE
BFIvH 5. CoMEERERFIOEALIL, TL
R—DEERII S/ ~TA. Fhuk, LD
RIOEEET I EL»ET D &, Thh—H ORI
ERLLDBEINLIBERHE1DLTHS. 0%
HERD TSR F4HF T, Fig.3 CTADOHR Z
FERFIMY#ESRNE CORTME CTERAE THER 2
MEZD, TORREBLELTSIAI FOFOERD
EFINE V&7 - RGP AT 2.0 2ol
2 MBI —E D 12 bp DA XELFH 7 bp DA
R - ARFIRHRATHEREL, ZD 12bp i pSRI HF
O REBETIa - VEh B2 ERIBELT
I L, 7bp A 1 KL - L KEHEIESL. D Z D
PIRRIROBENC IEEE I B, £ L &2
A D 959 bp DA X KEEFIFI TR W BEX THERKE
TAHZERIVEBRIBOT A I VHFHIfELN
5.8 25 LTEARMRFR 2EORMEMET I R 3
FOFRBITESTFEETS.

COBRHEBRITEIME R £ V7 T2 HAUE,
BEMBOLHECELS Z ez ¥R T
EMTED. S cerevisiae DFRBEMFETHETIX, D
pSR1 75 A 3 FOMUHRMWARL RAEFL T
L. FhiY, 3EALEDS cerevisiae BT 2 pm

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

346 PN 30

EMITE H11k

Sah
(ca. 5520)
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(1/6252) EcoRI
pSR1 type A (6073)
6251 bp

Fig. 3. Structure of pSR1 plasmid and the specific
recombination fragment. pSR1 plasmid is a 6251
bp double-stranded circular DNA molecule with a
pair of inverted repeats, each composed of a 959 bp
sequence, that divide the plasmid molecule into
two unique regions of 2654 bp and 1679 bp. The
figure represents type A configuration of the pSR1
molecule. The linear portions of the drawing corres-
pond to the inverted repeats. The location and
orientation of protein coding regions are indicated
by heavy lines and the taper indicates the 3" end of
the coding region. Open boxes labeled ARS repre-
sent autonomously replicating sequences. The
cross connection between the inverted repeats shows
the approximate position of the specific recombina-
tion site. Numbers for restriction sites represent
their positions with respect to G of the E¢oRI site as
position 1. The 2.1-kb Sa/l fragment extending
from nucleotide position 3469 to ca. 5520 (exact posi-
tion is not known as this Sa/l sites was created by
linker insertion.) was used as the specific recombina-
tion fragment, the arrowhead in the fragment in-
dicating approximate position of the specific recom-
bination site.

DNA 77 A I VYRFEL, TZTHRULEBETHYT
AL T b. LasL, pSRI DEBRAHAE X
BLER 2V A7HEOEEMKL, 2pm DNA 75 2
I FREDTS cerevisiae AR\ T H OEB 2 TR E D
Rirh, ThooE8Y X5 Lc< pSRI ILHER
R Y BEE TR T ENTELENLTHS.
pSR1 DB R 2 AL > &1 DNAMA %, S
cerevisiae BeBAE LD A LEA LIS LRS5BT
HHBIZF DNA L HICKBE~7 2 -ESL, B
B4l EA TS, D75 A3 F DNA BRI
HATRERTELVY, BAEIh TV IERLEET
DNA L OHRMEBE L L Y, BREELILED
HEABREFECELATENS. 20k &3, 2%
NICBETF, BB EHLHLUDT— 7 LTEVE
RS BEFOBESELERC, REMAISE DNA L
BAIKICHBREYBIRTES. FLMEOMNBIREAZ

pHM153

9.0kb GAL1-

promoter

Fig. 4.

protein.

Structure of pHM 153 used for generation of R
The thin line with 4g* and ori is a DNA
fragment of pBR322. Double lines with closed
boxed marked LER2 and GALI-promoter are from
S. cerevisiae, R is from pSR1, and REP3 and ARS
are from 2-pgm DNA. ‘

RTVWBAZER, vY¥—VETHERTAZELBEST
5% BETISE{OBEF»I/r—=v7EhTw
b, TOHETHEME OB« BT, pSRI
W RA T  BAL DNA B AT 5 2 L AHJEET
H5.

Kz, pSR175AI VEDRBEEFH I v —=v
7L, BYUNERBRETFDO v — 2 —MTFHRICHES
T5. SOREOBELYERON7 2 -HEAL,
Rz A REE DO UDBA L TE B
Bfifac ARG, Z0& &, 1tz X Fig ¢4DT &L
757 - ARBEREERLTFO Tt — 2 — %
Adid, oMY Y5 7 b — A TREERT
BLECIOEBIBHEDOR Z v REBN, 7
Ao —AEMTIREETFORBIMHINS. &
5LT, BIFFEMT X @Yl 2 » TOBEFECA
BB EABA L REELFHOMBEYIED, REE
F7IAIVORBEGTEET A LITL Y, Fig
SRS HEET, i) K&k, i) M, HBHVIL6H) JE
HREAMTERZ YR T ENTES. LML,
Fig. 5 T [#A] LR LERAREOBRIGT, £E
O DNA MR ¥ B2 TI* | » HOT 52 FeFE
¥, QEEk EOMEMBIBAZAL T E 2RI,
RIBER&EDOFRAR b BN BIF 20w, HAR
BHBBRDT L ¥FIDTA FTHMBETH 1.

ThHDBET, 2 FEOE LR EREkT
BHCBSREBETRETE S, Mirxd Utk
O FEOEMLI VY, HYrFBEEERY AT
Buafk DNA YL, ZOfADODNAX 7 — 7
L LtcvH — VB CHRTE 5.

ARz 1B, REGCTOFRRBELET CidELT
5. EbRR7FAIFEflaLvBRETHZ L
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a. Deletion b. Inversion
A A B
- > H——
| G B
____.1_/(A A
o} -
c. Insertion d. Recombination
Q A B
A 1 > |
—_— ¢ D
| R
A | »> ) I
3 > ——
c B

Fig. 5. Four principal strategies to create (a) deletion,

(b) inversion, (c) insertion, and (d) recombination
The
arrowheads represent the specific recombination sits
inserted in the chromosome with the relative orienta-
tions as indicated. The thick arrow represents the
R-catalyzed recombination.

between two non-homologous chromosomes.

Ih, LBOFEEFLREEDHI ENTES. BR
Ty, N7 E—T R FIl—BEHEETCRETS
nh, REETTAI FOBREIBETHS.

LlEDFHET, FIWFig. 3CRTpSRI 77 A I F

Agarose microbeads
(Sch. pombe DNA)

D RIEE 2 T A ST 2.1kb D Sall Bk &, Fig.
4R pHMIS3 73 A 3 VAL, BET TR
Fig. 5 IR T 4 O EAKRIED 5 LB AER TS
SEHOBEYHRILLTI T LY LI RE
Rtk v b e 2 7hEAK 2 AOMTTS> &, ¥
HEhiERit ey b e 2 7TRER, BREAGELEL
TREIIL. D LOBIARFELERI, DTFEC
LIBM, FIAINs2—XhixE. Fi, 1
ARk L CHET S 2 BOREFECOWT, W
Thhe vt e 7HICH B EDMERIRY EMH
WHRET A L LFIHETE .9 I bR EEOR
BV bte a7 T2 7HhRBETHHT &b
b, “fsthfila T, cofRzEYAVT1IERORE
hinbev b rATRREAIRBIEICLD, TOR
A HEETHI LA LL . LaL, Th
5D 2n-1 BEERER Y, FEEH ETOMMIT B
X 0E B0, H30HREEL T S L SR OWEE Y
EELEE kL Ex b s MRNAHRTS.
DHET, —HOHRALESY s ECHFOKEBEHIC
BETHLNFAREELZLNS.

—%, KOFEONFDNAZREECEBATLSC
Lo WTiE, Fig. 5IRT 77 A § FREAKRTIE

-
e

CALRAETHDZ LD otc. TOHEIRE
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Fig. 6. Construction of an S. cerevisiae chromosome connected with a chromosomal segment of Schizosac-

charomyces pombe by use of YAC vector.

The open triangle and circle shown in the oval shaped cells in the

right panel represent the specific recombination site and centromere, respectively.
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