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Supplementary Figure S1. Schematic diagram of distribution of sectional non-essential and essential genes on synlll. The
loxPsym elements were introduced into synlll, which divided the chromosome into sections. Some non-essential genes and

essential genes on synlll were located in the same interval.
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Supplementary Figure S2. Schematic diagram of deleting essential genes on synlll by SCRaMbLE with clustered essential
genes. (A) Validation of synthetic PCRTags in 13 essential genes. The control strain represents a synthetic yeast harboring synIII.
Three of SCRaMbLEd strains (yWPX023, yWPX030 and yWPX038) were tested to explain the deletion of essential genes. The
essential genes KRR1, SPBI, PBNI and PGK1 were deleted in yWPX023. The essential genes KRRI, SPB1, and PBNI were
deleted in yWPXO030. The essential genes KRR, SPB1, PBN1, PDII, and CDC39 were deleted in yWPX038. (B) Depth map of
synllII from whole-genome sequencing displayed deletion of essential genes. Two of SCRaMbLEd strains (yWPX025 and
yWPX027) were illustrated to explain the deletion of essential genes. The essential genes KRR/ and PGKI were deleted in a
SCRaMbLEd strain yWPX025. The essential genes NF'S/ and PGK I were deleted in a SCRaMbLEd strain yWPX027.
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Supplementary Figure S3. Genotypes of SCRaMbLEd strains with deletion of large fragments. The genomic sequence

comparison between the sequencing strain and the reference strain to show the deletion and replication of the sequencing strain.

Due to the presence of clustered essential genes, the depth of essential genes in deleted intervals has not completely disappeared.
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Supplementary Figure S4. Real-time qPCR analysis for the validation of gene expression. (A) Schematic diagram of gene order
in GD plasmid and inversion of SPB/ in GD-2 plasmid. The yellow, green and red bars represent 500bp upstream the gene ORF,
gene ORF, and 300bp downstream the gene ORF, respectively. (B) The bar chart shows relative gene expression of SPB1.
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Supplementary Figure SS. Deletions of the 141 SCRaMbLEd strains in 48 pairs of PCRTags. The white bars

represent the parental types. The red, green and grey bars represent deletions in SCRaMbLEd strains that were
SCRaMbLEd only once and harbored GD, SD and RD plasmids, respectively. The blue bars represent the deletions in
strains with multiple rounds of SCRaMbLE.
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Supplementary Figure S6. PCRTag analysis of spores. The control group refers to spores produced from a diploid strain that was

SYN-LSB5 + SYN-STP22

WTI-LSBS »

WI-STpP22 +~
SYN-STP22

WT-STP22 —
SYN-STP22

tn

WT-YCL002C
SYN-YCL002C &

obtained by mating BY4741 with synllIl. Spores derived from diploid strains with individual deletion of synIII 48-61kb, 82-96kb,
82-88kb, and 88-96kb were tested. From control, A48-61kb and A88-96kb groups, complete four spores could derived. Haploid
spores with deletion of synIIl 82-96kb or 82-88kb were inviable.
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Supplementary Figure S7. Phenotype of strains with the individual ORFs and adjacent two ORFs knocked out in the region of
synlIl 82-88kb. The strains were grown on YPD medium at 30°C.
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Supplementary Figure S8. Validation of the assembly of SD plasmid. (A) Verification of wild-type (WT) and synthetic (SYN)
essential genes on three plasmids using PCRTags. (B) QPCR analysis of the transcription of CDC39 in the correct SD plasmid.
The bar chart shows relative gene expression of CDC39.



Supplementary Table S1. PCRTags of synthetic chromosome III used in this study

E"SgRs ORF Forward primer (5°-3”) Reverse primer (5°-3”)

1 YCL064C ATCTTTGATGGTGTTGCTGCTACCACCG CAGCTTGGGTACCGCTGTTATTAGCAAC
2 YCL059C GTCGACTTTTCGTGGTAGTTGAGCTGGT GCTAGCTCGAAGCGTCCCATTTCCA

3 YCLOSIW TGACGCTCTAAAAACCCGACCACGAAGC CTTGCTTGGAGTGTAAGCCAAGCTGCTT
4 YCL049C GACGTGATAATATCGGCTCCAGGCAGAG AATTAGCGTTCCTTACAACTGGACCAGC
5 YCL045C TAGTTGGCTGTCGCTACCAGGTAGCAAG TCCTGACGAACGACTAAGCAATAGCTCT
6 YCL043C GAAAGCTTCTTCGCTCAATTGTGGTAGG TGAATCTGGCCTACCACTAGGCTATTTG
7 YCLO39W CTCTAGCCCATTGCGAAGCGAATGGTTG GCTAGCGCTGTTGGTAACAGGGTGAAAA
8 YCL033C ATCTAGCGTTTCTCGACCAAGCAGCAGC GCTCAAAGCGCTTGGGAAATGAGTGACA
9 YCL030C GTAGACACCTCGGCCTAGGTCAATAGCT AAGCCTACCTTCTGGCAAGTTTTCTGAC
10 YCL029C GGCTTTTCGATCGCTGCTCAAAATGCTA TAGCATCAGCCAAACTAGCCGACGAACC
11 YCL026C-A TAGGTTGGCACCTAGACCTAGCAATTCC CGCCGAAGCTAAAAAACGACCTGAAAGC
12 YCL025C GCCTAGTTCACCCAAGCTTCGACCTTGA TGCTGTCATCTTGTTGAGCGTTTTGAGC
13 YCLO17C GCCGCTGCTCAAAGCAATGTCTCGCAAA AGGTATCGGCGCTATTTACGTTCGACGA
14 YCLO14W GATCAGCCAACGACACCCAAAAAGCCCT  GCTGCTGCTGTTGGTAGCTTTACCGATG
15 YCLO1IC AACGCTGCCAAAACCTCGGCTGAAACCA CGCTATCAGCAAATTCGACGGCGCTTTG
16 YCL0O0SC AACGTGGCTGGTGCTAGAGAATTGTTGA AAGCCCTCATTTGAAGCCACCTCTACCA
17 YCL002C AGCGTTAGTTGGGATAACCAATCGGCCC CAGCAGCTTGGTTCGAGAACAATTGAGC
18 YCR002C AGCATTAGAGCTCATGTGGGCGCTGCTT TTTTCGAGGTCGAAAGACCCGATGGTCT
19 YCR005C ACCTGGAGCAACTTCATAGATGCTGCTG TAGCGCTTTGAGCAGCCCATACTTGAGC
20 YCR009C AGATAGTTCCTTTTCGGCTCGAGGCAAC TCTAGATAGCCTACGAGCCGTTACCGCT
21 YCROI12W TCTAGCCAGCCATCTAGGCCGACCTAAT GTCGGCTAGGCTAGATAGTTCATGTCGA
22 YCRO15C AACTTTGTCGCTACCGGTTAGCAATCGG AAGCTTGCCACTATTGAGCAGCGGTGTT
23 YCRO17C CAATTCACCGACAGGGCTTGGTAGCAAG TTTGTTGAGCTTGACCGCCCGATTTGTT
24 YCR023C GCTGCTTTGGCTTTGGCTGTTATAAGCG CAGCTCTCCACTATCTTGCCGAAGCGTT
25 YCR0O26C CAAGCTTGGGTGAAAGCCATCCAAGCTG TGCTAAGGACTCTCGAGACGGCAGCAAT
26 YCR027C GGCCAACTTTTCACCTTCGGCCTTGGTA GAGCCTAACCGGTGTTAGAGGTATCATC
27 YCRO30C TGGAGGGCTAGATTGTTGAGGGGTGCTT ATTGGCTAGCGCTAGCAGCTCTTTGACC
28 YCRO32W GGCTGGTCGAAGCTTTAATGACCTAACT GCTAGACCAAGCTCGTTCCAAGCTAGAG
29 YCRO33W ATCTAGCGTTTCTCGACCAAGCAGCAGC GCTCAAAGCGCTTGGGAAATGAGTGACA
30 YCRO34W GCCTTTGTCTACCCTACCACCAGTTTTG AACCCAGCTGATGCTGGTAGTACCCATT
31 YCR038C AGGGTGAACAACAACCTTCAATCGTTGG TGCCTTGAATGTTAGCCCTTGGAGCTTG
32 YCR045C TCGTTTTAGTCTGATTTCGCCCAATGGC TGGTGTTGAAATCGAAAGCTTGAGCCAC
33 YCRO52W CCGACGACGATTGGACACCAGCATTAAC CAAAGATAGGCTGCTGTCTCGCTTTCGT
34 YCR054C ATCCTTTTGTGGGGTGTCGTTGTCTCGA ACCTGCTAGCTTGAACGAAAACTCTAGC
35 YCROGIW CGGTACTACCAGCGTTTTGTTGTTGGTC GCTGCTCAAGCTAAATAGGGTATCTCGA
36 YCRO65SW GAGCCCAGACCATAGCAGCCCT GCCTTTGCCGTCACAGCTTTTTTCGGTT
37 YCR067C GATGCTATCTTGGCTAGCGCTGGTGCTT AAGCTTGAGCCATATGCCAAGCAGCAGC
38 YCRO72C GCAGCTAACCAACAATCTACAATCGCTG CCTAAAAAGCCACGCTCATTGGGTCAAC
39 YCR0O73C AACACCGCTTTGATGTAGGTAAGCTAGG TTTGTTGAGCTTGGCTAGCAGCTTGAGC
40 YCRO75C GCTAGCCAAGTCGTGACCTCTGCTT GGCTAGCTTGGCTATCTTCAGCTTGTTG
41 YCR0O77C GCTGCTGCTACCGCTGCTAGCT CCGAGCTTACCTAGAACACAGCGGTCAT
42 YCROSIW ACACGAACTATCTAGCAGCCATACCAGC CAACAAATGCATGCTGATAGCGTCGTCA
43 YCR084C GCTGTCCAAGTCTAGCAAAAATGGAGGA  CGGCAGCCCTAGCGCTTTTCCT

44 YCROSSW TGCTCCTTCTTTGCCAAGCCGAAATAGC GTTAGATGGAAACAAGCCCTTGCTACCA
45 YCROS9W CAGCTCTAGCAGCTTGGCTAGCACTAAG GCTGCTTGGCAAGCTATAACCGCTGCTA
46 YCRO9IW TGAAGCTAAGCGATTGGGCAGCAAGAGC  AGATCGGTGGCTAGAATTGTGTCGAGGT
47 YCRO93W TTTCGGTGGTGAAGGCAGCATCAGCCAT AGCGGCGGTTTTTAGTTTGCTTTCGTCG

I
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YCR095C

GCTGTGGGTTCGGTTGTTTTCCAATGGT

TGCTGTCCCAGTTAAGTCTAGCAGCGTT




Supplementary Table S2. Whole genome sequencing strains involved in this study

Strains

Sample name

File name 1

File name 2

OO DN B~ W N —

yWPX001
yWPX019
yWPX020
yWPX021
yWPX023
yWPX025
yWPX027
yWPX028
yWPX029
yWPX030
yWPX031
yWPX032
yWPX033
yWPX034
yWPX035
yWPX036
yWPX037
yWPX038
yWPX039
yWPX040
yWPX041
yWPX050
yWPX052
yWPX053
yWPX062
yWPX098
yWPX099
yWPX101
yWPX103
yWPX107
yWPX108
yWPX110
yWPX111
yWPX112
yWPX114

yWPX001.IS300_Clean.1.fq.gz
yWPX019.IS300 Clean.1.fq.gz
yWPX020.IS300_Clean.1.fq.gz
yWPX021.IS300_Clean.1.fq.gz
yWPX023.IS300_Clean.1.fq.gz
yWPX025.1S300 Clean.1.fq.gz
yWPX027.1S300_Clean.1.fq.gz
yWPX028.IS300_Clean.1.fq.gz
ATO08406.1S300 Clean.1.fq.gz
AT08407.1S300_Clean.1.fq.gz
yWPX031.IS300 Clean.1.fq.gz
ATO08408.1S300 Clean.1.fq.gz
AT08409.1S300_Clean.1.fq.gz
ATO08410.IS300 Clean.1.fq.gz
ATO08411.IS300 Clean.1.fq.gz
ATO08412.1S300 Clean.1.fq.gz
yWPX037.IS300 Clean.1.fq.gz
yWPX038.IS300_Clean.1.fq.gz
yWPX039.IS300_Clean.1.fq.gz
yWPX040.IS300 Clean.1.fq.gz
yWPX041.IS300 Clean.1.fq.gz
yWPX050.IS300 Clean.1.fq.gz
ATO08420.IS300_Clean.1.fq.gz
yWPX053.IS300 Clean.1.fq.gz
yWPX062.1S300_Clean.1.fq.gz
AT08421.1S300_Clean.1.fq.gz
ATO08422.1S300 Clean.1.fq.gz
ATO08388.1S300 Clean.1.fq.gz
ATO08390.IS300_Clean.1.fq.gz
ATO08394.1S300 Clean.1.fq.gz
ATO08395.1S300_Clean.1.fq.gz
ATO08397.1S300 Clean.1.fq.gz
ATO08398.IS300_Clean.1.fq.gz
AT08399.1S300_Clean.1.fq.gz
ATO08401.IS300 Clean.1.fq.gz

yWPX001.IS300_Clean.2.fq.gz
yWPX019.IS300_Clean.2.fq.gz
yWPX020.IS300 Clean.2.fq.gz
yWPXO021.IS300_Clean.2.fq.gz
yWPX023.IS300_Clean.2.fq.gz
yWPX025.1S300 Clean.2.fq.gz
yWPX027.1S300_Clean.2.fq.gz
yWPX028.IS300_Clean.2.fq.gz
ATO08406.IS300 Clean.2.fq.gz
AT08407.1S300_Clean.2.fq.gz
yWPX031.IS300 Clean.2.fq.gz
ATO08408.1S300_Clean.2.fq.gz
ATO08409.1S300_Clean.2.fq.gz
ATO08410.IS300 Clean.2.fq.gz
ATO08411.1S300 Clean.2.fq.gz
ATO08412.1S300 Clean.2.fq.gz
yWPX037.IS300 Clean.2.fq.gz
yWPX038.IS300_Clean.2.fq.gz
yWPX039.IS300_ Clean.2.fq.gz
yWPX040.IS300 Clean.2.fq.gz
yWPX041.IS300_ Clean.2.fq.gz
yWPX050.IS300_Clean.2.fq.gz
ATO08420.IS300 Clean.2.fq.gz
yWPX053.IS300_Clean.2.fq.gz
yWPX062.IS300 Clean.2.fq.gz
AT08421.IS300_Clean.2.fq.gz
ATO08422.1S300 Clean.2.fq.gz
ATO08388.1S300_Clean.2.fq.gz
ATO08390.IS300_Clean.2.fq.gz
ATO08394.1S300 Clean.2.fq.gz
ATO08395.1S300_Clean.2.fq.gz
ATO08397.1S300 Clean.2.fq.gz
ATO08398.IS300 Clean.2.fq.gz
AT08399.1S300_Clean.2.fq.gz
ATO08401.IS300 Clean.2.fq.gz

Supplementary Table S3. Yeast strains and plasmids used in this study

Designation Description Remarks
strains
BY4741 MATa his3A41 leu2A40 met1 540 ura340
MATa his3A41 leu2A0 lys240 ura340 SYN3-272123bp
yLMI97 SUP61(tRNA) integrated at HO Narayana et al.[11]
plasmids
pLMO006 pRS413-SCW11-Cre-EBD Narayana et al.[11]
GD pRS413, KRR1-SPB1-PBN1-PDI1-RRP7-NFS1-PGS1- This stud
PGK1-RSC6-CTR86-RRP43-PEP2-RSA4-CDC39 Y
SD pRS413, KRR1-SPB1-PBN1-PDI1-RRP7-NFS1-PGS1- This stud
PGK 1-RSC6-CTR86-RRP43-PEP2-RSA4-CDC39 s study
RD pRS415, PDI1-KRR1-SPB1-PBN1-RSC6-RSA1-PGS1- This study

PGKI-NFSI1-RRP7-RRP43-PWP2-CTR86-CDC39




Supplementary Table S4. Primers used in this study for quantitative PCR (qPCR)

Primers Forward primer (5°-3”) Reverse primer (5°-3”)

WT-CDC39-1 TCTTTCTTCTTCACCTGCAGAGGAGCTT CGACTGGGATGGCTGATTCAAACGGCTT
SYN-CDC39-1 CTTGAGCAGCAGCCCAGCTGAAGAATTG GCTTTGGCTAGGTTGGTTTAGTCGAGAC
WT-SPBI-1 TAGAAGGTCGGAAAGGGATGCCAAGTTT GGAGTCATCACTTGAACTCTCATCCGAA
SYN-SPBI-1 CCGACGAAGCGAACGAGACGCTAAATTC GCTATCGTCAGAGCTAGATTCGTCGCTG
WT-SPBI-2 TGCATCCAAACTCTGTCCTGTCAACTCC TAATCTTGGGTCCAGCCTCTTTGGTGCC
SYN-SPBI-1 CGCTAGCAAGTTGTGCCCAGTTAATAGC CAATCGAGGATCCAATCGTTTAGGAGCT
WT-SPBI-3 GGCACATCAGTTAGCATTGGGTCAGAAA GTCTGAATCATCGTTAATCAAGCCCGCC
SYN-SPBI-1 AGCTCACCAATTGGCTCTAGGCCAAAAG ATCGCTGTCGTCATTGATTAGACCAGCT

Supplementary Table S5. Primers used in segment knockout and validation

Regions/primers

Forward primer (5°-3”)

Reverse primer (5°-3”)

synlIl 48-61kb
synlII 48-61kb
synllI 82-96kb
synllI 82-96kb
synlIl 82-88kb
synlIl 82-88kb
synlII 88-96kb
synlII 88-96kb
synlll 151-200kb
synlll 151-200kb
gbp2

sgf29

ilve

stp22

vma9

gbp2- sgf29
sgf29-ilvé
ilv6-stp22

stp22-vma9

V-GBP2
V-SGF29
V-ILV6
V-STP22
V-VMA9
V-URA

taagcgtaccatcccttgatattg

ACAAATTAGAGCTTCAATTTAATTATATC
AGTTATTACCC Catgattcagttcgccttetatce

agaacatcgcctgtgagaattatcg

ACAAATTAGAGCTTCAATTTAATTATATC
AGTTATTACCC Ctcaatagcttgcagegtage

agaacatcgcctgtgagaattatcg

GCTTCAATTTAATTATATCAGTTATTACCCt
gtcgagtatatcaagccaag

tggtagaggtggcttcaaatgag

ACAAATTAGAGCTTCAATTTAATTATATC
AGTTATTACCCtcaatagcttgcagegtage

agagctatcacaggcattattcac

ACAAATTAGAGCTTCAATTTAATTATATC
AGTTATTACCCacgaagttattgattacgagtcgaag
cataaagtacacaggtcatggttcggttggtecttaggaaGAGTG
CACCATACCACAGC
agaagatcttatgatatgtagtaaatgttaaccaccattgGAGTGC
ACCATACCACAGC
aggagagtcccgagggcegatcgecaaggecgagagactaacGA
GTGCACCATACCACAGC
atattttttatggcacttcggcgatgcgaaagaaagtgagGAGTG
CACCATACCACAGC
aagaaacaaaggtccaacgaataataaagaacaaagagtaGAG
TGCACCATACCACAGC
cataaagtacacaggtcatggttcggttggtecttaggaaGAGTG
CACCATACCACAGC
agaagatcttatgatatgtagtaaatgttaaccaccattgGAGTGC
ACCATACCACAGC
aggagagtcccgagggcegatcgcaaggecgagagactaacGA
GTGCACCATACCACAGC
atattttttatggcacttcggcgatgcgaaagaaagtgagGAGTG
CACCATACCACAGC

tcgcttttcgcatctcateg

agtgaatacatcacttccgacg

tcacctcgtacaaacgtacaatc

taccattccccgttettgttagg

tggccgttaagataccaactg

tegcttttcgeatctcateg

TAAAAAAAAAATGATGAATTGAATTGAAAA
GCTGTGGTATtgaatccgagtcttecttataaagg

tagtatacaggaatgcatccacaac

TAAAAAAAAAATGATGAATTGAATTGAAAA
GCTGTGGTATtggaacccctattgatccaaaage

agaacgagtacaacacccgatc

TAAAAAAAAAATGATGAATTGAATTGAAAA
GCTGTGGTATtggaacccctattgatccaaaage

tcctectacagttgetgatg

TAAAAAAAAAATGATGAATTGAATTGAAAA
GCTGTGGTATacgtcacttggcttgatatactcg

agaacgagtacaacacccgatc

TAAAAAAAAAATGATGAATTGAATTGAAAA
GCTGTGGTATagtaccaaatagctaatctgee

tcatgetctttacegttgete

gcgaaaaggaaacaaacatcagcetggattttttcgccaagACAGT
TTTTTAGTTTTGCTGGC
ggagtttttcacagcaaaacacacggtcacctttcttatt ACAGTTT
TTTAGTTTTGCTGGC
aatctttagaacatctgagctcactaacccagtetttcta ACAGTTT
TTTAGTTTTGCTGGC
atcttaacggccaagaaaagagagagagtgaagagcaacgACAG
TTTTTTAGTTTTGCTGGC
atactcaggaaacgtcacttggcttgatatactcgacgct ACAGTT
TTTTAGTTTTGCTGGC
ggagtttttcacagcaaaacacacggtcacctttcttatt ACAGTTT
TTTAGTTTTGCTGGC
aatctttagaacatctgagctcactaacccagtctttctaACAGTTT
TTTAGTTTTGCTGGC
atcttaacggccaagaaaagagagagagtgaagagcaacgACAG
TTTTTTAGTTTTGCTGGC
atactcaggaaacgtcacttggcttgatatactcgacgct ACAGTT
TTTTAGTTTTGCTGGC

tgtccacattgatgaaactgcag

agttggcagatcgtactggac

tctacgecgtectagactatace

tgacgagacagaccgtcatg

acttctccaaacactgtacgac
TGCCTTTAGCGGCTTAACTG




