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KXl (oA ZA—7F> FDNA > — 7 = A5 — & |2 X B BEEEARFE Saccharomyces pastorianus O FL#R
7 LT L, 6 ELVERIN TS,

F1E TFim T, AZEoEE & BRI W TR TWS, T4 —E— Vl##RE S, pastorianus [T EFE 2
FENHEE SN TV REMEAECTH Y, ML DOES /) MMEITIC L D BRI D7 ) AR OV T
OHEDBZEB LN D ATRENEIZ DWW TR TWA, E£72, S pastorianus OMPEAEIFIZES< 58 (Group 1 KN
2) WRFEHLEREBRTL2HOTHLIONIHOWT, BIEMFETLIHENRELA TS Z EEERHLTWY
5, INOOEREBEZ, AFEOBIIN, ~NA ANV—TF v b DNA ¥ —2 20 A5 = 2 W3R 7 ) &
fENTN B, S. pastorianus OHMIBRAYEIFIZ LS D L RHEMHROBREZFH T2 THDH EBITN D,

¥ 2R IKEXTHW=Y TV E T —% | TlX, S. pastorianus & OMFEFE 2 fE (S. cerevisiae, S.
eubayanus) % &5 16 ROV TNV R OERD Y — 7 2 AT —Z [ ZONTIRTN D,

¥ 3% lde novo 77 VITHSNWI= S. pastorianus K ORI S. eubayanus D47 ) LPE] TiE. 5D
TEUTIRRESRLTWD, S. eubayanus CBS12357 BRIZI W THEIK L~V DRLFIEELIC AN L. PARE DA
DEHEE LTHWZ L 2R TN D,

¥ 4% S pastorianus 7 /) 5T —HF OFMEN] TiX. S. pastorianus DI ha v KU 7 g5k, Geaiki
Higf . —H LM (Single Nucleotide Variant, SNV) 2R SW=REMATIC L Vi RamRAnEoni-2 iz
DNWTIRRTWD, M 2D ) L& T L U724 Group 5 3 25t 10 BkOBCHIFENT 2 i L7z Z & T, &
T L Ll U CRafRB EE DR R 2455 Z LIk th L, HBRAYEEJRIC IS < 038 & o338 S R OFRE S A3 S
-2 HER_TWB, KRIZ, S cerevisiae K (Sc type) DF J LFHIT —H xHik, HEAEFEIZE SV
YL R RREMR N B D 2 L AR SN2, S, eubayanus B (Se type) D7 J AEHIT —Z 5 IXil
Group [ CRMM R ZR NN ERNRBR I, IO OFERN D BIREIICE S o E 7 7 AEHIENT &
DEPI D RFEERICONTHR MR MmEZ T 2 N TE RN &2 TND, LrL, Sctype lZDWn
TIE Group 1 & 2128 HE5MEDE . KT Group 2 B CHIEE SN MBRIYL AR D SNV (hetero SNV) %5 &
L7c BT, BB RIZONTELRDFHBEMPLETHD I L EEBLL L THRITWND,

%5 THEAERICE S S E RHEBROFEHZL] TiX, hetero SNV IZHER L7ZBEIZA B2 HkRICES T
DG & ORGERE R 2R L, HEEAYEIFIZEE S < B TR Group & SN TWAMHFE D, @ kichmkd 5
FHEMEDRN BN E R _RTUW 5, S, pastorianus Sc type IZBWTHE XN D hetero SNV 1, D= — /L b —)L
B4Rk S. cerevisiae ICHI L, BIFEAMHE D loss of heterozygosity (LOH) 12X VW BEDKR CIIARY —2 0% %
Ffo THIZ SN A Z L. Group 2 BRIZE T B hetero SNV & Group 1 #ROD SNV IZEIT BEEHTAN S Sc type DT 1
A FIBAEICH KT A AEEERE N Z ERBREN TS, S BIT Group 2 kDT & A TRHIT ) Kk
HEEL L Group | ¥R & JLIRIRNT 55 2 & T, 2O A XFF T2 ENE LN Z BB BE TS, £72, Group
1 & 2 OICBIZEE 5 homo SNV (X LOH (ZHEKI T % rIREME M < . Sc type DT 1 & A Z 3l Sl ok
LEVIERIZTE LW ERA NIRRT Z LIZHONTHIRR TN S,

%6 T [fhEm) Tl AFEORG L BEZ RS TND, ~"Try A TR ) AOWEIC LY RFEBRIZOWN
T, FH—E— R T TRMOAEEIZB O THH LWEERRE S D AREMEIZ S W Tl T 5,

TNZEES DI, A ST 2 e DRSS ) AT S & . HIBEREIFRICIE S W43 T 2 Group
T BTN T H—E— VEERE S. pastorianus MEEBAGICHET B AREMENS BN Z EEH LML, MF
JET DA E XF L W2 BATHFZE DV T H hetero SNV & LOH#EETH 2 L T, Mg a2 FER<HGHTED
ERRL, ZORBITHE EEMRT 5L ZABRMOTREN, LoT, KimsUdtdL (B O e LT
TR MERH LD EROLND,

8% - FSCEEIE, T3 2000 52 & 930300 554 1T ST 520, b L<IFEIC 800 5E4 L iR H L T 72& 0y,
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This thesis was entitled: “Comparative genome analysis of alloploid species
Saccharomyces pastorianus based on high-throughput DNA sequencing data”; the study
revealed that two groups of S. pastorianus, which are classified according to geographical
origin, originate from common ancestors.

The lager beer yeast S. pastorianus is an alloploid species. The two parental species
of S.pastorianus have been isolated and their genome sequences are available for
analysis. S. pastorianus strains are classified into two groups (Group 1 and Group 2)
according to their geographical origin. However, it was unclear whether the two groups
originated from common ancestors or from different ones because of the contradictory
results of previous studies. Therefore, we conducted a comprehensive analysis of genome
rearrangement following interspecies hybridization to reveal the phylogenetic
relationship between the two groups.

Based on high-throughput DNA sequencing data of ten S. pastorianus strains and
the two parental species (S. cerevisiae and S. eubayanus), we identified ploidy differences
and three common interchromosomal translocations (including one novel translocation)
between the two groups. In addition, the results indicated that a loss of heterozygosity
(LOH) had occurred on the Sc-type genome subsequent to interspecies hybridization. A
detailed analysis of single nucleotide variants (SNVs) suggested that the Sc-type
haplotype originated from a common ancestor. To confirm this hypothesis, we
constructed each of the Group 2 haplotype-resolved genomes according to the linkage
relationships of adjacent hetero SNVs and compared them to those of Group 1. The
results showed that the homology between the Sc-type haploid genome of Group 1 and
the one of haplotype-resolved Sc-type genome of Group 2 was significantly high.
Moreover, the findings suggested that the homo SNVs observed between the two groups
cannot be attributed to different origins but rather to loss of heterozygosity (LOH). Based
on these results we concluded that the two S. pastorianus groups share at least one
interspecies hybridization event and originate from a common ancestor.
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