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Supporting Online Material
MATERIALS AND METHODS

Design of cassettes for assembly of the synthetic Mycoplasma mycoides genome

The synthetic M. mycoides genome described in this paper was constructed from 1,078
overlapping synthetic DNA cassettes. A Not I cleavage site (GCGGCCGC) is included at the
beginning and the end of each cassette sequence. Our original intention was to build the
complete sequence of naturally occurring M. mycoides, with several watermark sequences added
at places where insertion of additional sequence would not interfere with viability. During
construction of the synthetic genome we learned that certain sequences could be deleted without
affecting viability, and some of these deletions were incorporated into the synthetic genome
design. The following describes the process of designing the genome, and the cassettes to
assemble it, in some detail.

Design of the synthetic M. mycoides genome was based on sequences of two laboratory strains of
M. mycoides determined by our group:

GenBank accession CP001621 — This is the sequence of the M. mycoides strain used as the
genome donor in our first paper on genome transplantation (1), with a length of 1,089,202 bp.

GenBank accession CP001668 — This is the sequence of an M. mycoides strain engineered in
yeast by deleting the gene for a Type III restriction endonuclease, then transplanted to produce a
mycoplasma (2). This sequence has a length of 1,084,586 bp.

Design of our synthetic M. mycoides genome was begun using a draft genome sequence from the
project that produced the above sequence CP001621, with a length of 1,114,292 bp. This draft
sequence is referred to as mmycDRAFT, and incorrectly contains a large duplication. First the
mmycDRAFT sequence was divided into cassettes 1080 bp in length, with 80-bp overlaps, and a
Not I restriction site was added at each end, as follows:

mmyc0 = bp 1-1080 preceded and followed by GCGGCCGC

mmycl = bp 1001-2080 preceded and followed by GCGGCCGC

mmyc2 = bp 2001-3080 preceded and followed by GCGGCCGC

mmycl113 =bp 1113001-1114080 preceded and followed by GCGGCCGC
mmycl114 =bp 1114001-1114292 preceded and followed by GCGGCCGC

Designed cassettes located within parts of the mmycDRAFT sequence that were considered
reliable at that time were ordered for synthesis by Blue Heron. This initial order of 1,072
cassettes included all 1,115 designed cassettes except mmycO-mmyc14 (15 cassettes), mmyc835-
mmyc852 (18 cassettes), and mmyc1105-mmyc1114 (10 cassettes).

Assembly of these 1,072 cassettes would yield two contiguous stretches of DNA, with two gaps
corresponding to regions where the sequence was uncertain.



Design of the remaining cassettes was based on sequence CP001668, after it was completely
finished, because that genome was known to be stably maintained in yeast and to be
transplantable from yeast to produce a viable mycoplasma. First cassettes were designed to fill
the two largest gaps. “a” designates cassettes that were not part of the initial order from Blue
Heron.

Cassettes to fill gap 1. Cassettes mmyc835a-mmyc850a produce a sequence that matches
CP001668 and fill the gap left by cassettes mmyc835-mmyc852, which were omitted from the
initial Blue Heron order.

Cassettes to fill gap 2. Cassettes mmyc2a-mmycl2ax produce a sequence that matches
CP001668 and fill the gap left by cassettes mmyc1105-mmyc1114 and mmycO-mmyc14, which
were omitted from the initial Blue Heron order. This sequence is considerably shorter than the
corresponding region of the draft sequence, mainly due to problems with assembly of that
sequence. The sequence of mmycl2ax is longer than most, hence “x” for eXtended.

Cassettes to make the synthetic genome match CP001668 near the origin of replication.
There were many differences between the mmycDRAFT sequence and CP001668 in this region.

mmyc799a (overlaps mmyc798 by 80 bp at one terminus and spans to bp 1,084,586 (the end of
CP001668)

mmyc811a (bp 80 to 1074 of CP001668)

mmyc812a (bp 995 to 2074 of CP001668)

Cassettes synthesized to match CP001668

mmyc56a (344,335 to 345,333 of CP001668)
mmyc58a (345,252 to 345,926 of CP001668)
mmyc938.1a (lies between mmyc938 and mmyc939)

Cassettes “fixed” by oligonucleotide mutagenesis to match CP001668. “f” cassettes had
small numbers of sequence differences that could be conveniently fixed by oligonucleotide
mutagenesis to exactly match CP001668. See below for details on how these cassettes were
fixed. The following cassettes were fixed: mmyc1011f, mmyc1028f, mmyc247f, mmyc248f,
mmyc342f, mmyc399f, mmyc400f, mmyc528f, mmyc529f, mmyc578f, mmyc579f, mmyc632f,
mmyc642f, mmyc759f, and mmyc874f. In addition, for constructing genomes with the “94D”
deletion, which is missing mmyc936-mmyc939, cassette mmyc940f was produced to contain a 5’
overlap with cassette mmyc935. This region was demonstrated to be dispensable by deleting it
from the natural genome in yeast, then transplanting to produce a viable mycoplasma.

Cassettes containing watermark sequences.

mmycWMI: replaces mmyc282-287 (5’ 80-bp overlap from mmyc282; 3’ 80-bp overlap from
mmyc287)

mmycWM2b: replaces mmyc447 (both 80-bp overlaps are from mmyc447)



mmycWM3: replaces mmyc106 (both 80-bp overlaps are from mmyc106)
mmycWM4: replaces mmyc680 (both 80-bp overlaps are from mmyc680)

Nucleotide 1 is at the initiation codon of the dnaA gene. Both M. mycoides sequences
CP001621 and CP001668 use a numbering system in which nucleotide 1 is at the initiation
codon of the dnaA gene, in the vicinity of the DNA replication origin. However, the
mmycDRAFT sequence used for the initial cassette design was numbered from a different origin
(but, mercifully, in the same direction). Consequently, nucleotide 1 of the synthetic genome
sequence is located in cassette mmyc811a.

Differences between cassette designs and CP001668 that were not fixed. There are 19
differences between cassette designs and the CP001668 sequence that appeared harmless, which
we opted not to fix. These were all differences in lengths of homopolymer or dinucleotide runs
and were located between annotated genes. However, some may really lie within genes for
which the start sites were incorrectly annotated. Also, some may affect the spacing between the -
35 and -10 sequences of promoters, and so could affect gene expression. Table S1 gives details
of these 19 differences. They provide more sequence polymorphisms to distinguish the synthetic
genome from the natural M. mycoides genome that we have cloned in yeast, in addition to the
watermark sequences.

DNA cassette sequence corrections

The synthetic cassettes comprising the synthetic genome were ordered based on an imperfect
draft sequence. Because of this, there were small differences between the ordered synthetic
cassette sequences and the completed M. mycoides subspecies capri genome sequence. Forty-
three cassettes contained differences. As mentioned above, many of the differences were small
insertions or deletions in homopolymer or dinucleotide runs not predicted to be located in genes.
These changes were thought to be benign and were not fixed. Sixteen cassettes were fixed. The
differences were all single base changes except for a deletion of a 12-bp repeat unit in one
cassette.

Two strategies were employed to change the synthetic cassette sequences to match the completed
M. mycoides subspecies capri genome sequence CP001668. All fixes were performed on the
1,080-bp cassette clones. The QuikChange II site directed mutagenesis kit (Stratagene) was used
for some of the single base changes. The remainder of the changes was performed by a
combination of PCR and in vitro recombination (Fig. S5) (3).

Primers BH pUC bckbn Forl (5-CGTCAAAGCAACCATAGTACGCGCCCTGTAG-3") and
BH pUC bckbn Revl (5'-CTGACTCGCTGCGCTCGGTCGTTCGGC-3') were used to amplify
the plasmid backbone of a cassette clone. This amplicon (BH backbone) is ~ 2,600 bp and
contains the ampicillin resistance marker and an origin of replication. Primers BH insert Forl
(5'-GCCGAACGACCGAGCGCAGCGAGTCAG-3") and BH insert Rev1 (5'-
CTACAGGGCGCGTACTATGGTTGCTTTGACG-3') are the reverse complements of BH pUC
bckbn Forl and BH pUC bckbn Revl and are used as the forward and reverse primers with the
correction primers to amplify the cassette insert and create homology regions with the BH
backbone for in vitro recombination.



To change a single nucleotide in a cassette, two oligonucleotides are required. The first contains
the corrected nucleotide sequence flanked by approximately 20-25 bases and the second is the
reverse complement of the first. Examples of oligonucleotides used to change a nucleotide to a
G are as follows, with the nucleotide to be changed in bold : cassette Fix Forl (5'-
GAACTGAAAATTATATATCAGGTAGATATGAATAGGAAATAGTATGTC-3") and
cassette Fix Revl (5'-
GACATACTATTTCCTATTCATATCTACCTGATATATAATTTTCAGTTC-3'). PCR with
these primers is used to change the selected base. Primers BH insert Forl and Cassette Fix Rev1
are used to amplify part of a corrected insert and primers BH insert Revl and Cassette Fix Forl
are for amplifying the remaining insert also with the correction. Because the Cassette Fix Forl
and Cassette Fix Revl1 primers are reverse complements of each other, this creates a homology
region for in vitro recombination between the amplicons. As mentioned previously, the BH insert
primers create homology with the BH backbone piece, allowing a three piece in vitro
recombination reaction to create the corrected insert plasmid.

One synthetic cassette contained five repeats of a 12-bp sequence, whereas the completed
genome sequence showed six repeats of this sequence. PCR and in vitro recombination were
used as above to correct the 12-bp deletion with minor changes. The forward primer used to add
the 12-bp repeat unit contained four repeat units on the 5’ end followed by 27 bases of non-repeat
sequence on the 3’ end. This primer was used with primer BH insert Rev1 to create an amplicon
with four repeat units at the 5’ end. The reverse primer used to add the 12-bp repeat unit
contained the reverse complement of four repeat units on the 5" end followed by 27 bases of non-
repeat sequence on the 3’ end. This primer was used with primer BH insert Forl to create an
amplicon with four repeat units at the 3’ end. Following in vitro recombination, clones were
sequenced to identify the clones that recombined between two repeat units on the 3’ end and two
units on the 5’ end of the amplicons, resulting in a cassette insert sequence with six 12-bp repeat
units.

A further change was made in cassette 940 that was not related to differences between the
synthetic and native sequences. Cassettes 936-939 were difficult to assemble. Further work
demonstrated that cassettes 936-939 were not essential for the viability of M. mycoides
subspecies capri and could be deleted. To delete this region during construction of the synthetic
genome, the 5’ 80-bp overlap of cassette 940 was changed to match the 80-bp 3’ overlap of
cassette 935. Upon construction, cassette 935 would then join with cassette 940, deleting
cassettes 936-939. To change the overlap region, cassette 940 was amplified with BH insert
Revl and a forward primer that binds adjacent to the 5’ 80-bp overlap region. The 5’ overlap
from cassette 936 (which is identical to the 3’ 80-bp overlap of cassette 935) was obtained by
amplifying cassette 936 with BH insert Forl and a reverse primer that binds the 3" 40-bp end of
the overlap with a 5’ extension that is the complement of the forward primer used to amplify
cassette 940. In vitro recombination was then used with the BH backbone piece to generate
cassette 940 with a 5’ 80-bp overlap to cassette 935.

Assembly vector preparation



Polymerase chain reaction (PCR) amplification was used to produce a unique vector for the
cloning of each assembly. The amplified vectors contain terminal overlaps to the ends of the
assembly. The strategy for assembly vector preparation has previously been described (4). Each
PCR primer includes a 20-bp overlap with one end of the vector, a Not I restriction site, and a
40-bp overlap with one end of the cassette assembly. For the first stage of assembly, a yeast/
Escherichia coli shuttle vector, termed pCC1BAC-LCYEAST, was produced for template DNA
in PCR. This vector was constructed by in vitro assembly (3) of Afe I-digested pCC1BAC
(Epicentre) with a PCR product consisting of 40-bp overlaps to the Afe I restriction fragment, a
histidine selectable marker, a centromere, and an origin of replication (derived from pRS313
(5)). For the second stage of assembly, pRS314 (5) was used as template DNA in PCR (with the
exception of the assembly of 831-840, which used pCC1BAC as template DNA). Unique
assembly vectors were generated by PCR using the Phusion Hot Start High-Fidelity DNA
polymerase with HF buffer (New England Biolabs; NEB) according to the manufacturer’s
instructions except reactions were supplemented with 1 mM additional MgCl, and products were
annealed at 60 °C and extended for 1 min per kilobase. PCR products were extracted from
agarose gels after electrophoresis and purified using the QIAquick Gel Extraction kit (Qiagen)
according to the manufacturer’s instructions. Although we could have used the same second-
stage vectors for cloning natural and synthetic fragments, an additional vector sequence was
constructed for cloning natural 100-kb fragments. This vector sequence is named pCC1BAC-
URA and was construct in the same way that pPCC1BAC-LCYEAST was constructed except
pRS316 was used instead of pRS313. The primers used to produce the PCR-amplified assembly
vectors are listed in Tables S5-S7.

Preparation of cassette DNA for yeast transformation to produce 10-kb assemblies
Approximately 500 ng uncut cassette DNA was pooled in sets of 10, digested with Not I, and
electrophoresed on a 1% low-melting point agarose gel for 90 min at 96 V. One-kb DNA
fragments were cut from the gels and the mass of the gel slice was measured. A 1:10 solution of
10X TAE buffer containing 3M sodium acetate was added to the gel slice, and the agarose gel
was melted at 65 °C For 10 min. Following incubation at 42 °C for 15 min, B-agarase (NEB)
was added 1:50 and the incubation was continued for 1 h longer. Following a phenol extraction
and ethanol precipitation (in the presence of 1 ul glycoblue (Ambion), DNA was resuspended in
40 ul TE (pH 8.0). Ten microliters was used in transformation experiments.

Yeast transformation

In the yeast spheroplast transformation procedure, cells are treated with zymolyase to remove the
cell wall and then made competent to take up foreign DNA by treatment with PEG and CaCl..
This procedure was carried out using a previously published protocol with the VL6-48N yeast
strain (6) with one modification: cells were grown to an ODgg of 0.5 (~10 cells/ml) prior to the
preparation of yeast spheroplasts. We have found this optical density to be optimal for the
assembly of multiple overlapping fragments in yeast. The Not [-digested fragments were pooled,
mixed with 40 ng unique PCR-amplified assembly vector (except for the final stage of
assembly), and then added to ~2 X 10® yeast spheroplasts. After transformation, yeast
spheroplasts were regenerated and selected on complete supplemental medium without histidine
(CSM-His; 10-kb assemblies, 811-900, and complete genome) or without tryptophan (CSM-Trp;
100-kb assemblies with the exception of 811-900) and 1M sorbitol agar plates for 3 days at 30



°C. Primary transformants were then transferred onto selective plates as small patches and
incubated overnight at 30 °C.

10-kb assembly screening

DNA was extracted from ~10 yeast cells (from patches) using a QIAprep Spin Miniprep Kit
(Qiagen) according to the manufacturer’s instructions but with one modification: buffer P1 was
supplemented with 1:1000 B-mercaptoethanol and 1:100 20mg/ml Zymolyase-100T (USB), and
cells were incubated at 37 °C for 30-60 min prior to the addition of buffer P2. Samples (up to 3
ul) of the yeast extracted DNA were transformed into 30 ul EPI300 (Epicentre) electrocompetent
E. coli cells in a 1-mm cuvette (BioRad) at 1,200 V, 25 pF and 200 Q using a Gene Pulser Xcell
electroporation system (BioRad). Cells were allowed to recover at 37 °C for 1.5 hin 1 ml SOC
medium, then plated onto LB medium containing 12.5 pg/ml chloramphenicol. After incubation
at 37 °C for 16-24 h, individual colonies were selected and grown in 3 ml LB medium with 12.5
pg/ml chloramphenicol overnight at 37 °C. DNA was prepared from these cells by alkaline lysis
using the P1, P2 and P3 buffers (Qiagen), followed by isopropanol precipitation. DNA pellets
were dissolved in TE buffer (pH 8.0) containing RNase A and RNase T1 (Ambion).
Alternatively, DNA was prepared from the QIAprep Spin Miniprep Kit according to the
instructions provided. Following purification, DNA was digested with Not I (and occasionally
SbfI) to release the insert from the vector and sized by gel electrophoresis on 0.8% E-gels
(Invitrogen) for 30-60 min. Bands were visualized using a GE Typhoon 9410 Imager.

10-kb DNA extraction and preparation for transformation to produce 100-kb assemblies
Positive clones were propagated in 10 ml LB medium containing 12.5 pg/ml chloramphenicol
and 1:1000 induction solution (Epicentre) and incubated overnight at 37 °C. DNA was purified
from these cultures using the QIAprep Spin Miniprep Kit according to the manufacturer’s
instructions. Assembly 211-220 was unstable in the Epi300 strain so was transferred to the Stbl4
strain (Invitrogen), where it could be stably maintained. This assembly cannot be induced to
higher copy levels in this strain and was not column-purified as above. Instead, this clone was
propagated in 50 ml LB medium containing 12.5 pg/ml chloramphenicol. After cell lysis with
sodium hydroxide and sodium dodecyl sulfate, followed by neutralization with potassium
acetate, these DNA molecules were centrifuged and then precipitated with isopropanol. DNA
pellets were dissolved in TE buffer (pH 8.0) then RNase treated, phenol-chloroform extracted,
and ethanol precipitated. DNA pellets were dissolved in TE buffer. For each 10-kb assembly,
Not I-digested DNA was quantified by gel electrophoresis alongside known DNA standards.
Approximately 125 ng uncut DNA was pooled in sets of 10, digested with Not I (and usually
also with Sbf I to provide better separation between the vector bands and insert) and
electrophoresed on a 1% low-melting point agarose gel for 90 min at 96 V. Ten-kb DNA
fragments were cut from the gels and extracted following f—agarase treatment as described
above. DNA was resuspended in 20 pl TE (pH 8.0). Ten microliters was used in transformation
experiments with 40 ng vector.

100-kb assembly multiplex PCR screening

DNA was extracted from patches as above. Multiplex PCR was performed using a Qiagen
Multiplex PCR Kit. A 1/50 volume (1 pl) of the DNA extract and 1 pl of a 10X primer stock
containing 20 oligos at 2.5-5 uM each were included in each 10-pl reaction. Cycling parameters



were 94 °C for 15 min, then 35 cycles of 94 °C for 30 s, 57-60 °C for 90 s, and 72 °C for

90s, followed by a single 3-min incubation at 72 °C. Then, 2 ul of each reaction was loaded onto
a 2% E-gel (Invitrogen), and 72 V was applied for 30 min. Bands were visualized using a
Typhoon 9410 Imager.

Small-scale isolation of 100-kb supercoiled assemblies from yeast and analysis

Supercoiled, circular assemblies were isolated from a 5 ml saturated yeast culture grown in
selective medium. The procedure is based on a previously described method (7) but scaled down
and without emphasis on removing yeast chromosomal DNA. Harvested yeast cells were
transferred to a microfuge tube with 1 ml water, and resuspended in 1 ml Pretreatment Buffer
(1.2M sorbitol, 200mM Tris-Cl, 100mM EDTA, pH 9.1) with 8 ul 14 M B-mercaptoethanol.
Following a 10 min incubation at room temperature, cells were harvested, washed twice with 1
ml SCE (1M sorbitol, 60mM EDTA,100mM sodium citrate, pH 5.75), and resuspended in 1 ml
SCE plus 10 pl Zymolyase-100T solution (20 mg/ml Zymolyase-100T [USB], 50% glycerol,
2.5% glucose, 50 mM Tris-Cl, pH 8.0). Following a 1 hour incubation at 37 °C, spheroplasts
were harvested and then resuspended in 25 pl Tris/sucrose buffer (50mM Tris-Cl pH 8.0, 25%
sucrose) and 20 pl proteinase K solution (10mg/ml proteinase K [Sigma], 1 mM calcium
chloride, 50 mM Tris-Cl pH 8.0). Next, 475 ul Lysis Buffer 20mM EDTA, 50mM Tris-Cl, 1%
SDS, pH 12.45) was added and mixed by pipetting up and down. Following a 30 min incubation
at 37 °C, 100 pl 2M Tris-Cl pH 7.0 was added and mixed. Next, 100 ul 4M NaCl was added and
mixed. Following a 30 min incubation at room temperature, 70 pul 3M sodium acetate was added
and mixed. A standard phenol-chloroform extraction, isopropanol precipitation, and 70%
ethanol wash was carried out and DNA pellets were resuspended in 100 pl TE pH 8.0 containing
RNase A. Following a one hour incubation at 37 °C, 10 ul DNA was loaded onto a 1% agarose
gel in 1X TAE buffer and electrophoresis was carried out for 3 hours at 4.5V/cm. After
electrophoresis, the gel was stained with SYBR Gold and scanned with a Typhoon 9410 imager.

Large-scale isolation of 100-kb assemblies from yeast and analysis

A pre-culture (5 to 10 ml) of each VL6-48N strain harboring one of the eleven 100-kb
assemblies was grown overnight to saturation in selective medium and then inoculated into 400
ml of selective medium. Once the culture reached an ODg of 1.5, cells were harvested (2,205
rcf, 3 min). Pellets were resuspended in 100 ml water and transferred to two 50 ml conical tubes
and harvested as above. Cell pellets were resuspended in 40 ml SPE (1 M Sorbitol, 10 mM
Na,EDTA, 0.01 M Na phosphate, pH 7.5) containing 0.4 ml Zymolyase-20T (10 mg/ml) and 40
ul 14 M B-mercaptoethanol. The cell suspension was incubated at 37 °C for 60 min.
Spheroplasts were harvested (1,125 rcf for 5 min) and resuspended in 1 ml 1 M Sorbitol, and
then 20 ml of lysis Buffer (0.05 M Tris-HCI, 0.02 M EDTA, 1% SDS, pH 12.8) was added and
the tubes were inverted 10 times. Cell lysates were incubated at 37 °C for 30 min and then
extracted with 20 ml phenol/chloroform/isoamyl-alcohol (Invitrogen) by 20 gentle inversions
and centrifugation at 3,645 rcf for 20 min. The aqueous phase was transferred to a new 50 ml
conical tube. DNA precipitation was carried out by adding 2 ml 3M NaAc (pH 5.2) and 20 ml of
isopropanol, followed by centrifugation at 3,645 rcf for 30 min at 4 °C. The pellets were
resuspended in 1 ml TE (pH 8.0) containing RNase A (30 pg/ml) and incubated at 37 °C for 30
min. At this point, the two DNA samples were combined. The circular DNA was further
purified by the Qiagen Large-Construct Kit, according to the manufacturer’s instructions with



some minor modifications. Ten ml of EX Buffer was mixed with the DNA solution, followed by
the addition of 200 ul exonuclease and 300 ul 100 mM ATP. After a 45 min incubation at 37 °C,
the reaction was stopped by adding 12 ml of QS buffer. This solution was then applied to the
Qiagen-tip 500 column. The column was washed with 30 ml of QF buffer, and DNA was eluted
with 12 ml QF buffer, pre-warmed at 55 °C. DNA was then precipitated overnight at -20 °C by
the addition of 2 volumes of ethanol, in the presence of 1.2 ml 3M NaAc (pH 5.2), 15 ul of
GlycoBlue, and 15 ul of yeast total tRNA (Sigma). Alternatively, DNA was precipitated by the
addition of 1 volume isopropanol. The precipitated DNA was recovered by centrifugation at
3,645 rcf for 1 hr at 4 °C. DNA pellets were washed with 70% ethanol and resuspended in 150
ul TE (pH 8.0). A sample (0.75 pl) of each was digested with Not I and analyzed by FIGE. The
FIGE analysis was performed on a 1% agarose gel (BioRad, catalog # 161-3016) in 1X TAE
buffer without circulation and the parameters were forward 90 V, initial switch 5.0 sec, final
switch 30 sec, with linear ramp, and reverse 60 V, initial switch 5.0 sec, final switch 30 sec, with
linear ramp. After electrophoresis, the gel was stained with SYBR Gold and scanned with a
Typhoon 9410 imager.

Topological trapping and analysis

Twenty microliters of each uncut 100-kb assembly were pooled and equilibrated to 50 °C. One
volume (220 pl) of 2% low melting point agarose, also equilibrated to 50 °C, was mixed with the
pooled DNA. Approximately 85 ul of this mixture was added to agarose plug molds (Bio-Rad),
which were kept cold on ice. Following a 30 min incubation on ice, agarose plugs were added to
the wells of a 1% agarose gel (1X TAE buffer) and electrophoresis was carried out at 4.5 V/cm
for 2 hours. Plugs were removed from the agarose gel and washed by inverting in 5 ml 0.1X
Wash Buffer (Bio-Rad CHEF Genomic DNA Plug Kit) for 1 hour at room temperature. This
buffer was removed and 5 ml 1X Buffer 3 (NEB) was added. Following a 1 hour
incubation/inversion at room temperature, the buffer was removed and fresh 1X Buffer 3 (2.5
ml) with 250 units Not I was added. Not I digestion was carried out by incubating the agarose
plugs overnight at 37 °C. Agarose plugs were then inverted in 5 ml 1X TAE/0.3M sodium
acetate solution for 1 hour, and then moved to a microfuge tube. A solution of 10X TAE buffer
containing 3M sodium acetate was added 1:10 (~40 pl) to the gel slice, and the agarose gel was
melted at 68 °C For 7 min after an initial incubation at 50 °C for 15 min. Following a 15 min
incubation at 42 °C, B-agarase (NEB) was added 1:50 (~8 pl) and the incubation was continued
for 1 h longer. Following a gentle phenol extraction (by slowly inverting the tube for 10 min),
and a standard ethanol precipitation (in the presence of 1 ul glycoblue), DNA was resuspended
in 20 pul TE (pH 8.0). All but 0.5 pl was used to transform yeast. This 0.5 pl sample was
analyzed by FIGE as above.

Yeast Agarose Plugs

Yeast cultures (50 ml) were grown in CSM-His plus adenine medium (Teknova) to an ODgg of
1.0. Cultures were harvested and then washed with 50 ml water. Next, the cultures were
harvested and then washed with 10 ml EDTA pH 8.0. The cultures were harvested and then
transferred to microfuge tubes with 750 ul cell resuspension buffer (Bio-Rad CHEF Genomic
DNA Plug Kit). Cell pellets were then resuspended in 150 pl cell resuspension buffer. This
mixture was equilibrated to 50 °C and then mixed with 85 pl Zymolyase-100T solution (20
mg/ml Zymolyase-100T [USB], 50% glycerol, 2.5% glucose, 50 mM Tris-Cl, pH 8.0) and 225



ul 2% low melting point agarose. Approximately 85 pl of this mixture was added to agarose
plug molds (Bio-Rad), which were kept cold on ice. Following a 30 min incubation on ice, plugs
were added to 5 ml lyticase buffer (10 mM Tris-Cl pH 7.5, 50 mM EDTA pH 8.0) containing
500 pl Zymolyase-100T solution. Following incubation at 37 °C for 2 hours, plugs were washed
with 25 ml water. The Bio-Rad CHEF Genomic DNA Plug Kit was used to carry out the
Proteinase K incubation and wash steps, which are described in the manual that is provided with
the kit.

Restriction analysis of M. mycoides genomes propagated in yeast

Yeast agarose plugs were washed two times for 1hr in Iml of 0.1X Wash Buffer (Bio-Rad CHEF
Genomic DNA Plug Kit) and equilibrated for 1hr in Iml of 1X Buffer 2 supplemented with BSA
(NEB). The yeast chromosomal DNA was digested overnight with 50 units each of the
restriction enzymes AsiSI and Rsrll. These enzymes do not digest the M. mycoides genome.
Plugs were then loaded onto a 1% TAE agarose gel to run digested yeast genomic DNA
fragments out of the plugs (the circular M. mycoides genomes remain in the plug). The agarose
gel was electrophoresed for 3 hours at 6V/cm. After electrophoresis, the agarose plugs were
removed from the wells and were washed two times for 1hr in Iml of 0.1X Wash Buffer and
equilibrated for 1 hr in 1 ml of 1X Buffer 3 (NEB; for BssH II digests) or 1X Buffer 4 (NEB; for
Asc I digests). The M. mycoides genomic DNA was digested overnight with 50 units of the
restriction enzyme BssH II or 50 units of Asc I. Following incubation, all plugs were washed for
1 hour with 1 ml 0.1X Wash Buffer at room temperature and loaded on an agarose gel and
subjected to pulsed-field gel electrophoresis. All restriction enzymes were purchased from NEB.

Pulsed-field gel electrophoresis

Yeast agarose plugs and M. mycoides agarose plugs were subjected to pulsed-field
electrophoresis in a 1% agarose gel in 1X TAE with 0.5 pg/ml ethidium bromide with circulation
at 14 °C, with a contour-clamped homogeneous electric field (CHEF DR III; Bio-Rad). Pulse
times were ramped from 60 to 120 s for 20-24 hr at 4.0 V/cm.

Verification of cassettes, assembly intermediates, and M. mycoides JCVI-synl1.0

Just as the construction scheme for the synthetic cell genome followed a tiered hierarchy (1-kb
cassettes, 10-kb subassemblies, 100-kb subassemblies, and the completed synthetic genome), so
did the quality control efforts to ensure that the DNA being assembled had the sequence that it
was designed to have. Because of variable cost constraints, variable time constraints, and the
intrinsic differences in sequencing (many small regions of DNA with overlapping sequence from
sequencing one large region of largely non-repetitious DNA), different strategies of sequencing
were applied to each tier. The easiest, most economical, and fastest methods of sequence
validation were substantially different at each of the different tiers of the construction effort.
Also, the variable limitations of these methods caused a minority of mutations introduced at the
cassette level to persist all the way to the 100-kb tier. Also, every tier of assembly was
associated with the creation of some mutations. This demonstrates the need for quality control at
all levels of synthetic biology efforts that endeavor to construct large regions of DNA.

1-kb cassette verification. Cassettes were purchased from Blue Heron. Blue Heron also
provided sequence trace files confirming the sequences of the delivered DNA. These trace files
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were processed by us in a semi-automated manner. In-house base-calling software was used to
extract sequence from the trace files into FASTA format. The resulting sequence files were
aligned to the target reference sequence using ClustalW (8) with default settings. The resulting
pair-wise alignments were parsed with PERL scripts written for the purpose and sequence
positions which did not match the target reference sequence were identified. Because each 1-kb
cassette was covered by two or more Blue Heron-provided trace files, which in turn gave rise to
as many pair-wise alignments, it was necessary to reconcile the list of mismatched positions
from all pair-wise alignments covering a particular 1-kb cassette with each other. This was done
by another custom PERL script, and cassette-positions that differed from the target sequence
when all reads were taken into account were then manually analyzed. Of 1031 cassettes, 578
passed wholly automated screening. Of the remaining 453 cassettes, 370 had discrepancies that
fit into categories that were judged not to require direct manual analysis of the trace files. There
were two such categories: 1) The apparent sequence deviation was in the Not I site flanking the
cassette. This was very common due to the poor performance of Sanger sequencing immediately
following the sequencing primer, but was not of any concern because the intactness of the Not |
site was immediately testable in the normal course of the processing of the cassette which
involved cutting the cassette out of the cloning vector with Not I, and gel purifying it and 2)
Some of the Blue Heron provided trace files contained unusually broad C peaks as is sometimes
associated with the oxidation of the C-big-dye terminator reagent. As a result, some of the trace
files gave rise to incorrect base calls of C. Eighty-three of the 453 cassettes that did not pass
automated verification had their trace files inspected by eye; 62 were deemed to not require in-
house re-sequencing, and 21 were re-sequenced. Three of the 1-kb cassettes were, in the final
analysis, determined to have mutations (two single nucleotide deletions and one single
nucleotide substitution), but only one of those was found during the screening of Blue Heron-
provided trace files. The failure to detect the other two errors at the 1-kb tier was largely due to
the poor quality of a minority of reads (those with unusually broad C peaks) and, in one case, the
incorrect clone having been delivered. All 1-kb cassettes that passed this screen were used to
create 10-kb subassemblies.

10-kb assembly intermediate verification. The 10-kb subassemblies were pooled and verified
via 454 sequencing using non-paired-end reads. Initially 116 10-kb assemblies were screened.
These 116 include some 10-kb subassemblies that were duplicates or near-duplicates. This was
the case because alternate clones of certain troublesome 10-kb subassemblies were tested in
parallel. Also, alternate versions of certain 10-kb subassemblies that were identical except for
certain designed changes such as the presence of the watermarks were tested in parallel. Because
of the presence of duplicate or near-duplicate sequences that needed to be read independently, as
well as the existence of duplicate regions in contiguous 10-kb subassemblies due to the 80 base
pair overlaps, the 116 10-kb subassemblies were pooled into 4 separate pools that prevented any
10-kb subassembly from being in the same pool as either of the two 10-kb subassemblies that
shared 80 base pairs with its two ends. All alternate clones and alternate versions of specific 10-
kb segments were separated from each other. Also, certain 10-kb subassemblies which had
highly similar sequence to one another, such as those that contained IS1296 elements, were
separated as much as possible from one another among the four pools. The four pools were bar-
coded and then pooled into one pool which was sequenced by 454. The reads from the four bar-
coded pools were then separated and analyzed using the CLC Workbench software package’s
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high-throughput reference assembly tool at default settings. The reads from each pool were
assembled against an artificially constructed "reference sequence" which consisted of the 29 10-
kb target sequences for that pool separated by runs of 500 N's. After assembly to this reference
sequence, mutations were detected with a mixture of manual observation, the CLC SNP
detection tool, and the CLC DIP detection tool. Oddly, CLC has no automated way of detecting
differences between the reference and consensus sequences. To bypass this defect, the following
non-default settings on the SNP and DIP tools were used: Minimum Coverage=1, Maximum
Coverage=999999, Minimum Variant Frequency=50% or count=999999. All other settings were
at their defaults. Initially 18 of the 116 10-kb subassemblies were found to contain variations
from their target sequences. Eventually, three of these were determined to be caused by
sequence similarity between the markers in the synthetic genome and the markers in the plasmid
backbone of the 10-kb subassembly clones with backbone sequence contaminating the 10-kb
sequences. Several of the remainder were found to be associated with the plasmid induction of
the 10-kb clones in E. coli. This was determined after targeted PCR and sequencing of mutation
regions of selected clones isolated directly from yeast, from E. coli before induction, and E. coli
after induction. One class of mutation that was observed 3 times was the introduction of a GC at
the sight of an overlap. We postulate that this might be a remnant of the Not I site flanking the
cassette overlap sequences. Alternate assemblies of the 10-kb segments that were mutated in the
first attempt to make them were then sequenced as before, except this time in only two bar-coded
pools. One of the three mutations in the 1-kb cassettes was detected at the 10-kb level. All the
other mutations that were not caused by induction E. coli originated in construction.

100-kb assembly intermediate verification. Rather than sequence each of the 100-kb
subassemblies, semi-synthetic genomes were constructed. These semi-synthetic genomes
contained between two and ten of the eleven 100-kb subassemblies, and the rest of the genome
was derived from natural M. mycoides genomes. These semi-synthetic genomes were
transplanted, validating that no lethal mutations were in the synthetic fraction of the genome. It
rapidly became apparent that only one of the 100-kb subassemblies was not viable: the one
corresponding to cassettes 811a-900. Because this 89-kb segment was not available
conveniently from yeast in quantities that would make direct genomic walking or 454
sequencing easy or cost effective, overlapping PCR amplicons were generated and sequenced
with a sequencing primer every 200 base pairs along each amplicon, alternating between strands.
This process was done for both the synthetic 811a-900 and the corresponding region of the
natural M. mycoides genome that had been shown to be viable in the semi-synthetic experiments.
Re-sequencing of the natural fragment was to guard against the possibility that the 811a-900
region had been designed with a deviation that would prevent viability upon transplantation.
Whereas the sequencing of the synthetic 811a-900 was to guard against mutations away from the
designed sequence, one such mutation away from the design was detected in the 811a-900
sequence. It was a one base pair deletion that was eventually determined to have existed in the
812a 1-kb cassette. This mutation was not captured at the 1-kb level due to the wrong 1-kb clone
having been sent by Blue Heron. It was not detected at the 10-kb level because, coincidentally,
many of the 454 reads happened to end or start in its immediate vicinity, causing mutation to
seem to be poorly supported across the population of read, and thus ignored by the automated
SNP and DIP detection tools.
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Sequence analysis of the M. mycoides SMmY Cp235-1 genome isolated from M. mycoides
sMmYCp235 cells. Cells were grown in SP4 medium containing 10 mg/1 tetracycline and
genomic DNA was extracted using a Promega Genomic DNA Extraction Kit. Genomic
sequencing by a small insert shotgun Sanger library generated 14,319 successful reads. PCRs
and genomic walks for known repeats and problematic areas generated 551 additional Sanger
reads. The combined sequencing data was assembled using Celera Assembler (Meyers, 2000)
resulting in 7 contigs in 3 scaffolds, with a contig N50 of 279215 bp. Average coverage was
11.5X. An additional 133 Sanger clone primer walks and genomic walks were generated to
close the remaining gaps and cover low coverage regions. A completely finished genome was
produced in 19 days. The resulting M. mycoides sMmY Cp235 assembly contains eight SNP
discrepancies and two insertions compared to the designed M. mycoides JCVI-syn1.0 genome.
Differences are summarized in Table S1.

Additional content regarding the assembly of 10-kb synthetic intermediates

DNA cassettes were supplied at about equal concentrations and contained in an E. coli cloning
vector. Equal amounts of these cassettes were pooled in sets of 10, digested with Not I to release
the inserts, gel-purified, and then mixed with a unique yeast/E. coli shuttle vector. This vector is
a bacterial artificial chromosome (BAC; pCC1BAC) with an inserted histidine auxotrophic
marker, centromere, and origin of replication for selection and propagation in yeast (15). Yeast
propagation elements were already designed into assembly 831-840. For this reason, the cloning
vector for this assembly only included the BAC elements (pCC1BAC). Unique first-stage
assembly vectors were produced by PCR-amplification with primers that contained 40 bp
overlapping sequence to the ends of the cassettes that were to be assembled (4). Also included in
these primers were Not I restriction sites, which allowed the assembled cassettes to be released
intact from the vector. The vector/cassette mix was then transformed into yeast and incubated on
selective plates for several days. Plasmid DNA was extracted from individual yeast clones and
transformed into E. coli, a more suitable host for propagation of the assembled cassettes.
Plasmid DNA was then isolated from individual E. coli clones and digested with Not I to screen
for cells containing a vector with an assembled 10kb insert. In general, at least one 10 kb
assembled fragment could be obtained by screening 10 yeast clones. However, the rate of
success varied from 10-100%. One assembly, 791-799, could not be produced by homologous
recombination in yeast. This fragment was divided into two parts, 791-795 and 796-799, which
were individually assembled by in vitro recombination (3). With the exception of 211-220, all
first stage assemblies were propagated in Epi300 E. coli cells. This cell line allows for induction
of the cloning vector from single-copy to high-copy numbers. Assembly 211-220 was unstable
in Epi300 cells and so was transferred to Stbl4 cells, where it could be stably maintained.

All of the first-stage intermediates were sequenced. Nineteen out of 111 assemblies contained
errors. Our sequencing analysis revealed that assemblies 81-90 and 811-820 each contained a
single error originating from cassettes 82 and 812, respectively. Cassette 82 was corrected at the
1-kb level and reassembled to produce an error-free clone of 81-90. The mutation in cassette
812 occurred in the 811 overlap, which does not contain an error. Therefore, when additional
811-820 clones were sequenced, some of these did not contain errors. One sequence-verified
811-820 clone was used in subsequent assembly reactions. We opted not to correct an error that
was present in 121-130 since it was a synonymous mutation in a non-essential gene. This
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mutation served as an additional variation to further distinguish the synthetic genome from a
natural one. One mutation could be avoided by maintaining the assembled fragments at single-
copy number during propagation in E. coli. One error was produced by incomplete removal of
the Not I restriction site at one of the cassette junctions. Four errors likely originated from the
primers used to PCR-amplify the cloning vectors. The remaining errors were produced during
propagation in yeast. Alternate clones of 15 assemblies were selected and sequence-verified.
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Watermark-1, 1246 base pairs
TTAACTAGCTAAGTTCGAATATTTCTATAGCTGTACATATTGTAATGCTGATAACTAATACTGTGCGCTTGACTGTGATCCTGATAAATAACTTCTTCTGTAGGGTAGAGTTTTA
TTTAAGGCTACTCACTGGTTGCAAACCAATGCCGTACATTACTAGCTTGATCCTTGGTCGGTCATTGGGGGATATCTCTTACTAATAGAGCGGCCTATCGCGTATTCTCGCCG
GACCCCCCTCTCCCACACCAGCGGTGTAGCATCACCAAGAAAATGAGGGGAACGGATGAGGAACGAGTGGGGGCTCATTGCTGATCATAATGACTGTTTATATACTAATGC
CGTCAACTGTTTGCTGTGATACTGTGCTTTCGAGGGCGGGAGATTCGTTTTTGACATACATAAATATCATGACAAAACAGCCGGTCATGACAAAACAGCCGGTCATAATAGAT
TAGCCGGTGACTGTGAAACTAAAGCTACTAATGCCGTCAATAAATATGATAATAGCAACGGCACTGACTGTGAAACTAAAGCCGGCACTCATAATAGATTAGCCGGAGTCGT
ATTCATAGCCGGTAGATATCACTATAAGGCCCAGGATCATGATGAACACAGCACCACGTCGTCGTCCGAGTTTTTTTGCTGCGACGTCTATACCACGGAAGCTGATCATAAAT
AGTTTTTTTGCTGCGGCACTAGAGCCGGACAAGCACACTACGTTTGTAAATACATCGTTCCGAATTGTAAATAATTTAATTTCGTATTTAAATTATATGATCACTGGCTATAGTC
TAGTGATAACTACAATAGCTAGCAATAAGTCATATATAACAATAGCTGAACCTGTGCTACATATCCGCTATACGGTAGATATCACTATAAGGCCCAGGACAATAGCTGAACTGA
CGTCAGCAACTACGTTTAGCTTGACTGTGGTCGGTTTTTTTGCTGCGACGTCTATACGGAAGCTCATAACTATAAGAGCGGCACTAGAGCCGGCACACAAGCCGGCACAGT
CGTATTCATAGCCGGCACTCATGACAAAACAGCGGCGCGCCTTARCTAGCTAA

Watermark-2 1081 base pairs
FTAACTAGCTAACAACTGGCAGCATAAAACATATAGAACTACCTGCTATAAGTGATACAACTGTTTTCATAGTAAAACATACAACGTTGCTGATAGTACTCCTAAGTGATAGCTT
AGTGCGTTTAGCATATATTGTAGGCTTCATAATAAGTGATATTTTAGCTACGTAACTAAATAAACTAGCTATGACTGTACTCCTAAGTGATATTTTCATCCTTTGCAATACAATAA
CTACTACATCAATAGTGCGTGATATGCCTGTGCTAGATATAGAACACATAACTACGTTTGCTGTTTTCAGTGATATGCTAGTTTCATCTATAGATATAGGCTGCTTAGATTCCCT
ACTAGCTATTTCTGTAGGTGATATACGTCCATTGCATAAGTTAATGCATTTAACTAGCTGTGATACTATAGCATCCCCATTCCTAGTGCATATTTTCATCCTAGTGCTACGTGAT
ATAATTGTACTAATGCCTGTAGATAATTTAATGCCTGGCTCGTTTGTAGGTGATAATTTAGTGCCTGTAAAACATATACCTGAGTGCTCGTTGCGTGATAGTTCGTTCATGCAT
ATACAACTAGGCTGCTGTGATATGGTCACTGCCCTTACTGTGCTACATATTACTGCGAGGGGGATGACGTATAAACCTGTTGTAAGTGATATGACGTATATAACTACTAGTGA
TATGACGTATAGGCTAGAACAACGTGATATGACGTATATGACTACTGTCCCAAACATCAGTGATATGACGTATACTATAATTTCTATAATAGTGATAAATAAACCTGGGCTAAA
TACGTTCCTGAATACGTGGCATAAACCTGGGCTAACGAGGAATACCCATAGTTTAGCAATAAGCTATAGTTCGTCATTTTTAAGGCGCGCCTTAACTAGCTAA

Watermark-3 1109 base pairs

TTAACTAGCTAAT TTAACCATATTTAAATATCATCCTGATTTTCACTGGCTCGTTGCGTGATATAGATTCTACTGTAGTGCTAGATAGTTCTGTACTAGGTGATACTATAGATTTC
ATAGATAGCACTACTGGCTTCATGCTAGGCATCCCAATAGCTAGTGATAGTTTAGTGCATACAACGTCATGTGATACAACGTTGCTGGCTGTAGATACAACGTCGTATTCTGT

AAGTGATACAATAGCTATTGCTGTGCATAGGCCTATAGTGGCTGTAACTAGTGATATCACGTAACAACCATATAAGTTAGATTTAATGCCCCTGACTGAACGCTCGTTGCGTG

ATAGTTTAGGCTCGTTGCATACAACTGTGATTTTCATAAAACAACGTGATAATTTAGTGCTAGATAAGTTCCGCTTAGCAAGTGATAGTTTCCGCTTGACTGTGCATAGTTCGT

TCATGCGCTCGTTGCGTGATAAACTAGGCAGCTTCACAACTGATAATTTAATTGCTGATATTGCTGGCTGTCTAGTGCTAGTGATCATAGTGCGTGATAGTTTAAGCTGCTCT

GTTTTAGATATCACGTGCTTGATAATGAAACTAACTAGTGATACTACGTAGTTAACTATGAATAGGCCTACTGTAAATTCAATAGTGCGTGATATTGAACTAGATTCTGCAACTG
CTAATATGCCGTGCTGCACGTTTGGTGATAGTTTAGCATGCTTCACTATAATAAATATGGTAGTTGTAACTACTGCGAATAGGGGGAGCTTAATAAATATGATCACTGTGCTAC
GCTATATGCCGTTGAATATAGGCTATATGATCATAACATATATAGCTATAAGTGATAAGTTCCTGAATATAGGCTATATGATCATAACATATACAACTGTACTCATGAATAAGTT

AACGAGGATTAACTAGETAA

Watermark-4 1222 base pairs
FTAACTAGCTAATTTCATTGCTGATCACTGTAGATATAGTGCATTCTATAAGTCGCTCCCACAGGCTAGTGCTGCGCACGTTTTTCAGTGATATTATCCTAGTGCTACATAACA
TCATAGTGCGTGATAAACCTGATACAATAGGTGATATCATAGCAACTGAACTGACGTTGCATAGCTCAACTGTGATCAGTGATATAGATTCTGATACTATAGCAACGTTGCGT
GATATTTTCACTACTGGCTTGACTGTAGTGCATATGATAGTACGTCTAACTAGCATAACTAGTGATAGTTATATTTCTATAGCTGTACATATTGTAATGCTGATAACTAGTGATA
TAATCCAACTAGATAGTCCTGAACTGATCCCTATGCTAACTAGTGATAAACTAACTGATACATCGTTCCTGCTACGTGATAGCTTCACTGAGTTCCATACATCGTCGTGCTTAA
ACATCAGTGATAACACTATAGAGTTCATAGATACTGCATTAACTAGTGATATGACTGCAAATAGCTTGACGTTTTGCAGTCTAAAACAACGTGATAATTCTGTAGTGCTAGATA
CTATAGATTTCCTGCTAAGTGATAAGTCTACTGATTTACTAATGAATAGCTTGGTTTTGGCATACACTGTGCGCTGCACTGGTGATAGCTTTTCGTTGATGAATAATTTCCCTA
GCACTGTGCGTGATATGCTAGATTCTGTAGATAGGCTAAATTCGTCTACGTTTGTAGGTGATAGTTTAGTTGCTGTAACTAATATTATCCCTGTGCCGTTGCTAAGCTGTGATA
TCATAGTGCTGCTAGATATGATAAGCAAACTAATAGAGTCGAGGGGGAGTCTCATAGTGAATACTGATATTTTAGTGCTGCCGTTGAATAAGTTCCCTGAACATTGTGATACT
GATATTTTAGTGCTGCCGTTGAATATCCTGCATTTAACTAGCTTGATAGTGCATTCGAGGAATACCCATACTACTGTTTTCATAGCTAATTATAGGCTAACATTGCCAATAGTGC
GGCGCGCCTTAACTAGCTAA

Figure S1
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Supplementary Figure Legends

Figure S1. Synthetic genome watermarks. A 6-frame stop sequence is in black on green. Asc |
restriction sites are in red on grey.

Figure S2. Genome map of M. mycoides JCVI-syn1.0. Genes, structural RNAs, watermarks,
polymorphisms relative to natural M. mycoides capri GM12, and the coordinates of the synthetic DNA
cassettes used to construct the genome are shown.

Figure S3. Multiplex PCR patterns used to identify 100-kb intermediates containing all first-stage
assemblies. (a) To demonstrate the expected PCR patterns for each of the 100-kb assemblies, the
multiplex PCR primers listed in Table S3 were used to screen YCpMmycl.1, which was extracted from
yeast. (b) PCR amplicons are spaced 100 bp apart. With the exception of amplicon 10d (shaded in
yellow; the region corresponding to 931-940), and assembly 796-799, all first-stage assemblies can be
accounted for by this PCR analysis. Downstream analyses were used to further confirm the 701-799 and
901-100 intermediates.

Figure S4. Proteomic Analysis. Two-dimensional gels were run using cell lysates from M. mycoides
YCpMmycl.1 (WT) and M. mycoides JCVI-syn1.0. Standard conditions were used for the separation of
protein spots. The first dimension separated proteins on immobilizing pH gradient strips (pH range 4 to 7
from left to right in the images). In the second dimension, the proteins are separated in 9-17% acrylamide
gradient gels that resolve the proteins in an M, range from around 130 kDa to 10 kDa (from top to bottom
in images). The gels were stained with Coomassie Brilliant Blue G-250.

Figure S5. Error correction using PCR and in vitro recombination. Primers (BH pUC bckbn Forl
and Rev1l) are used to amplify the plasmid backbone for use in recombination reactions. Complements of
backbone primers (BH insert Forl and Rev1) are used in conjunction with error-correcting primers
(Cassette Fix Forl and Revl) to produce amplicons with regions of homology to each other and the BH
backbone amplicon. The three PCR products are used in in vitro recombination to generate the corrected
cassette.

Figure S6. Comparison of the growth rates for M. mycoides JCVI-syn1.0 and the WT control strain
YCpMmycl.1. Growth rates were compared using a color changing unit (CCU) assay to measure the
rates at which serial dilutions of each cell type acidified the culture media. This causes the phenol red in
the SP4 culture media to change from a red to a yellow culture. This assay is a standard method used by
mycoplasmologists to determine culture titers (9). We took aliquots of both the JCVI-syn1.0 (S) and
YCpMmycl.1 M. mycoides () strains that were just beginning to turn from red to orange. These strains
were compared because they are the most similar organisms we have in our library. Both organisms have
the YAC vector sequence, although there are several other genes absent in the JCVI-syn1.0 genome that
could alter the growth rates. We made serial 10 fold dilutions in a 96-well plate of each culture and
incubated the cells at 37 °C. Every hour we photographed the cultures to determine whether the cultures
were red (early log phase), orange (late log phase) or yellow (senescent). After 8 hours of growth, all the
JCVI-synl.0 and YCpMmycl.1 cultures at each dilution are essentially the same color, indicating the
wells at each dilution contain similar numbers of organisms at each dilution. After 28 hours, the JCVI-
syn1.0 culture in the 10” dilution is much more acidic and turbid than the YCpMmcy1.1 wells, which are
still red. In the figure, we cropped dilutions that had not begun to change color and one well in the 107
dilution that was apparently contaminated.



1 2 3 4 5 6 7
designed difference coordinate on JCVI-synl YCpMmyc1.1 affected Search string following difference Comment
JCVI-synl cassettes
homopolymer run 59700 Al5 Al6 mmyc872 TAATATAATTTGCATACTATAAAAA intergenic
homopolymer run 118608 Al16 A17 mmyc931 GCAAAAAAACTAGTAAATATCGTAT intergenic
homopolymer run 120703 Al18 Al7 mmyc933 CAAAATAGCTTAGTACATATCGCAT intergenic
homopolymer run 122656 Al17 Al16 mmyc935 GCAACAAGGTGTGATCGCACCATTT intergenic
deletion "94D" 123020 deletion 4130 bp mmyc936-939 TATTTTGTAAAACAGTTTCATCAAGTT putative lipoprotein genes
homopolymer run 123429 A18 A21 mmyc940f GCAAACAAACCTAGTACACATCGTA intergenic
dinucleotide run 159343 (TA)10 (TA)9 mmyc976 ATGGAATTAACTATATACACTAGGT intergenic
homopolymer run 174542 T16 T15 mmyc991 AATAAAAAGACTCACATAAGTGAGT intergenic
watermark 388631-389563 WM3 1000 bp mmyc106 TGATGCACTGATGTAACAGAGTTTAAA coded watermark sequence
shp 405381 G A mmycl22 CCAATGCTAAAAAATCAAAATGCTCATT A->G, Gly synonymous, CDS: putative lipoprotein
homopolymer run 420496 A22 Al18 mmyc137 CTAAAAACAAACTCTATTTCTTAAA intergenic
homopolymer run 421365 A19 A20 mmyc138 CTAAAAACAAACTCTATTTCTTAAA intergenic
homopolymer run 426516 T16 T15 mmyc143 GTAAAAATAAAAGTAAGATTTGGAT intergenic
watermark 564644-565713 WM1 6000 bp mmyc282-287 AATTACCAAAAGGTGTAGTTTCAGTTC coded watermark sequence
homopolymer run 577948 T18 T17 mmyc300 GCTAAAAAGCCTATGTAAAGCCTTT frameshift, CDS: hypothetical protein
watermark 724794-725698 WM2 1000 bp mmyc447 TATCAAGATACTTAGTAATGCTAGTTTCTCC coded watermark sequence
dinucleotide run 727553 (TC)12 (TC)10 mmyc449 GGCTACTATCAAGTTCTTAAGTGCATCA intergenic
homopolymer run 900703 T21 T19 mmyc622/623 ACAAGCAATTTAATACAAACTTGTA intergenic
watermark 957779-958824 WM4 1000 bp mmyc680 CAAATTCAATGCTAGACAAAGCACTT coded watermark sequence
homopolymer run 1014079 Al16 Al17 mmyc736 TAAATCCAGCTTAGTACTCATCAAA intergenic
homopolymer run 1064216 T18 Al7 mmyc786 GCAGAGCTCGTATTATTCTTTTCTT intergenic
dinucleotide run 1069129 (AT)8 (AT)10 mmyc791 TATAATGTGTCTTACAAAAGATAAA intergenic
dinucleotide run 1069967 (TA)15 (TA)12 mmyc792 ATGGTTATTGACAGGAAAAATATAT intergenic
dinucleotide run 1070891 (TA)13 (TA)14 mmyc793 ATGTGTCTTACCAAATTATAAACAA intergenic
dinucleotide run 1071855 (TA)12 (TA)11 mmyc793/794 ATGATTATTGATATGAAAAATATAT intergenic
not designed sMmYCp235-1
snp 48020 G C mmyc861 CAAATAAAGTACCAAGTACATAACCTA C->G, Gly -> Ala, CDS: GnsA/GnsB family
snp 189893 C G mmyc1006 CAAATAAAGCGTTTGCTCATTATCGTT G ->C, Ala -> Pro, CDS: rpsG
insertion 308736 777 bp insertion mmyc24  ATGTTGGGTTAAAATCATATGATTATATAA ~ ©- Coll ISLransposable element inserted in
peptidase, S41 family
insertion 338117 85 bp insertion mmyc53-54 | AAGTATAATCTTGATAATCTTCAAATTTTA CCCCGC (from Notl) plus 79 bp duplication Disrupts
CDS: thiamine pyrophosphokinase
snp 347965 A T mmyce5 TGTTGCTAATGAGTAAT cT T-> A, Leu -> Phe, CDS: ef:rt:));g:c transporter,_permease
shp 678748 G A mmyc400f/401 GTTGAGTTGATTTTTTAGTATTTTCAGC A -> G, Ser -> Gly, CDS: hypothetical protein
snp 735321 A G mmyc457 AGATAAAGAACAAATGCCACCAACTAAT G -> A, Gly -> Glu, CDS: hypothetical protein
snp 858167 A G mmyc580 AAAAACAGCAACAAGTAGTGATGCTGA G -> A, Gly -> Glu, CDS: tpiA
snp 858175 T G mmyc580 CAACAAGTAGTGATGCTGAAGAAGTATG G ->T, Ala -> Ser, CDS: tpiA
snp 1036988 G C mmyc759f TTATTCATTCATTTTTTCTTTAACAGAT intergenic
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Amplicon #[Name |Primer sequence Amplicon Size (bp)

1 100F GTAATTGAACCTAATTCTTTTTCTAATC|
101R GGACTTGGTGGAATTAGACATC

) 200F TCAGCTTATTTAGCTACAAATTCTG |,
201R GAAGAAGATACTTCATGAACAAATG

3 300F AGAAGATATTGCAGATGCAGAAG 514
301R AGTTGCATTGCTTGAACTAGTTG

4 400F AAACTAGACAAAATGAAGATGGAAG | o
401R CTTCATCATCTTCATATCAAGGAC

5 500F AACCATCTGCACCAGATAGTTC 726
501R AGTGGTATATTTAGTTTAGCAAAACC

8 600F TAGCTGTTTGCTTGCTAAGGTC 846
601R TGGGTTTGTATTTAGTAGTAGTGC

9 700F GAAGTTAGTGACGGATATGCAAG 952
701R ATTATATCCAGTTGGAACTCCTG

5 799aF-2 |GTCAAGTTCTTTTCATACCACTAC 685
811aR  |TTGTTCATTACTTGCACCGATTAC

. 900F-2 |GAAGTATGATTTCCAGAACAAAAC 284
901R-2 |AACTAGCTCCGTGTTGCTTTG

10 1000F-2 |[TGTAGATCTGCCAAGTAAGTCTC 1010
1001R-2 [CCTGTAATTTGTTTGATTGCTTG

1 1104F-2 |AGGTGTGTTATCTTTGTGATTAGC 1149
2aR-2  |ATGGTCAAGTTCCTGTAGCTAC
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Amplicon name

Primer name

Primer sequence

Amplicon size (bp)

WML MLC WM1 for GCTCATTGCTGATCATAATGACTGTTTATATAC 100
MLC WM1rev |ATGTATGTCAAAAACGAATCTCCCG

WM2 MLC WM2 for GATATTTTCATCCTTTGCAATACAATAACTACTACATC 300
MLC WM2 rev  |CGAGCCAGGCATTAAATTATCTACAG

WM3 MLC WM3 for GCTGTAGATACAACGTCGTATTCTGTAAGTG 500
MLC WM3rev |GTGCAGCACGGCATATTAGCAG

WM4 MLC WM4 for TCTGATACTATAGCAACGTTGCGTGATATTT 700
MLC WM4 rev  |AATGTTCAGGGAACTTATTCAACGG

Table S4




Assembly

Forward Primer Sequence

Reverse Primer Sequence

2-10

GTTTTTAATTTAACTAATATTTATTACAAATAAAAAACTTgcggs

TTTTCCAGATATAAATGCCGGAAATATTGGTTATAAGATTgcggeegeegag

11-20 ACAAAGATATCTGGAGTTTGTTTAGTTAATAAACAGTTTTgegy CCATATTCAGAAACTTTAACTTTAGCTCTTTCTTTACCATgeggecgeeggyt
2130 TCAACAATTACAAGAAAAACAAAAAGTTAAATTTATGTATgCgy! ATGAAGCTAGTAAAAAAGATAAACAAAAAATAACATCATTgeggeegeegggt
31-40 CAATAGTAGCAATTTGAGAATTTAAATTATCAATTTCGTTgegy TCTAAAGACTTAAACTCATATAGTCACATTAATCCTTGGTgeggeegeegyg!
4150 TTTTAGTTCTCTTAGTCTATAAATTTCAATCATTTCTTATgCgg: AATATCACTTGATTCTTCATATTTGTTTGTTATAAAACTAgcggeegecggy
51-60 GTAGATGAATTATTAAACATATTAAAAAACACTGATTTTAGCGY GTCAATAATTTAGAACAAACTTATAAAATAGC geggeegeegggf
6170 TTTAACTTTCATATATAACCTCATTTACTTTAATTATAAAGCGY AAAAAATACGGAAAAGAATTTATTGATCTTTTAACATCTTgeggecgeegag
71-80 AATTAAATCAAAATTCATTTTGTTATTTTTTACTAATTCTgogy ATAAAATTGATTTACCTAGTGCTGATGTTGATAAAGTTAAgCggCCgeegyy!
8190 TAATTACTGGAATTATTTCTAAATTACTATCAATTGCTAAGCYY: ATTATTTTCTTTAACTAATAGATCTTCATCTCTAGTTTTTgeggecgecggg
91-100 AGAACTGATAGAGTTGGTAACTTTAGAAAATAT! gegg TAACATTTATCTTTTAATTTTTCATTAACATTAGCAATTTgeggeegecggy
101-110WM3_|TCAAACAGCAAAGCAAATGTATGGAGAAATGCTTCCAGAAGCYY: CATTAGAGTTTTTATATTTATATTGAGTTTGTCAAATTCCgeggeegeegag
111-120 TAATAGTTGATGCTATTATTAAAACACAAATTAATGATAAGCGY ATCTTTATTAAAAGTACTAAAGAGTTTAATAAATTAAAATgCGgCCOECdY
121-130 TTCTGTATTATAAATTTGACGTTTTTGTATTGAGTCTCACGCGg GTTCTACTTTAACTATTTTACTTTTTTTAAGTAGTTATTTgeggecgeeggg!
131-140 TTGAAAACGATTTTAAAATTGGTGAATCAATATAATTTGTgegy GCTTTATTTGCTTTTATAGGTAGTTTATTAC geggeegeegggt
141-150 TACTAATATAGCCGGTGTTGAAATAAATTCTGT, gcgg TAGTTTATATAGTTTAGATTTTAGTGTTGATGCT, gcggecgeegygt
151-160 GTTGGATCTGTTATTTTGTTACTGTTATTTAGGTATTTTTgogy: CTACAGTATAAAACCAGGTATGATGCCATCTACAACTCCAgeggecgeeggy
161-170 TAGAAGAATTTGAATCTTTAAATTTAGGTAATTTT ATTTGATGATCAAATTAAATTAGATCATAATATTACTTATgcggcegeeggy
171-180 AATTTTCTATCTATCATAATGAACTAATATCATTACCTTGgegy: TAATCAAGAACTAGAAATAAGTTATATTCCAACTGATTTTgeggecgeeggyt
181-190 ATTAGTTTTAACGCTTTGTCAAATTTATTATTATCAATTAgCGY TTATTTATATTCAACAAGTTGTTTTGTAAATGATATTAATgcggecgeeggg!
191-200 CTTTGATCAGATGTACTACATACATATAAAATCTTTTTTTgogy: CTGCTGTTAAACTTGGTATAGGAATTGATTATAAATACCCgeggecgeeggy
201-210 ATTTATAATGATTATCCTTTAGATGTTTTGGTACATTATAGCHY GTTTCAAATTCTCCTTTAACAAAACCAACGATTAATTATTgeggecgecgygt
211-220 ACCTTTTGAATAATTATATTCATTTGCATATTTAATACTTgcgy ACTACTATTAATAAACTTGTTGAACTAACTAAAATTTCAGYCggecgeegyg
221-230 TTCAACTAAAATTTCATTATTAAGATCAAAAATAAAATTTgegg! AGTAATAGTTTTAGTAAGTTCACTAGTAGTTATTTTTAGAgCggeCgeegag
231-240 AAAATTAATGTTAAAGCTAAAGCAACAAAATAAGTTCATTgegy ATTTAGATAGATATGAGTAATTTTTTGAAGCTGTT, geggeegeegggt
241-250 CATTTAGAAATGTAGTTTCATTTAATATTACTAAAGCTGAGCGY GTGGTAGCAACCTATTAGATTAGGTGCTTAAATAAGGGCTgcggeegecggy
251-260 TTCATTAAGTTTTATCTCTCCATGGTTCTTAATAAGATATgCYY TTATCTTAGCATCTTGACCTCTAAAAATAGTATCAAATCTgeggecgeeggyt
261-270 AAGCAAATACTAGTATAAATAATAAAGCAGAATTCAAGGAgCYY: TTTAGAACAAAAAATAGGAGATATAGTTCTTAT, geggeegeegyg!
271-280 TTTAATACACTGAACTCCAAGCTCTTTAGTTAACCTTAAAGCY TTGTAACATGTAAACTCCTAAAACTAAAATAGCTAATAAGCYYCCOCgyy
281-290WM1_|ATGGGGTTATCTTCATATGTAAACTATTTAAAAAACGTGTgcgy AGATGATTGATTCTTATACCCAGTAATAACTCCACACAATgCggCcgeeggg
291-300 TCATTATTAAATGTTGATCGTTCTGCTGCATTATTTGGTTgogy: CAAATGAAGATTGAGAAGATTTTATTGCTTTAGATGCTCTgoggeegeegy!
301-310 CTTTTCTACTAATTTCATCAAATTTATGATTATGTCTTTCgegg TGGTTTTGTTTTCTAAAGATTTTAATTTAGCTTCTAATCCgeggecgecggdt
311-320 ACTAAATTTAATCTATCTCTTCTAACTAAAAACAAAGGCTgogy: AAATATGTTTATATAAATAAAAACGGAGAAGAACAAGATTgoggeegeegyy!
321-330 TAAAAACTTTAAATTATTATTTGTAGGTGCTTCTAAATACHCHY CTAAATTAATTTCTTTCATAATAATACCTCCTATTAAGGTgeggecgeeggg
331-340 AAAATACAAAAGAAATTATTGGCGGAGCTGGAGTTAGTGGgCY AGATTTTGATAAACTTCTTCAATTGTATGAACTAAAATTGgoggeegeegyg
341-350 AAATGATAATAATAAAGTTGAATCAGTTCATTTATTAGATgCGg TATAATCTAGCAACTTCTTCACATAAATCATTTTTACTAGgCggecgeegdg
351-360 TTCATATGATAAAATTGATGAAGTTCCACTAAGCTTTACTgCgy ATTAGGTTTTACCCTAACTTCAACCTGCTCATGGCTAGATgCggecgeeggy!
361-370 GGAGGACCGAACCAGTATTCGTTGAAAAGACTTTGGATGAGCYY AAAGTAACTTCAATTTGTGGAATACCTCTAGGAGCTGGTTgeggeegeeggg
371-380 TGAAATTGATGCTAATGGTATTGTAAGTGTTTCAGCAAAAGCYY GTTTGATTATTCTAGAAATCAAAAAGATGCTAAGTTTAAAGCggCCgCeggy
381-390 ATATATTTAGTTGTAATCTTATCTTTATTATTTATAAAT Tgcgg TATGTTTTTTGAAGCAACTTCATTTAACCAAGATATATCAgCggcegeeggg
391-400 TATGACATATCAGTTACATTTGAAACATTTCATTTACCAAGCYY GTTGATTTTTTAGTATTTTCAGCAACTATCATCTTATCAAgCggCcgeeggy!
401410 TCAACTAAAATCTTTTC) TTTTGTGTTTTTTTTgegg TTATAAATAAAAATTCGATTTCTCAAAATGTTCAAATTGAgCggCcgecggdt
411-420 AACTCTTTGCTAAATCTTCTTTTTCTTTAGCTTTTTGTTTgegy AGTGGTTTTTTGTTTAAATCTGGTTGATTTGGTGGTGTTGgcggeegeegyy
421-430 AGATCCAACTGAAAGAAGAGATCAAAACTCAGTTGAATATgCHY TCCAATTTGATATGATAAGAAATTTCCTTTTTCTAATTCCgeggeegeegag
431-240 TATAGATCATTTATTGATAAACCTGGATTAACTGATGGATgCgy CCGATTCTATGAACTGCTAAAAATGCATCAGTTAGTCCTGgeggeegeegag
441-450WM2_| TAATGATTTATACACACTTTATGATAAAAAT, g TGAATTTAATTGTTCTGATTTCATTTCACACATTACACTTgeggeegeeggg
451-260 CATAATAAAAAGAAAAATAGTGATCATTATAAAAAATTAGGCGY AATTCAAAAGACAAAAATTTAGGTAATTTTGATAATATTGgcggecgeegyg
461470 AAGAACTTGATCAACATTAGTTTTTCTGAAGCTAATTTCTgegg CCTTTTAAATGAGGTAATACTAAGCTAACTGCTTTAGCAGgCggeegeeggy!
471-280 TAAATTAGATGGATATGCATTACGTGTGCCAACTATTACTgCgy TAGTATCTTTATTAATTTGAGTATTTGGTAAAGAGTTTAAgCggCcgeeggyt
481-290 AAGTAATTGATGCTTTAATTGAAGTAAAAGCTGCTAGTTCgegy GTTTTTACATCTAATATTACATTAACTGCAATAGTTCCAAgCggCcgeegygt
491-500 TTTAGATGTTTCTAATGGTATTATTCAAACAATT gogg: AAAATCAGATAGTTTTATAGTAAATAAATTCTTAAGATTTgeggecgeeggy!
501-510 ATTAAATTAGAAAATAAACCAAATTTTGGTTCTGATTATTgegg AAATAATTAATCCATTTGTTAATTGGATCATTGTTGATT Tgcggecgecggdt
511-520 CTGAAACTGGTCAAATTATAGTTGGTGATTATGCTATTCCgegg TGGGAAAATAATTTGTTCTTTAATTCCAGTTGTAAAATTTgcggecgecggy
521-530 GAAGTAGATTATGATAAAGTTATTAGATTACGTGGTATGGgCgY TGAATCATTACAGCATTATACATTGTATGTAATCCAGTAAgCggCCgeegy!
531-540 AAACACAGCAACAATTGGTGGTTCATTTATTTTCCCAATTgegg TCTAAACTAGTTAAAATAATATTAGCATCTTCACTAGTTAgcggecgecggy
541-550 AATGACTAATTTTTTTGAAAAAACTATTAAATCAACTACTgCgy: AAAAATGCCATAGCATCTTTAATTACTTTTCTTTCTCTAAgCggeCgeeggg
551-560 AAAAATGATTTCAATTAAAGATGACTTGTCATCTC gcgy TTAACAAATTGTACTAGTTGTTCATTAAAATCGTGTTTTTgoggecgeegyg
561-570 TAAAGATTCACATAACTATATAACTTTAGATAGTTTAATGgCgg ATATTAAACAATTTTATTTATTAGATGATTATGATAATTTgoggecgeeggg!
571-580 TATCTTTACATCATCTTCTTTCATGAGTTTTTGATCTATTgegy: AGGATATGTTGATGATTTAAAAACTGTAATAACTAATAAAGCGgECGocgyy
581-590 CAAATTTTAATATCACTATTTTTATATTTATCACTAGTTAgCgg GTATTCAATCCAATGTTTAAAACCTGCTTAAAATTTTCAAgCggCegeeggy
591-600 TAATGAATTTGAAAATATAGATGATCTTGATTTTTTAACTgCgy: AAAATATCTCTAATTACTAAATCTTTATCTAATTCATTTAgcggecgeeggy
601-610 AAAATTTATGTAATTTATTAATTTTTATCTTTATAATATAGCGY TAAACGCATCATAATGTCCAGTAGTATGAGCTATTTTATCgeggecgeeggg
611-620 TTAAAAAACAAATTCCAGCTAAAAAAATAAAACTTTTATTgegg ACCAAATACTAATGCAGTTTTATTAAATGGCCCTCCTAAAgCggCegeeggy
621-630 ACTGTTGTGTTTTATCAATCATTAGCTCAAGTGTTATCAAGCGY GGTTCAATATAGTTTTTTAAATATAATTCAGCTGCTTTAAgCggeCgeegdg
631-640 TAGAATGAAAAAATTTTCTAGTCT, TTAGATgcgy TTTCTTCCTTCAACTAATTGATATTATGGATTAAGTTTAGgCggCCgCCggy!
641-650 TAATAAATCAACCTTACTTAACTCATCACATAATTGCTCTgegg TTAAAGGAGTAGGTAGCTCTCTATCTTGTTTATCTACTAAgcggeCgeegg
651-660 AACTAGCATAATAAAATAAAAACCTATACTAGTTCTAAATGOGY! ATCCAGATGAACCTCCATCTAAAGCTTTATGATCTTCATTgoggeegeeggg!
661-670 CAATGGCTATTGATTCTTCATTTAATTTAATTGGTATTAAGCHY TCTTTTTTAACTCATTTATAAATACAGCTTGCATGATTGTgeggecgecgygt
671-680WM4_ | TAAAAAAAGGTTGTTTATATTTGAAGATGATCTTAGTTTTgegy TACAAATGGTTTGTTAATTCACTCTGATCAGGGATTTCATgoggeegeegg!
681-690 TTTTTAACCTTTTTAAGTGCTTTGTCTAGCATTGAATTTGgCgY! AATATAGTAATAATCACATAAAATTCTAAATTTTTGTCATgCggeegeeggy
691-700 GATCTAAACACTCCTTTAAAAGATTTGACTCAAAAACAAAGCYY ATGCTTTAGCTGACATTGTTTCAGTTTTAAAAGTTGATGAgeggeegeegyy
701-710 TAGAAAAACTCATAGCTACACCTAAAACAAAACGTTCAGCgCgg: ATTTTGCTAAAAAAGATAAAAACGGTTCTATAAGTTTTGAgCggecgeegay
711-720 TAAAAGTAGCATATTCTCCATAATCTTTAATTGCACCAAAGCGY ATTTATGATGGAGAGGTTCTAGGTTTAGTTGGTGAGTCAGgcggeegeegyg
721-730 ATTTAAATTTAGATCTTTAATAGCAGTAAACTCTTTTGCAgCYY: AAATTCATCTTGGAGTCACTGATGATGGTCATATTGACAAgCggeegeeggy
731-740 CTCCACCTTTAGTATTTAAAAAAGCTACAATTTCTCTTTTgogy: CGTTTTTTCTAGCATAAATAATATCTCTAGATCTAGAGTTgeggeegeegyg
741-750 CTAATGACATTAACACTAATTTTGTTGAAGATGAAAACGAGCYY: TCTTCATAGTTCATATTATTTACTCTCTTTTAAAATTTGTgeggeegeeggg!
751-760 ACTTGAAATTGGAGATATTATTGAATT, CTCATgcgy GAAATTCATGGAAATAATAATAAGCTTAATGATGTTGGAAgCggCcgeeggy
761-770 TGGTTTAGAATCTAATACTTTAGCTAATGAGATAAGAATAgCGY: ATAGTTTCTAAGTTATAACCATAAACATAAAAACTGTTGTgeggecgeegygt
771-780 GTTGGCTGAAAAAATTCATGCAATCAAAGAATTAAGCTTGCgg AATTTCACCATTAAAAAAAGTATGATTTGCATCATTTTTAgoggecgecggg
781-790 AGAAAACTTCAAGATAAGTTAGTTTTATCAAATACTAAACGCGY TAATAACCTCTAAATTAACGTCACATTCTAATTTAATTT Tgcggeegeeggy
791-795 TGAAAAAATTAGTGGCATTACTTGCTGCTATTAGTGTGTTgegy TACTCTTCCCATTTCTCTTAGATCATTACTATTAGTTCTAgeggecgeeggg
796-799 ATTTCAACAGTTTTACAATGCCTAGATAATTTAAATAAAAGCGY TTTTAACAAGTGTTTAACTATAATATTTTTGGAGACAAATgCggCCgeegygt
811-820 ATGTGGAAAACGTGGAAAAAATCCTTATAACATAGATATAgCYY: CTCTTGATGTCTTACTAAATGCAACCATAGCTAGTATTGTgoggeegeegg!
821-830 CACCAGCTGCAGTTGGTGTACCTTTTGATAAAGC) gogg! TTACAGTAATAAGAGTGAAGAAAATAATACAATTATAGCGgcggeegeeggg!
831-840 TCTAATTTTAGTGACTGTGTATCTCTATATATATGATTCTgcgg TGATTACGAATAAATTTTATTCATCAACACATCGAGGTCCgeggecgeeggy
841-850 CTTCTATAAGGTTATCAATCCCTATATTGTTTTTTGCACTgCgg TTCATCAGTGATTTTGAATCCTTGGTTTGATTCAGATTGTgcggeegeegay
853-860 TATTAAAAAAATTGTTGTTTGTTGTGAAGCAGGAGTAGGAGCY AATTGATAATTCATAGTTTGGATCACTTGATGATAATCCAgeggeegeeggg!
861-870 GAAAATAAAAAAGATGCAGTTTCTATTTTAAATGTCTTTAgCGY ACTAAATGAGAAGATCAACCAATTCAAATTATTAATAATAgcggcegecggg
871-880 ATGTTTATTTACATATTCAGTTTTTAAATAATCTGAATCAgCYY: AAATACATAAAAAAGTGCCTTGTATTTGTAGTCAAACTATgCggCCgeegyg!
881-890 GTTCAAAAACAACATCTGCTTGTTGGTATCAAGATTTATTgegg: AGTATTTAGAATTCCAATTACATTAAATGATGAATCAATAGCGCCeegag
891-900 GAAGTTCAAGATGTTCCTGGAAGTAAATATATTTCAATTCgegy: TATGCCAATTATTAAATTTAGTGGACTAGATAAAGAACAAGCYICCICCgyy!
901-910 ATATTATTCTTCCTTTTTTCTATGTAATTTTATTACAAAAGCYY TTTATTAGACCAAACAATAGAAATATCTGGTGTGTTTAACgeggCCgeegag!
911-920 AACTTATTGTTAAAGTCATTAACATAAAACTTAATATTTTgegy: AATTGGAATCAAATTATCATTGATTTTAAATTCTAGTTCTgeggecgeeggy!
921-930 AAATTTAAAACTAGTGACAATATAACAATTTCAGCACTTAgCGY ATCTCTTTTCTTCTTTTTCAATTTGTTCTTTAGTTGGAT Tgcggeegeeggy
931-940 (94D) |TAGAAGATTGAGTTAAGGAATACCTAGATAAAAAT, gcgg AGATTTTGTTATTTCTGATATTTCAGCTTGTATTTTTGTAgcggeegecggy
941-950 TTAGAACCACTTAATGCAGAAAAAAACAAAATTGACAAACGCYY: TGTTGGAAATGTTGATTTTAATAAAAATGTATATCAAGCAgCYgeCgeegag
951-960 GGAAGATTAAATTTTCCTTGTTGATTAAATCTAATCATATgCGy TAACACTTCCGACTAAATAATTATTTTGTTTATTCATACTgoggeegecgag
961-970 ATGAAGCTATTAGTTATAAAGCAAATACTTTTATGATCTTgegg AAAATCTGAGCTTATGTTAAATCCGATGAGTGATTTATCTgeggecgeeggg!
971-980 ATTCCAAATCTTGAAAGTGTTGCTCTAATTTCAGGATCTAGCgY TTTTAGTGATATAGATTTGTTGTAATTTAAAAAAAAACT Tgoggeegecgag
981-990 ACAAAATAAAAGTTCAGATTTAATCTGAACTTTATAATTAgCYY: CAACTAAAGAAAATAAATTTCCCTTTATTGCAAAACTTACgCggCcgeegygt
991-1000 GAACTGGTAAGTTGAAATTATATGTATAATAAGCTTTTGTgogy: ATTTCTTTACAAAATATTACTTTTTTTGAATAT geggeegeegyg!
10011010 |ACTTGTAACAAACATTAAAAAGATTTGTACAAAAATAATTgcgg TTATAATAAATATTACAATTTTAATAAATTACCACAAGCAgCggeCgeeggy
1011-1020 _ |ATTGTTGCACCAACAAATCCCATTATAATTCCACCAATGGgCYg! GAAAACTTTGAAATGCCAGCATTTATGATCAACAATGCATgoggeegeeggg!
10211030 |TTCGTTTTTTTCTGCGTTTTTTCAAACCTAGTAGTATTTAGCG GTACATATCTTTAGAAATGCTGGAGTAAGAATTATAAGAAgCggccgcegggtaccgagetegaatt
1031-1040 _ |ATAATAAGTTTTATTTGAACTAGTTCCTTTAGCTAAAGCAGCYY! ATATCTTTTATGACCTAAATTAGCAACAAAATCAACTTCAgeggeegeeggyt
10411050 |TACATTCAATATGCAGATAATATTAATACT, g CGAAATTTCAGGATTCCCATTAGCAAATCTTTCT ggcegeeggg
1051-1060 |CCAAAAAATGTTTTAGCTTGAAATTCAGAAGCTCCAGCTGgCgy AATTACTATTAGATAATCAAAGAGACTGAACAATGGCTACgCggCegeeggy!
10611070 |GTGGTAATAAAACATCACCAAATGGTCCTATAAATGATCAGCYY TCAATATTAAAAAGCTTTTTAATTATTTAAAATAGATTCAgCggeegeeggg!
1071-1080 | TTTTAACAATAATATTAAACTTTATAATACTGATTAAATTgcgg AGCACGTGCTTCTTTCTTAAACGTTAATATTATATATAT Tgeggecgeeggyt
10811090 |CACCATTAGCTATTAGTGAAATGGTAATAACTTTTTTTATgCgY CAACAGTTAACCAATTAGTAGTTGGATTTGTTATATTAATgeggCCgeegygt
10911100 |GTTTTAGACCAATTATTAAAAACGGTGAAATAATTTTTTCgCgY GTTTTAGGACATATTCAACGTGGTGGTAGACCAACTGCTAgcggeegecggy
11011104 |AGTTGCTTTAGTTTCATAACCACTAATTTTTTGAATTTTTgegg CAAATCTGTAATTGTATTTAAAAACTCTTAAAAAACTAGA goggecgecggy!
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2-100 pRS-2aF GTTTTTAATTTAACTAATATTTATTACAAATAAAAAACTTgcggcecgegcaaggcgattaagttggg
pRS-100R TAACATTTATCTTTTAATTTTTCATTAACATTAGCAATTTgcggccgcacatccceccttcgecage
101-200WM3 pRS-101F TCAAACAGCAAAGCAAATGTATGGAGAAATGCTTCCAGAAgcggccgegcaaggcegattaagttggg
pRS-200R CTGCTGTTAAACTTGGTATAGGAATTGATTATAAATACCCgcggccgcacatccceccttcgecage
201-300WML pRS-201F ATTTATAATGATTATCCTTTAGATGTTTTGGTACATTATAgcggccgegcaaggcgattaagttggg
pRS-300R CAAATGAAGATTGAGAAGATTTTATTGCTTTAGATGCTCTgcggccgceacatcceceecticgecage
301-400 pRS-301F CTTTTCTACTAATTTCATCAAATTTATGATTATGTCTTTCgcggccgegcaaggcgattaagttggg
pRS-400R GTTGATTTTTTAGTATTTTCAGCAACTATCATCTTATCAAgcggccgcacatccccccttcgecage
401-500WM2 pRS-401F TCAACTAAAATCTTTTCAAAAAAGATTTTGTGTTTTTTTTgcggecgcgcaaggcgattaagttggg
pRS-500R AAAATCAGATAGTTTTATAGTAAATAAATTCTTAAGATTTgcggccgeacatcceceecttcgecage
501-600 pRS-501F ATTAAATTAGAAAATAAACCAAATTTTGGTTCTGATTATTgcggecgcgcaaggcgattaagttggg
pRS-600R AAAATATCTCTAATTACTAAATCTTTATCTAATTCATTTAgcggccgcacatcceceecticgecage
601-700WM4 pRS-601F AAAATTTATGTAATTTATTAATTTTTATCTTTATAATATAgcggccgegcaaggcegattaagttggg
pRS-700R ATGCTTTAGCTGACATTGTTTCAGTTTTAAAAGTTGATGAgcggccgcacatccecececticgecage
701-799 pRS-701F TAGAAAAACTCATAGCTACACCTAAAACAAAACGTTCAGCgcggcecgegcaaggcegattaagttggg
pRS-799aR TTTTAACAAGTGTTTAACTATAATATTTTTGGAGACAAATgcggccgceacatcceceecttcgecage
811-900 Mmyc81laF ATGTGGAAAACGTGGAAAAAATCCTTATAACATAGATATAgcggccgegatcctctagagtcgacctg
Mmyc900R TATGCCAATTATTAAATTTAGTGGACTAGATAAAGAACAAgcggccgecgggtaccgagcetcgaattc
901-1000 (94D) pRS-901F ATATTATTCTTCCTTTTTTCTATGTAATTTTATTACAAAAgcggccgcgcaaggcgattaagttggg
pRS-1000R ATTTCTTTACAAAATATTACTTTTTTTGAATATGAAAAAAgcggccgceacatcceceecttcgecage
1001-1104 pRS-1001F ACTTGTAACAAACATTAAAAAGATTTGTACAAAAATAATTgcggccgegcaaggcgattaagttggg
pRS-1104R CAAATCTGTAATTGTATTTAAAAACTCTTAAAAAACTAGAgcggccgcacatcceceecticgecage
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2100 Mmyc2aF GTTTTTAATTTAACTAATATTTATTACAAATAAAAAACTTgcggcecgcegatectctagagtcgacctg
Mmyc100R TAACATTTATCTTTTAATTTTTCATTAACATTAGCAATTTgcggecgecgggtaccgagcetcgaattc
101-200WM3 Mmyc101F TCAAACAGCAAAGCAAATGTATGGAGAAATGCTTCCAGAAgcggccgcgatcctctagagtcgacctg
Mmyc200R CTGCTGTTAAACTTGGTATAGGAATTGATTATAAATACCCgcggccgcecgggtaccgagetcgaattc
201-300WM1 Mmyc201F ATTTATAATGATTATCCTTTAGATGTTTTGGTACATTATAgcggccgcgatcctctagagtcgacctg
Mmyc300R CAAATGAAGATTGAGAAGATTTTATTGCTTTAGATGCTCTgcggccgecgggtaccgagcetcgaattc
301-400 Mmyc301F CTTTTCTACTAATTTCATCAAATTTATGATTATGTCTTTCgcggccgcgatcctctagagtcgacctg
Mmyc400R GTTGATTTTTTAGTATTTTCAGCAACTATCATCTTATCAAgcggccgecgggtaccgagcetcgaattc
401-500WM2 Mmyc401F TCAACTAAAATCTTTTCAAAAAAGATTTTGTGTTTTTTTTgcggccgcegatcctctagagtcgacctg
Mmyc500R AAAATCAGATAGTTTTATAGTAAATAAATTCTTAAGATTTgcggcecgeecgggtaccgagcetcgaattce
501-600 Mmyc501F ATTAAATTAGAAAATAAACCAAATTTTGGTTCTGATTATTgcggccgcegatcctctagagtcgacctg
Mmyc600R AAAATATCTCTAATTACTAAATCTTTATCTAATTCATTTAgcggccgecgggtaccgagetcgaattc
601-700WM4 Mmyc601F AAAATTTATGTAATTTATTAATTTTTATCTTTATAATATAgcggccgcgatcctctagagtcgacctg
Mmyc700R ATGCTTTAGCTGACATTGTTTCAGTTTTAAAAGTTGATGAgcggcecgecgggtaccgagcetcgaattc
701-799 Mmyc701F TAGAAAAACTCATAGCTACACCTAAAACAAAACGTTCAGCgcggcecgcgatcctctagagicgacctg
Mmyc799aR TTTTAACAAGTGTTTAACTATAATATTTTTGGAGACAAAT(gcggcecgecgggtaccgagcetcgaatte
811-900 Mmyc81llaF ATGTGGAAAACGTGGAAAAAATCCTTATAACATAGATATAgcggccgcgatcctctagagtcgacctg
Mmyc900R TATGCCAATTATTAAATTTAGTGGACTAGATAAAGAACAAgcggccgecgggtaccgagcetcgaattc
901-1000 (94D) Mmyc901F ATATTATTCTTCCTTTTTTCTATGTAATTTTATTACAAAAgcggccgcgatcctctagagtcgacctg
Mmyc1000R ATTTCTTTACAAAATATTACTTTTTTTGAATATGAAAAAAgcggccgecgggtaccgagcetcgaattc
1001-1104 Mmyc1001F ACTTGTAACAAACATTAAAAAGATTTGTACAAAAATAATTgcggccgegatcctctagagtcgacctg
Mmyc1104R CAAATCTGTAATTGTATTTAAAAACTCTTAAAAAACTAGAgcggccgecgggtaccgagcetcgaattce

Table S7




Supplementary Table Legends

Table S1. Differences between M. mycoides JCVI-syn1.0 and the natural genome YCpMmycl.1.
The differences are divided into two groups: 1) “designed differences” - 25 differences between the
synthetic genome design and the natural YCpMmycl.1 genome, and 2) “not designed” - 10 observed
differences between the sequenced genome arising from the transplanted clone sMmYCp235-1 and
YCpMmycl.1. The differences are classified by type (column 1). The coordinate of each difference on
the designed M. mycoides JCVI-synl1.0 sequence is indicated (column 2). The actual sequence differences
on the synthetic and the natural genomes are listed for snps, and for homopolymer and dinucleotide runs;
for watermarks the name of the watermark is given and the length of the substituted M. mycoides
sequence is indicated; the size is of deletions and insertions given (columns 3 and 4). The cassettes
affected by the difference and a search string to locate each difference is also shown (columns 5 and 6).
The comment in column 7 indicate the gene(s) affected by the difference.

Table S2. Multiplex PCR primers used to identify 100-kb intermediates containing all first-stage
assemblies.

Table S3. Multiplex PCR primers used to identify complete assembled genomes. We refer to this
primer set as TSS2. Each primer set crosses one of the eleven 100-kb junctions.

Table S4. Multiplex PCR primers used to identify genome assemblies containing watermark
sequences. We refer to this primer set as WM1-4. Each primer set produces an amplicon in one of the
four watermark sequences.

Table S5. Primers used to produce unique first-stage assembly vectors. Overlaps to the ends of the
cassette sequences are shown in upper case.

Table S6. Primers used to produce unique synthetic second-stage assembly vectors. Overlaps to the
ends of the 10-kb assembly sequences are shown in upper case.

Table S7. Primers used to produce unique vectors for cloning 100-kb natural M. mycoides
fragments. Overlaps to the ends of the 100-kb natural sequences are shown in upper case.
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