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Supporting Information
Materials and Methods

Design of DNA arraysfor RNA-mediated assembly
The full-length ZsGreenl coding gene plus Kozak sequence (696 nt RNA transcript encoding ZsGreenl, and 10 additional nucleotides

corresponding to the Kozak sequence for eukaryotic cell-free expression system) was split into 18 segments. Segments were designed to
include terminal GG dinucleotides to enhance in vitro T7 RNA polymerase transcription. Every segment is longer than 30 nt to provide a
minimum of 15 bp hybridization with the splint oligos. Splint RNAs were appended with an initial GG dinucleotide for the same reason as
for the target fragments.

37 single stranded DNASs were synthesized on the microarray (see sequence information for details), which includes 18 segment RNA
templates, 17 splint RNA templates, and two control oligos for quality monitoring. For each of the 9 longest segment sequences (>67mer),
multiple features were made rather than just one, in order to increase the amount of RNA produced (see “sequences on the microarray”
below). Each featureis sized 1680 mm x 1232nm.

Preparation of substratesfor in situ photolithographic oligonucleotide array synthesis
Silanized glass. Glass is the standard substrate for DNA array fabrication because of its advantages of low intrinsic fluorescence, non-

porosity and ease of modification using silane chemistries. Glass microscope dides (Plain Micro Slides, VWR, PA, USA) were cleaned with
1M sodium hydroxide prior to silanization. The slides were then silanized for 4h in 2% (v/v) N-(2-triethoxysilylpropyl)-4-hydroxy-
butyramide (Gelest, Inc., Morrisville, PA, USA) in stock solution (0.1% acetic acid in 95% ethanol). After being rinsed by stirring in fresh
stock solution for 15 min, the dides were transferred to a pre-heated (120°C) oven for 2h, and cured under vacuum overnight.
Carbon-on-gold. In addition to the use of the above standard glass substrates for DNA array fabrication, we also employed substrates
overlaid with amorphous carbon deposited on agold thin film because of their superior thermal stability . Tetraethylene glycol
monoallylether was employed for the preparation of hydroxyl terminated surfaces for photolithographic oligonucleotide array synthesis since
it has been reported that polyethylene glycol modified surfaces help to reduce nonspecific adsorption of proteins *. First, standard glass
slides coated with 50A chromium and 1,000 A of gold (EMF corp., NY, USA) were extensively rinsed with hexane and ethanol and dried
under a nitrogen stream. A 7.5 nm layer of amorphous carbon was then DC magnetron sputtered on the gold surface (Denton Vacuum, NJ,
USA). 40 uL of tetraethyleneglycol monoallylether, which was synthesized according to aliterature procedure %, was placed directly onto
the amorphous carbon surface, and then covered with a quartz coverdip. The surfaces were irradiated under nitrogen purge with alow-
pressure mercury vapor quartz grid lamp (? = 254 nm, 0.35 mW/cm?) for 16 h. After the photoreaction, the surfaces were rinsed extensively
with ethanol and deionized water and dried under nitrogen.

In situ photolithographic oligonucleotide array synthesis
Light-directed photolithographic synthesis of DNA arrays was performed on either the silanized glass dides or the ethylene glycol modified

carbon-on-gold surface with a digital micromirror-based Maskless Array Synthesis (MAS) system connected to a ABI Expedite™ 8909
Nucleic Acid Synthesis System (Applied Biosystems, CA, USA) as described previoudly #1132%  Oligonucleotide synthesis reagent, 0.1M
Activator 42 (5-[3,5-Bis(trifluoromethyl)phenyl]-1H-tetrazol€) and all NPPOC (3'- nitrophenylpropyloxycarbonyl) protected
phosphoramidites [5'- NPPOC-dAdenosine (tac) 3'-b-cyanoethylphosphoramidite (NPPOC-dA), 5'- NPPOC-dThymidine 3' -

b- cyanoethylphosphoramidite (NPPOC-dT), 5'- NPPOC-dCytidine (ib) 3’ -b-cyanoethylphosphoramidite (NPPOC-dC), 5'- NPPOC-
dGuanosine (ipac) 3'-b-cyanoethylphosphoramidite (NPPOC-dG)] were purchased from Sigma Aldrich. Anhydrous wash (acetonitrile),
amidite diluent (acetonitrile), capping reagent A (THF/PACc,0), capping reagent B (Cap Mix B 10% N-Methylimidazolein THF) and
deblocking mix (3% dichloroacetic acid in dichloromethane) were purchased from Glen Research (VA, USA). Oxidizing reagent (0.02 M
iodine in THF/pyridine/H20, 89.6/0.4/10) was purchased from EMD Chemicals (NJ, USA). Exposure solvent is 1% imidazole in DM SO.
Anhydrous reagents were kept over molecular sieves (AldraSORB™ water trapping packets, Sigma Aldrich). The oligonucleotide synthesis
protocol was modified and optimized based on previously published protocols. %! Briefly, every synthesis cycle contains two capping
steps to achieve high yield of full-length templates and one oxidation to stabilize the phosphodiester bonds. The step-sequence was coupling
(80 sec), capping (20 sec), oxidizing (15 sec), capping (flow though), and UV deprotection. The light dose to remove the photolabile NPPOC



(3 -nitrophenyl propyloxycarbony!)-protecting groups from NPPOC phosphoramidites (Sigma Aldrich, MO, USA) was determined prior to
DNA array fabrication. A series of incremental doses of 365 nm light (Joule/cm?) was used for a 30 nt quality contral (QC) oligonucleotide
synthesis. The optimal dose was chosen to yield the highest level of fluorescence from hybridization of afluorescently tagged QC
complement. It is noted that the complete removal of NPPOC protecting group is important to eliminate possible deletions during synthesis.
Array synthesis proceeded as follows: (a) after coupling of the previous NPPOC-protected base to the growing DNA strand, the synthesis
flow cell (volume~100ul) was flushed with 500ul of exposure solvent; (b) a digital image (mask) representing the locations for the next base
addition illuminated the surface with either 4.2 Joule/cm? of 365 nm light on silanized glass or 3.5 Joule/lcm? of 365 nm on carbon surface
using a350 watt mercury arc lamp (Newport, CT, USA). Exposure solvent was constantly flowed through the flow cell at arate of 180 ~ 220
ul / (Joule/em?) during illumination, sufficiently maintaining the basic conditions needed to drive the photocatalyzed elimination reaction. 2
(c) Following irradiation, the array was washed with acetonitrile (~400 pl) to remove residua exposure solvent, dry wash (~300 ul) to
remove trace water, and activator solution (~100 ). (d) Coupling of the next base was achieved by filling the flow cell with a 1:1 solution of
the desired phosphoramidite and Activator 42. All 5'-NPPOC-protected amidites underwent a single 80s coupling step. (€) After amidite
coupling, the array was capped with a 1:1 v/v mixture of capping reagents A and B (A:B solution) for 20 sec (~320 m). (d) After washing
with acetonitrile (~100ul) the array was oxidized with oxidizer solution for 15 sec (THF, pyridine, iodine, and water; ~480 ). (€) A second
capping step was performed by flushing the cell with capping reagent A:B solution. (f) After synthesisis complete, the nucleoside bases are
deprotected in 1:1 ethylenediamine:absol ute ethanol solution at room temperature for 2 hr. The primary significant differences from
previously published protocols ! are: (i) a higher photo dose was used to remove the NPPOC-protecting groups on the carbon-on-gold
surface; (i) alonger coupling time (80 sec) and different activator (Activator 42) were used; (iii) capping was conducted directly after each
amidite coupling followed by oxidation and another capping step; (iv) An oxidizing step was included in every cycle.

On-chip RNA transcription with T7 RNA polymerase

A gasket, Gene Frame — 15 x 16mm interna (Abgene, Epsom, UK), was attached and surrounded the DNA features. A 100 mi total invitro
RNA transcription reaction contains a final concentration of 2.25 U/ml T7 RNA polymerase-plus™ (Ambion, TX, USA), 0.8 mM each NTP,
1 mM T7RNAP promoter complement, 1x RNAsecure™ reagent (Ambion, TX, USA), 20mM NaCl, 40 mM Tris pH 7.8, 6 mM MgCl, 2
mM spermidine, and 10 mM DTT. The reaction mixture, except T7 RNA polymerase, was applied to the chip and incubated at 60°C for 10
min, then slowly cooled down to room temperature. T7 RNA polymerase was then added to the surface. The transcription reaction was
conducted at room temperature for 4~12 hr in a humid chamber. The total reaction was collected and desalted three times with deionized
water using a cellulose-based 3,000 molecular weight cut-off Amicon Ultra-0.5mL centrifugal filter (Millipore, MA, USA) prior to
pyrophosphate removal.

Pyrophosphate removal from triphosphorylated RNA transcripts
RNA transcripts initiated with triphosphorylated GG dinucleotides were treated with RNA 5" Pyrophosphohydrolase (RppH) (NEB, MA,

USA) in amended T4 RNA ligase 2 reaction buffer (without ATP) instead of 1 x NEBuffer 2 (NEB) to reduce the possibility of losses due to
extra steps, and to simplify the overall assembly process. 5 units of RppH were used to remove pyrophosphate group in a haf volume of
buffer exchanged RNA transcription reaction in afina concentration of 50 mM Tris-HCl pH7.5, 2mM MgCl,, and 1 mM DTT. The reaction
was incubated at 37°C for 2hr in atotal volume of 25 mi.

Full-length RNA ligation with T4 RNA ligase 2

10 units of T4 RNA ligase 2 and afinal concentration of 800 mM ATP were added to the RppH treated reaction above (a half of the total on
chip transcribed RNAs.) The ligation reaction involved an initia ligation step at 37°C for 10 min, followed by 3 cycles of thermal-cycled
ligation at 65°C for 30 sec and 37°C for 5 min, and finished with afina ligation step at 37°C for 10 min.

Reversetranscription PCR for assembled RNA transcripts
Assembled ZsGreenl RNA transcripts for cloning and prokaryotic cell-free protein expression were amplified by reverse transcription PCR

(RT-PCR) using a OneStep RT-PCR Kit (QIAGEN, CA, USA). ZsGreenl specific primers, ZsG-F and ZsG-R-w-6His were used (see
Sequence Information for details). Cycling consisted of 30 min at 50°C, 15 min at 95°C; then 40 cycles of 30 sec at 95°C, 30 sec at 61°C,
and 1 min at 72°C; and final elongation 10 min at 72°C.



Assembled ZsGreenl RNA transcripts for eukaryotic cell-free protein expression were amplified by RT-PCR using a GeneAmp Gold RNA
PCR Reagent Kit (Applied Biosystems, CA, USA). ZsGreenl specific primers: ZsG-F and ZsG-R were used. Cycling consisted of 12 min at
42°C, 10 min at 95°C; then 45 cycles of 20 sec at 94°C, 20 sec at 58°C, and 30 min at 72°C; and final elongation 7 min at 72°C. The
ZsGreenl DNA was gel purified. Next, T7-ZsG-F and ZsG-R primers were used to append a T7 promoter to ZsGreenl coding gene. Phusion
Hot Start High-Fidelity DNA Polymerase (NEB) was used. Cycling consisted of 30 sec at 98°C; then 35 cycles of 10 sec at 98°C, 20 sec at
62°C, and 30 sec at 72°C; and fina elongation 10 min at 72°C.

The RT-PCR products were analyzed by electrophoresisin a 1.5% agarose gel along with a 100 bp DNA ladder (NEB).

Cell-free protein expression, purification and detection
1. Prokaryotic cell-free protein expression.

The assembled ZsGreenl gene without Kozak sequence was ligated to pEXP5-CT/TOPO vector (Invitrogen, OR, USA) followed by
transformation into ONE Shot TOP10 Competent E. coli cells (Invitrogen). The plasmids with inserts were purified with a QIAprep
Spin Miniprep Kit (QIAGEN). One microgram of plasmid DNA was used in a standard 100 m reaction of Expressway Mini Cell-Free
E. coli Expression System (Invitrogen). The protein expression reaction was performed for 4 hr at 30°C. ZsGreenl protein was either
directly analyzed in protein gels or purified with Ni-NTA Magnetic Agarose Beads (QIAGEN) prior to the analysis.

2. Eukaryotic cell-free protein expression.
ZsGreenl RNA transcripts with Kozak sequence were produced from assembled T7 promoter appended ZsGreenl gene by using a
MEGAscript T7 kit (Ambion). The transcription reactions were buffer exchanged with water using a cellulose-based 30,000 molecular
weight cut-off Amicon Ultra-0.5mL centrifugal filter. Approximately 3.7 micrograms of RNA transcripts were used in a 20 m Retic
Lysate IVT (Ambion) cell-free expression reaction.

3. Proteinanalysis.
The protein products obtained from the in vitro expression system were analyzed in either reducing (afinal concentration of 2.5% ? -
mercaptoethanol was added to denature the samples at 95°C for 5 min), or non-reducing gradient SDS-PAGE gels (4-20%, Bio-Rad,
Richmond, CA, USA). The prestained broad range protein standard marker (7-175 kDa) run along with the protein samplesin the
SDS-PAGE gel was purchased from NEB. The reducing SDS-PAGE gels were visuaized by Coomassie Blue staining. The fluorescent
proteinsin the non-reducing SDS-PAGE gels were visualized under a 488 nm laser with a 530 nm filter using a Bio-Rad Molecular
Imager FX Pro.

Sequence | nformation
Target sequence (ZsGreenl, adapted from Clontech’s pZsGreenl1-C1 vector)

Note: The underscored region is the Kozak sequence. Theinitial GG isincluded in the T7 RNAP transcript for better transcription efficiency.

GGTICGCCACCATGGCCCAGTCCAAGCACGGCCTGACCAAGGAGATGACCATGAAGTACCGCATGGAGGGCTGCGTGGACGG
CCACAAGTTCGTGATCACCGGCGAGGGCATCGGCTACCCCTTCAAGGGCAAGCAGGCCATCAACCTGTGCGTGGTGGAGGGC
GGCCCCTTGCCCTTCGCCGAGGACATCTTGTCCGCCGCCTTCATGTACGGCAACCGCGTGTTCACCGAGTACCCCCAGGACAT
CGTCGACTACTTCAAGAACTCCTGCCCCGCCGGCTACACCTGGGACCGCTCCTTCCTGTTCGAGGACGGCGCCGTGTGCATCT
GCAACGCCGACATCACCGTGAGCGTGGAGGAGAACTGCATGTACCACGAGTCCAAGTTCTACGGCGTGAACTTCCCCGCCGA
CGGCCCCGTGATGAAGAAGATGACCGACAACTGGGAGCCCTCCTGCGAGAAGATCATCCCCGTGCCCAAGCAGGGCATCTTG
AAGGGCGACGTGAGCATGTACCTGCTGCTGAAGGACGGTGGCCGCTTGCGCTGCCAGTTCGACACCGTGTACAAGGCCAAGT
CCGTGCCCCGCAAGATGCCCGACTGGCACTTCATCCAGCACAAGCTGACCCGCGAGGACCGCAGCGACGCCAAGAACCAGAA
GTGGCACCTGACCGAGCACGCCATCGCCTCCGGCTCCGCCTTGCCCTGA

Target segment-RNAs for ZsGreenl assembly (5'to 3')
1 GGTCGCCACCATGGCCCAGTCCAAGCACGGCCTGACCAA

GGAGATGACCATGAAGTACCGCATGGAGGGCTGCGT
GGACGGCCACAAGTTCGTGATCACCGGCGA
GGGCATCGGCTACCCCTTCAAGGGCAAGCA
GGCCATCAACCTGTGCGTGGTGGAGGGCGGCCCCTTGCCCTTCGCCGA

o g A W DN

GGACATCTTGTCCGCCGCCTTCATGTACGGCAACCGCGTGTTCACCGAGTACCCCCA
7 GGACATCGTCGACTACTTCAAGAACTCCTGCCCCGCC



8 GGCTACACCTGGGACCGCTCCTTCCTGTTCGA
9 GGACGGCGCCGTGTGCATCTGCAACGCCGACATCACCGTGAGCGT
10 GGAGGAGAACTGCATGTACCACGAGTCCAAGTTCTAC
11 GGCGTGAACTTCCCCGCCGACGGCCCCGTGATGAAGAAGATGACCGACAACT
12 GGGAGCCCTCCTGCGAGAAGATCATCCCCGTGCCCAAGCA
13 GGGCATCTTGAAGGGCGACGTGAGCATGTACCTGCTGCTGAA
14 GGACGGTGGCCGCTTGCGCTGCCAGTTCGACACCGTGTACAA
15 GGCCAAGTCCGTGCCCCGCAAGATGCCCGACT
16 GGCACTTCATCCAGCACAAGCTGACCCGCGA
17 GGACCGCAGCGACGCCAAGAACCAGAAGTGGCACCTGACCGAGCACGCCATCGCCTCC

18 GGCTCCGCCTTGCCCTGA
Target splint-RNAs for ZsGreenl assembly (5'to 3')
1 GGGCACGGCCTGACCAAGGAGATGACCATGAA

2 GGCATGGAGGGCTGCGTGGACGGCCACAAGTT
3 GGCGTGATCACCGGCGAGGGCATCGGCTACCC
4  GGCTTCAAGGGCAAGCAGGCCATCAACCTGTG
5 GGCTTGCCCTTCGCCGAGGACATCTTGTCCGC
6 GGCACCGAGTACCCCCAGGACATCGTCGACTA
7 GGAACTCCTGCCCCGCCGGCTACACCTGGGAC
8 GGCTCCTTCCTGTTCGAGGACGGCGCCGTGTG
9 GGCATCACCGTGAGCGTGGAGGAGAACTGCAT
10 GGGAGTCCAAGTTCTACGGCGTGAACTTCCCC
11 GGAGATGACCGACAACTGGGAGCCCTCCTGCG
12 GGCCCCGTGCCCAAGCAGGGCATCTTGAAGGG
13 GGGTACCTGCTGCTGAAGGACGGTGGCCGCTT
14 GGCGACACCGTGTACAAGGCCAAGTCCGTGCC
15 GGGCAAGATGCCCGACTGGCACTTCATCCAGC
16 GGCAAGCTGACCCGCGAGGACCGCAGCGACGC
17 GGCACGCCATCGCCTCCGGCTCCGCCTTGCCC

RT-PCR primer sequences for cloning and sequencing:

ZsG-F: ATGGCCCAGTCCAAGCAC (SigmaAldrich, MO, USA)
ZsG-R-w-6His: CTAGTGGTGATGGTGATGATGGGGCAAGGCGGAGC (SigmaAldrich, MO, USA)

RT-PCR primer sequences for amplification of T7 promoter appended ZsGreenl gene:

T7P-ZsG-F: CAGTAATACGACTCACTATAGGTCGCCACCATGGCCCAGTCCAAGCACG (SigmaAldrich, MO, USA)
ZsG-R: TCAGGGCAAGGCGGAGC (SigmaAldrich, MO, USA)

Complementary sequence to T7 RNA polymerase promoter for in vitro RNA transcription:
FAM (6-carboxyfluorescein)- CAGTAATACGACTCACTATAGG ((Integrated DNA Technologies, 1A, USA)
Sequences on the microarray (5" >3'):

Note: 3' tethered on the array surface. There are 18 segmented oligos, 17 splint oligos, and 2 quality control oligos. Multiple duplicate
features were made as marked. Each feature is sized 1680 mm x 1232nm.
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Table S1

We compare here the RNA-mediated assembly technology with other recently published gene assembly technologies. The RNA-mediated
strategy drastically reduces the time and labor required for high fidelity gene synthesis from weeks to a days and no specialized equipment is
needed (not including the array fabrication).

CCACTGTTGCAAAGTTATACTCTTGCAGGTCATCGGCCTTTTTTTTTT (QC)
ACTCTTGCAGGTCATCGGCCCACTGTTGCAAAGTTATCCTTTTTTTTTT (QC)
TTGGTCAGGCCGTGCTTGGACTGGGCCATGGTGGCGACCTATAGTGAGTCGTATTACTGTTTTTTTTTT (seg)
ACGCAGCCCTCCATGCGGTACTTCATGGTCATCTCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(seg)
TCGCCGGTGATCACGAACTTGTGGCCGTCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(seq)

TGCTTGCCCTTGAAGGGGTAGCCGATGCCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(seq)

TCGGCGAAGGGCAAGGGGCCGCCCTCCACCACGCACAGGTTGATGGCCTATAGTGAGTCGTATTACTGTTTTTTTTTT

(seg)
TGGGGGTACTCGGTGAACACGCGGTTGCCGTACATGAAGGCGGCGGACAAGATGTCCTATAGTGAGTCGTATTACTG
TTTTTTTTTT(seq)

GGCGGGGCAGGAGTTCTTGAAGTAGTCGACGATGTCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(seq)
TCGAACAGGAAGGAGCGGTCCCAGGTGTAGCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(seq)
ACGCTCACGGTGATGTCGGCGTTGCAGATGCACACGGCGCCGTCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(seq)

GTAGAACTTGGACTCGTGGTACATGCAGTTCTCCTCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(seg)

AGTTGTCGGTCATCTTCTTCATCACGGGGCCGTCGGCGGGGAAGTTCACGCCTATAGTGAGTCGTATTACTGTTTTTT
TTTT(seq)

TGCTTGGGCACGGGGATGATCTTCTCGCAGGAGGGCTCCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(seq)
TTCAGCAGCAGGTACATGCTCACGTCGCCCTTCAAGATGCCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(seq)
TTGTACACGGTGTCGAACTGGCAGCGCAAGCGGCCACCGTCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(seq)
AGTCGGGCATCTTGCGGGGCACGGACTTGGCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(seq)

TCGCGGGTCAGCTTGTGCTGGATGAAGTGCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(seg)

GGAGGCGATGGCGTGCTCGGTCAGGTGCCACTTCTGGTTCTTGGCGTCGCTGCGGTCCTATAGTGAGTCGTATTACT
GTTTTTTTTTT(seg)

TCAGGGCAAGGCGGAGCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(seg)
GCACGGCCTGACCAAGGAGATGACCATGAACCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)
CATGGAGGGCTGCGTGGACGGCCACAAGTTCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)
CGTGATCACCGGCGAGGGCATCGGCTACCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)
CTTCAAGGGCAAGCAGGCCATCAACCTGTGCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)
CTTGCCCTTCGCCGAGGACATCTTGTCCGCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)
CACCGAGTACCCCCAGGACATCGTCGACTACCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)
AACTCCTGCCCCGCCGGCTACACCTGGGACCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)
CTCCTTCCTGTTCGAGGACGGCGCCGTGTGCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)
CATCACCGTGAGCGTGGAGGAGAACTGCATCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)
GAGTCCAAGTTCTACGGCGTGAACTTCCCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)
AGATGACCGACAACTGGGAGCCCTCCTGCGCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)
CCCCGTGCCCAAGCAGGGCATCTTGAAGGGCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)
GTACCTGCTGCTGAAGGACGGTGGCCGCTTCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)
CGACACCGTGTACAAGGCCAAGTCCGTGCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)
GCAAGATGCCCGACTGGCACTTCATCCAGCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)
CAAGCTGACCCGCGAGGACCGCAGCGACGCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)
CACGCCATCGCCTCCGGCTCCGCCTTGCCCTATAGTGAGTCGTATTACTGTTTTTTTTTT(splint)



Comparison of selected strategies for gene assembly from DNA arrays

Kosuri et al. ™™

Matzas et al. ™"

Wu et al. (this study)

1] Production of oligonucleotide library
(Agilent OLYS) (proprietary synthesis,
cleavage and amplification. 7 d)*

Cleavage of oligos from the arrays, and
purification.

T7 RNA amplification from the array (4
h~12h)*

2] Assembly —specific PCR amplification
2h)

Amplification with emulsion PCR

Buffer exchange (1 h)*

w

Purification for size verification

Sequencing with next generation sequencer

Pyrophosphate removal (2 h)*

4| Reamplification in 20 mL with
chemically modified assembly-specific
primers

Sequences selected and localized

T4 RNA ligation to produce full-length
RNA transcript (40 min)*

5] Split into 96 well plates

Bead extraction with a micro actuator from
apicotiter plate to 96-well plate

Reverse transcription PCR for full-length
coding gene (3 hr)*

6/ Buffer exchange (cleanup)

Amplification of DNA individually from

beads. Variable biotinylated primers used
to remove restriction products containing
biotin residues by streptavidin matrix.

7] Protease digestion followed by hest
inactivation

Gel purification--estimation of oligo
concentration and mixing the ampliconsin
equimolar amounts

Protein removal

Removal of primer regions

Buffer exchange (cleanup)

Ethanol precipitated

Lambda exonuclease digestion

Polymerase cycling assembly

Buffer exchange

PRl

Dpnll digestion and USER enzyme
(NEB) with guide oligo

1] Buffer exchange (cleanup)

14 Polymerase cycling assembly (4 h)*

1} Error correction (3.5 h)*

1¢ Column reaction cleanup

1| Redtriction digestion (2 h)*

1§ Gel purification (2 h)*

*estimated by the article authors.
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Alignment of Sanger Sequencing Data of ZsGreenl Assemblies

ZsGreenl gene assemblies from DNA arrays fabricated on either amorphous carbon surfaces (sequence #1 to #25) or on silanized glass

surfaces (sequence #26 to #51) were Sanger sequenced (Functional Biosciences, Inc., WI, USA) and aligned with the ZsGreenl target

sequence. It should be noted sequenced nucleotides #1 to #18 correspond to the forward primer sequence (ZsG-F), and sequenced

nucleotides #680 to #714 correspond to the reverse primer sequence (ZsG-R-w-6His) for ZsGreenl RT-PCR amplification. Excluding the
primer regions, 16,525 assembled nucleotides from the DNA array fabricated on the amorphous carbon surface were analyzed and 25
transitions, 3 transversions, 1 deletion, and no insertions were identified, which corresponds to an error rate of 0.1755%; whereas 17,186
assembled nucleotides from the DNA array on the silanized glass surface were analyzed and 24 transitions, no transversion, 1 deletion, and 1
insertion were identified, which corresponds to an error rate of 0.1513%. This sequence analysis of cloned constructs indicated ayield of
correct constructs of approximately 40%.

Analyzing the primer sequences (character bordered), which were conventionally column synthesized from Sigma Aldrich, 1 transitions, 2
transversions, 3 deletions, and 2 insertions were identified in the ZsG-R-w-6His primer region (35 nt long; 1,785 nucleotides were analyzed;
corresponds to an error rate of 0.448%) whereas no errors were found in the short ZsG-F primer region (18 nt long).
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ab1l
ab1l
ab1l

nl

ab1l
ab1l
ab1l
ab1l
ab1l
ab1l
ab1l
ab1l
ab1l

GTGI TCACCGAGT ACCOCCAGRACAT CGTOGACTACT TCAAGAACT CCTGOOCCEOCGACTACA

150 160 170 180 190 200 210
AU U B D DR DR R IR B DU D D B D
CGTGGT GGAGGGOGGECCCCT TGCOCT TOGCCGAGGACAT CTTGT COGCOGCCT TCATGTACGGCAA

................................................................... A. .
S o S
220 230 240 250 260 270 280
L] o]t Lol N e



290 300 310 320 330 340 350
AU P U I IO ISV [PV (PPN IR IO IO (SO IO I

ZsG eenl CCGCTCCTTCCTGT TCGAGGACGBOGCCGT GTGCAT CTGCAACGCCGACAT CA GkGCG# |
OLA 1. @DL vttt e
O1B 2. @DL o vee e e e
01C 3. DL o vee e e e
01D 4. @DL oo e e
OLE 5. @DL o ovee e e e e
OLF_ 6. @DL o vee e e e
0LG 7. @DL o ve e e
OLH 8. @DL o vee et e e e e e
02A 9. @DL et
02B_10. @DL .. ooe e
02C 11.8DL vt
02D 12.8DL ot
02E_13.8DL oo
02F_14. DL oo
02G 15. @DL vt
02H _16. @DL oo oot
03A 17.8DL ot
03B_18. DL oo
03C 19. DL oot
03D _20. @DL ot
03E 21.aDL . .ooo i (YU
O3F_22.8D1 ot
03G 23. DL ot
O3H 24. @DL oo e
O4A 25. DL oot

360 370 380 390 400 410 420
AU P N I IO ISV PV IPION ISR ISR IV (PUVON IO I
ZsG eenl CTGCATGT ACCACGAGT CCAAGT TCTACGGOGT GAACT CIIII{II¥(I§£IIIE#GATGkA g
OLA 1. DL ot
O1B 2. DL oo oot
01C 3. DL oo e e
01D 4. @DL o vee e e
OLE 5. @DL .« oveeee e e e e e
OLF_ 6. @DL o ovee e e e e
01G 7. @DL o ovee e e e e e
OLH 8. @DL oot e e e e e
02A 9. @DL ot
02B_10. @DL ot
02C 11.abl .......... e e e e
02D 12.8DL oo
02E_13.8DL oo
02F_14. DL oot
02G 15. @DL oo
02H_16. @DL oo oo et e
03A 17.8DL ottt
03B 18.abl .........\iii. (o P
03C 19.abl ... [ P
03D _20. @DL ottt
03E 21.8DL ot
03F_22.8D1 ot
03G 23. DL .ttt G...
O3H 24. @DL oo
O4A 25. DL ottt



430 440 450 460 470 480 490
U [P N IR IO ISV [PV (PPN IR IV IV (PUIVON IO IO

ZsGeenl  ATGACCGACAACTGGGA CCTGOGAGAAGATCATCCOCGT GOCCAA GEEﬁATET |
OLA 1. DL vt e
O1B 2. @DL o voee e e
01C 3. DL oveee e e
01D 4. @DL o voe e e e e
OLE 5. @DL .« voee e e e e
OLF_ 6. @DL o veee e e
0LG 7. @DL o vee e e e e
01H 8.abl ..... 8 PSP
02A 9.abl ... (Y
02B_10. @DL . oo
02C 11.8DL ottt Gt
02D _12.8DL oot
02E_13.8DL oo
02F_14. DL oo
02G 15.abl ..... T e
02H 16.abl ..... 0 PP P
03A 17.8DL oot
03B_18. DL oo
03C 19. DL oot
03D _20. @DL vt
03E_21. 801 oot
O3F_22.8D1 oot
03G 23.abl ........ 2 PP
O3H 24. @DL oo e
O4A 25. DL vt

500 510 520 530 540 550 560
U P N I IO ISV [PV (PPN ISR IO ISP (PUVON IO I

ZsGeenl  ACGTGAGCATGTACCTGCTGCTGAAGGACGGTGRCCGCT TGOGCT Eﬁ cek cclsTGTA|

OLA 1. DL vttt
O1B 2. DL o voe e e
01C 3. DL o vee e e
01D 4. @DL o voe e e
01E 5. DL o voeee e YU
OLF_ 6. @DL o voe e e e e e
01G 7. @DL  Gioooee e e e e e
OLH 8. @DL o voe e e e e e
02A 9. @DL vt
02B_10. @DL oo
02C 11.8DL oo
02D 12.8DL oo
02E_13.8DL oot
02F_14. DL oo
02G 15. @DL oot
02H_16. @DL oot e
03A 17.8DL oot
03B 18.aDL ..\t e e e e
03C 19.abL .\t o
03D _20. @DL .t ot
03E 21.8DL oot
03F_22.8D1 oot
03G 23. DL vt
O3H 24. @DL oo e
O4A 25. DL oot



570 580 590 600 610 620 630
U [ P I IO ISV [PV (PPN IR ISR ISP (SUVO BTN I

ZsG eenl GT CCGTGCCCOGCAAGAT GCCCGACT GRCACT TCAT CCAGCACAAGCT GACCCGOGA CLGCA

OLA 1. DL oo oo et
O1B 2. @DL o oveee e e e e
01C 3.8DL oo A
01D 4. @DL o vee e e e e e
OLE 5. @DL .« oeee e e
OLF_ 6. @DL o veee e e e e
01G 7. @DL oo oo et
OLH 8. @DL oottt e e e e e Gt
02A 9. @DL ot
02B_10.aDL ..ottt T e
02C 11.8DL oot
02D 12.8DL ot
02E_13.8DL .ot
02F_14. DL oo
02G 15. @DL oot
02H _16. @DL oo et e e
03A 17.8DL ottt
03B_18. DL . oo
03C 19. DL ot
03D _20. @DL .ot te
03E_21. 801 ot
O3F_22.8D1 ot
03G 23. DL ot
O3H 24. @DL oo e
O4A 25. DL ottt

640 650 660 670 680 690 700
AU T T I IO ISV IV (FPIPIVN INAPIUR ISP IO ISV PN I

ZsG eenl CGCCAAGAACCAGAA CCTGA CGCCAT CCGGCTCOGOCT TGOOOCATCAT]
OLA 1. 8DL oo e T
O1B 2. DL« veee e e
01C 3. DL« oveee e e
01D 4. @DL o vee e e e
OLE 5. @DL .« oveee e e e
OLF_ 6. @DL o vee e e e e e
01G 7. @DL o ove e e e e e
OLH 8. @DL v vee e e e e e
02A 9. @DL vt
02B_10. @DL oo
02C 11.8DL ot
02D _12.8DL vt
02E_13.8DL ot
02F_14.abL oot T
02G 15. @DL vt
02H _16. @DL oo et e
03A 17.8DL ottt
03B_18. DL ..ot
03C 19. DL oo
03D _20. @DL ottt
03E_21. 801 oot
O3F_22.8D1 ot
03G 23. DL .ottt
O3H 24. @DL oo
O4A 25. DL oot




ZsG ee
01A 1.
01B 2.
01C 3.
01D 4.
Ol1E 5.
01F 6.
01G 7.
01H 8.
02A 9.

02B_10.
02C _11.
02D _12.
02E_13.
02F_14.
02G_15.
02H_16.
03A 17.
03B_18.
03C 19.
03D _20.
03E_21.
03F_22.
03G 23.
03H_24.
04A _25.

nl

ab1l
ab1l
ab1l
ab1l
ab1l
ab1l
ab1l
ab1l
ab1l

710
o
[ACCATCACCACTAG
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10 20 30 40 50 60 70
AU P T IR IO ISV IV INPIUON INAPIUR ISR ISP IOV PPN I
ZsGreenl  [AT CCAAGCAOGGOCT GACCAAGGAGAT GACCAT GAAGT ACCGCAT GGAGGGRCT GOGT GGACG
04B_26. a1 oo
04C 27.8DL oo
04D _28. 801 oo
O4E_29. DL oot
O4F_30. DL oo
04G 31. DL vt
O4H 32. DL oo e
05A 33. 801 ottt
05B_34. @DL . oo oo
05C 35. @01 . v oee e
05D _36. @DL . v oo
O5E_37.8DL v te e
O5F_38. 801 . . vooe e
05G 39. @DL . oo
O5H_40. @DL v oo e e
0BA 41. DL oo
0BB_42. @DL oo
0BC 43. DL oo
06D _44. @DL oo
0BE_45. @DL v oo et
OBF_46. @DL v oot e
068G 47. DL oo
OBH 48. @DL oo oo et
O7A 49. aDL oot
07B_50. @DL . v oee e e
07C 51. DL oot

80 90 100 110 120 130 140
AU P I [N ISR ISV PV PPN IR IO ISP (SUVO IO I
ZsG eenl CAAGT TOGT GAT CACCGGOGAGGGECAT CGGCTACCCCTTCAA GEiCLTCAAECTGTg
O4B 26. @DL v oo
04C 27.8DL oot
04D _28. DL oot
O4E_29. DL oo
O4F_30. DL oot
04G 31. DL oot
O4H 32. DL oot e
05A 33. 801 oot
05B_34. @DL ..ot o o
05C 35. @DL .o oo
05D _36. @DL .« .o oo
O5E_37.8DL .ot
O5F_38. 801 ..ottt e A .
05G 39. @DL .ot e e
O5H 40. @DL oo oo e
06A 41.abl ....... A
0BB_42. aDL . oo
0BC 43. DL oo
06D _44. aDL vt e e
0BE_45. @DL . oot
OBF_46. @DL . oo e
068G 47. DL oo
0BH 48. @DL . oo e
07A 49. aDL oot
07B_50. @DL v oo e e
07C 51. DL oot e e



150 160 170 180 190 200 210

AU U T I IO IS IV (PPN INAPIUR ISR ISR IOV IO I
ZsGeenl  CGTGGTGGAGGGOGGECCCCT TGCCCT TCGCOGAGGACATCTTGT COGCOGOCT TCATGT ACGGCAA
O4B 26. @DL ot e oo
04C 27.8DL oot
04D 28.abl ............ Too T A
O4E_29. DL oot
O4F_30. DL ..ot
04G 31.abl ............ L PP P
O4H 32. DL oot e
05A 33. DL ot
05B 34. @DL ..ot e o
05C 35. DL v oee e
05D _36. @DL .o oo
O5E_37.8DL oottt
O5F_38. 801 ..o te et
05G 39. @DL ..ot
O5H 40. @DL oot e e e
0BA 41. DL oot
0BB_42. @01 oo
0BC 43. DL oo
06D _44. @DL oot
0BE_45. @DL ..ot e oot
OBF_46. @DL . oo oo et e
06G 47. DL oot ot
06H 48.abl ............ L PP P
07A 49. DL oot ot
07B 50. @DL . oo oot e e
07C 51. DL oottt

220 230 240 250 260 270 280
AU P N IR IO ISV [PV (PR IR IO IV (PPN IO I
ZsGreenl  GTGITCACCGAGTACCCCC AGGACATCGTCGACTACTTCAAGAACT lGIﬁ&xainrc&xﬁl
04B 26. @DL . oo
04C 27.8DL oo e
04D _28. DL oot
04E_29.8DL vttt T
O4F_30. DL oot
04G 31. DL oot
O4H 32. DL oo
05A 33. 801 ottt
05B_34. @DL . oot
05C 35. @DL v ooe e
05D _36. @DL v oo
O5E_37.8DL .ottt
O5F_38. 801 .ottt
05G 39. @DL ..\ttt T
O5H 40. @DL v oot
0BA 41. DL oot
0BB_42. DL . oot
0BC 43. DL oo oo
06D _44. aDL oo
0BE_45. @DL . vttt
OBF_46. @DL . v o oot e
068G 47. DL oo
0BH 48. @DL . vttt
07A 49. aDL oot
07B 50. @DL oo oot e
07C 51.abl ... [



290 300 310 320 330 340 350
AU P U I IO ISV [PV (PPN IR IO IO (SO IO I
ZsG eenl CCGCTCCTTCCTGT TCGAGGACGBOGCCGT GTGCAT CTGCAACGCCGACAT CA | GCG#GGAl
O4B_26. @DL . oo oo
04C 27.8DL oot
04D 28.abl ............... e e e e
O4E_29. DL . oot
O4F_30. DL oot
04G 31. DL oot
O4H 32. D1 oot
05A 33. 801 ottt
05B 34. @DL . v oe e
05C 35. @DL v oo
05D _36. @DL v oo
O5E_37.8DL .ottt
O5F_38. 801 ..o ooe
05G 39. @DL oot
O5H 40. @DL v oot e e
06A 41.aDL .\ttt (U
0BB_42. @01 . oo oo
0BC 43. DL oo
06D _44. @DL . v o oo
0BE_45. @DL . vt e e
OBF_46. @DL . v o oo
068G 47. DL oot
OBH 48. @DL . oo oo e
07A 49. aDL oo
07B 50. @DL v oot e
07C 51. DL oot e e

360 370 380 390 400 410 420
AU P N I IO ISV PV IPION ISR ISR IV (PUVON IO I

ZsGeenl  AGAACTGCATGTACCACGAGTCCAAGTTCT CﬁffrﬂGAACTTCCCCE££I¥(I£{III£HGATl
04B_26. @DL oot
04C 27.8DL oot
04D _28. 801 oo
O4E_29. DL oo
O4F_30. DL oo
04G 31. DL oot
O4H 32. DL oot e
05A 33. 801 oot
05B_34. @DL o oo
05C 35. @DL .o oo
05D _36. @DL ..o oo e
O5E_37.8DL oot e
O5F_38. 801 ..ot
05G 39. @DL ..o ot
O5H 40. @DL .o oo e
0BA 41. DL oo
0BB_42. @DL o oo
06C 43. DL oot Covvvvn.
06D _44. aDL oo
0BE_45. @DL .o oot
OBF_46. @DL oo oo e
068G 47. DL oo
0BH 48. @DL oo e e
07A 49. aDL oot
07B_50. @DL .o oot
07C 51. DL oo e



430 440 450 460 470 480 490
U [P N IR IO ISV [PV (PPN IR IV IV (PUIVON IO IO
ZsGeenl  GATGACCGACAA GCCCTCCT GCGAGAAGATCATCCOOGT GCOCAA TCT GkA |
O4B 26. @DL . oo oo
04C 27.8DL oot
04D _28. DL oot
O4E_29. DL .ottt
O4F_30. DL ot
04G 31. DL ot
O4H 32. DL oo
05A 33. 801 ot
05B 34. @DL . ot
05C 35. DL oo
05D _36. @DL .o oo
O5E_37.8DL ot
05F _38.aDL ..o Y
05G 39. @DL .ottt
O5H 40. @DL oo et
0BA 41 aDL oot
0BB_42. 801 . oot
0BC 43. DL oo
08D _44. @DL . oo
0BE_45. @DL ..o o oot
OBF_46. @DL . oo oo
068G 47. DL oot
OBH 48. @DL . oo oot e
07A 49. aDL oot
07B 50. @DL . oo oot
07C 51. DL et Gt

500 510 520 530 540 550 560
U P N I IO ISV [PV (PPN ISR IO ISP (PUVON IO I
ZsG eenl CGTGAGCATGTACCTGCTGCTGAA GGCCGCT GiEﬁTGﬁCAGTTCEA CLGTGTkCAAl
04B_26. @DL . vt
04C 27.8DL oot
04D _28. DL ot
O4E_29. DL oot
O4F_30. DL oot
04G 31. DL oo
O4H 32. DL oo
05A 33. 801 ottt
05B_34. @DL . oot
05C 35. @DL vt e
05D _36. @DL oot
O5E_37.8DL .ot e
O5F_38. 801 oot
05G 39. @DL vttt
O5H 40. @DL oo oo e e
0BA 41. DL oo
0BB_42. @01 . oo
0BC 43. DL oo
06D _44. @DL oo
0BE_45. @DL . oo
OBF_46. @DL . v o oo e
068G 47. DL oot
OBH 48. @DL . oo oo e
07A 49. aDL ot
07B_50. @DL oo oot e
07C 51.abl ..o A



570 580 590 600 610 620 630
AU U I D PR D DR | | | L]

Zs& eenl GOCOOGCAAGAT GCOCGACT GGCACT TCAT CCAGCACAAGCT GACCOGOGA G

04B_26.
04C_27.
04D_28.
04E_29.
04F_30.
04G 31.
04H_32.
05A _33.
05B_34.
05C_35.
05D_36.
05E_37.
05F_38.
05G_39.
05H_40
06A 41.
06B_42.
06C_43.
06D_44.
06E_45.
06F_46.
06G 47.
06H_48
07A_49.
07B_50.
07C 51.

ZsG eenl CGCCAAGAACCAGAAGT GBCACCT GACCGAGCACGCCA COQGCTCORCCT TGUOCCATCAT]
04B_26.
04C_27.
04D_28.
04E_29.
04F_30.
04G 31.
04H_32.
05A _33.
05B_34.
05C_35.
05D_36.
05E_37.
05F_38.
05G_39.
05H_40
06A 41.
06B_42.
06C_43.
06D_44.
06E_45.
06F_46.
06G 47.
06H_48
07A_49.
07B_50.
07C 51.

640 650 660 670 680 690 700
AU U N B | T T P P P D B
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ZsG ee

04B_26.
04C_27.
04D_28.
04E_29.
04F_30.
04G 31.
04H_32.
05A _33.
05B_34.
05C_35.
05D_36.
05E_37.
05F_38.
05G_39.
05H_40.
06A 41.
06B_42.
06C_43.
06D_44.
06E_45.
06F_46.
06G 47.
06H_48.
07A_49.
07B_50.
07C 51.

710

T
CCA TCACCAC TAG

nl |
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