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rClone Blue is useful for high school and undergraduate research-
ers who do not have access to a fluorometer to quantify RFP lev-
els. We built rClone Blue by removing the RFP gene from rClone 
Red with PCR and inserting the blue chromoprotein gene ampli-
fied separately with PCR. The rClone Red forward primer was 5’ 
GCATGAAGACCATCATGTCCGCAGAGACCAAAAAGAG 3’ 
and the reverse primer was 5’ GCATGAAGACCTGCTGTAC-
TAGTAGCGGCCGCTGCAG 3’. The conditions were the same 
as described above for PCR using tClone Red. For PCR of the 
blue chromoprotein gene, we used the forward primer 5’ GCAT-
GAAGACCTGCTGTACTAGTAGCGGCCGCTGCAG 3’ and the 
reverse primer 5’ GCATGAAGACCATCATGTCCGCAGAGAC-
CAAAAAGAG 3’.  

The blue chromoprotein gene (AmilCP blue) is part number 
BBa_J119128 from the Registry of Standard Biological Parts. We 
conducted PCR with 20µL reactions including 0.1ng of AmilCP 
blue template, 1µL of a 10µM stock of each primer, 1µL of 10mM 
dNTPs, and 10 µL of 2X GoTaq Green (Promega Life Sciences, 
Madison, WI ). We used a thermal profile of 10min at 94°C; 30 
cycles of 15sec at 94°C, 15sec at 55°C, 1min at 74°C; 5min at 
74°C. The primers for both amplifications introduced BsmBI sites 
so that we could use BsmBI GGA to insert the blue chromoprotein 
gene into the plasmid.  We performed GGA reactions in a total 
volume of 10µL that included 1µL 10X T4 DNA Ligase Buffer 
(300mM Tris-HCl pH 7.8 at 25°C, 100 mM MgCl2, 100mM DTT 
and 10mM ATP; New England BioLabs, Ipswich, Massachusetts), 
1µL of 40nM purified plasmid PCR product, 1µL of 40nM purified 
AmilCP blue PCR product, 0.5µL (10 units) BsmBI (New England 
BioLabs, Ipswich, Massachusetts), and 0.5µL T4 DNA Ligase 
(New England BioLabs, Ipswich, Massachusetts; 50 Weiss units). 
We transformed the completed GGA reactions into Z-competent 
E. coli JM109 cells (Zymo Research, Irvine, California) and iden-
tified correct clones by restriction digestion analysis of purified 
plasmid DNA. We verified rClone Blue by DNA sequencing and 
submitted this information to the Registry of Standard Biological 
parts as part number BBa_J119389. 

Mutational Analysis of RBSs and C dog RBSs
We constructed rClone Red and rClone Blue libraries using both 
strategies for the simple RBS and the C dog bicistronic RBS. For 
use in GGA, the top strand oligonucleotide starts with a 5’ CGAC 
3’ sticky-end and the bottom strand begins with a 5’ CCGC 3’ 
sticky-end. We ordered the DNA oligonucleotides listed in Figure 
S1 from Integrated DNA Technologies, Inc., Coralville, Iowa.

Prior to GGA, we annealed 5µM of the top and bottom strand 
oligonucleotides in a 20µL annealing reaction using 2µL of 10X 

Construction of rClone Red and rClone Blue
We constructed rClone Red (BBa_J119384 in the Registry of Stan-
dard Biological Parts; MIT Working Group, 2005; http://parts.
igem.org/Part:Bba_J119384) by starting with an existing con-
struct, tClone Red (Bba_J119367; http://parts.igem.org/Part:Bba_
J119367), which was built for studying transcriptional terminators. 
We removed an RBS from tClone Red using polymerase chain 
reaction (PCR) and BbsI with Golden Gate Assembly (GGA). 
We designed two primers to amplify the entire plasmid except for 
the RBS and introduced BbsI restriction sites for GGA.  The se-
quence of the forward primer was 5’ ATGCGAAGACTGCCG-
CAGAGACCAAAAAGAGTATTGACTTCGCATC 3’ 
and the sequence of the reverse primer was 5’ GCATGAAGAC-
CAGCGGAGATGGCTTCCTCCGAAGATGTTATC 3’. 

We conducted PCR with 20 µL reactions containing 0.1ng 
of tClone Red plasmid template, 1µL of a 10µM stock of each 
primer, 1µL of 10mM dNTPs, 1µL of LongAmp Taq DNA poly-
merase (New England Biolabs, Inc., Ipswich, MA), and 2µL of 
10X LongAmp buffer. We used a thermal profile of 10min at 94°C; 
30 cycles of 15sec at 94°C, 15sec at 55°C, 3min at 74°C; 5min at 
74°C.  We separated the PCR product on a 1% agarose gel and 
purified the band using the NucleoSpin Gel kit (Machery-Nagel 
GmbH and Company, Germany). We used GGA with BbsI to re-
form the circular plasmid in 10µL containing 1µL 10X T4 DNA 
Ligase Buffer (New England BioLabs, Ipswich, Massachusetts; 
300mM Tris-HCl pH 7.8 at 25°C, 100mM MgCl2, 100mM DTT 
and 10mM ATP), 1µL of 40 nM purified PCR product, , 0.5µL (10 
units) BbsI (New England BioLabs, Ipswich, Massachusetts), and 
0.5µL T4 DNA Ligase (New England BioLabs, Ipswich, Massa-
chusetts; 50 Weiss units).

We placed the GGA reactions in a thermal cycler set for 20 
cycles of 1 minute at 37°C, followed by 1min at 16°C. The 37°C 
temperature favors digestion by BbsI whereas 16°C favors ligation 
by T4 DNA ligase. We transformed the completed GGA reactions 
into Z-competent E. coli JM109 cells (Zymo Research, Irvine, Cal-
ifornia) by adding competent cells to the completed GGA reaction, 
placing the mixture on ice for 5min, and pipetting it directly onto 
an LB agar plate containing 50µg/mL ampicillin. We incubated 
the plates overnight at 37°C and then identified correct clones by 
restriction digestion analysis of purified plasmid DNA. We veri-
fied rClone Red with DNA sequencing and submitted its structure 
and sequence to the Registry of Standard Biological parts as part 
number BBa_J119384. 

rClone Blue (BBa_J119389; http://parts.igem.org/Part:BBa_
J119389) is similar to rClone Red, but it carries a reporter gene 
that encodes a blue chromoprotein instead of an RFP reporter gene. 
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ing all possible bases make contribution to the consensus and the 
relative RBS strengths. This method assigns a score to each base 
in each simple RBS or C dog based on the RFP expression of the 
mutant that contained it. For example, for RBS N6 mutant RM with 
a relative strength of 31.1, the A in the first position received 31.1 
points for that RBS. The G in the second position of mutant RM also 
received 31.1 points, as did the bases in the remaining six positions. 
For RBS N6 mutant RR with a relative strength of 30.1, the C in the 
first position received 30.1 points, as did the A in the second posi-
tion and the other bases in their respective positions. We totaled the 
points received by each of the four bases for all eight positions and 
used the totals to produce a consensus sequence. For each position, 
we divided the total for each base by the total for all bases and used 
the resulting ratios as base frequencies in the consensus sequence. 

annealing buffer (1M NaCl, 100mM Tris-HCl pH 7.4). We boiled 
the annealing reaction in 400mL of water for 4 minutes and allowed 
it to cool slowly overnight in the same water bath. The annealed oli-
gonucleotides were diluted to the same concentration as the rClone 
plasmid (40nM) to provide a 1:1 molar ratio of insert to plasmid. 
We performed GGA reactions in a 10µL containing 1µL 10X T4 
DNA Ligase Buffer (New England BioLabs, Ipswich, Massachu-
setts; 300mM Tris-HCl pH 7.8 at 25°C, 100mM MgCl2, 100mM 
DTT and 10mM ATP), 1µL of 40 nM rClone Red plasmid, 1µL of 
40nM annealed promoter oligonucleotides, 0.5µL (10 units) BsaI 
(New England BioLabs, Ipswich, Massachusetts), and 0.5µL T4 
DNA Ligase (New England BioLabs, Ipswich, Massachusetts; 50 
Weiss units). We placed the GGA reactions in a thermal cycler set 
for 20 cycles of 1min at 37°C followed by 1min at 16°C. The GGA 
reactions ended with a 15min incubation at 37°C to cleave any re-
maining BsaI sites. We transformed the completed GGA reactions 
into Z-competent E. coli JM109 cells (Zymo Research, Irvine, Cali-
fornia), plated the transformed cells onto LB ampicillin plates, and 
incubated the plates overnight at 37°C.

For the exploration of rClone Red mutant libraries, we trans-
ferred colonies from library plates to LB + 50µg/mL ampicillin 
liquid media for overnight growth. We made a glycerol stock for 
each using 300µL sterile glycerol and 700µL of overnight bacterial 
culture. We determined the strength of the RBSs by quantifying the 
RFP output of clones with a fluorometer (Biotek Instruments, Incor-
porated, Winooski, Vermont) set for 585nm excitation and 615nm 
emission. We measured cell density with absorbance at 600nm and 
expressed RFP fluorescence as a ratio with cell density values in the 
denominator. We isolated plasmid DNA from 8mL cultures of each 
clone grown overnight in LB with ampicillin using the miniprep kit 
from Zymo Research, Irvine, California. DNA sequencing was per-
formed at the Iowa State University DNA Facility, Ames, Iowa.

Consensus Sequence Determination
For the determination of consensus sequences from the simple RBS 
and C dog mutant libraries, we developed a method of consensus 
building that takes into account every base at every position allow-

Figure S1. List of oligonucleotides ordered for library construction. 




