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Supplementary Text 
Replication and pairing of artificial chromosomes 

DNA sequence composition and chromatin factors, including nucleosomes, are essential 
drivers of the replication timing, prompting us to investigate how this timing is established in Y 
and U chromatin (92).  

In yeast, replication initiates at the level of discrete, small autonomous replication 
sequences (ARS) positioned along all chromosomes. To investigate the replication timing profile 
of both bacterial chromosomes, which did not spontaneously evolve to contain these sequences, 
we used Repliscore (Methods)(93). Mpneumo Repliscore profile exhibits DNA copy number 
variation comparable to that observed along chrXII, indicative of early or mid-S phase firing of 
multiple replication origins (Fig. S1C). This copy number is anti-correlated with GC%, 
consistent with AT-rich regions replicating earlier. In contrast, DNA copy number variation 
along Mmyco unveils the early firing of only the centromere-proximal ARS which was 
artificially integrated during chromosome assembly (Fig. S1C). The average copy number of the 
rest of the Mmyco chromosome appears flat and is not anti-correlated with the GC%. Thus, the 
replication of U-type chromatin occurs later during the S phase despite its AT-rich sequence 
composition. These observations confirm the predominant role of chromatin composition in the 
replication timing, and indicate a heterochromatin-like effect exerted by the U-type chromatin. 
This pattern is reminiscent of the random and late-replication pattern displayed by the human 
inactive chromosome X (94). 

DNA replication and SCC are closely related as cohesion is established during S phase 
through entrapment of sister DNA molecules by cohesin rings as the replication fork progresses 
(20). We therefore investigated SCC by performing image analysis of chromosome pairing 
(Methods; Fig. S1D). Despite the strong enrichment in Scc1 deposition, SCC in Mmyco appears 
significantly reduced, in agreement with the flat replication pattern suggesting a late and random 
initiation of the replication process. On the other hand, the endogenous yeast chromosomes in 
Mmyco strain did not display a significant decrease in SCC (Fig. S1D), despite the apparent loss 
of cohesin at centromeres. 
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Fig. S1. Characterization of Mpneumo and Mmyco strains metabolism.  

A, Dinucleotide over-representation (ρ*(XY)) in yeast chromosome XVI, Mpneumo and Mmyco 

chromosomes. 

B, Schematic representation of the CRISPR-Cas9 strategy applied to linearize and telomerize the 

circular bacterial genomes.  

C, MFA (replication profile) analysis of a representative WT yeast chromosome, and of Mmcyo 

and Mpneumo chromosomes. 

D, Cohesin split dot assays in WT strain (TetO array in chr. V), or in Myco strain (TetO array in 

chr. V or Myco. chromosome). Top left: % of split cohesin dots in each strain upon G1-release; 

bottom left: cell ploidy upon G1-release; right: representative cohesin immuofluorescence 

imaging in each strain following G1-release. 

E, Growth curves of WT, Mpneumo and Mmyco strains. For each strain, 3 independent cultures 

were performed. A pRS413 centromeric plasmid similar to the one onto which bacterial 

chromosomes were originally cloned is included in the WT strain as a control.  

F, The chromosome stability and the segregation rate were measured as described in (67) 

(Methods). Yeast strains used are RSG_Y712 (Mmyco linear) and RSG_Y960 (Mpneumo 

linear). P1: % of bacterial chromosome-carrying cells in selective media. g: number of doubling. 

P2: of bacterial chromosome-carrying cells after 12 generations in non-selective media. m: 

segregation rate, i.e. % of plasmid-free segregants appearing in the final population after a single 

doubling. 
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Fig. S2. Replication of bacterial genomes in yeast.  

A, Pearson correlation between replicates of MNase and ChIP experiments. Bin size: 100bp.  

B, Coverage of sub-nucleosomal (smaller than 130bp) or nucleosomal (between 130 and 165bp) 

fragments over 2kb-long genomic loci from chr. II, Mpneumo and Mmyco chromosomes, over 

an MNase digestion timecourse. All the tracks are displayed at the same scale (0-20 CPM).  

C, Number of poly-dA, poly-dT and poly-dW (dA/dT) stretches of various lengths in the yeast 

genome and over the Mpneumo and Mmyco chromosomes. Stretch numbers are scaled to 147bp.  

D, Power spectral density (PSD) of WW 10-bp periodicity, in 300bp-long sequences centered 

over yeast TSSs or along the Mpneumo or Mmyco chromosomes. Random sequences were 

generated by shuffling actual sequences while preserving dinucleotide frequency.  

E, Cohesin (Scc1) enrichment over yeast centromeres and yeast arms in WT, Mpneumo and 

Mmyco strains. Scc1 signal over arms was calculated outside of any Scc1 peak.  

F, Representative 80kb window of Scc1 ChIP-seq deposition signal over yeast chr. IV in the 

WT, Mpneumo, and Mmyco strains.  

G, Aggregated profile of Scc1 deposition centered at Scc1 peaks (+/- 2kb) called over all 

endogenous (left panels) or only chr. II (right panels) yeast chromosomes in the WT, Mpneumo 

and Mmyco strains.  

H, Aggregated profile of MNase-seq (blue) or Pol. II (green) deposition centered at Scc1 peaks 

(+/- 2kb) called over the yeast chromosome II (left) or the Mpneumo chromosome (right). 
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Fig. S3. Chromatin accessibility of bacterial chromosomes in yeast. 

A, ATAC-seq profiles (chromatin/gDNA) obtained in the Mpneumo strain (S. cerevisiae + M. 

pneumoniae) and Mmyco strain (S. cerevisiae + M. mycoides) (10kb-long genomic windows 

over the chromosome IV, Mpneumo and Mmyco chromosomes). 

B-C, ATAC-seq analysis comparing S. cerevisiae with M. pneumoniae (B) or with M. mycoides 

(C). Boxplots display ATAC peak widths and barplots summarize the total % of each 

chromosome covered by ATAC-seq peaks.  

D, ATAC-seq fragment length distribution for S. cerevisiae combined with M. pneumoniae (left) 

and M. mycoides (right). ATAC-seq fragments obtained from nucleosome-free regions (<100 

bp), mononucleosomal (~200 bp), and dinucleosomal (~350 bp) fragments are highlighted. 

E, Average signal of nucleosome and histone ChIP-seq tracks over ATAC-seq peaks. 
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Fig. S4. Transcription orientation of bacterial chromosomes in yeast. 

A, RNA-seq average signal over yeast or bacterial gene bodies and intergenic regions, in 

Mpneumo and Mmyco strains. Scores were normalized by the length of each genomic feature 

(CPM: counts per million of sequenced fragments).  

B, Stranded analysis of RNA-seq data in Pneumo. strain. Pile-up of 1kb windows centered on 

transcription start sites (TSS) of genes either in the forward (Top) or reverse (Bottom) 

orientation. Left: endogenous yeast genes. Right: TSS of the first gene of annotated operons 

along the M. pneumoniae sequence.  

C, Pol. II ChIP-seq coverage analysis in Pneumo strain. Pile-up of 2kb windows centered on 

transcription start sites (TSS). Grey: endogenous yeast genes. Purple: TSS of the first gene of 

annotated operons along the M. pneumoniae sequence.  

D, GC content (left), average AT (middle) and GC (right) skews (computed on Watson strand) 

over yeast, Myco and Mpneumo forward or reverse genes. 
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Fig. S5. Nascent transcription of bacterial chromosomes in yeast. 

A. Stranded CRAC-seq and RNA-seq profiles along chr. IV, Mpneumo and Mmyco 

chromosomes (CPM). Forward transcription profiles are shown in pink, and reverse transcription 

profiles are shown in turquoise. 

B, Relationship between CRAC and RNA coverage, in S. cerevisiae strains with M. pneumoniae 

(left) or with M. mycoides chromosome (right). 

C, Stranded RNA-seq profiles of Mpneumo strains in WT or Δupf1, Δrrp6 and Δupf1/Δrrp6 

mutants, along chr. X or Mpneumo chromosomes. Forward transcription profiles are shown in 

pink, and reverse transcription profiles are shown in turquoise.  
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Fig. S6. Folding of exogenic bacterial sequences within the yeast nucleus. 

A, % of total trans-contacts made by endogenous yeast chromosomes, Mmyco (top) or 

Mpneumo (bottom) bacterial chromosomes, in G1 or G2/M. 

B, Left: quantification of contacts between the entire Mmyco chromosome (blue) and 

endogenous yeast chr. X (grey). Right: similar analysis for the other 15 endogenous yeast 

chromosomes. Note the increase of Myco. contacts at yeast telomeres.  

C, Series of nuclei from Mpneumo or Mmyco fixed cells labeled with DAPI and hybridized with 

a fluorescent probe generated from either purified Mmyco (left) or Mpneumo (right) 

chromosome (top row: probe signal; bottom row: DAPI signal).  

D, Distance between the patch of fluorescent signal from either the Mmyco or Mpneumo 

chromosomes and the nucleus border. Note that the Mmyco patches are located closer to the 

nucleus border than Mpneumo ones.  

E, F, Slope of distance-dependent contact frequency of endogenous yeast chromosomes and 

bacterial chromosomes in G2/M Mpneumo (C) and Mmyco (D) strains. 

G, Distance-dependent loop scores (computed using Chromosight (84)) for loops along either 

endogenous (grey) or Mpneumo (purple) chromosomes.  

H, Distance measured between cohesin peaks and their nearest convergent transcription locus, 

for peaks located in chr. II or in Mpneumo chromosome. Expected distances, measured after 

randomly shuffling the position of the cohesin peaks 100 times, are also shown.  

I, Left: aggregated profile of Scc1 deposition centered at Scc1 peaks (+/- 4kb) called over chr. II 

(top) or Mpneumo (bottom), with peaks ordered by peak strength. Middle: corresponding 

stranded transcription tracks, colored according to their forward or reverse orientation. Right: for 

chr. II or Mpneumo chromosome, average forward and reverse transcription over the 20% 

strongest or 20% weakest Scc1 peaks.  

J, Correlation between Scc1 (cohesin) binding and convergent transcription strength (see 

Methods) in chr. II and in Mpneumo chromosome.  

K, For yeast chromosome IV, Mpneumo and Mmyco: Left, Hi-C contact maps of the 

endogenous yeast chromosome IV of the Mpneumo strain synchronized in G2/M in either WT 

and Wpl1 depleted cells (Δwpl1); Right, corresponding chr. IV ratio map (Δwpl1 over WT). Red 

(or blue) indicate enriched (or depleted) contacts in Δwpl1.  
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Fig. S7. Compartmentalization of mosaic chromosomes composed of Y and U-type 

chromatin. 

A, Left: pulsed-field gel electrophoresis of chromosomes from yeast strains containing the 

Mmyco chromosome, either linear or fused with endogenous yeast chr. XVI (XVIfMmyco 

strain). Right: Southern blot hybridization using a his-3 probe present on the Mmyco 

chromosome sequence (note that his-3 is also present on the endogenous chr. XV in the parental 

yeast strain).  

B, Growth curves of WT, Mmyco and XVIfMmyco strains. 

C, Pol. II (top) and Scc1 (bottom) ChIP-seq deposition profiles along three representative yeast 

chromosomes and Mmyco chromosome (left) and mosaic chromosomes in XVIfMmycot1 

(center) and XVIfMmycot2 (right) strains. Bin size: 10kb. 

D, Expression fold-change (log2) against average expression, for genes located in yeast segments 

or Mmmcyo segments, between the XVIfMmycot2 and the XVIfMmycot2’ strains. Genomic 

tracks illustrating stranded RNA-seq coverage over yeast (gray) and Mmmcyo (blue) genes, and 

their surrounding sequences (yeast: gray; Mmmcyo: blue). 

E, Average distance of interaction along the fused and mosaic Mmyco chromosomes: 

XVIfMmyco (left), XVIfMmycot1 (center) and XVIfMmycot2 (right). The shaded ribbon 

represents the interval between the 25% and 75% quantile of distance of interactions.  

F, Top: G2/M Hi-C contact maps of chr. XV, XVI, and bacterial chromosomes in the Mmyco 

strain, and in its derivatives (i.e. the chr. XVI and Mmyco fusion, and the two strains with 

translocations resulting in alternating Y and U chromatin segments; Methods). Bottom: 

correlation contact matrices in wt and mosaic chromosomes strains. The color scales are the 

same as in Fig. 4B. 

G, Hi-C contact maps in G2/M of 100 kb window of either the XVIfMmyco (left and center) or 

XVIfMmycot1 (right) chromosomes, centered on the translocation position of the XVIfMmycot1 

chromosome. In XVIfMmycot1, this window is effectively centered at the junction between the 

yeast chr. XVI segment (upstream) and the Myco chromosome segment (downstream). The Scc1 

deposition profile measured by ChIP-seq in each strain is shown underneath each contact map. 

Green arrows: cohesin peaks flanking the junction between the yeast and the Myco segments in 

the XVIfMmycot1 chromosome..  
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Fig. S8. Functional investigation of heterochromatinization mechanisms of U-type 

compartment. 

A, H4K16ac ChIP-seq profile (ratio IP/input) in the XVIfMmycot1 strain, over a yeast 

chromosome segment (left) or a Myco chromosome segment (right). 

B, Comparison of H4K16ac ChIP-seq profiles in the XVIfMmycot1 strain, in cells treated by 

Nicotinamide (NAM) vs. DMSO (log2 scale). Telomeres and subtelomeric domains (2.5kb) are 

shown in red.  

C, ChIP-seq profiles of Sir3 in the XVIfMmycot1 strain. Telomeres and subtelomeric domains 

(2.5kb) are shown in red.  

D, Comparison of H4K16ac ChIP-seq profiles in the XVIfMmycot1 strain, in cells treated by 

Trichostatin A (TSA) vs. DMSO (log2 scale). 

E, Nucleosome track over yeast (gray) or Mmyco nucleosomes (blue), in ΔHho1 yeast strain. 

F, Correlation matrices of the contacts in chr. XV and XVIfMmycot1 in G1, after the addition of 

DMSO (left) or TSA (right).  

G, Contact frequency (p) as a function of genomic distance (s), for contacts in yeast segments 

(gray) or Mmmyco segments (blue) of the chimeric chromosome XVIfMmycot1, in G1 after the 

addition of DMSO (solid) or TSA (dotted).  

H, Derivatives of curves from F.  

I, Correlation matrices of the contacts in chr. XV and XVIfMmycot1 in G1, after the addition of 

DMSO (left) or TSA (right).  

J, Contact frequency (p) as a function of genomic distance (s), for contacts in yeast segments 

(gray) or Mmmyco segments (blue) of the chimeric chromosome XVIfMmycot1, in WT (solid) 

or ΔHho1 mutant (dotted).  

K, Derivatives of curves from I.  

L, Average Pol. II  ChIP-seq coverage (ratio IP/input) at every yeast ORF, in DMSO (solid) or 

after thiolutin treatment (dotted). P-values from one-sample two-tailed Student t-test.  

M, Average RNA-seq coverage over 500bp bins from XVI (gray) or Mmmcyo (blue) segments, 

in DMSO (solid) or after thiolutin treatment (dotted). P-values from one-tailed Student’s t-test.  

N, Correlation matrices of the trans-chromosomal contacts between chr. XV and XVIfMmycot1 

in G1, in G1 (left) or quiescence (right).  



A

B

C D

Input: Output:
- Yeast genomic seq. 

(chr. I to XV, binned 
in 2kb–32kb chunks)

- Experimental coverage tracks 
(Scc1 and PolII ChIP-seq, 
nucleosomes) 

Output:Input:

- Predicted coverage 
tracks (Scc1 and 
PolII ChIP-seq, 
nucleosomes) 

PREDICT (Panels B, C, D, F) PREDICT (Panel E)

- Yeast genomic seq. 
- (chr. I to XVI)
- M. myco. genomic seq.
- M. pneumo. genomic seq.

(Binned in 2kb–32kb chunks)

Input: Output:

- Predicted mean 
signal (Scc1 and 
PolII ChIP-seq, 
nucleosomes) 

- Random 
2kb–32kb DNA 
sequences 
with varying 
GC%

TRAIN

Output: 
Coverage score 
(e.g. nucleosomes)

Input: 
Genomic sequence
(e.g. 2kb)

One-hot 
encoded
DNA letters

Dinucleotide enrichment in top 10% Scc1 coverage bins

chr. XVI seq.

E
xp

er
im

en
ta

l d
at

a
P

re
di

ct
ed

 d
at

a

M. pneumoniae seq. M. mycoides seq.
AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

Dinucleotide enrichment in top 10% PolII coverage bins

chr. XVI seq.

E
xp

er
im

en
ta

l d
at

a
P

re
di

ct
ed

 d
at

a

M. pneumoniae seq. M. mycoides seq.
AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

ρ*
XY

 [t
op

 1
0%

] / 
ρ*

XY
 [c

hr
om

os
om

e]
 

+15%

-15%

0%

Nucleosomes

Dinucleotide enrichment in top 10% nucleosome track bins

Scc1

Pol. II

Nucleosomes Scc1 Pol. II

C
or

re
la

tio
n 

be
tw

ee
n 

ex
pe

rim
en

ta
l a

nd
 p

re
di

ct
ed

 s
co

re
s

0
.2
.4
.6
.8
1

0
.2
.4
.6
.8
1

0
.2
.4
.6
.8
1

1
10

Linear model + 
dinucleotide freq.

Linear 
model

CNN

10
0

10
00

20
00

1
10 10

0
10

00
20

00

1
10 10

0
10

00
20

00

Bin size

Method

chr. XVI seq.

E
xp

er
im

en
ta

l d
at

a
P

re
di

ct
ed

 d
at

a

M. pneumoniae seq. M. mycoides seq.
AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

AT

AG

AC

AA

CT

CG

CC

CA

GT

GG

GC

GA

TT

TG

TC

TA

Fig. S9



 
 

11 
 

Fig. S9. Sequence-based prediction of chromatin composition of exogenous bacterial 

chromosomes in yeast. 

A, Left: Schematic representation of the convolution neural network used in this study. The input 

of the network is a 2 to 30kb DNA sequence. The output is the corresponding value of the 

nucleosome, Scc1 or Pol. II signal. Details about the size of the input/output and the architecture 

used are discussed in the Material and Methods. Right: Overall training/prediction strategy. 

We  trained a CNN on sequences of  chr. I-XV to predict (i) genome-wide nucleosome, Scc1 or 

Pol. II ChIP-seq coverage tracks over chrXVI and bacterial chromosomes, and (ii) the average 

nucleosome, Scc1 or Pol. II ChIP-seq signal over 10kb random sequences with varying GC%.  

B, Dinucleotide enrichment in genomic loci with 10% greatest nucleosome (left), Scc1 (middle) 

or Pol. II (right) ChIP-seq coverage (100 bp bins), extracted from experimental or predicted 

tracks over chromosome XVI, Mpneumo or Mmyco. The dinucleotide composition in these loci 

is compared to the chromosome-wide dinucleotide composition (ρ*(XY)[chromosome] / ρ*(XY)[chromosome]). 

C, Correlation scores between experimental and predicted nucleosome, Scc1 or Pol. II ChIP-seq 

data, using a linear model accounting for GC% only (green) or dinucleotide composition (kaki), 

or using CNNs (blue). 

D, Motifs identified de novo as relevant for predicting nucleosome, Scc1 or Pol. II profiles. 

Matches to similar motifs in yeast databases are shown on the left.  
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Fig. S10. U-type chromatin compartmentalization of AT-rich prokaryotic and eukaryotic 

YACs. 

A, Hi-C maps showing chromosomal interactions between S. cerevisiae chromosomes (XIV, 

XV, XVI) and artificial yeast chromosomes (YACs) from P. falciparum (top) and P. vitis 

(bottom). The inset for P. falciparum highlights the increased trans-chromosomal contacts 

between the two P. falciparum YACs in comparison with the decreased trans-chromosomal 

contacts between each of the YACs and the yeast chromosome XVI.  

B, Percentage of interactions that each YAC has with yeast chromosomes. 

C, Percentage of trans interactions between YACs and specific chromosomal regions 

(chromosome arms, centromere and telomeres), for P. falciparum (top) and P. vitis (bottom).  

D, Average nucleosome signal centered at nucleosomes annotated over P. falciparum YAC (top, 

green) and P. vitis YAC (bottom, orange), compared to yeast nucleosomes (gray). 

E, Nucleosome track over 3kb-wide segments of the P. falciparum YAC (left, green) or P. vitis 

YAC (right, orange). 

F, Comparison of experimental (exp.) and predicted (pred.) nucleosome tracks for P. falciparum 

YAC (green), P. vitis YAC (orange), and a short random YAC (pink)(45). 

G, Comparison of experimental (green or orange) and predicted nucleosome signals (dark blue), 

centered at nucleosomes annotated over P. falciparum YAC (top) and P. vitis YAC (bottom). 

H, Predicted nucleosome, Scc1 and Pol. II coverages in chromosome sequences from different 

genomes. Coverage values are averaged using 1kb bins tiling each chromosome sequence. 
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Fig. S11. Behavior and activity of bacterial genomes integrated in the yeast genome. 

Illustration of the behaviors and activity of Mpneumo (left panel) and Mmyco (middle and right) 

chromosome sequences integrated in the yeast genome. Note that yeast and Mpneumo 

chromosomes intermingle in a single nuclear compartment, whereas the Mmyco chromosome 

(independently or in a chimeric state within chr. XVI) is condensed and segregated at the nuclear 

periphery, thereby defining the inactive U-type chromatin compartment. 
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Table S1. Summary table of strains 

 Strains name Description Parental 
strain 

Genetic 
background MAT Genotype  Reference 

Mmmyco 

RSG_Y711 
Strain carrying the circular chromosome 
Mycoplasma mycoides subsp. mycoides 

strain PG1 
W303 W303 a ade2-1, leu2-3,112, his3-11,15, trp1-1, can1-100, RAD5 + 

M. mycoides circular genome with CEN6/ARS-HIS3 (16) 

RSG_Y712 Mmyco chromosome linearized RSG_Y711 W303 a ade2-1, leu2-3,112, his3-11,15, trp1-1, can1-100, RAD5 + 
M. mycoides linear genome with CEN6/ARS-HIS3 this study 

RSG_Y951 Mmyco chromosome linearized, SCC1-
PK9 RSG_Y712 W303 a 

ade2-1, leu2-3,112, his3-11,15, trp1-1, can1-100, RAD5 + 
M. mycoides linear genome with CEN6/ARS-HIS3, SCC1-

pk9::KanMX 
this study 

RSG_Y955 Linearized Mmyco, ΔWAPL RSG_Y712 W303 a 
ade2-1, leu2-3,112, his3-11,15, trp1-1, can1-100, RAD5 + 

M. mycoides linear genome with CEN6/ARS-HIS3, 
Rad61::KanMX 

this study 

RSG_Y1033 XVIfMmyco : "Fused "strain, Mmyco 
chromosome merged with the XVI RSG_Y712 W303 a ade2-1, leu2-3,112, his3-11,15, trp1-1, can1-100, RAD5, 

XVIfMmyco(CEN6/ARS-HIS3) this study 

RSG_Y1053 XVIfMmyco : "Fused" strain with SCC1-
PK9 RSG_Y1033 W303 a 

ade2-1, leu2-3,112, his3-11,15, trp1-1, can1-100, RAD5 + 
XVI-M. mycoides linear genome with CEN6/ARS-HIS3 

SCC1-pk9::KanMX 
this study 

RSG_Y1136 XVIfMmycot1 : "Translocation n°1" 
strain RSG_Y1033 W303 a ade2-1, leu2-3,112, his3-11,15, trp1-1, can1-100, SCC1-

pk9::KanMX, RAD5, XVIfMmyco(CEN6/ARS-HIS3) this study 

RSG_Y1146 "Translocation n°1" strain with SCC1-
PK9 RSG_Y1136 W303 a ade2-1, leu2-3,112, his3-11,15, trp1-1, can1-100, RAD5, 

XVIfMmycot1(CEN6/ARS-HIS3) this study 

RSG_Y001375 "Translocation n°1" strain, Δhho1 RSG_Y1136 W303 a ade2-1, leu2-3,112, his3-11,15, trp1-1, can1-100, RAD5, 
Δhho1, XVIfMmycot1(CEN6/ARS-HIS3) this study 

RSG_Y1137 XVIfMmycot2 : "Translocation n°2" 
strain (50 kb block) RSG_Y1136 W303 a ade2-1, leu2-3,112, his3-11,15, trp1-1, can1-100, RAD5, 

XVIfMmycot2(CEN6/ARS-HIS3) this study 

RSG_Y1147 "Translocation n°2" strain (50 kb block) 
with SCC1-PK9 RSG_Y1137 W303 a ade2-1, leu2-3,112, his3-11,15, trp1-1, can1-100, RAD5, 

SCC1-pk9::KanMX, XVIfMmycot2(CEN6/ARS-HIS3) this study 

RSG_Y001237 XVIfMmycot2’ : "Translocation n°2" 
strain (15 kb block) RSG_Y1136 W303 a ade2-1, leu2-3,112, his3-11,15, trp1-1, can1-100, RAD5, 

XVIfMmycot2’(CEN6/ARS-HIS3) this study 

RSG_Y001268 
XVIfMmycot2’ : "Translocation n°2" 
strain (15 kb block) strain with SCC1-

PK9 

RSG_Y0012
37 W303 a ade2-1, leu2-3,112, his3-11,15, trp1-1, can1-100, RAD5,  

SCC1-pk9::KanMX,  XVIfMmycot2’(CEN6/ARS-HIS3) 
this study 

RSG_Y1274 XVIfMmycot3 : "Triple Translocation n" 
strain RSG_Y1136 W303 a ade2-1, leu2-3,112, his3-11,15, trp1-1, can1-100, RAD5, 

XVIfMmycot3(CEN6/ARS-HIS3) this study 

yLD126-36c Control split dot assay NA W303 a Met3p-CDC20, tetR-GFP, ura3-1::URA3tetO (95) 

FB176 

fluorescent spot on linear Mmyco RSG_Y712 W303 a 

ade2-1, leu2-3,112::LEU2::tetR-GFP, his3-11,15, trp1-1, 
can1-100, ura3-1, Met3p-CDC20, M. mycoides linear 

genome with CEN6/ARS-HIS3 carrying 40000-
42000::URA3::NATtetO  

this study 
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FB200 

Strain with linear Mmyco, and fluorescent 
spot on endogenous yeast chromosome RSG_Y712 W303 a 

ade2-1, leu2-3,112::LEU2::tetR-GFP, his3-11,15, trp1-1, 
can1-100, ura3-1::URA3tetO, Met3p-CDC20, M. mycoides 

linear genome with CEN6/ARS-HIS3 
this study 

Mpneumo 

RSG_Y681 
Strain carrying the Mycoplasma 

pneumoniae strain M129 VL6-48N VL6-48N alpha trp1-Δ1, ura3-Δ1, ade2-101, his3-Δ200, lys2, met14 cir° + 
Mp circular genome with CEN6/ARS-HIS3  (17) 

RSG_Y960 Pneumo chromosome linearized RSG_Y681 VL6-48N a trp1-Δ1, ura3-Δ1, ade2-101, his3-Δ200, lys2, met14 cir° + 
Mp linear genome with CEN6/ARS-HIS3 this study 

RSG_Y1037 
XVIfMpneumo : "Fused "strain, 

Mpneumo chromosome merged with the 
XVI RSG_Y960 

VL6-48N a trp1-Δ1, ura3-Δ1, ade2-101, his3-Δ200, lys2, met14 cir° +  
XVIfMpneumo(CEN6/ARS-HIS3) this study 

RSG_Y001349 XVIfMpneumo, RNH1::HTP RSG_Y1037 VL6-48N a trp1-Δ1, ura3-Δ1, ade2-101, his3-Δ200, lys2, met14 cir°, 
RNH1::HTP +  XVIfMpneumo(CEN6/ARS-HIS3) this study 

RSG_Y001273 XVIfMpneumo ; Δupf1 RSG_Y1037 VL6-48N a trp1-Δ1, ura3-Δ1, ade2-101, his3-Δ200, lys2, met14 cir°  
Δupf1::KanMX  +  XVIfMpneumo(CEN6/ARS-HIS3), this study 

RSG_Y001308 XVIfMpneumo  ; Δrrp6 RSG_Y1037 VL6-48N a trp1-Δ1, ura3-Δ1, ade2-101, his3-Δ200, lys2, met14 cir°,  
Δrrp6  +  XVIfMpneumo(CEN6/ARS-HIS3), this study 

RSG_Y001298 XVIfMpneumo ; Δupf1 and Δrrp6 RSG_Y0012
73 

VL6-48N a 
trp1-Δ1, ura3-Δ1, ade2-101, his3-Δ200, lys2, met14 cir°,  
Δupf1::KanMX, Δrrp6   +  XVIfMpneumo(CEN6/ARS-

HIS3), 
this study 

RSG_Y1080 Pneumo chromosome linearized with 
SCC1-PK9 RSG_Y960 VL6-48N a 

trp1-Δ1, ura3-Δ1, ade2-101, his3-Δ200, lys2, met14 cir° + 
Mp linear genome with CEN6/ARS-HIS3, SCC1-

pk9::KanMX 
this study 

RSG_Y954 Pneumo chromosome linearized with 
delta WAPL RSG_Y960 VL6-48N a trp1-Δ1, ura3-Δ1, ade2-101, his3-Δ200, lys2, met14 cir° + 

Mp linear genome with CEN6/ARS-HIS3, Rad61::KanMX this study 

"Control" 
strains 

RSG_Y784 W303 strain + pRS313 W303 W303 a his3-11, 15 trp11 leu2-3,112 ura3-1 ade2-1 can1-100 [HIS3] this study 

RSG_Y1158 VL6-48N strain + pRS413 VL6-48N VL6-48N a trp1-Δ1 ura3-Δ1 ade2-101 his3-Δ200 lys2 met14 cir [HIS3] this study 

RSG_Y973 Glabrata strain with SCC1-PK9 C. glabrata C. glabrata a Scc1PK9::NatMX  (70) 

W303 strain + 
scc1-pk W303 strain + scc1-pk W303 W303 a Scc1-pk9::KanMX  (70) 

 
YACs 

RSG_Y001392 
W303a + FDp92 Candidatus vitis, YAC 

of ~300kb - 22%GC 
W303  W303  a 

leu2-3,112 trp1-1 can1-100 ura3-1 ade2-1 his3-11,15 
this study 

RSG_Y001388 
W303a +  2 YACs of Plasmodium 

falciparum  AB1380 AB1380 a  tiV ura3 trp1 ade2-1canl-100lys2-1his5 (96) 
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Table S2. gRNA sequence (CRISPR targeting).  
gRNA sequences 

Mmyco 
strains 

Name Transformation 
expected Target gRNA 5' 3'  Plasmid 

used 

RSG_B700 Chromosome 
linearisation  DSB on the circular Mmyco (@ 739,680 bp) TCTGCTAATCCTGTTACCAGTGG pML107 

RSG_B1158 
Fusion between the end of 
the chromosome XVI to 
the chromosome Mmyco 

(generation of 
XVIfMmyco strain) 

DSB next to the centromere of chr XVI (@ 555,995 bp) TTAGAATTACGACAACATAACGG 
pAEF5 

DSB next to the right telomere of chrXVI (@ 936,139 bp) TGGTGTTATATAGTGGCACCGGG 

RSG_B1150 DSB next to the right telomere of Mmyco (@ 1,219,826 
bp) GCGTGGACAAAGGTACAACGAGG pGZ110 

RSG_B1200 
Translocation 1 
(generation of 

XVIfMmycot1 strain) 

DSB in the middle of the left arm of XVIfMmyco (XVI 
DNA, @ 506,748 bp) GAGAGCACAGGTGTACTGGAGGG 

pAEF5 
DSB in the middle of the right arm of XVIfMmyco 

(Mmyco DNA, @1,379,095 bp) ACTTATTAGAAAATGAGCAGTGG 

RSG_B1201 
Translocation 2 50 kb 

(generation of 
XVIfMmycot2 strain) 

DSB ~ 50kb from translocation 1 breakpoint on left arm of 
XVIfMmycot1 (in XVI sequence; @ 1,691,364 bp) CTAATCATGTCTCACTCCCGCGG 

pAEF5 
DSB ~ 50kb from translocation 1 breakpoint on right arm 
of XVIfMmycot1 (in Mmyco sequence, @ 737,819 bp) CGTTCATGTTATGTGAAAAGAGG 

Mpneumo 
strains 

Name Transformation 
expected Target gRNA 5' 3'  Plasmid 

used 

 Chromosome 
linearisation  DSB on the circular Mpneumo (@ xxx,xxx bp) GTCAACGGTCAAAAAAACCGAGG pAEF5 
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Table S3. DNA donor sequences. 
DNA donor 

Mmyco 
strains 

Transformat
ion expected Purpose Sequence 

length Sequence 5' 3' 

Linearisation 

Myco 
Telomeres 

repeats TGG - 
left part 

450 

ggcgcgccCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAA
GGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTG
TAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACggattgctactgaccgctctGTGGTGTGGGTGTGGTGTGGGTGTGGTGTGGGT
GTGGTGTGTGTGGGTGTGGGGTGTGGGTGTGGTGTGGGTGTGGTGTGGTGTGGGTGTGGTGTGTGGGTGTGGTGTGGGTGTGG
TGTGGGTGTGGGTGTGGGTGGTGTGGGTGTGTGGGGGTGTGGTGTGTGGGTGTGGTGTGGGTGTGGTGTGGGTGTGGGTGTGG

GTGGTGTGGGTGTGTGGcgcgcc 

Myco 
Telomeres 

repeats TGG - 
right part 

450 

ggcgcgccCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGC
TCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCG
GTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGgcctttagtacctcgcaacgGTGGTGTGGGTGTGGTGTGGGTGTGGTGTGGGTG
TGGTGTGTGTGGGTGTGGGGTGTGGGTGTGGTGTGGGTGTGGTGTGGTGTGGGTGTGGTGTGTGGGTGTGGTGTGGGTGTGGT
GTGGGTGTGGGTGTGGGTGGTGTGGGTGTGTGGGGGTGTGGTGTGTGGGTGTGGTGTGGGTGTGGTGTGGGTGTGGGTGTGGG

TGGTGTGGGTGTGTGGcgcgcc 

XVIfMyco 

Loss of the 
centromere 

XVI 
420 

ttcatttatttTAGTCAAAGATGATTATAGGCGTATTATAGAGTCGATAAATAAATCTCAAGGTTAACTGtttattaaatatataataacatatttatttgtttaA
CAAGCCTGAAATAAGAAATTCTTTTATAAATACATCATCGAGATGATCATCAAAGTGTCTCTATAGTTAATATAAGCTTATGCA
AAGGTTGAAGggattgctactgaccgctctctatGAGCAAACAATTTgaacagaaaaataaaattggGGAAGTGACACACCATGGTAGCGGTTCTAAAGC
GAAATCGGCAAAGCGGCTAAATAGCAGTTTTGATGACTTACTCCACACTGAAAATGGATGACCTTAAATAGGAGATAAAGCTT

TTTCATCCCTATGTATTTAAGATGACTGGCTTGTCAAGCATTCTaat 

Fusion between 
Mmyco tel and 

XVI tel 
420 

TATATATTCAATGTAATTTTAATTACATTTGCTTTTAATAAAAACACTACTTAATAGAGAAAGGAAATATAAGATCCTTTGAAT
GGAGGAAAATCACATGAAAATTATTAATATTGGAGTTTTAGCTCATGTTGATGCAGGAAAAACTACCTTAACAGAAAGCTTAT
TATATAACAGTGGAGCGATTACAGAATTAGGAAgcctttagtacctcgcaacgCTATGCTATACTATAATAGCAATACACATTAACGCAGA
TGCTATAATATCTTTACTTCATCTCACCAACTCAACTGATAATCATACAGACAGTACTATACAATACAGTCATTTACTAAAACG

AATGCCGCTCCATGATATCCCAAACTTATACTGGCACCATTTTGAAACATTATATGTCACCTCTTCATCCTAATGACT 

XVIfMycot1 

Translocation 
n°1 - left part 412 

GAATTCAGTCCCTCTTCCAATGTAACCAACAACCTGAAGTGTTCTCTGTTTGCCTTTATTTTGCGACTTTTCTTCATCATTGAAG
TTAGAAAAAGCTTTACTCGCTTATCTCCTGGAGTAAGCTATAGCCACAGTCAATATCGCGTCTAATGAAAAGAAAAAGTCGGG
ACGAGTAAACTTTTGTCTGCGTGGCGCATAGGAGAGGACAATCTGTAAAATAGGTTCAAAGTATACCTTTACAATTAGGGGTA
TACTTTTTTGTTATATAATTAAATTTATGTTAATGTGTTTTTTAGAAAGAGGTTTATATTTAATGATAAAAAAAATTGGAATTTT

GACTTCTGGAGGGGATGCTCCTGGAATGAATAATGCCATTGCTGGAGTTGTAAAAACAGCAGCTTCAAAAGAATTC 

Translocation 
n°1 - right part  412 

GAATTCTGATTGGAGTCGTCGGgttcatcttcatttttaattttagaACTTTGAGATGCTTGAGTTGTCTGCCTCGTAAGTTCCTCCTGGAGCTCA
TCATCAGAGTCGCCCTGATAAAATAACTGAGACATCTGGAAAGATATTTTCAACAGGATAGTgcaatattatttttacaCATTTAGCAAAT
GCTCTACCAACGTCCTGAAGAAAATAAACAAGTAATTTAGACTAATAAAATATAAAATATTAGTATAGAAGAAAGGAGATAA
CTAAATAACTGTTCAAATTTTATACTTACTTAAAAAAACAAAATGACTTACTTTTTTTATAGACTTAAATAATAGTAAACAAAT

ATAAATTTTTTTTCAAGTAATTCTTATAAAATTTTGAATTTTTGAAAAAAGATGAATTC 

XVIfMycot2 

Translocation 
n°2 "50 kb" - 

left part 
413 

GAATTCAAAGAACAACCGTATCAAGTGGCGAAGCAGCTGCTTATAAGTAAAGCCCAAGGCCCACCAACGCATACATGCAAGG
CCTGTGCAAGCCGACTGCTGCTTGTTTCATCTTCCGCTCGCGGTGACCCACTCGGGGAATTTCTCACGCTTGCTGCTGCAGGTC

GTTGGGCGTTGATTCCTGTTTTTTTCTTTCGTTTTTTCAATCTAAGTTATTTACAAGTAATGGTATTTTATATTCATTATTTCTATC
TATTTTATATGCAATTGTAGCTGGGATGCTATGCGTTTTAATTGGATATCCGATTGCTTTAATGATGGCTCAAATGAAATCAAA

AATTTTAGCTAGAAATATGTGAGTCATTGTAACAATGCCTATGTGAATTTCTATGCTTTTAAAAGTATTAGAATTC 
Translocation 
n°2 "50 kb" - 

right part 
412 

GAATTCTAAAGTACCTTGAGACATGGCGTGCAAAAACTGTATCTGATCTTGAGTTTCTATGTTCTGTATGCTCTAATAACAGAA
AATACAATAACAAGGAGGGAAGACCAATTTGCGGGCTGCCAAGCAACACAACCAAACCCTGCTGATAAAcgaaaacaagaaaactaataa
aaaaataaataaggAACTCTACAAGGACTACATTGGCTGGTTTTCACTTAATTGAAACTTGTTGATCTACATCATATTCATTGATTGTAT
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GAATAATTCATTGTCTTTTTTTACTAGTTTCAACAACTATTTCTCAGTGTATTCCTTTAAAAGTTGTTTTAATAACTTTTGCATTA
AAAAATCCATTATTTGGGTTTTTAATAATAATATCTTCTGGTCTAATGATAATATCGAATTC 

Mpneum
o strains 

Transformat
ion expected Purpose Length Sequence 5' 3' 

Linearisation 

Pneumo 
Telomeres 

repeats TGG  
409 

ggcgcgccAGTACACCAAGTGTCAGTTGTTCACCATTAATAAGCAACTAAGTAAGACAAAAAGCCCCAGAAAGACTATCCCACCC
CAAAGGTTGTACTTTTGGAGATAGTGCGTTTTATTAGGATTGTCCAACTGGTAACCCTTGGCTTGTAGCGCAAACGCGACTGgga
ttgctactgaccgctctGTGGTGTGGGTGTGGTGTGGGTGTGGTGTGGGTGTGGTGTGTGTGGGTGTGGGGTGTGGGTGTGGTGTGGGTG
TGGTGTGGTGTGGGTGTGGTGTGTGGGTGTGGTGTGGGTGTGGTGTGGGTGTGGGTGTGGGTGGTGTGGGTGTGTGGGGGTGT

GGTGTGTGGGTGTGGTGTGGGTGTGGTGTGGGTGTGGGTGTGGGTGGTGTGGGTGTGTGGcgcgcc 

Pneumo 
Telomeres 

repeats TGG  
409 

ggcgcgccTTAAGCATCTTATTTGCACTGGTGTTTAAACTGTTACCCATTGTTAAGGGTGAATTAAAACGGATTAAACAAGCGCAA
GCAATCCGTGGTTTTAAGTACGGTAAGCTAGCCTTTTTAAATCCAGTCAAACTCAAAACGCTCTTTATTCCGGTGTTATTGgccttt
agtacctcgcaacgGTGGTGTGGGTGTGGTGTGGGTGTGGTGTGGGTGTGGTGTGTGTGGGTGTGGGGTGTGGGTGTGGTGTGGGTGT
GGTGTGGTGTGGGTGTGGTGTGTGGGTGTGGTGTGGGTGTGGTGTGGGTGTGGGTGTGGGTGGTGTGGGTGTGTGGGGGTGTG

GTGTGTGGGTGTGGTGTGGGTGTGGTGTGGGTGTGGGTGTGGGTGGTGTGGGTGTGTGGcgcgcc 
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Table S4. Primer sequences. 

Checking primers 

Mmyco 

Transformation expected Purpose Primers sequence forward 5' 3' Primers sequence reverse 5' 3' Amplicons Length 

Linearisation 

Circular loss  TTCCACTGAGCGTCAGACC TGCCGCTTACCGGATACC - 

Check telomere addition R CGTTGCGAGGTACTAAAGGC TGCCGCTTACCGGATACC 242 

Check telomere addition L TTCCACTGAGCGTCAGACC agagcggtcagtagcaatcc 294 

XVIfMyco 
Check loss centromere XVI GCCCTAGATCAAACTGATCCAG CCGGTAGAAGCCTTTGTACC 555 

Check fusion CCCGCATAAGTACGTGTAGCT CAGTGAAGCACCAGTTTCTG 688 

XVIfMycot1 
Check translocation R CGATGCATACGTTCCATC CTGGTAATCTTGCAGATCC 729 

Check translocation L GAGGGTATAACACTGCATCG CCATATCCAGCCATATTTGC 1127 

XVIfMycot2 
Check translocation R CTTGTCGTCCTGTGAAAG CCAGAAAATGCTTGAGTAGC 760 

Check translocation L GCAGTCGTTCTCAAACGG GCATAGAAATTCACATAGGC 903 

Mpneumo 

Transformation expected Purpose Primers sequence forward 5' 3' Primers sequence reverse 5' 3' Amplicons Length 

Linearisation 

Circular loss GGTGGGTAAAGGTAAAGC cgaatTAGCATGCTGTTTGC - 

Check telomere addition R ggattgctactgaccgctct GGTGGGTAAAGGTAAAGC 215 

Check telomere addition L gcctttagtacctcgcaacg cgaatTAGCATGCTGTTTGC 300 
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Table S5. Hi-C statistics. 

HiC library background strain stage 

Total 
sequenced 
fragments 

Aligned 
fragments 

Fragments 
retained in 

map 

CH196 Hi-C of Mmyco strain (G2/M) W303_Mmmyco RSG_Y712 G2/M 302589048 261015801 66875527 
CH02 

Hi-C of Mmyco strain (G1) W303_Mmmyco RSG_Y712 G1 109056382 81014812 20087984 

CH198 Hi-C of Mmyco strain (Wpl1 deletion, G2/M) W303_Mmmyco RSG_Y955 G2/M 41113718 35092403 12373773 
CH195 

Hi-C of Mpneumo strain (G2/M) S288C_Mpneumo RSG_Y960 G2/M 76019938 65125087 19632515 
CH210 

Hi-C of Mpneumo strain (G1) S288C_Mpneumo RSG_Y960 G1 71379048 60466145 12456326 

CH197 
Hi-C of Mpneumo strain (Wpl1 deletion, 
G2/M) S288C_Mpneumo RSG_Y954 G2/M 39684936 35230228 11676521 

LM34 Hi-C of XVIfMmyco strain (G2/M) XVIfMmyco 
RSG_Y103
3 G2/M 56889456 42820436 9754819 

LM33 Hi-C of XVIfMmyco strain (G1) XVIfMmyco 
RSG_Y103
3 G1 43712974 32935796 6683250 

LM58 Hi-C of XVIfMmycot1 strain (G2/M) XVIfMmycot1 
RSG_Y113
6 G2/M 53729240 42557126 13123109 

LM63 Hi-C of XVIfMmycot1 strain (G1) XVIfMmycot1 
RSG_Y113
6 G1 43841832 36113087 9330391 

LM59 Hi-C of XVIfMmycot2 strain (G2/M) XVIfMmycot2 
RSG_Y113
7 G2/M 49569888 40547069 13600786 

LM62 Hi-C of XVIfMmycot2 strain (G1) XVIfMmycot2 
RSG_Y113
7 G1 50005472 41366045 12902417 

LM119 Hi-C of XVIfMmycot3 strain (G2/M) XVIfMmycot3 
RSG_Y123
5 G2/M 

LM122 Hi-C of XVIfMmycot3 strain (G1) XVIfMmycot3 
RSG_Y123
5 G1 
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