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Fig. S1 SCRaMbLE of heterozygous diploid yeast with two synthetic chromosomes for improving the
biosynthesis of zeaxanthin. (a) Schematic diagram illustrating the formation of heterozygous diploid

strain yLJY0O01. The zeaxanthin pathway was integrated at the YPLO62W gene locus on chromosome
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XVI of the haploid synV&X strain. Previous study has reported that knocking out of the YPLO62W
gene is beneficial to produce lycopene, a precursor of zeaxanthin [1]. (b) The SCRaMbLEd library of

heterozygous diploid yeast was plated on SC-Leu agar plates and incubated at 30 °C for 72 h. (c)
Production verification of SCRaMbLEd strains was conducted using HPLC method, with yLJY001

serving as the control strain.
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Fig. S2 PCRTag analysis. PCRTags of genes YELO7IW, YELO5S6W, YERI25W, YERI32C, YERISSW,
YJL109C, YJILI05W, YJLO92W, YJLO76W, YJL0O57C, YJL0O45W, and YJRI27C are marked in red,

indicating that these regions are still present in the strains yLJY034, yLJY019, and yLJY003

respectively.
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Fig. S3 CIRCOS diagrams for SVs in SCRaMbLEd strains yLJY034, yLJY019, and yLJY003. Each

line in the diagram represents an interaction between partners.
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Fig. S4 Boxplots of whole genome sequencing read coverage depth. Loss of heterozygosity was
observed in chromosomes V, X, and XII of SCRaMbLEd strain yLJY033. Aneuploidy of chromosomes
I and XVI was also detected in SCRaMbLEd strain yLJY033. Strain yLJYO001 is control strain. The

coverage depth represents the chromosome copy number determined from WGS results. The center line

in each box indicates the median read coverage depth, the upper bound of the box indicates the upper

quartile, the lower bound indicates the lower quartile, the upper whisker indicates the maximum read

coverage depth and the lower whisker indicates the minimum read coverage depth.

@ YELO3SW open reading frame ®)
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BC-YELOSS8WCDS GAA GGA GAC ATA GCG CCA GIT BC-YJL092WV CDS

chim-YELOSSW CDS ICA chim-YJLO92W CDS
BC-YELO58Waa  Glu Gly Asp Ile Ala Pro Vil BC-YJLO92W aa
chim-YELOSSW aa Thr chim-YJLO92W aa
position 186 189 192 position

YJLO92W open reading frame

AGC CAC ATG CCA GAT GAT TTA

Ser

955

His

Met

ICA
Pro
Ser
958

Asp Asp Leu

961

Fig. S5 Missense mutations in the chimeric gene. (a) Sequence alignment revealed that chim-YELOSSW

had a missense mutation Ile189Thr compared to BC-YEL058. (b) Sequence alignment revealed that

chim-YJLO92W had a missense mutation Pro958Ser compared to BC-YJLO92W.
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Fig. S6 HPLC was utilized to measure zeaxanthin production in SCRaMbLEd strains with insertion
events. A total of 24 SCRaMbLEd strains (as indicated in Fig. 5) were evaluated for zeaxanthin
production. Quantification was conducted in biological triplicates for each strain, as depicted. The error

bars denote the standard deviation from three replicates. Unpaired test, *P < 0.01, **P <0.001.



Table S1 Yeast strains used in this study.

Strains Description Sources
BY4741 MATa his3A1 leu2A0 met1 540 ura340 2]
synV&X MATa his3A1 leu2A40 met1 540 ura340 [3]

BC187 MATo ura3::KanMX [4]

yLIY1 synV&X, YPLO62W::zeaxanthin pathway with Leu2 marker This study
yLJY001 Diploid of BC187 and yLJY1 This study
yLJY002 Introducing plasmid pLJYO1 into strain yLJY001 This study
yLJY003 SCRaMbLEd strain from the yLJY002 This study
yLJY004 SCRaMbLEd strain from the yLJY002 This study
yLJYO019 SCRaMbLEd strain from the yLJY002 This study
yLJYO031 SCRaMbLEd strain from the yLJY002 This study
yLJY032 SCRaMbLEd strain from the yLJY002 This study
yLJY033 SCRaMbLEd strain from the yLJY002 This study
yLJY034 SCRaMbLEd strain from the yLJY002 This study
yLJY038 yLIY001 synV centromere with Ura3 marker strain This study
yLJY039 Introducing plasmid pLJY02 into strain yLIJY038 This study
yLJY040 SCRaMbLEd strain from the yLJY002 This study
yLIY041 SCRaMbLEd strain from the yLJY002 This study
yLIY042 SCRaMbLEd strain from the yLJY002 This study
yLIY043 SCRaMbLEd strain from the yLJY002 This study
yLIY 044 SCRaMbLEd strain from the yLJY002 This study
yLIY045 SCRaMbLEd strain from the yLJY038 This study
yLIY046 SCRaMbLEd strain from the yLJY038 This study
yLIY 047 SCRaMbLEd strain from the yLJY038 This study
yLIY 048 SCRaMbLEd strain from the yLJY038 This study
yLJY 049 SCRaMbLEd strain from the yLJY038 This study
yLJYO050 SCRaMbLEd strain from the yLJY038 This study
yLJYO051 SCRaMbLEd strain from the yLJY038 This study
yLJY052 SCRaMbLEd strain from the yLJY038 This study
yLJY053 SCRaMbLEd strain from the yLJY038 This study
yLJYO054 SCRaMbLEd strain from the yLJY038 This study
yLJYO055 SCRaMbLEd strain from the yLJY038 This study
yLJYO056 SCRaMbLEd strain from the yLJY038 This study
yLIYO057 SCRaMbLEd strain from the yLJY038 This study
yLJY058 SCRaMbLEd strain from the yLJY038 This study
yLJY059 SCRaMbLEd strain from the yLJY038 This study
yLIJY060 SCRaMbLEd strain from the yLJY038 This study
yLIY061 SCRaMbLEd strain from the yLJY038 This study
yLIY062 SCRaMbLEd strain from the yLJY038 This study
yLIY063 SCRaMbLEd strain from the yLJY038 This study
yLIY064 SCRaMbLEd strain from the yLJY038 This study
yLIY065 SCRaMbLEd strain from the yLJY038 This study
yLIY 066 SCRaMbLEd strain from the yLJY038 This study




yLIY067 SCRaMbLEd strain from the yLJY038 This study
yLIY068 SCRaMbLEd strain from the yLJY038 This study
yLJY069 SCRaMbLEd strain from the yLJY038 This study
yLJYO070 SCRaMbLEd strain from the yLJY038 This study
yLJYO071 SCRaMbLEd strain from the yLJY038 This study
yLJYO072 SCRaMbLEd strain from the yLJY038 This study
yLJYO073 SCRaMbLEd strain from the yLJY038 This study
yLIY074 SCRaMbLEd strain from the yLJY038 This study
Table S2 Plasmids used in this study.
Plasmid Description Sources
pZea pRS416, This study
pFBA1-crtE-tFBA1-pTEF1-crtl-tTEF1-leu-pGPD-crtY B-tGPD-pT
DH1-crtZ-tGPD
pLJYO1 pRS416, pGAL1-CreEBD-tTDH2 [5]
pLJY02 pRS413, pGALI1-CreEBD-tTDH2-hygB This study




Table S3 48 pairs of synV and synX PCRTags used in this study.

PCRTag syn-F (5'-3") syn-R (5'-3")
YELO71W1 CAGCGGTAGTAACAAACGTCAT  ATTCAAACGCTCGGTAACGGCA
GATGAC GCGCTA
YEL063C2 ATCACGACGGTCACTGTCAATAT TACTAAGGGCGGCGTCCCTTATA
CAACG TCGCT
YELO5S6W1  CTCACACCACAGTAGCAATTTGT GCCACCAACAATTGGCAATGAG
TGGCT TGACTG
YELO38W1  TCCAGCTCACGACAGCTTAGACT AACTGGAGCGTTGCCTGGTCTAC
TAAAC TG
YEL025C4  CAAAGCAGGAAAACTGTAAGCC CGTCCCTAACAATTTGAACCAGG
TCCAAG CTGTT
YELO16Cl1 TGAATGACCATAGCTGTCGACGT TAATACCGCCGATCCAATCTGGC
TTGGG AATTG
YELOOICI  AAACAAAGTAGGAGGAGCAGCG TGAGGACACTGCCACTTTGGCTT
ATACGA ACAAC
YEROOIW1  GGTTGCTGGCAGAGGCATCGTTT CTTGTATGAGCCAAAATCGCCTC
TATCA TCCAT
YER008C4  GCCGGTTTTGTGATCTGGACGAC TTCAGCCCATCACAGCCGTAATG
TGAAA TTTCA
YER020W1  TCAACCTAGCTTAAGCGATGCCA GCTTGGTAAAGCCCATAAGGTGC
GCTCA TGATA
YERO031C1 TGAGATGGTAGGACCGTTTGGG TCCAACCGAGGAGAGTAAAACC
GCACTA TTCGCT
YER045C1  ACTGTCACCGCTAGGAATGCTTG CCCTTCAGCTGCTATCTATCCTTC
GG ATTC
YER054C2  GCTCTTGCTAGGAGGCATATCAG CAGATCAGGTAACGGCGTTCAA
TTCTA GCTCGT
YERO70W3  GCGTCCAGGCGCTTTCGCTTTGT CTTCTCATATCTAGTGTACAAGG
ATTTA CCTCG
YERO083C1 TGACAACAAGCTCAACAAGTCT TGCTGAAAGCCCATTGGATGCCC
GGGGTT CATCA
YER093C1  TGAACTGGTGGTCAAGCTACGTT AAGCCCAACTTCACCATTGATGG
GTCTC CTCGT
YER104W1  TATCGATACCAGTCCAAGCGTTG GTATTCGGCCATATCGCTTGGCA
TCAGC AGGCA
YER114C3  TGAGGCACGGTTTAAACTTCTAC TGATAGCATCGGCCCTCCTGACA
CGTTG GATTT
YER125W1  CAGTTCAGCCACTCGTCAATATA ACCTTCAGGGGTGAATCTCTGCT
GCAGC CCCAA
YER132C5 GATCTTGCTGCTACCTTTGCTGG  TATCTTTGGCGGTTTGATGGTTA
CAGGA GCCCA
YER147C1 CTTATCACCGCTGCATCTTGAAA CGTCAGCATGAACGAGTTAGATA
CACGA GCAGA




YER166W3

YERI73W2

YERI188W1

YJL219W11

YJL207C3

YJIL186W2

YJL164Cl1

YJL141Cl1

YJL127Cl1

YJL109C4

YJLI05W1

YJL092W2

YJLO76W4

YJLO57C2

YJL045W1

YJL020C2

YJL002Cl1

YJR0012

YJRO10W2

YJR0O30C1

YJR045C2

YJR064W2

CAGACAGTCAGGCTCAAACTCA
GAAGCC
GGTCGAGAATGGTATTGATGTCG
TTGAC
TCGTAGAAGCGACGCTTTGGGT
GTTACC
TTTAGACGCTACCGAACCTCCAA
TCGAT
GACATCGCTGTCTAAGGTACAAC
CCAAA
ATTGCGTTTACCAGTCTTGACCA
GAAGC
TCTAAACAAGTCGGCGTAAGGAT
CTTCG
TGACTTGGTAACTGAAACCAATG
GGCTG
CAAAGGGGTTGACTGGATGCTA
CTCAAG
GCCAACGGTGTCATAGCTGCTTT
CAACA
CGGCTGTATTTGTGGCAGCTCAG
ATAGT
TAGTAACAAGAGCGGTCAGAGC
TTGACC
CCCACCTCCAAGCAGCAAAATT
GTTAGT
TAAGCTCATGTAGCTCAACCAGC
TACCG
TGGCCGTGCCTATTTTAGCTGTA
CCAGC
TAAGTTTGAGATGGCTGGTGGAG
CTGAC
GACAAACTTCTCATCGCTACCGC
TACTA
CAGCTTAAGACGTGCTAACAGCT
TCAGA
CGGTTTCAGCCCATTAACCGGTT
TCTTA
AGTGCTTGGGCTCAAACTGCTG
GTCTGA
ATTTTCACTTAAGCCGCTGCTGC
CAGCG
CAGTACCAATGGCAGAATCGTCC
CTCGT

AGCCTCAGCCAATAACTCGATGC
AGTCA
GCTCAAACTCTCTGAAATGACA
GGAGCC
GTTCCAACACAACATCTGACCA
GGTCTG
TAAAGTACCACGAATTTGCTTTG
GGGCG
CTTAGACGCTTGGGCCGAGGTTG
TT
GTAAGCCAAAACGCTGTATTTAC
CGCCA
TTATATCGCTCCAGAGGTTGTCT
CAACC
CCCAGCCTATACTTCAAGCAACA
CCTCA
ACACGACAACGCTTTGTTAGGTC
AGGCT
CCCAAGCCCATACGCTAAAACCG
TTTTA
GGTAGGAGCAGTGTAGTGCAATT
GTCTC
AGCAGCATCGGCTAAGAATTTGG
CGTTT
AGGCTCTGGAATCTTTAACATAC
CGCTG
AACCGCTAAAACCGTTGAGGAG
ACCTTG
GGTAGGTAAAACTGGGATAGGCT
CCTGA
ACCACCTCCTCACCAAAACGTTA
CCGCT
TAGCTTCGAGTTCGGTCCATGGG
AAGAC
ACCAGCACCGCCTGACATCATTT
CG
TAACTCTCTATGAGCACGGTGCA
TAGGG
CCAACAAAGCGTCACTCCAGTT
AGCGCT
TTTAAGTGGCGAGGTCACCGATG
TTTTG
TCTTTGTTTGTCGGCTTCCTCGCT
AACG




YJRO88C1 AGCGTACCACCATAATTCAGCGT TGGTGATAGCGCTTTGACCGAAG
CCAAA GTAAT
YJR107W1  ATTAGGTGCTGCTTTGGCTTCATT TAAGCCTGACATGCCCTCTCTGA
AGCC AACCG
YJR127C4 GCTTGGGATGGTGTTTGGAAATG TGCCCCACACCAAGTTGGTTTCA
AGCTA GC
YJR141W1 TTCAAGCATTATGAGCTTGCCTG  GGTAACTTGACCCAAAACAGCG
ACGGT CTACAT
YJR155W1 CATGGGTGGTGGTCGTTTCCAGT GCTTGGCTTTTTAGTGACGGCAG
CAAAG GATCG
Table S4 192 pairs of synV and synX PCRTags used in this study.
PCRTag syn-F (5'-3") syn-R (5'-3")
CAGCGGTAGTAACAAACGTCATG ATTCAAACGCTCGGTAACGGCAG
YELO7IWI ATGAC CGCTA
VELOGTC] GACGGCGCTAACGAAGATAGTGC TTGCAGCAGAAGATTCCCACCAG
TACAT ACAAT
TGAAAAGATGGCACGCAAAACA TGCTTTGGGTTTCATCGTCGACTG
YELO6ACI TGTGGG GACC
ACCATCGAAACCGGTGTTTGAGC CGAAGTTGCTGGTCCTTTGTTTC
YELOGICI TACCA AGGAC
VELOSSW?2 TGTCGGTCGTGATAGCAGAGAAT CTTTAACTGAGGGCCGCCAATGC
CATCA CGTTA
VELOS5C2 ATCAGCCAAAGGTCTGTCCAAGG CAAGGAGGCTACCTCAGCTTTGG
TTTCG TTAAA
CGGCTTGAAGAGTGTTTTCTCAA AGCAACATCGGTAACTTGGAACT
YELO52WI GAGGT CATCG
TAACAAAGCAATGTGGCTACTAC TAGCCCAGGCTTACGTTGGTATAG
YELOS0CI GGCCA AAGT
CTTCCATGAGCTTGATCTATCGTT CCAATTAGGCGGTCATAGCGTTG
YELO47C AGGG CTCGT
CGGTTTCCCAAGCCGTTTTAAAA AGCACCACGTAACTTCAAATACT
YELO44WI GCGCT CCTGG
VELO42W1 CAGTGTCGGCGCTGCCAATAGTT ACCCATAATACTGACGCCGTCGC
TG CTTCA
VELO40W1 AAGCACCGCTACTAGCAGTAGTA  GCCAGCATTGTTGCCTGACATGC
AGACC TTGAG
GAAACCATGTCTGTCGCTGAAAC
YEL036C2 CGGCTGGCAACAGGGCGATAGA
TCTGG
VELO32W3 CAGCAGTGGCGTTGGCTTAACTG AACGTCATACTGACCGAAGACTG
CT GGTTA
TGCTCGTATCACTGCTAGCGACAT AACCAACTCTCTCTCGCCTTGAA
YELO3OWI CAGC AGACC

YEL025C4

CAAAGCAGGAAAACTGTAAGCC

CGTCCCTAACAATTTGAACCAGG



TCCAAG CTGTT
CCACAGCGAGAAATCAACCAAC  AGGATACAACTGTAATCTGTCGC
YELO22WI GGTGCT CGCTG
YEL020C2 ACTCAAATCGGCGCCTGGGCTAA CTTGCCAACTCCTATGGCCAAAG
CGTTA GTATC
TGAATGACCATAGCTGTCGACGT TAATACCGCCGATCCAATCTGGCA
YELOT6CI TTGGG ATTG
YELO1SW1 AGTCTTGACCGTCGCTAGCCAAA GTCTTGTTGTGGCTGGCTTTGATG
GTGGT GGTA
CTACGAAGCTCATGTTGGCATCA TAAACCGTCCTCAACATTCTTGCT
YELOTIWI GCTCA GGCG
CAGCAGCGCCAGCGCTTATAAAA  TGGTAATGGGTGTTGATGCTGAT
YELOOTW2 GAGCT GTTGG
YERO11W1  TCCTTCAAGCAGCGCCGCTCCT GCCGTCAGTGATTTGGCIAATAG
CGCTA
YERO13W? CGGTCACGATGTCGGTTACACTA GGCAGCCTCGATATAGTCCATTTG
TCCGT TGGG
CAGCAGCTTAGGTATCAATGGCT GCCGTTAACCTCACCGTTTGAATT
YERO16WI CACGT AGCG
GGCTCCTCACAACAGTAAATCAT ACCGTCCTCATGGTTGATTTTAGC
YEROIOWI TGGGT TTCG
YER023W1  CAGTTTAGCCGCCGGTTGGACC AACACATAAACCAGCGATGGTGG
TGCCG
TAGACATGTCAGCTTCGTCGATT CTTTAAATCCTCAATTTCGGCGCC
YERO2WI GCCCA AGGT
TGAGCTTGATGAGGCGTCAATGT CAACGAGGCCAGTTTAGCTTATA
YERO27C CGTCG CCTTC
ACGTAGCCCATTGAGATTTACCA  CAATGGCTTAAAAGGCTCGATGC
YERO32WI GCAGC TAGGG
GTTTTTACTACCACCTCTCAATGG ACACAGCCAGCAGCCACATTACG
YERO033C1 GCTC CT
YER038C1 ACCTTGGCTACGTGATGAGCCGA  CACCATTACCACCACCGTTGCTA
ATAAA AATTG
CGGTCCTTCAAGCATCACCAGTC  ATGCATAATAGCAACGGTGCTAG
YERO4IWI ATTCA GCCAA
GCCATCAACCAAACTTTCACGGC ATTAAAGGGTGCTAGAATCGCCG
YERO43C AACCA GCTGC
YERO45C1 ACTGTCACCGCTAGGAATGCTTG CCCTTCAGCTGCTATCTATCCTTC
GG ATTC
TGAACTTAAACTGCTCCACTGGA TATGTTGTTGTTCGGTCCTCCTGG
YERO47C CCAAG CACC
YERO49W?, CGGCGATTTAGCTAACTTAAGCG  CTTCCACTTACGATCTGGGTCAG
GCTTA GCAAA

YERO51W1

CTCAGGTGTTTACGTTCCAAACG

GTTCTCCTCAGCTTTCTCACCGTT
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TTGGT AACC
YEROS3C1 ACGCTTGCTAGCAACGCTCATAC TAAGCAGCAGACCACCATGCCAC
TCTCA CATTC
YEROS4CI GCTCTTGCTAGGAGGCATATCAG CAGATCAGGTAACGGCGTTCAAG
TTCTA CTCGT
AGTGCCGCCGATGATAATTAAGC TTTCAGCGTTTTCGGCGCTGAATT
YER056C2 AGCCA AGGT
GATCTTGGATGGCGATACCTCAA  TGGGGTGGTGGTAACTGAGTTAC
YERO9WI ATAGC AACGT
YEROGOW?, TTTCAGCGTCTTTGGCGCTGAGT AGTGTAATCGGCAGCGTAGGTGG
TAGGT TCCAA
YERO60W- CTTCTTCAGTGTTGTTGCTGGCTT GGCAACGGTATACATACCTGGAA
Al GGCT CGTTG
YERO61C1 ACTACGACCAGGCAACAAAGCG AACCGCTTGTGCTACCGGCAACA
CTAGCA ATAGT
YEROG3IW1 TAGCGAACCAGCTGCTATCGAAG GCTATCGATGTCAGCTTGGTCTTG
AACCT GCCA
YERO64C1 GTCAGCGCTGGTTGAGCTTCTGG CGGTTTCGACGCTAGCTTAGCTC
TA CTATT
TCTGCTAAAATTGTGAACGGCCA  TATGAGAGCTAGAGCTTTCGCCC
YER065C AGGCA CTTAC
CCATCGTGCTTTGGTTGGCTTGTT GGTGTCGCTTCTAACCAATAAAC
YERO66WI AGGT CTGAG
CGATACCGCCAGCACTTTGAATA TGGCAAAGCCATGACCCAGAAAT
YEROGOWI GCAGC CAACG
YEROTOW1 GCGTCCAGGCGCTTTCGCTTTGT CTTCTCATATCTAGTGTACAAGGC
ATTTA CTCG
YERO73W1  CGGTGGTGCTCGTCACGGTTCA GATGCCGETCTGACCAAAACCGE
CAAAT
ACTGTCGCTTTCCAATGACAACA  TAGTGTCATCCCAGAATGGTTTC
YERO7SC TGCTC AGCAC
YERO7SCI TAAGCTGTTGCTGCCGGTGGCAA AGACGCTTTCGCCGAAAAATGGG
CAACT AAGGT
CGATTTGGATTATGCCACTTCACG GTCTTTCATGGCGGCGAATTGAG
YEROSIWI TGGC GAGCT
GCTCCACAAACTAACGGTGCCAT CCACTTGTTAATCACCGGTAGAA
YERO82C TGCTG AGGGC
YEROS6W1 TAGCCAAGGCGTTGGCTTAAGCA TCTCTCTTCGGCTAACTTAGCGCA
GTAGA TTCG
YEROS7W1 TCAATGGCTACCTTTGGGTTTGC GTCAGCCCAAGCTGAGACGAATG
GTAGC GAATC
YER0S9C1 ATCAGCGAAGCTTCTAACGCTGG CCCAGATATCTTGGAGCACAGCT
TTCTA TGGAC
YER091C1  GATAGGAGGACGAACGTAACGA  TCCTACCACCACCATCGGCAGTT

11



CTGCCA TTCCA
YER093C3 AAAGCTGTGGCTGTGACGACCTC TAGAGGCATGCGTGTTATTGAGG
TAGGT GTTTC
CAACCCTTCAGGTAGCGGTAGCA  ATAAGCATCGCCCAACAAATACT
YERO96WI GCAAT GAGCG
YERO98W1 TGATCCAAGTATCGCTAAGAGCC  AGCTCTGTCTTCGTAGGTGGTGC
CTTCA TACTG
GACGTCGCCAACCAATAACATTC CGCTAACTTGTTAGAAACCGCTG
YER099CI TGCTG GCTGC
GCTATGTGATAAAATGTCGTAGCC CGGCGCTGCTGTTTTAAGCGAAC
YERIOIC] GCCA ACTTT
YER103W1 CGAAAGAGCTAAACGTACCTTAA GTAGGCGACAGCCTCGTCTGGAT
GCAGC TGATA
TGGAACTGAACCTGATTCACGGC CCCACAAGGCTATGCTAACGTTT
YERI0CL TTGAC TCGCT
YER109C1 AGCGATTGACAAAGGACTGCTAG AGCCCCACCAACCAAGACCGCT
CGCTG
ATCGTCAATATGACCGCTCAAGC TTGGAATGCTATCGACGAAAGTA
YERTIOCT TGCTA CCCGT
YERILICI GCTGCTGGTGTTACCAGCTGAAA TATCGTCCCTGATGGTCCAATGCA
ATGGG ATCA
YERI13CI ACCAACGCTGTTAGCCAATGACA CCACTGCCCAGGTGCTAGCAAAA
TCCAG ATTAT
YERI16CI CTTTGAACGGCACAAGGCACAG CATGCACACTGAAGAGCCTGAAG
TGACCA CTTCA
AAAGCTGATGCTGGTACTACCGG CGCCACTGAATCAAGCCCATTAA
YERTIOCL TAGCA TCAGA
ACGTGAGGCGGTCAAAATACTTG AAGCGATAGCCCATTAGATACTG
YERIL22CL AACGG ACAGC
CAGTTCAGCCACTCGTCAATATA  ACCTTCAGGGGTGAATCTCTGCT
YERI2WI GCAGC CCCAA
YERI20W1 ATTGGCCGCCTCATCAACCAACT TGGAACATGATCGAAGTCCCAGC
CAAGT TGACG
YERI132C1 TGATGAACGACGGCTTGGAGCCT CAGACGTGCTAGCCATCCATTGC
TAGGA AAAGC
TCAATCAGTCGCTAGATATGGCA  ATGGCCTTTACTACAGACATTGTG
YERL3OWI AGAGC AGCG
TAGACCTTTCAGCTTGAGTAGTC ACCAATGGCTCTGCCCCATAAAC
YER141W1 CAGTC GG
AGTGCTTGGGGTGTTCAACTTGC CAGCGTTATCAAGCCATTATCAGG
YERI44C TCAAG TACC
YERI48W1 TGGCGCTAAGTCAGAGGACGATA GCCTGGGAATAATTCAGGCTCGT
GCAAA AACTT
YERI51C1 GCAACTGCTGGTACCAACACGGC CATCGAGCCTTTAGGCAGCATCG

12



TGTTA CTTTG
YER153C1 CAAAACGCCGGCTAACAACAAT CGCTTTGGCTCACGCTGATACCAT
GGCAAA C
ACTGAAACTAGCTCTGCTGTCAC TATCAGCGAGCGTTTCCAAGAGC
YERISSCL GACGG AGGGT
YER158C1 GGTGGTAGTGCTCAAGCTGCTAG TGTCAATAACCATGAAACCGCCG
GAACT TTCCA
YERI61CI TGGGCCGTTTGAATGCTTGCTCT AAGAAGCATCGGTGCTTCACACG
TTGAA CTCCT
GCTGGTCAACAAAACTCTCTTGC AGCTAATCCTGGTCGTGTTGCTAC
YERIGIC CGCTC CTTG
YERI66W1 CAGACAGTCAGGCTCAAACTCA  AGCCTCAGCCAATAACTCGATGC
GAAGCC AGTCA
YERLTOW1 TCGTTACGTCCATGTCCCATCAG GGTTTCACCGCTAACAGTGCCGA
GTCGT AGATA
YER174C1 GTCGTCACTGCTACCTGATGATTC CCCATGTAAGACCATGTCACAGG
CTCG TTTTG
CGAGAGACCTAGCACCTCATATA AGCAGCGACAACAGGGTCTGATT
YERT76WI GCTTG CAACA
YERL7T8W1 TGCCAGCCGTAGTAGTGCTATGA  ATCATAGGCCTTAACTTCGGCTTC
CcC GGTA
TCTTTCAAAGACTGGGTAGGTAC TTTGGATTACATCCCAGACAGTC
YERISOCI CGGCG CTAGC
YERISIW1 CGGTGGTTCATTCTTGGGTGGTT AACACCGCCAGGGGTGTTCAAA
GGTAT GCTCTA
YERI184C1 GTGTGAGGCGCTTGAGGCATCCA TGCTAGCTTGCAGAAGGGTTTGG
AGAAT CTAAT
YERISEW1 TCGTAGAAGCGACGCTTTGGGTG GTTCCAACACAACATCTGACCAG
TTACC GTCTG
TTTAGACGCTACCGAACCTCCAA  TAAAGTACCACGAATTTGCTTTG
YIL21OW TCGAT GGGCG
CAGCGACGGTCATGCTATGTTGT GACCTTTAAACCACCTCTCTCTG
YIL217WL CATCA GGGTA
CAGTATCTCAGTCTTGGCTCCAAT AACTAAGAATCTTGGGCTTTCTG
YiL2lawl GTTG GGACG
YIL213C1 GGCATAAGCGGTGCTACTGGTCA TGAGGATGTTAACAACTTGACCG
AAGCA CTACC
TGTTAGTCAAGTCAGCAGTGTTC AACCAAGTGGACGTGGTCGTGTA
YIL209W GTCAC AAGGA
YIL207CI GCTAAACAAAGCGTCGTTGCTGC CAGAGGTAGCACCGTTAGAAACG
TGGTA AAGGT
ATTTGAAGCTGAGCTGGCGTCGG TGCTGGTGCTAACTTTAGAAAGG
YIL204c¢ TTTGG TCGTC
YJL198W1 TAGTAGCGGCTTATTGAGCACTAT GCTAGTAGCATTGCCTTTAACGA
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CGCT CGCTA
GATGACACCAGCTAACTTCCATC TGCCAACTTGCCATTGAATGATG
YIL192c TGCTA GCGTC
GCTGGTATTTTCTAAGCTGCTGCT TGATGGCGTTAACCACGGTTTCC
YILI8sCl AGCA CAGTC
TAATGGTACCTATAGCTTGGTCGC TGAACGACCTAATTCCAAAACCT
YILISIWL TAGC GGTGG
YIL178C1 AGCAGTTGAACGACCCAAAATAC GAACGGTGATGGTGACAACGGC
GGCTG AAAGAC
CAACGGTGCTTACCCAAGCTTGT GGTAGCTTGAGCATTATTGGTGGT
YILI74W1 CAAAA AGTG
AGGAGGGCTTCTAGGGGTACTTA GTTGAGCTTAAGCCCATCAAGAG
YiLlescl ATGAA AACCT
YIL163C1 GCCACGACCAATGCCTAAGATGC CGCTACCATGGGTGTTGGTCCTAT
TGATA GTTC
CTTATACGGTACCGGCTTAGCTTG TGGAGGAAAACCCAAGACTGAG
YIL16IWL TTTG ACAACG
ATCTGAATCGCCTAAGGCTAAAT TGACTCACAAGCTCAAGCCACCA
YIL13ECL AGCCG CCACT
GCTTCTGCTGTTGCTGAAAGCAT CCATTCATCAGGTCACTCAGGTA
YIL1s6c CACTG GCAAA
YJL154C1 AGCTGGTGGACCTGAACGGCTG TACCGCTCCTC%TAATAGCCCTGT
VIL148W1 CGAGAGTAGCTTGACCCAGGAC GACTTCCTCGGCAACGTGAAAGT
AATTTG CTTCA
CGCTAATGGTGATGCTAACAAGA  GACCCAACCAAAGACAGTTGGA
YIL145W AAGCC ACGTTG
ACTAACGCCGATGCTGTGAACTG CGCTTACGCTTTCTTAACTGACA
YIL139C GAGCA GCGGT
TTCAAGTCACACCGCTAACGCTA GACACCCATAAAAGCGACTGAGT
YIL134WI CCGGT CTTGA
CAGTAGTCCTGGTTCATTTGACG  AATACGGCCAGTCAACTGCATAT
YIL132W1 CTCGT GGTCG
YIL130C1 GGCCAAGGCGCTACTTCTGCTTA CGCCAACAGCGTTGATGAGGCTT
ATCTA TAGCT
AGGACCTTCAGTTGAGCTGCTAG CAAAGCTCCAGCCATCATTAATAC
YIL128Cl TACTG CCCT
AACAACGTTAGCGTTTAAGCTGG CTTACAACCTACCCCAGAATTATG
YiLizscl CAGCA GACC
ACTACCGCTACTACTCCACCAATT TGTCAAAGGTGGCAGCAACAGC
YIL123CL GCTG GTTGCT
YILI21CI TGGATCGGCAGCGGTAAAGACTG TGAGGCTACCCAAGATCCATTAC
AAGTG ACTTG

YJL116C1

GGTTCTGCACAAGGCGATACTAT

CGTCAGTTTAGATTGGTTGGGTTT
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CGCTT CGGC
CGTCGATGCTGTTTTGAGTTTGG  AGCGCCGGTTTCTTCAACTTGAC
YILIIWI ACCGT GCAAT
YIL108CI GTCACTAGTTGAGGTGGTGATAG TAACAGCACCGAGTTCACCGCTG
TTTCG CTTTG
YIL103C1 GTCAGCGTCACTATGTGAGCTTG CCCAAACCCATCAGCTAGCACCA
AATCG GA
TAGAAGCTTAAACTGTGGTTGGG AGCAAACAAGGCTTTTTCGTACT
YILO9IWI ACAGC CCTCC
TAGCAGCCGTTTGTTGGTCGTTT  GATGATTCTCAATTCTGAAGCGA
YILO9TWI TGGGT CGCCG
YIL094C1 GCTCAAACTCTTTCTGACGCCGT TTTGTTCTGGCGTGAAGCTACCG
CTCTA CTGCT
YIL091CI GCTGCTTTTTTTGCTAGCAGCGA CCCAGTTACCCGTATGGTCCCTAG
CAACA A
GCTACCAGTAGCGCTACAATTGT TCACAACGTTACTGCCGTTGCTG
YILOSTCL CCAAA AATAC
VILORIWI CGAAAGAAGCAAGAACAGCTCA AACGGCGCCAATAGCTGGAGGC
AGCCCA AACAAT
YILOSOCI AGCGACTGATGATTCACTGGCCA AGTCGGCGAAGCCATTACTTACG
ACAAG CTCGT
GGTACGAGCGCCCAATGAGGTTG TCAAACTTCAGAGTTGACTACCA
YILOTSC AACTT GCCCA
YILOTACS AACCAAGGCGTCCTCAGGTAAC  TGATGCTTTGGAAGGCATCACCA
AAACCG CCACT
GGGTGCTAAGCCAAGCTCAAACT TAAGTCCAAAACGGCGACTGATC
YILOTIWL CACCT TTTGG
AGCAAAAGCGCTGCAGCTCTTAT CGCTATCGTTTTCCCAGACACCA
YILO6SC AACGT GTCCT
YILOGIW1 CAGTAATGACTTGAGCGAGCATG GTGTGGACCGTCCTTGTGACCAA
ACAGT TGTGA
ATGCAACATGCTAACTGGGTTTG AGGTAGATACATGAAGGGTAAAG
YILO38C2 GGCTA CCAGC
YILOSTCL ATAGGTATGTGAGCTACGGCTTG CGGTTTGAGCACCGAACAGTTGG
GTAAG TTAGT
TGCCAGTGGCAATATCATTCCTAG GACGACACGAGCACTATAGCCAT
YILOSZWI TAGC ATTCA
ATGGGTCCGTTCATGGAAAGAGA TGAGGTGATATCTTCAACTTCGG
YILOSIWI GCACC CAGCG
GCCACCGGTATTTGATGATTGCA  CGTTTTGCCACAAGAGATGGACG
YILo47Cl AGCTA ACACC
GCCTTGTGAAACCAATTCATGCA  CTTCTATCAACCTCCTAAGACCG
YILod4cl ACTCG GTTCA
YJL039C1  ACGTTTGCTTAAGCTAGCGACAC AGCTGCCGCTAACTTAGACGCCT
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TACCG TAGTT

ViLosew| TGGTAGCAGCAGCGGTTATGTTT  ACGTTGTGAGAATCTGTCACCAG
CATAC CGATA

viLosaw CGCTATTGTTTCAACCTTAAGCCC  GTCAACTTGGACGACCCAGTCAA
TAGC CAGCT

ViLosoc  AGCTGAGCTTGGCAAAACCAAG  CTTCAGAGTTGATGACGAAGCTG
CTTTCG GTAGT

Vil AAAACCGTCCCAGTCTAAGTTAG  CGGCGACAAAGCTATCAGAGAGT
CGACT ATGTC

ViLotows CAGCAATGTTCCTCAGCAGTACA  GCAACCTGGTTCATTCTCGCATTG
GCTCA CCAA

ViLoiac CAAACTAATTCTGACACGAGCGT — CGCTGAAGCTCATCGTTTACGTT
CGCCT GGTAC

viLoose  TGGGTCAGCGTTTAATAAATGGT — CCCACAACACAGTATCGCTTTAG
CAGGG CTATC

ViRolow| TATCAGCGGCACCGAGTTACGTA  CAACTGGATGTCAGCGCTTGAGC
GAAGA TAGTG

ViRosw| AAAGGCTTTCCCACCAAGCTCAG  GGCGTAGCTGATACTTGGAACAA
GTAGC CCATT

ViRotoc;  TGGGTGGTGTTTATGCAAGCTGC — CGAAGAGGCTACCAGCTTGTTTC
TCTCA AGAAG

VIROpsc  AACGGTGTCGGCGAATCTGACTG  TATGATCGTTGGCGGTCCAAACG
GTGAA AACGT

ViRos1c]  GAAAACGCTTGACAATGGGTGTG  GGCTGTTGAGTTGGACGTCGATT
AGGCT CAATC

ViRozsw| CGTTAACAGCCATGCTGGTTCAA  ACTACGAGCAAAAGTGATGCCGT
GCAGC CATCA

ViRozow| CAGTAGCCCAATCGTTAGTATCG  AACTTGGCTAACGGTAGCTTCCT
ACGCT CAACG

ViRosic;  GTAACTGTCTGGACCCTTACGAC — CGCTAGTGAAATCACTGATGACA
TGCAA TGGCC

ViRossc;  GCTGATATCGCTGGTGCTTAAGC — AAGTACCAATGGCGATACCCACT
CAGCA TAGGC

ViRosiw| TAGCGGCTTAGCTGGTTTGACTA  GTGAGTTCTAGGGACGCTATGGC
CCTCA CA

ViRossw|  CAGTAACTCAACTTCAGCTTTCT  AGCTAAGATGGTATCCTGGGTGT
GGAGC CATTG

virosec  GTTCAAATTACGGGTATCACCAC  CGCTTTAGATAGCAACGTTACCG
GACCA CCGAT

ViRosow| TACCAGCCCAAGTATCTCAGGTT — GTTGCTTCTTTGTGGCAAACCAG
CAGGC CATGG

ViRocac  TGAGGTTGAATCATCGCTTGGAA  CCCACAGGGTGAGCAGATTTTCA
CACGT ACTAT

YJR068W1 CCGTATCATCGATCCATTGGCTAG GTGTGGAACAACGCCGGCCAATT
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TAGA CTTCA
TAATGAAGGAACGGCGGCTGGT  CCAAGAACCTATGGTTCGTCATG
YJRO70C1 GAG AAGCT
YIROTAW1 TGTTCCTCCAGGTTTCATCGATGC AGCTTGGCTAGCCTCCTCTTTGG
CAGC TTAAT
ATTACGTCTGGTGGTAGTACTGCT TGAAATGGGTGGTGACGTCGGTA
YIRO76C1 GCTA CCATC
GCTGGTAGGGGTGCTTTCGCTTG TTCAGATCATGCTTCACCAATCAG
YIRO83C ATCTA CACC
YIROSOW1 GTCAAGCTCAGTCATCAGCACCC GCTAGCAATTGGAGTACCGGTCT
CAGTT CG
GCTGCTCCAGATACCTGAGCTGG TAAAAATGGCGCCGAGTTCAGTA
YIRO9IC TTCTT GCTCA
GCTTGATGAAAAACTATAGGCAG TGCTAGTGACAACGTTTACGAGG
YIRO9AC CGGCG CTGAC
CAAGAGCAAGGGCTTGGTTGTTG ATCGGTACATTCCCAGTCAGTTG
YIROIGWI AAGCT GCTCG
GTAACCGCCACCGAAGCTCAAA  CGATAGTACCCATTACCATGATGG
YIRI00C AAGCCA CAAG
ACATGTTATCAGTCGTGAAAGAC AGTTGGCTTGGTTTTCTGTTCGCC
YIRIOSWI GTGGC GTGG
CATCAGCGACCCAAATTCATTGA AACCTCGCCGATGCTCAAGCTAA
YIRI06WI GAAGC CGCTA
GTCATCGGTTGACTCGGCACGTT TCACGTTCCTTTGCCACCTTCAG
YIRI09C TACTA GCATC
CCCTCAAAGTTTTCGTGTCGTTA  GTAGGTTCTAGCGGTTAACTCTT
YIR122W CCAGT GACCA
GCTGCTAGGAATAGTACTGCTAG TGCTTTAGTCGGTACCATCGGTTC
YIRI24C1 CCATG AGCC
TGAGTTAGCGTCGCCAGCTGATG TAGCGTTCCAATGTCAGCCCGTG
YIRI26C1 AGCTA ACGTT
ACGGATGGTAGCACTCAACAAGC CCACAAACCATTGCAAGAGTTAG
YIRI29CT ATAAC CTCCA
TTCAATCGTCACCCAGTTGGCCA  ACCGGTCAAAGGATCCTCTTCCA
YIRI32WI GCAGA AATCG
ACCATTGCTGTTGCTCAACTGAA  GTTGGGTGAATTGGAATCAGACC
YIRI3ACT CTGAG CAAGC
GGTCTGCAACAATAAGACGCCTC TTGCGCTATCACCGTTAGTGACG
YIRI36CT TCAAC AGGTT
TAGTACCGGCTCAAGCAATGACC  ATCTGGATTGTGGACACGATCGT
YIRIIEWI CTTCA AGTGA
GCTGACATCATTGACAGCGCTTG CATGAAAGGTGCTTTAACCAGCC
YIRI40C ATTCG CAGTT

YJR147W1

TTTGAGCTTAGTCAAGGCCCACC

ATGTTGCAAGCAGCTATCTGGAC
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AGAGC AAACG

Table S5 Summary of insertion sites in the nanopore sequencing strains.

Strain Length of Gene involved Distance from
name insertion the wt
(bp) centromere (bp)

yLIY003 183,046 YJRI138W,YER186C-YER188W, 236,094

YJRO75W,YJL197W-YJL193W,YER159C-YERI
58C,YJLO49W,YJLO50W,
YER176W-YER175C,YJL191W,YJL192C,YJL19
TW-YJL193W,YJLOS5W-YJL0O57C,
YJL213W,YJL159W,YJL160C,YJR014W-YJRO1
1C,YJL110C,YJL109C,YJLO73W-YJLO77W-A,Y
JL171C-YJL174W,YJL148W,YELO71W,YEL072
W,YJL105W,YER167W-YER169W,YJR127C-Y]J
R128W,YER124C-YER128W,YEL009C-YEL006
W,YER162C-YER164W,YJR068W,YJR067C,YJ
RI21W-YJR119C,YJL198W-YJL200C,YELO09C
-YELOO6W,YER132C,YER135C-YERI33W-A,Y
EL030C-A,YELO30WYELO049W,YEL044W-YEL
046C,YER048C,YER053C-A-YER052C

yLIY019 9,229 YJLO045W,YJL092W,YJL093C,YJL104W 200,017

6,187 YJLO92W,YJL105W,YJL104W 86,544

yLIY034 5,985 YEL059C-A-YELO56W 108,058

yLIY047 108,307 YERO038C-YERO089C 75,797

187,522 YIJL209W-YJL102W 202,846

10,100 YJRI55W-YJR158W 279,290

yLIY 048 34,996 YELO72W-YELO057C 106,974

90,146 YERO008C-YERO053C 16,006

74,641 YER158C-YER188W 333,310

41,478 YJR141W-YJR158W 247,664

yLIY052 261,140 YER188W-YER066W 138,118

172,316 YIL167W-YJLO82W 153,118

yLIY053 57,674 YER166W-YER188W 355,000

85,569 YIJL222W-YJL174W 334,165

73,094 YJLO79C-YJLO42W 73,149

4,442 YJR110W-YJR113C 185,554

41,469 YJR141W-YJR158W 247,679

yLIY054 155,077 YER118C-YER188W 245,758

55,094 YJL102W-YJL0O80C 149,214

25,191 YJRI51C-YJR158W 263,816

18



yLIY057
yLIY058

yLIY059

yLIY060

yLIY061

yLIY062

yLIY063

yLIY064

yLIY065

yLIY066

yLIY067

3,944 YELO055C 99,609
101,714 YELO70W-YELO18W 28,852
286,115 YERO55C-YER188W 112,791
149,966 YJLO98W-YJL0O26W 43,448

17,517 YJR152W-YJR158W 271,187

50,366 YELO70W-YEL044W 82,072
305,492 YER047C-YER188W 92,725
129,922 YJL221C-YJL145W 284,763
56,007 YJL101C-YJLO79C 145,175
145,081 YERO77C-YER150W 162,867

2,563 YELO59C-A-YELOS8W 108,010
22,687 YERO087C-B-YER096W 178,081

3,689 YERI152W-A-YER154W 317,986
30,812 YJL204C-YJL184W 344,962

15,044 YJL129C-YJL120W 236,646

2,357 YJL092W,YJL091C 172,983

2,699 YJL049W,YJL048C 86,396
44,069 YELO70W-YEL049W 88,277
21,064 YERO06W-YERO014W 10,660
196,635 YERO51W-YER188W 102,222
40,823 YJL100W-YJLO084C 158,644

52,433 YJR061W-YJR092W 101,882
128,914 YJRO95SW-YJR158W 161,641
29,456 YELO048C-YELO31W 58,415
57,944 YJL222W-YJL196C 361,838

2,113 YJL093C 179,685
97,674 YJR064W-YJR123W 107,536
33,741 YELO68C-YELOSIW 93,185
33,420 YERIO3W-YER117W 210,491

15,855 YER144C-YER152W-A 295,689

4,611 YERI79W-YER183C 379,786
69,131 YJL215C-YJL174W 335,180
59,875 YJL171C-YJL135W 270,432
94,105 YJL132W-YJL090C 172,019
42,057 YJLO87C-YJL069C 47,118
67,228 YJRO95W-YJR134C 160,197
76,787 YELO70W-YEL029C 54,651
98,127 YER147C-YER188W 310,085
75,917 YJR127C-YJR158W 210,541
117,938 YERI133W-A-YER188W 287,756
70,590 YJLO79C-YJL043W 75,597
77,679 YJR126C-YJR158W 208,807
57,840 YELO71W-YEL042W 77,007
156,476 YERO0SC-YERO082C 15,641
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18,560 YIL222W-YJL214W 401,591

32,687 YJL213W-YJL197TW 365,123

54,986 YJLO98W-YJLO76W 138,003

yLIY068 59,646 YERO086W-YER113C 176,586
10,596 YERI139C-YER145C 296,001

11,014 YERI184C-YER188W 397,892

1,261 YJLO78C 143,650

25,171 YJR150C-YJR158W 260,674

yLIYO070 46,167 YEL044W-YEL022W 34,597
43,417 YJR066W-YJR092W 110,825

125,537 YJRO95SW-YJR158W 161,873

yLIY071 114,541 YERO077C-YER132C 162,866
18,557 YIL222W-YJL214W 401,575

yLIYO072 78,359 YER093C-YER130C 191,056
90,826 YJL222W-YJL171C 329,293

7,819 YJR154W-YJR158W 277,138

yLIY074 122,718 YERO086W-YER145C 176,580
88,120 YJL222W-YJL172W 330,775
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