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MATERIALS AND METHODS 

DNA origami assembly and purification. The scaffold DNA (p8064) was prepared as 

previously described.1 Staple DNA strands were synthesized by solid-phase chemical 

synthesis (Eurofins Genomics GmbH, Ebersberg, Germany; HPSF purification). DNA 

origami objects were designed using caDNAno v.022 and prepared as described previously.3, 4 

Objects were self-assembled by subjecting the one-pot reaction mixture to a thermal 

annealing ramp using a thermal cycling device (TETRAD; MJ Research – now Biorad).5 The 

reaction mixture contained 50 nM scaffold DNA (p8064), 200 nM of each staple DNA strand, 

folding buffer (1 mM EDTA, 5 mM TrisBase, 5 mM NaCl; pH 8), and 20 mM MgCl2.  

 

DNA origami switch device. All 16 basepair stacking interactions are active in the dynamic 

switch variant switchD16 (Supporting Figure S6). After a 15 min thermal denaturation step 

at 65 ˚C, the thermal annealing ramp covered the temperature interval [58 – 55 ˚C] with a rate 

of 1 ˚C/90 min.  

Excess staple DNA strands were removed from the reaction mixture by performing two 

rounds of polyethylene glycol (PEG) precipitation.6 The resulting pellet was dissolved in 

folding buffer (1 mM EDTA, 5 mM TrisBase, 5 mM NaCl; pH 8) containing 5 mM MgCl2. 

To allow for equilibration, all samples were incubated at 40 ˚C and 400 rpm overnight. 

Residual PEG was removed from the samples by performing three rounds of ultrafiltration 

(30K Amicon Ultra-0.5mL from Merck Millipore).  Filters were equilibrated by adding 500 

µL folding buffer containing 5 mM MgCl2 at 2000 x g and 25 ˚C for 2 minutes. Then, 50 µL 

sample was mixed with 450 µL folding buffer and centrifuged at 8000 x g and 25 ˚C for 15 

minutes. The flow-throw was discarded and 480 µl of folding buffer was added to the 

recovered sample.  

 

DNA origami bricks. We used a self-complementary DNA origami brick where the 

protrusions on its front face can click into correspondingly shaped recessions on its back face. 

Two samples were prepared: in brick A1 protrusions are active and recessions were 

permanently deactivated (Supporting Figure S7) and in brick A2 recessions are active and 

protrusions were permanently deactivated (Supporting Figure S8). Blunt end contacts were 

permanently deactivated by using 10-thymine-long overhangs. After a 15 min thermal 

denaturation step at 65 ˚C, the thermal annealing ramp covered the temperature interval [56 – 

50 ˚C] with a rate of 1 ˚C/60 min.  
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Excess staple DNA strands were removed from the reaction mixture by performing one round 

of polyethylene glycol (PEG) precipitation.6 The resulting pellets were dissolved in HPLC 

buffer (1 mM EDTA, 5 mM TrisBase, 200 mM NaCl; pH 8) containing 5 mM MgCl2. Then, 

we subjected the sample to HPLC (Agilent Technologies 1260/1290 Infinity) using the 

column (Agilent Bio SEC-5: 5 µm; 2000A; 21.2 x 300 mm) at a flow rate of 2 ml/min and 

collected fractions of the monomer peak (29.5 – 33.5 minutes). Due to dilution of the sample, 

we used ultrafiltration (30K Amicon Ultra-15mL from Merck Millipore) to concentrate the 

sample and to exchange the buffer to folding buffer (1 mM EDTA, 5 mM TrisBase, 5 mM 

NaCl; 5 mM MgCl2; pH 8). Filters were equilibrated by adding 15 ml folding buffer 

containing 5 mM MgCl2 at 7000 x g and 25 ˚C for 5 minutes. Then, 15 ml sample was added 

and centrifuged at 7000 x g and 25 ˚C for 7 minutes. The flow through was discarded. This 

step was repeated until the entire volume of the sample was centrifuged in the same filter. 

Then, the sample was mixed with 15 ml folding buffer and centrifuged at 7000 x g and 25 ˚C 

for 7 minutes. This step was repeated three times. The concentration of all DNA origami 

samples was determined using a spectrophotometer (NanoDrop 8000; Thermo Scientific). All 

SAXS experiments were performed on SwitchD16 and brick samples dissolved in folding 

buffer (1 mM EDTA, 5 mM TrisBase, 5 mM NaCl; pH 8) containing varying MgCl2 

concentrations. 

 

SAXS data acquisition 

SAXS measurements were performed at beamline P12, DESY, Hamburg7 and the high 

brilliance SAXS beamline ID02, ESRF8 , Grenoble.  

P12. SAXS measurements at beamline P12 were performed at an X-ray wavelength λ of 

1.2 Å and a sample-to-detector distance of 3.0 m, resulting in a q-range of 0.03 to 5 nm−1 

(with q = 4π⋅sin(θ)/λ, where 2θ is the total scattering angle). For data acquisition we used 

a Pilatus 2M detector. For each sample condition 40 frames with an exposure time of 45 ms in 

‘flow’ mode were conducted at room temperature. Buffer samples were measured using 

identical procedures before and after each sample measurement. Static profiles of monomeric 

and heterodimeric brick constructs were measured in buffer with 20 mM MgCl2 at sample 

concentrations of 50 nM and 100 nM, respectively. Time-resolved (tr) SAXS measurements 

on dimerization kinetics were performed by manual mixing of 50 nM and 100 nM monomer 

concentrations in a 1:1 mixing ratio.  
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ID02. SAXS experiments were performed at an X-ray wavelength λ of 0.99 Å. Static 

experiments at beamline ID02 on switchD16 samples and DNA origami brick monomer and 

dimer samples were performed in a temperature controlled flow through capillary operated in 

air using the Rayonix MX-170HS detector (Rayonix L.L.C., USA) with a sample-to-detector 

distance of 5 m resulting in a q-range of 0.015 nm-1 to 1.5 nm-1. Data acquisition was 

performed with an exposure time of 10 ms including 50 repeats and a delay time of 0.5 s in 

order to reduce radiation damage. The measurements were conducted at room temperature.  

SwitchD16 samples were measured at a final sample concentration of 100 nM.  

TrSAXS experiments on switchD16 samples were conducted using a stopped-flow device 

(SFM-400, Bio-Logic, Claix, France) consisting of four motorized syringes coupled through 

three mixers. The last mixer is coupled to a quartz capillary with a diameter of 1.5 mm that 

serves as the observation volume where the sample is exposed to the X-ray beam at a constant 

position (Figure 1a). A hard-stop is placed at the end of the flow line and is activated at the 

end of the mixing sequence in order to stop the flow. The net dead time (~ 1 ms) including the 

mixing time and the time to transfer the mixture to the beam crossing point in the capillary 

was determined as described elsewhere8. For each trSAXS measurement 150 µl each of buffer 

and switchD16 samples were prepared in the syringes for mixing and subsequently mixed at 

equal volumes. For stopped-flow based SAXS experiments the sample-to detector distance 

was set to 2.5 m covering a q-range of 0.04 nm-1 to 3.0 nm-1. For each run 30 to 50 frames 

were recorded with an exposure time of 10 ms and a delay time td = (16 x 1.05i) ms (where i 

denotes the actual frame number) between consecutive frames in order to prevent radiation 

damage. For trSAXS experiments switchD16 samples at a concentration of 200 nM were 

dissolved in 5 mM MgCl2 buffer. Buffer solutions with MgCl2 concentrations of 65 mM, 45 

mM, 25mM, and 5 mM were prepared to achieve final MgCl2 concentrations after mixing of 

35 mM, 25 mM, 15 mM and 5 mM, respectively.  Prior to each stopped-flow experiment 

static profiles of switchD16 samples (c = 100 nM) at 5 mM, 15 mM, 25 mM and 35 mM 

MgCl2 concentrations and corresponding buffer profiles were recorded with the exposure time 

set to 10 ms and the number of frames to 10. For each MgCl2 concentration two independent 

trSAXS repeats were conducted. 
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SAXS data processing 

Data reduction was carried out using custom written scripts in Matlab (Matlab 2015, The 

MathWorks Inc., Natick, MA, USA). Scattering data were normalized to the intensity at zero 

angles (I(0)) by performing Guinier analysis of the data.9 

Static SAXS measurements. For static SAXS experiments performed at beamline P12 and 

ID02, sample and buffer data from each run were analyzed for radiation damage, which was 

not observed in any of the measurement. Matching sample and buffer profiles were averaged 

and buffer profiles were subtracted for background correction. 

Stopped-flow based SAXS measurements. For each MgCl2 concentration scattering 

profiles at each acquisition point were checked for consistency and radiation damage; no 

damage was observed in any of the measurements. Matching averaged buffer profiles from 

static SAXS experiments were subtracted from each single frame for background correction. 

 

SAXS data analysis 

SwitchD16. For trSAXS data, the scattering profile at each acquisition point (I(q,t)) can be 

described by a superposition of the scattering profiles of the sample conformation at the initial 

solution condition (Ii(q,to)) before mixing and the scattering profile of the final state at 

equilibrium after mixing (If(q,teq)): 

I(q,t) = fi ⋅ Ii (q,to) + ff  ⋅ If (q,teq)                                                  (1) 

where the coefficients fi and ff are fractional occupancies of the initial and final states. For 

stopped-flow experiments we used static reference profiles of switchD16 samples acquired at 

5 mM MgCl2 and 15 mM, 25 mM and 35 mM MgCl2 concentrations for Ii and If, respectively. 

For some frames, portions of the scattering curves deemed unreliable at the lowest q-values 

due to parasitic scattering and at high q-values because of low signal-to-noise ratio resulting 

in an utilizable q-range of 0.08 nm-1 to 2.5 nm-1 for fitting. The fraction of closed particles 

was determined from two independent SAXS measurements at each MgCl2 concentration and 

time point and the mean and the standard deviation were calculated and reported in Figure 2b. 

Fraction of closed particles were normalized to the portion of closed switchD16 particles in 

steady state for each MgCl2 concentration (i.e. 0 %, 90%, 98% and 99 % for 5 mM, 15 mM, 

25 mM and 35 mM MgCl2 concentrations, respectively), derived from previous SAXS 
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measurements.4 To evaluate the goodness of the two-state fits, chi-squared values (χ2) were 

calculated for each fit according to the following equation: 

  𝜒! =    !!"# !!,! !  !!"# !!,!
!

!!
!!                                                 (2) 

where Iexp is the experimental SAXS profile, Ifit the best two-state fit profile, and σ the 

experimental error of Iexp. 

Bricks. Two-state fits for dimerization kinetics of DNA origami bricks were performed 

using Equation 1, where the initial and final state are given by the scattering profiles of the 

monomer at the respective starting concentration and the dimer at equilibrium. Each fit was 

evaluated according to Equation 2. To determine the fraction of dimers, we used the q-range 

from 0.1 to 2.5 nm-1. 

 

Kinetic fits for folding and assembly. 

SwitchD16. The (intramolecular) conformational change between the open and the closed 

state of the switchD16 sample was modelled as a reversible first-order reaction:  

O  
          !!"#$%          
          

  
            !!"#$                

      
  C                                                            (3) 

 
where O and C denote the open and closed state of switchD16 particles and kclose and kopen 

describe the closing and opening rate constants. Assuming that all objects (with an initial 

concentration of c0) adopt an open conformation at t0 = 0, the time dependent relative 

concentrations of particles in the open and closed state are given by: 

!!  (!)
!!

=    !!"#$!!!"#$%!
!(!!"#$%!!!"#$)!

!!"#$%!!!"#$
                                                (4) 

!!  (!)
!!

=    !!"#$%!!!"#$%!
!(!!"#$%!!!"#$)!

!!"#$%!!!"#$
                                                   (5) 

 
The equilibrium constant Keq of the reaction is defined as: 

𝐾!" =   
!!"#$%
!!"#$

= exp   − ∆!
!!!

                                                (6) 

 
where kB is the Boltzmann constant and ∆𝐺 denotes the Gibb´s free energy between the 

open and the closed state.  

To estimate the closing rate constants for the 25 mM and 35 mM MgCl2 data, we 

calculated the fraction of closed particles following Equation 5 for different closing rate 

constants (20 s-1 < kclose < 300 s-1) with kopen  = 0 (as at MgCl2 concentrations of 25 mM and 
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35 mM the closed fractions in equilibrium are ~98 % and ~99 %, respectively, suggesting that 

the opening rate constant is essentially negligible) and calculated the reduced χ2-values for 

each closing rate constant given by: 

𝜒!"#! =    !
!

!!"#$%&
!"# !! !  !!"#$%&

!!!" !!
!

!!
!!                                         (7) 

where N denotes the number of data points, fexp corresponds to the experimentally 

determined fraction of closed particles, f theo corresponds to the fraction of closed particles 

given by Equation 5 for each kclose value. The errors σ used in the calculation of the reduced 

χ2–value are from repeat measurements, with an additional global error of 1%. All fitting 

procedures were performed with custom written Matlab (Matlab 2015, The MathWorks Inc., 

Natick, MA, USA) scripts using ‘fminsearch’ as optimization function. 

 
Bricks. Heterodimerization kinetics of the DNA origami bricks were modelled as an 

irreversible bimolecular reaction: 

  
    𝐴!   +   𝐴!       

            !!"                   𝐵                     

(8) 

where A1 and A2 correspond to the brick monomer variants where either the protruding 

stacking pattern (1) or the recessed stacking pattern (2) had been activated, B denotes the 

dimer state and kon describes the association reaction rate constant in M-1·s-1. For our 

experimental conditions with an equimolar mixing ratio of A1 and A2 (with an initial 

concentration of A0) and in the absence of dimers B at t0 = 0, the time dependent relative 

concentrations of heterodimeric bricks as a function of time is given by:  

    ! !
!!  

=   1−    !
!!  !!  !!"  !

               (9) 

The model defined by Equation 9 was used to fit the fraction of dimers derived from the 

SAXS data for initial monomer concentrations (A1(t0) = A2(t0)  = A0) of 50 nM and 100 nM. 

We obtained an association rate constant kon of 1.8 x 104 M-1·s-1 and 1.6 x 104 M-1·s-1 for a 

monomer concentration of 50 nM and 100 nM, respectively, and hence a mean value of 1.7 x 

104 M-1·s-1.  

We also applied a bimolecular reaction model fit including the dissociation reaction rate 

constant for different final states of dimer fractions varying between 90 % and 100 % where a 

value of 100 % dimers resulted in the lowest   𝜒!-value and a negligible small value for the 

dissociation reaction rate constant in line with previous experiments3. Assuming 100 % 
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dimers, we tested different koff rates, yielding that the fit results are insensitive towards the 

off-rate for koff < 10-6. Larger koff values resulted in increasing   𝜒!-values. 

 

To compare these values with a reaction, only limited by the diffusion dynamics of the 

monomeric bricks, we calculated the theoretical diffusion-limited association rate constant 

kdiff of the bricks:10 

𝑘!"## = 4𝜋 ∙ 𝑅 ∙ 𝐷 ∙ 𝑁!              (10) 

with R as distance within the two monomers react and form a dimer and can be assumed to be 

~2 nm11, D is the diffusion coefficient according to Equation 11 and NA as the Avogadro 

constant.  
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SUPPORTING TEXT 

 Estimation of the timescales involved in the conformational transition from the open to the 

closed conformation of switchD16 samples. 

We estimate the timescales for several processes involved in the conformational transition 

from the open to the closed state of the switch device. Specifically, we obtain rough, order-of-

magnitude, estimates for the timescales of i) the diffusional motion of the two arms from the 

open to the closed conformation, ii) the formation of DNA basepair stacking interactions, and 

iii) the local conformational transitions of the central Holliday junction. 

Diffusion of the switchD16 arms. After introducing a sufficiently high salt concentration 

to screen the (long-range) electrostatic repulsion that causes the switchD16 device to adopt 

the open conformation at low salt, we expect the transition from the open to the closed state to 

be fundamentally limited by diffusion of the arms, since the favourable stacking interactions 

that keep the switchD16 device in the closed conformation are short-range in nature11 (with a 

range of ≤ 2.5 nm) and will only form once the arms are in sufficiently close proximity. 

Therefore, the timescale for diffusive motion of the two arms is expected to set the ultimate 

speed limit for closing of the switch device, similar to what has been observed for proteins.12, 

13 

To assess the order of magnitude of the timescale for diffusive motion of the arms from 

the open to the closed state of switchD16, we applied a simple model based on rotational and 

translational diffusion. Each arm was considered as a rigid rod with a length L = 95 nm and a 

diameter of D = 16 nm (Supporting Figure S4) and the translational (Dt) and rotational (Dr) 

diffusion coefficients were calculated following Lehner et al.14:  

 

𝐷! =   
!!!
!!"#

ln !!
!

−   𝜉                                                     (11) 

 

𝐷! =   
!!!!
!"!!

ln !!
!

−   𝛾                                                     (12) 

where kB is the Boltzmann constant, T the temperature in Kelvin (300 K), η the viscosity of 

the solvent (1 mPa·s) and ξ and γ are correction factors for the end terms taken from Tirado et 

al.15. The distance d each arm has to travel depends on the opening angle Θ, which has a 

mean value of ~ 50° (Supporting Figure S4).3 Translational (ttrans) and rotational (trot) 

diffusion times for each arm are given by: 

𝑡!"#$% =   
!!

!  !!
                                                             (13) 
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 𝑡!"# =   
!!

!  !!
                                                             (14) 

We find values for trot in the range of 20 to 70 µs for opening angles Θ between 50º to 90º. 

The estimate based on translational diffusion gives similar values, again varying the opening 

angle between 50º and 90º.   

 

Formation of DNA stacking interactions. In the closed state, the two arms of the 

switchD16 device are held together by DNA stacking interactions. The timescale for the 

formation of nucleobase stacking interactions was investigated recently by force spectroscopy 

and molecular dynamics simulations.11 The results suggest that formation of stacking 

interactions occurs on a timescale of 2.40 × 10−5 s under conditions similar to our 

experiments. This implies that once the arms are positioned to form stacking interactions, the 

formation of the short-range stacking interactions is very fast and essentially negligible 

compared to the timescale for diffusion of the arms or to the overall rate of closing.   

 

Conformational changes of the central Holliday junction. The single Holliday junction 

that represents the pivot point for the rotational degree of freedom of the switch object could 

also influence the dynamics. Dependent on the ion concentration Holliday junctions in 

isolation can assume multiple conformations: an open conformation at low salt conditions and 

two stacked conformations at high salt conditions.16, 17 While there are several studies on the 

kinetics of the conformational transitions between the two possible stacked conformations of 

a Holliday junction,16, 18 to the best of our knowledge there exist no experimental rate 

constants for the transition between the open and the stacked conformations. However, MD 

simulations yielded transition times in the ~µs regime, which again is much faster than the 

timescales for diffusional motion or overall closing and suggests that the structural dynamics 

of the Holliday junction are not a rate limiting factor.19, 20 
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Supporting Figure S1. Scaling relationship for nucleic acid folding rate constants. 
Experimentally determined folding rate constants of a range of RNA molecules (cyan circles) 
as a function of the square root of the number of nucleotides and the corresponding fit of a 
scaling relationship using log kfold  = log (k0) - aNb with a, b, and k0 as fit parameters; both the 
data and the fit are from Hyeon et al.21 The red star indicates the folding rate constant 
predicted for the switchD16 device by the fitted scaling relationship. In contrast, the blue star 
corresponds to the experimentally determined folding rate constant for the transition of 
switchD16 from the open to the closed state at 15 mM MgCl2. 
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Supporting Figure S2. Time-dependent scattering profiles for switchD16 and two-state 
fits. Time-dependent scattering profiles of switchD16 samples upon mixing with varying 
MgCl2 concentrations and corresponding fitted profiles from a two-state model (black lines) 
(see main text). a) Evolution of scattered intensity upon equimolar mixing of switchD16 
samples with 5 mM MgCl2 at different time points indicated in the legend. SAXS curves at 
the bottom (dark blue circles) and at the top (red circles) correspond to static reference 
profiles of switchD16 samples at the initial and final MgCl2 concentrations (here: 5 mM). b) 
Scattering profiles for switchD16 samples diluted into a final concentration of 15 mM MgCl2 
at subsequent timepoints acquired after mixing. SAXS profiles at the bottom (dark blue 
circles) and at the top (red circles) are obtained from static SAXS measurements of 
switchD16 samples diluted in 5 mM and 15 mM MgCl2, respectively. c) Scattering profiles of 
switchD16 samples diluted into a final concentration of 25 mM MgCl2 buffer. SAXS profiles 
at the bottom (dark blue circles) and at the top (red circles) are obtained from static SAXS 
measurements of switchD16 samples diluted in 5 mM and 25 mM MgCl2, respectively. d) 
Time-dependent SAXS data obtained from switchD16 samples after equimolar mixing with 
MgCl2 buffer resulting in a final concentration of 35 mM MgCl2. SAXS curves at the bottom 
(dark blue circles) and at the top (red circles) are obtained from static SAXS measurements of 
switchD16 samples diluted in 5 mM and 35 mM MgCl2, respectively. Data are vertically 
offset for clarity. Data from trSAXS experiments with final MgCl2 concentrations of 5 and 35 
mM after mixing contain twice the number of data points as compared to the 15 and 25 mM 
MgCl2 data due to interpolation to the q-bin size of static reference profiles, which where 
recorded with half of the bin size as stopped-flow SAXS experiments.  
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Supporting Figure S3. Estimate of the closing reaction rate constant of SwitchD16 
particles for a final MgCl2 concentration of 25 mM after mixing. We used Equation 5 and 
calculated the reduced χ2–value for different closing rate constants while setting the opening 
rate constant to zero (as at a MgCl2 concentration of 25 mM the closed fraction in equilibrium 
is ~98 %, suggesting that the opening rate constant is essentially negligible). The data are well 
described for kclose values equal or greater ~ 150 s-1 (see inset graph corresponding to the data 
range indicated by the grey frame). We found an very similar results for the 35 mM MgCl2 
data. 
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Supporting Figure S4. Schematic model and length scales used to estimate the diffusion 
times of the arms of switchD16 required to change from the open conformation (shown here) 
to the closed conformation. 

 

 

  



 S15 

 

Supporting Figure S5. Time evolution of scattering profiles from DNA origami 
dimerization kinetics after 1:1 mixing of monomeric brick samples at an initial 
concentration of 100 nM: 0 min (dark blue circles, bottom), 2 min, 5 min, 10 min, 15 min, 
20 min, 30 min 45 min, 60 min, 90 min, 2 h, 3 h, 4 h 30 min, 12h 30 min and 24 h (red 
circles, top). Black lines correspond to fits from a two-state model following Equation 1. 
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Supporting Figure S6. Strand diagram of the dynamic (switchD16) variant. Scaffold 
(shown in blue) and staple layout of the dynamic switch variant with 16 activated stacking 
interactions. Cyan: stacking activated. Generated with caDNAno v0.2. 
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TGTTGCA CACCCCA TATTGCTACAACGGTTAATTTGCGTGATGGACAGACTCTTTTACTCGGTGGCCTCACTGATTATAAAAACACTTCTCAGGA

A T G G C T G G C G G T A A T A T T G T T C T G G A T A T T A C C A G C A A G G C C G A T A G T T T G A G T T C T T C T A C T C A G G C A A G T G A T G T T A T T A C T A A T C A A A G A A G

T T A G C T C A C T C A T T A G G T T C T G G C G T A C C G T T C C T G T C T A A A A T C C C T T T A A T C G G C C T C C T G T T T A G C T C C C G C T C T G A T T C T

AACGCAATTAATGTGAG AACGAGGAAAGCACGTTATACGTGCTCGTCAAAGCAACCATAGTACGCGCCCTGTAGCGGCGCATTA

C G G G C A G T G A G C G C A G C G C G G C G G G T G T G G T G G T T A C G C G C A G C G T G A C C G C T A C A C T T G C C A G C G C C C T A G C G C C C G C T C C T T

TGGAAAG TCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGG

T C C C G A C T T C C G A T T T A G T G C T T T A C G G C A C C T C G A C C C C A A A A A A C T T G A T T T G G G T G A T G G T T C A C G T A G T G G G C C A T C G C C

ACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTT TGATAGACGGTTTTTCGCCCTTT C

A A G A A A A A C C A C C C T G G C G C C C A A T G A C G T T G G A G T C C A C G T C G C C T C T G C G C G A T T T T G T A A C T T G G T A T T C A A A G C A A T C A G

TGGTGAA TCTTTAATAGTGGACTCTTGTTCCAAACTGGAACA TGAAATGAATAATT GCGAATCCGTTATTGTTTCTCCCGATGT

C T C A G G G C C A G G C G G T G A A G G G C A A T C A G C T G T T G C C C G T C T C A C A C A C T C A A C C C T A T C T C G G G C T A T T C T T T T G A T T T A T A A

GGGATTTTGCCGATTTCGGAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCT

T A T C T C T C T G A T A T T A G C G C T C A A T T A C C C T C T G A C T T T G T T C A G G G T G T T C A G T T A A T T C T C C C G T C T A A T G C G C T T C C C T G T T T T T A T G T T A T T C T C T C T G T A A A G G C T G C T A T T T T C A T T T T T G A C G T T A A A C A A A A A A T C T G G T A A G A T T C A G G A T A A A A T T G T

CGGTAAGATAGCTATTGCTATTTCATTGTTTCTTGCTCTTATTATTGGGCTTAACTCAATTCTTGTGGGT AGCTGGGTGCAAAATAGCAACTAATCTTGATTTAAGGCTTCAAAACCTCCCGCAAGTCGGGAGGTTCGCTAAAACGCCTCGCGTTCTTAGAATACCGG

A G G G C T T A T A A G C C T T C T A T A T C T G A T T T G C T T G C T A T T G G G C G C G G T A A T G A T T C C T A C G A T G A A A A T A A A A A C G G C T T G C T T G T T C T C G A T G A G T G C G G T A C T

TACTTTTCTTAAAA TGGTTTAATACCCGTTCTTGGAATGATAAGGAAAGACAGCCGATTATTGATTGGTTTCTACATGCTCGTAAATTAGGATGGGATATTATTT

A T C T G C T T T C T T G T T C A G G A C T T A T C T A T T G T T G A T A A A C A G G C G C G T T C T G C A T T A G C T G A A C A T G T T G T T T A T T G T C G T C G T C T G G A C A G A A T

TAATAAGGAGTCTTAATCATGCCAGTTCTTTTGGGTATTCCGTTATTATTGCGTTTCCTCGGTTTCCTTCTGGTAACTTTGTTCGGCT TACTTTA

C C T C A A T C G G T T G A A T G T C G C C C T T T T G T C T T T G G C G C T G G T A A A C C A T A T G A A T T T T C T A T T G A T T G T G A C A A A A T A A A C T T A T T C C G T G G T G T C T T T G C G T T T C T T T T A T A T G T T G C C A C C T T T A T G T A T G T A T T T T C T A C G T T T G C T A A C A T A C T G C G C C T T T T G

GTGACGGTGATAATTCACCTTTAATGAATAATTTCCGTCAATATTTACCTTCCCTC TATTTCTGTTTTACGTGCAAATAATTTTGATATGGTAGGTTCTAACCCTTCCATTATTCAGAAGTATAATCCAAACAATCAGGATTATATTGATGAAT TCGGTACTTTATAT

A G G T A A T A A A A G G T A C T G T T A C T G T A T A T T C A T C T G A C G T T A A A C C T G A A A A T C T A C G C A A T T T C T T T C T C T T A T T A C T G G C T C

ATTCAAATGAAATTGTTAAATGTAATTAATTTTGTTTTCTTGATGTTTGTTTCATCATCTTCTTTTGCTC GAAAATGCCTCTGC

G A C G A T T T A C A G A A G C A A G G T T A T T C A C T C A C A T A T A T T G A T T T A T G T A C T G T T T C C A T T A A A A A A G G T A C T A A A T T A C A T G T T

TTCTCAGCGTCTTAATCTAAGCTATCGCTATGTTTTCAAGGATTCTAAGGGAAAATTAATTAATAGC GGCGTTGTTAAATATGG

C C C A A C C T A A G C C G G A G G T T A A A A A G G T A G T C T C T C A G A C C T A T G A T T T T G A T A A A T T C A C T A T T G A C T C C G A T T C T C A A T T A A

AATATATTTGAAAAAGTTTTCTCGCGTTCTTTGTCTTGCGATTGGATTTGCATCAGCATTTACATATAGTTATATAA GCCCTAC

T C T T A T T T A A C G C C T T A T T T A T C A C A C G G T C G G T A T T T C A A A C C A T T A A A T T T A G G T C A G A A G A T G A A A T T A A C T A A T G T T G A G

CGTTGGCTTTATACTGGTAAGAATTTGTATAACGCATATGATACTAAACAGGCTTTTTCTAGTAATTATGATTCCGGTGTTTAT

A G T T T G T A C T G G T G A C G A A A C T C A G T G T T A C G G T A C A T G G G T T C C T A T T G G G C T T G C T A T C C C T G A A A A T G A G G G T G G T G G C T C

GCGTTGT TGAGGGTGGCGGTTCTGAGGGTGGCGGTTCTGAGGGTGGCGGTACTAAACCTCCTGAGTACGGTGATACACCTATTC

A T A G C T A A A C A G G T T A T T G A C C A T T T G C G A A A T G T A T C T A A T G T G G A A T G C T A C A G C G G G C T A T A C T T A T A T C A A C C C T C T C G A

ATGCCACCTTTTCAGCTCGCGCCCCAAATGAAAAT GGTCAAA CAAAACTTTAGATCGTTACGCTAACTATGAGGGCTGTCT CGG

A C A G A A A A T T C A T T T A C T A A C G T C T G G A A A G A C G A C A C T T A T C C G C C T G G T A C T G A G C A A A A C C C C G C T A A T C C T A A T C C T T C T

TATTCGCAATTCCTTTAGTTGTTCCTTTCTATTCTCACTCCGCTGAAACTGTTGAAAGTTGTTTAGCAAAATCCCAT CTTGAGG

G C A A G C T G A T A A A C C G A T A C A A T T A A A G G C T C C T T T T G G A G C C T T T T T T T T G G A G A T T T T C A A C G T G A A A A A A T T A T A G T C T C A

GTGGGCGATGGTTGTTGTCATTGTCGGCGCAACTATCGGTATCAAGCTGTTTAAGAAATTCACCTCGAAA GCCTCTTAATACTT

G T G A C G A T C C C G C A A A A G C G G C C T T T A A C T C C C T G C A A G C C T C A G C G A C C G A A T A T A T C G G T T A T G C T C A T G T T T C A G A A T A A T
TCTTTAGTCCTCAAAGCCTCTGTAGCCGTTGCTACCCTCGTTCCGATGCTGTCTTTCGCTGCTGAGG AGGTTCCGAAATAGGCA

TTTATACGGGCACTGTTACTCAAGGCACTGACCCCGTTAAAACTTATTACCAGTACACTCCTGTATCATCAAAAGCCATGTATGACGCTTACTGGAACGGTAAAT

T C A G A G A C T G C G C T T C T T T C G T T T T A G G T T G G T G C C T T C G T A G T G G C A T T A C G T A T T T T A C C C G T T T A A T G G A A A C T T C C T C A T G A A A A A G G G G G G C A T T A A C T G

TTCCATTCTGGCTTTAATGAGGATTTATTTGTTTGTGAATATCAAGGCCAATCGTCTGACCTGCCTCAACCTCCTGT AGGCGATGATACAAATCTCCGTTGTACTTTGTTTCGCGCTTGGTATAATCGCTGGGGGTCAAAGATGAGTGTTTTAGTGTATTCTTTTGCC

C A A T G C T G G C G G C G G C T C T G G T G G T G G T G C C G C A T T C T G G C C G C A G C A C C A C A G A G T G C A C A G G C G C G C A G T G A C A C T G C G C T G G A T C G T C T G A T G C A G G G G G C A C C G G C A C C G C T G G C T G C A G G T A A C G T A A C A T G G A G C A G G T C G C G G A T T T C G A C A C A A T T T A T C

ACCTGATAGCCTTT TCAGCTAGAACGGTTGAATATCATATTG GTCTGGTAAACGAGGGTTATGATAGTGTTGCTCTT CCAGCACCACGCTGACGTTCTACAAGTCCGGCACGTTCCGTTATGAGGATGTGCTCTGGCCGGAGGCTGC CCGGCAT CTTATGATTGACCGTCTGCGCCTCGTTCCGGCTAA

G T A G A T C T C T C A A A A A T A G C T A C C C T C T C C G G C A T T A A T T T A A C T A T G C C T C G T A A T T C C T T T T G G C G T T A T G T A T C A A G C T G G T T G C G T G G G A T G G C A C C A C C G A C G G T G C T G C C G T T G G C A T T C T T G C G G T T G C T G C T G A C C A G A C T G A T G C C G T T A A C G A T T T G C T G A A C A C A C C A G T G C G G T T C C

TGCATTA TAAGGGATGTTTATGACGAGCAAAGAAACCTTTACCCATTACCAGCCGCAGGGCAACAGTGACCCGGCTCATACCGCAACCGCGCCCGGCGGATTGAGTGCGAAAGCGCCTGCAATGACCCCGCTGATGCTGGACACCTCCAGCCGT AAAGTTGGTCAGTT

G T T G A A T G T G G T A T T C C T A A A T C T C A A C T G A T G A A T C T T T C T A C C T G T A A T A A T G T T G T T C C G T T A G T T C G T T T T A T T A A C G T A G A T T T T T C T T C C C A A C G T C C T G A C T G G T A T A A T G A G C C A G T T C T T A A A A T C G C A T A A G G T A A T T C A C A A T A T C T G T C C T C T T T C

GATTAAAGTTGAAATTAAACCATCTCAAGCCCAATTTACTACTCGTTCTGGTGTTTCTCGTCAGGGCAAGCCTTATTCAC TCTGTACACCGTTC

T G A A T G A G C A G C T T T G T T A C G T T G A T T T G G G T A A T G A A T A T C C G G T T C T T G T C A A G A T T A C T C T T G A T G A A G G T C A G C C A G C C T A T G C G C C T G G

A A T T T T G C T A A T T C T T T G C C T T G C C T G T A T G A T T T A T T G G A T G T T A A T G C T A C T A C T A T T A G T A G A A T T G C T A A A T C T A C T C G T

ATTGCTT TCGCAGAATTGGGAATCAACTGTTATATGGAATGAAACTTCCAGACACCGTACTTTAGTTGCATATTTAAAACATGT

A G G C T T T T G A G C T A C A G C A T T A T A T T C A G C A A T T A A G C T C T A A G C C A T C C G C A A A A A T G A C C T C T T A T C A A A A G G A G C A A T T A A

AGCTTTATGCTCTG AGGTACTCTCTAATCCTGACCTGTTGGAGTTTGCTTCCGGTCTGGTTCGCTTTGAAGCTCGAATTAAAAC

T T T G G T A C A A C C G A T T T G C G A T A T T T G A A G T C T T T C G G G C T T C C T C T T A A T C T T T T T G A T G C A A T C C G C T T T G C T T C T G A C T A T

AGGGTCATAATGTT AATAGTCAGGGTAAAGACCTGATTTTTGATTTATGGTCATTCTCGTTTTCTGAACTGTTTAAAGCATTTG

C G C A A A A G T A T T A C A G G G G G A T T C A A T G A A T A T T T A T G A C G A T T C C G C A G T A T T G G A C G C T A T C C A G T C T A A A C A T T T T A C T A T

CAGGCATTGCATTTAAAATATATGAGGGTTCTAAAAATTTTTATCCTTGCGTTGAAATAAAGGCTTCTCC TACCCCCTCTGGCA

G G C A A T G A T G G T G A T T T G A C T G T C T C C G G C C T T T C T C A C C C T T T T G A A T C T T T A C C T A C A C A T T A C T A A A C T T C T T T T G C A A A A G C C T C T C G C T A T T T T G G T T T T T A T C G T C C A G C G A C G A G A C G A A A A A A C G G A C C G C G T T T G C C G G A A C G G C A A T C A G C A T C G T T T

ACTCTCA AACTTTACCCTTCATCACTAAAGGCCGCCTGTGCGGCTTTTTTTACGGGATTTTTTTATGTCGATGTACACAACCGCCCAACTGCTGGCGGCAAATGAGCAGAAATTTAAGTTTGATCCGCTGTTTCTGCGTCTCTTTTTCCGTGAGAGCTATCCCTTCAC

G C T C C A G C A C G G A G A A A G T C T A T C T C T C A C A A A T T C C G G G A C T G G T A A A C A T G G C G C T G T A C G T T T C G C C G A T T G T T T C C G G T G A G G T T A T C C G T T C C C G T G G C G

CGATTCTCTTGTTT GCTCCACCTCTGAAAGCTTGGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGC

T T A C G A T T A C C G T T C A T A C A T C C C C C T T T C G C C A G C T G G C G T A A T A G C G A A G A G G C C C G C A C C G A T C G C C C T T C C C A A C A G T T G C G C A G C C T G A

TTGACATGCTAGTT ATGGCGAATGGCGCTTTGCCTGGTTTCCGGCACCAGAAGCGGTGCCGGAAAGCTGGCTGGAGTGCGATCTTCCTGAGGCC

C G G G G T A C A T A T G A G A T A C T G T C G T C G T C C C C T C A A A C T G G C A G A T G C A C G G T T A C G A T G C G C C C A T C T A C A C C A A C G T G A C C T A T C C C A T T A C G G T C A A T C C G C C G T T T G T T C C C A C G G A G A A T C C G A C G G G T T G T T A C T C G C T C A C A T T T A A T G T T G A T G A A A G C T

GGCTACAGGAAGGCCAGACGCGAATTATTTTTGATGGCGTTCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAATGCGAATTTTAACAAAATATTAACGTTTACAATTTAAATATTTGCTTATACAATCTTCCTGTTTTTGGGGCTTTTCTGATTATCAAC

T C A G T A T T A A C A C C G C C T G C A A C A G T G C C A C G C T G A G A G C C A G C A G C A A A T G A A A A A T C T A A A G C A T C A C C T T G C T G A A C C T C A A A T A T C A A A C C C T C A A T C A A T

TAAAACAGAGGTGAGGCGG CAGAAGA GAACGAACCACCAG AAATACC AACATCGCCATTAA GCCCTAA TGCGCGAACTGATA TCTTTAA ATCTGGTGGCTATTAG

C A C A C G A C C A G T A A T A A A A G G G A C A T T C T G G C C A A C A G A G A T A G A A C C C T T C T G A C C T G A A A G C G T A A G A A T A C G T G G C A C A G A C A A T A T T T T T G A A T C A G T T G G C A A A T C A A C A G T T G A A A G G A A T T G A G G A A G G T T A T C T A A A A T A T C T T T A G G A G C A C T A A C A A C

AGATTTACATTGGCAGATTCACCAGT TTGCCTTTAGCGTCAGACTGT TCAGTAGCGACAGAATCAAGT ATATCGATAGCAGCACCGTAA ATTCGACAACTCGT ACAAACA GATTTAGAAGTATTAGACTTT ATAATACATTTGAG TCAATAG TAATAGATTAGAGCCG

T T T G A C G C T C A A T C G T C T G A A A T G G A T T C G C G T T T T C A T C G G T G A A A C C T A A A T C C T T T G C C C G A A C G T T A T T A A T T T T A A A A G T T T G A G T A A C A T T A T C A T T T T G C G G A A C A A A G A A A C C A C C A G A A G G A G C G G A A T T A T C A T C A T A T T T A T C C C A A T C C A A A T A A G A A A C A C G C T A A C G A G C G T C T T

GCGGAAATACCTACAT TAGCCCCCTTATTA CATTTTCGGTCA CGTCACCAA CCGGAAA TACCATTAGCAAGG GCACCAT ACCAGTA GAGCCAGCAAAATC GGAATTA CCATTTG ACTTGAG ATTCCTGATTATCAGATGATGGCACG AATAAACAGCCATATT GTTACAA TCCAGAGCCTAATTTGCCA

C G C T C A T G T T T G C C A T C T T T T C A T A A T C A A A A T C A C C G G A A C C A G A G C C A C C A C C G G A A C C G C C T C C C T C A G A G C C G C C A C C C T C A G A A C C G C C A C C C T C A G A G C C A C C A C C C T C A G A G C C G C C A C C A G A G G G C C G T T T T C A C G G T C A T A C C G G G G G T T T C T G C C A G C

TGTAAAGCCGGAAAAA CATAAAG CCGGAAG ATACGAG ACACAAC CAATTCC CCGCTCA TTGTTAT TGTGAAA TTTCCTG ATAGCTG CATGGTC TCGTAAT CTCGAAT TACCGAG CCCCGGG TCACAGTTGAGGAT AGCCTCC TCTTCGCGTCCGTG ACGCGTGCCTGT

T G C A A C A T G G G G T G T C C T G A G A A G T G T T T T T A T A A T C A G T G A G G C C A C C G A G T A A A A G A G T C T G T C C A T C A C G C A A A T T A A C C G T T G T A G C A A T A

TATTACCGCCAGCCAT AATATCCAGAACAA TGCTGGT CAAACTATCGGCCT AAGAACT ACTTGCCTGAGTAG TAACATC CTTCTTTGATTAGTAA

AACCTAATGAGTGAGCTAA ACGCCAG GAACGGT TAGACAG GGGATTT GATTAAA GGAGGCC CTAAACA GCGGGAG AGAATCAGA

C T C A C A T T A A T T G C G T T T A A T G C G C C G C T A C A G G G C G C G T A C T A T G G T T G C T T T G A C G A G C A C G T A T A A C G T G C T T T C C T C G T T

CTGCGCTCACTGCCCG CCACACCCGCCGCG GTAACCA CGGTCACGCTGCGC AGTGTAG CTAGGGCGCTGGCA AAGGAGCGGGCG

C T T T C C A C C C T A A A G G G A G C C C C C G A T T T A G A G C T T G A C G G G G A A A G C C G G C G A A C G T G G C G A G A A A G G A A G G G A A G A A A G C G A

AAATCGGAAGTCGGGA AAGCACT TGCCGTA GTCGAGG TTTTGGG TCAAGTT ACCCAAA AACCATC CTACGTG GGCGATGGCCCA

A A C C T G T C G T G C C A G C T G C A T T A A T G A A T C G G C C A A C G C G C G G G G A G A G G C G G T T T G C G T A A A G G G C G A A A A A C C G T C T A T C A G

GTTTTTCTT CAGGGTG ACGTGGACTCCAACGTCATTGGGCGC AAATCGCGCAGAGGCG AGTTACA CTGATTGCTTTGAATACCA

T T C A C C A T G T T C C A G T T T G G A A C A A G A G T C C A C T A T T A A A G A A A T T A T T C A T T T C A A C A T C G G G A G A A A C A A T A A C G G A T T C G C

ATTGCCCTTCACCGCCTGGCCCTGAG ACAGCTG CGGGCA GTGTGAGA GTTGAGT AGATAGG TAGCCCG AAAAGAA TTATAAATC

A G A G T T G C A G C A A G C G G T C C A C G C T G G T T T G C C C C A G C A G G C G A A A A T C C T G T T T G A T G G T G G T T C C G A A A T C G G C A A A A T C C C

TAATATCAGAGAGATA TGAGCGC GGGTAAT AGTCAGA TGAACAA AACACCC TTAACTG GGGAGAA GAAGCGCATTAGAC AGAGAATAACATAAAAACAGG TGAAAATAGCAGCCTTTACAG TCAAAAA TTTTTTGTTTAACG ACAATTTTATCCTGAATCTTACCAGA

A C C C A C A A G A A T T G A G T T A A G C C C A A T A A T A A G A G C A A G A A A C A A T G A A A T A G C A A T A G C T A T C T T A C C G C C G G T A T T C T A A G A A C G C G A G G C G T T T T A G C G A A C C T C C C G A C T T G C G G G A G G T T T T G A A G C C T T A A A T C A A G A T T A G T T G C T A T T T T G C A C C C A G C T

AAGGCTTATAAGCCCT GATATAG TAGCAAGCAAATCA CGCCCAA AGGAATCATTACCG TCATCGT AGCCGTTTTTATTT ACAAGCA AGTACCGCACTCATCGAGA

T T T T A A G A A A A G T A A A A T A A T A T C C C A T C C T A A T T T A C G A G C A T G T A G A A A C C A A T C A A T A A T C G G C T G T C T T T C C T T A T C A T T C C A A G A A C G G G T A T T A A A C C A

GAACAAGAAAGCAGAT AAGTCCT TATCAACAATAGAT GCCTGTT CTAATGCAGAACGC TGTTCAG AACAACA GACAATA ATTCTGTCCAGACGAC

A G C C G A A C A A A G T T A C C A G A A G G A A A C C G A G G A A A C G C A A T A A T A A C G G A A T A C C C A A A A G A A C T G G C A T G A T T A A G A C T C C T T A T T A T A A A G T A

AACCGATTGAGG AAAGGGCGACATTC AAAGACA GGTTTACCAGCGCC TTCATAT CAATCAATAGAAAA TTTGTCA AGTTTAT CGGAATA GACACCA ACGCAAA AAAAGAA AACATAT AGGTGGC TACATAA AAATACA ACGTAGA TTAGCAA CAAAAGGCGCAGTATG

G A G G G A A G G T A A A T A T T G A C G G A A A T T A T T C A T T A A A G G T G A A T T A T C A C C G T C A C A T T C A T C A A T A T A A T C C T G A T T G T T T G G A T T A T A C T T C T G A A T A A T G G A A G G G T T A G A A C C T A C C A T A T C A A A A T T A T T T G C A C G T A A A A C A G A A A T A A T A T A A A G T A C C G A

TTATTACCT GTACCTT AGTAACA AATATAC TCAGATG TTTCAGGTTTAACG CGTAGAT GAGCCAGTAATAAGAGAAAGAAATTG

G A G C A A A A G A A G A T G A T G A A A C A A A C A T C A A G A A A A C A A A A T T A A T T A C A T T T A A C A A T T T C A T T T G A A T G C A G A G G C A T T T T C

TAAATCGTC GCTTCTG TAACCTT GAGTGAA TATATGT AAATCAA AGTACAT TGGAAAC AACATGTAATTTAGTACCTTTTTTAA

G C T A T T A A T T A A T T T T C C C T T A G A A T C C T T G A A A A C A T A G C G A T A G C T T A G A T T A A G A C G C T G A G A A C C A T A T T T A A C A A C G C C

GCTTAGGTTGGG CTTTTTAACCTCCG AGACTAC ATCATAGGTCTGAG TATCAAA GTCAATAGTGAATT TTAATTGAGAATCGGA

T T A T A T A A C T A T A T G T A A A T G C T G A T G C A A A T C C A A T C G C A A G A C A A A G A A C G C G A G A A A A C T T T T T C A A A T A T A T T G T A G G G C

CGTTAAATAAGA AATAAGG TGTGATA CCGACCG TGAAATA AATGGTT TAAATTT TCTGACC TTCATCT CTCAACATTAGTTAAT

A T A A A C A C C G G A A T C A T A A T T A C T A G A A A A A G C C T G T T T A G T A T C A T A T G C G T T A T A C A A A T T C T T A C C A G T A T A A A G C C A A C G

GTACAAACT GTCACCA GAGTTTC TAACACT TGTACCG GAACCCA CCAATAG AGCAAGC CAGGGAT GAGCCACCACCCTCATTTT

A C A A C G C G A A T A G G T G T A T C A C C G T A C T C A G G A G G T T T A G T A C C G C C A C C C T C A G A A C C G C C A C C C T C A G A A C C G C C A C C C T C A

TAACCTGTTTAGCTAT TGGTCAA ATTAGATACATTTCGCAAA CGCTGTAGCATTCCAC ATATAAGTATAGCC TCGAGAGGGTTG

A T T T T C A T T T G G G G C G C G A G C T G A A A A G G T G G C A T T T T G A C C A G A C A G C C C T C A T A G T T A G C G T A A C G A T C T A A A G T T T T G C C G

TAGTAAATGAATTTTCTGT CAGACGT GGCGGATAAGTGTCGTCTTTC TTTGCTCAGTACCA GCGGGGT AGAAGGATTAGGATTA

A T G G G A T T T T G C T A A A C A A C T T T C A A C A G T T T C A G C G G A G T G A G A A T A G A A A G G A A C A A C T A A A G G A A T T G C G A A T A C C T C A A G

TATCGGTTTATCAGCTTGC TTAATTG TCCAAAAGGAGCCT AAAAGGC GAAAATCTCCAAAA TCACGTT TGAGACTATAATTTTT

T T T C G A G G T G A A T T T C T T A A A C A G C T T G A T A C C G A T A G T T G C G C C G A C A A T G A C A A C A A C C A T C G C C C A C A A G T A T T A A G A G G C

GATCGTCAC TTTGCGG AGTTAAAGGCCGCT TGCAGGG ATATATTCGGTCGCTGAGGCT ATTATTCTGAAACATGAGCATAACCG
C C T C A G C A G C G A A A G A C A G C A T C G G A A C G A G G G T A G C A A C G G C T A C A G A G G C T T T G A G G A C T A A A G A T G C C T A T T T C G G A A C C T

A T T T A C C G T T C C A G T A A G C G T C A T A C A T G G C T T T T G A T G A T A C A G G A G T G T A C T G G T A A T A A G T T T T A A C G G G G T C A G T G C C T T G A G T A A C A G T G C C C G T A T A A A

TAAAACGAAAGAAGCGCAGTCTCTGA ACCAACC CGAAGGC GCCACTA ACGTAAT GTAAAAT TAAACGG TTTCCAT GAGGAAG TTTTCAT CAGTTAATGCCCCCCT

A C A G G A G G T T G A G G C A G G T C A G A C G A T T G G C C T T G A T A T T C A C A A A C A A A T A A A T C C T C A T T A A A G C C A G A A T G G A A G G C A A A A G A A T A C A C T A A A A C A C T C A T C T T T G A C C C C C A G C G A T T A T A C C A A G C G C G A A A C A A A G T A C A A C G G A G A T T T G T A T C A T C G C C T

AGAGCCGCCGCCAGCATTG CCAGAATGCGGCACCACCACC GCTGCGG CTGTGGT GTGCACT CGCGCCT CGATCCAGCGCAGTGTCACTG CATCAGA CCCCCTG GCCGGTG CAGCGGT CTGCAGC ACGTTAC CCATGTT ACCTGCT ATCCGCG GATAAATTGTGTCGAA

A A A G G C T A T C A G G T C A A T A T G A T A T T C A A C C G T T C T A G C T G A A A G A G C A A C A C T A T C A T A A C C C T C G T T T A C C A G A C G C A G C C T C C G G C C A G A G C A C A T C C T C A T A A C G G A A C G T G C C G G A C T T G T A G A A C G T C A G C G T G G T G C T G G A T G C C G G T T A G C C G G A A C G A G G C G C A G A C G G T C A A T C A T A A G

TTTTTGAGAGATCTAC GTAGCTA TAAATTAATGCCGGAGAGG AATTACGAGGCATAGT CAAAAGG ATAACGC TTGATAC AACCAGC CCCACGC GTGCCAT GTCGGTG CAGCACC CCAACGG CAACCGCAAGAATG TCTGGTCAGCAG CGGCATCAG TCGTTAA GGAACCGCACTGGTGTGTTCAGCAAA

T A A T G C A A C G G C T G G A G G T G T C C A G C A T C A G C G G G G T C A T T G C A G G C G C T T T C G C A C T C A A T C C G C C G G G C G C G G T T G C G G T A T G A G C C G G G T C A C T G T T G C C C T G C G G C T G G T A A T G G G T A A A G G T T T C T T T G C T C G T C A T A A A C A T C C C T T A A A C T G A C C A A C T T T

ACATTCAAC GAATACC CAGTTGAGATTTAG GATTCAT ATTACAGGTAGAAA CAACATT AACGGAA ACGAACT TAATAAA TCTACGT AGAAAAA GTTGGGA TCAGGAC ATACCAG GCTCATT AGAACTG GATTTTA CTTATGC GAAAGAGGACAGATATTGTGAATTAC

G T G A A T A A G G C T T G C C C T G A C G A G A A A C A C C A G A A C G A G T A G T A A A T T G G G C T T G A G A T G G T T T A A T T T C A A C T T T A A T C G A A C G G T G T A C A G A

TAACAAAGCTGCTCATTCA ATCAACG TATTCATTACCCAA AACCGGA GTAATCTTGACAAG ATCAAGA CCAGGCGCATAGGCTGGCTGACCTTC

AAGAATTAGCAAAATT ATAAATCATACAGGCAAGGCA ACATCCA TAGTAGTAGCATTA ACGAGTAGATTTAGCAATTCTACTAA

A A G C A A T A C A T G T T T T A A A T A T G C A A C T A A A G T A C G G T G T C T G G A A G T T T C A T T C C A T A T A A C A G T T G A T T C C C A A T T C T G C G A

TGTAGCTCAAAAGCCT ATAATGC CTTAATTGCTGAAT CTTAGAG ATTTTTGCGGATGG AGAGGTC TTAATTGCTCCTTTTGATA

C A G A G C A T A A A G C T G T T T T A A T T C G A G C T T C A A A G C G A A C C A G A C C G G A A G C A A A C T C C A A C A G G T C A G G A T T A G A G A G T A C C T

AAATATCGCAAATCGGTTGTACCAAA AGACTTC AGAGGAAGCCCGAA AAGATTA CGGATTGCATCAAA AGCAAAG ATAGTCAGA

A A C A T T A T G A C C C T C A A A T G C T T T A A A C A G T T C A G A A A A C G A G A A T G A C C A T A A A T C A A A A A T C A G G T C T T T A C C C T G A C T A T T

CCCCTGTAATACTTTTGCG TTGAATC ATATTCA GTCATAA CGGAATC AATACTG AGCGTCC ACTGGAT TGTTTAG ATAGTAAAA

G G A G A A G C C T T T A T T T C A A C G C A A G G A T A A A A A T T T T T A G A A C C C T C A T A T A T T T T A A A T G C A A T G C C T G T G C C A G A G G G G G T A

AATCACCATCATTGCC ACAGTCA GCCGGAG GAGAAAG AGATTCAAAAGGGT TAGGTAA CAAAAGAAGTTTAGTAATGTG GCTTTTG CAAAATAGCGAGAG TAAAAAC TCGTCGCTGGACGA TTTCGTC TCCGTTT AACGCGG TCCGGCA AAACGATGCTGATTGCCGT

T G A G A G T G T G A A G G G A T A G C T C T C A C G G A A A A A G A G A C G C A G A A A C A G C G G A T C A A A C T T A A A T T T C T G C T C A T T T G C C G C C A G C A G T T G G G C G G T T G T G T A C A T C G A C A T A A A A A A A T C C C G T A A A A A A A G C C G C A C A G G C G G C C T T T A G T G A T G A A G G G T A A A G T T

TTCTCCGTGCTGGAGC ATAGACT GTGAGAG GGAATTT CAGTCCC TGTTTAC AGCGCCA AACGTAC TCGGCGA GAAACAA CTCACCG CGCCACGGGAACGGATAAC

A A A C A A G A G A A T C G G C T G C A A G G C G A T T A A G T T G G G T A A C G C C A G G G T T T T C C C A G T C A C G A C G T T G T A A A A C G A C G G C C A G T G C C A A G C T T T C A G A G G T G G A G C

GGGGGATGTATGAACGGTAATCGTAA GGCGAAA CTATTACGCCAGCT CTCTTCG CGATCGGTGCGGGC GGAAGGG TCAGGCTGCGCAACTGTTG

A A C T A G C A T G T C A A G G C C T C A G G A A G A T C G C A C T C C A G C C A G C T T T C C G G C A C C G C T T C T G G T G C C G G A A A C C A G G C A A A G C G C C A T T C G C C A T

GTATCTCATATGTACCCCG GACGACA AGGGGAC CAGTTTG CATCTGC AACCGTG GCATCGT GATGGGC TGGTGTA GTCACGT GGGATAG CCGTAAT AAACGGCGGATTGA TGGGAAC CGTCGGATTCTCCG AACAACC AAATGTGAGCGAGT CAACATT AGCTTTCAT

G T T G A T A A T C A G A A A A G C C C C A A A A A C A G G A A G A T T G T A T A A G C A A A T A T T T A A A T T G T A A A C G T T A A T A T T T T G T T A A A A T T C G C A T T A A A T T T T T G T T A A A T C A G C T C A T T T T T T A A C C A A T A G G A A C G C C A T C A A A A A T A A T T C G C G T C T G G C C T T C C T G T A G C C
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Supporting Figure S7. Stand diagram of brick monomer A1 generated with caDNAno 
v0.2. 
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Supporting Figure S8. Strand diagram of brick monomer A2 generated with caDNAno v0.2. 
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