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S0. General materials

The DNA barcode primers, 5' phosphate modified reverse primer, 5' phosphorothioate-
bond modified forward primer, and gRNA synthesis templates were purchased from Integrated
DNA Technologies (IDT; Coralville, 1A) and received as dry pellets. The primer oligos were
dissolved in nuclease-free H20 up to a concentration of 100 uM and stored at -20 C for future
use. The DMOS blank tape and the registers (Table S5) used for the school logo and title
encoding experiments were purchased from TWIST Bioscience (San Francisco, CA) as dry
pellets, resuspended in 0.1X TE buffer from Thermo Fisher Scientific (Waltham,
Massachusetts) and stored at -20 C.

The FastDigest EcoRI restriction enzyme (catalog number FD0274) and FastDigest
Bsul5I restriction enzyme (catalog number FD0144) were purchased from Thermo Fisher
Scientific (Waltham, Massachusetts), and the PBR322 plasmid (catalog# N3033S) was
purchased from New England Biolabs (Ipswich, MA) and stored at -20 C. The high-efficiency
NEB 5-alpha Competent E. coli cells (catalog# C2987H) were purchased from New England
Biolabs (Ipswich, MA) and stored in -80 C. Cloning results were confirmed via Sanger
Sequencing by Azenta (South Plainfield, NJ).

The dCas9 (catalog number 1081058) and Cas9 proteins (catalog number 1081066)
were purchased from Integrated DNA Technologies (IDT; Coralville, IA). The enGen sgRNA
synthesis kit (catalog number E3322), lambda exonuclease (catalog humber M0262S), and
Q5U Polymerase master mix(catalog number M0597) were all purchased from New England
Biolabs (NEB, Ipswich, MA). The APOBEC3A enzyme and BSA buffer were extracted from
the NEBNext Enzymatic Methyl-seq Conversion Module (catalog number E7125) purchased
from New England Biolabs (NEB; Ipswich, MA). The AMPure XP magnetic particles (catalog
number A63881) were purchased in 60 mL volumes from Beckman Coulter (Indianapolis, ID).

S1. The calculation of the estimated cost of digital data storage using de novo DNA synthesis

Based on our calculations, to store 5 minutes of a 1080p YouTube video stream in
commercially acquired DNA costs over 7 million dollars, consumes over 100KWh of energy,
takes over 4 days, and produces over 15 liters of toxic waste.

The rough size of Youtube HD videos with a resolution of 1080p, based on the video file-size
calculator http://toolstudio.io, is 160 MB. On another side, Integrated DNA Technologies (IDT
) reported the cost of synthesizing one base pair of oligo as $0.011.

This information provided the possible cost calculation of storing this file in DNA memory
using de novo DNA synthesis.

160 MB= 1.34e+9 bits
(SE1)
If each nucleotide stores 2 Bits, 1.34e+9 bits could be stored in 671,088,640 bp.
The price of storing 5 minutes of a 1080p YouTube video stream is calculated as follows:
671,088,640 bp *$0.011= $7.381.975.04
(SE2)

NATURE COMMUNICATIONS| https://www.nature.com/naturecommunications



Supplementary Information

S2. Mechanism of DMOS writer and rewriter system

DMOS uses a programmed machinery base-editing tool to write the digital data in the form of
sequence edits at the precise locations of DMOS registers. To write the data on DMOS bits,
we used a DMOS writer system composed of two enzymes: cytidine deaminase mutagenic
protein "APOBEC3A" and a mutant form of Cas9 known as dead Cas9 (dCas9). dCas9 is
accompanied by a programmed machinery system of gRNA and creates Ribonucleoprotein
(RNP). Each DMOS bit consists of a 23bp-long data 'state’ section and a unique 40 bp ‘index’
sequence (Fig. 1).

During the base-editing reaction, the CRISPR effector Cas9 recognizes a 3 bp portion of state
defined as a "protospacer adjacent motif, **; resulting in binding to 20bp-long state section
within a double-stranded DNA molecule. Next, the 20 bp corresponding gRNA sequence,
known as "spacer”, recognizes the state section (Fig.1 and S1) and creates a nucleotide "R-
loop" structure at the target positions within DMOS bits (Fig.1, S1, S2, S3). The DMOS writer
system selectively programs the mutations in the form of sequence edits across the DMOS
registers during the writing process. We encode the new data into the existing DNA bits by
editing the sequence in the DNA bits through activation or deactivation of the writer system.
The writer system uses a cytidine-deaminase that chemically converts deoxycytosine (dC) to
deoxyuracil (dU). Next, dU is converted to deoxythymine (dT) through the active process of
writing using Q5U polymerase (Fig.S1A). The product of this process is a DNA molecule that
contains dT bases instead of dC bases at target regions; as a result, the state of each domain
change from intact to mutated. As a further step, we digested the unmodified nucleotide
backbone with lambda exonuclease after mutation to increase the likelihood of the modified
register being amplified. After exonuclease digestion, we used Q5U polymerase to amplify the
remaining modified register. We selected Q5U polymerase to amplify our modified registers,
reading the uracil-containing registers in nanopore sequencing reads.

DMOS registers amplified with a reverse 5'-phosphorylated primer, that showed with the red
dot in Fig. S1A. This modification enables the lambda exonuclease to degrade the unmodified
strand of our register, leaving the encoded strand as a register for PCR amplification. Finally,
we observe a significant presence of dT in each modified register, indicating successful
mutations in our selected bits with no footprint of cross-reactivity (Fig. S1A).

NATURE COMMUNICATIONS| https://www.nature.com/naturecommunications



Supplementary Information

o S -Stigel S
‘ a i ‘ ' B

sy - —

b |
e T e S

o~ e T ool Sl <,
B Tistian b e
B Rewrite

l DNA Tape

Register

Domain 0 Domain 1 Domain 2 Domain 3
-~ [ACTCACTAGT .|~ [ ACTCCTCCAAT. | - ACTCTCTGGTC. .| - [ACTCTCATTCA.. |- -

Unmutated (value = 0]

Automated
LIIRIRENYY | pipetting

T
. agadipsa Al pasARBRatal

o e __—
-- BctetCiggtiPagge@iCagacactyg ctagtggtagatatiggtytggcacgagaganage -

Mutated (value = 1)

A
GRNA Cesd Cas3 APOSECIA \/

—

DNA Tape

- nglsm-

{ Domain 0 Domain 1 Domain 2 Domain 3 ]

= =| ACTCACTAGTC .= | ACTCCTCCAAT. |- .GTTAGGETT. |- ACTCTCATTCA. ==

Domain bit

state Index

[ e e ]

Mutated (Vale = 1) Ve

, b

GRNA DeadCess  ADA

i . Automated
+ +

pipetting

<~

T et 1610 | EBanggE | Eggacac oy
a7ga%H 6B Ger Rt as

[

[— it EBagg BT g G TS J

Unmutated (value = 01

Figure S1. DMOS enzyme encoding protocol. A) A combination of RNPs target the DMOS register at the desired
positions to write the data via a programmable APOBEC3A-driven mutation reaction. The modified register
addressed to lambda exonuclease digestion (yellow) and amplified in the active process of writing using Q5U
polymerase, and read the uracil nucleotides as thymines in the final sequencing read.

B) Potential DMOS rewriting mechanism to convert the A:T to G:C.
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S3. Cleavage efficiency of gRNA to DMOS bits

To visualize the cleavage efficiency of the spacer sequences of gRNA, we used the
active Cas9 proteins and confirmed the targeting of the writer system at the precise location of
their complementary domains (Fig. S2). Unlike the dCas9 proteins used in our writing system,
the active Cas9 proteins will cleave the DMOS tape at complementary regions. Each digestion
splits the tape into two fragments, indicating that the spacer sequences of gRNA show high
binding efficiency to the respective state. Therefore, it demonstrates that the gRNA will accord
the bits to the R-loop conformation required for APOBEC3A to recognize and deaminate the
nucleotides within the loop. We validated the results of digested tape fragments on 2% agarose
gel to determine the length of the fragments compared to the control 1108 bp template labeled
"C" in the Fig. S2. As shown in Fig. S2, we observed bands of a smaller length relative to the
negative DMOS register control. This result indicates that digestion only occurs in precise
locations as a function of Cas9. We also observed an "X" pattern across all digestion sites
consistent with where we expect the Cas9 protein to cut, showing likely no significant off-
target cleavage across the register. This result indicates that the targeting of bits occurs only at
the precise location of interest.
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Figure S2. Schematic of efficiency of gRNA to DMOS bits. The efficacy of the writer system was evaluated in
the form of Cas9 cleavage activity at the desired bit positions. The gel results confirm that there is no evidence
of off-target cleavage, showing the high efficiency of dCas9 for our writing system.
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Figure S3. dC to dT orthogonality analysis: A) Schematic view of mutational signature for one DMOS bit. A
mutational signature is depicted as conversion dC's to dT's across the entire 'state’ section of a DMQOS bit during
the base editing reaction. The evidence of mutation appears through changing the state of the bit from '0'
(unmutated) to '1' (mutated). The DMOS algorithm deterministically programs the bits and stores the data in the
domain states by writing the data on the DMOS bits and making mutations more efficient. To improve the design
of DMOS domains, iterative trinucleotides, indicated here as TCA or TCG, were placed at least six nucleotides
upstream of the PAM site. B) In vitro APOBEC3A-driven mutational signature of dCs positions tracked across
entire DMOS bits (16 domains of DNA register) as a function of dC-to-dT mutation rate (%). Conversion rates
showed significant increases up to 80% when the corresponding dCas9 was utilized. Dash line indicated the PAM
protection site and number of Cs located in this region. Data are represented as average values +/- SD. Source
data are provided as a Source Data file.

S4. Designing address schemes of DMOS registers.

To produce a set of differentiable DMOS registers (Fig. 2A), we initially used the
DMOS addressing model as a "Barcode-based addressing scheme™ using 36 random barcodes
that identify one register from another in the pool (Fig. 2B). In this system, the number of
barcodes informs the maximum capacity. To increase data storage capacity, we defined a
unique shuffling (permutation) addressing model for the domain position orders (bits) in each
individual DMOS register (Fig.2B), allowing the generation of up to 2.09x10*® different DMOS
registers with high-entropy of permutations (Fig. 2B). The order of DMOS bits determines the
"DMOS register address"” map. DMOS bits permute independently in random order across the
register to identify one register from another in the pool. We refer to a collection of DMOS
registers in the pool as "DMOS block," or "DMOQOS tape" in this study, which contains a library
of 48 DMOS registers. (Fig. 2A).

Thus, we defined a lexicographic representation of the permutation order (Fig. 2B),
where we map the domain positions as BO=0,B1 =1, ..., B15=F. For instance, DMOS register
addresses of 0, 1, and 2 represent 0123456789ABCDEF, 0123456789ABCED, and
0123456789ABDFCE, respectively. The maximum theoretical number of DMOS register
combinations in one single tube is ~2.09 x10713, corresponding to the upper limit for
addressing locations. Therefore, the permutation addressing scheme enhanced the DMOS
system's capacity. According to this scheme, the registers were shuffled only in the order of
the last six domains. The issue with this approach is the minimum possibility of variations
(low-entropy) between the order of consecutive register addresses. The low-entropy of this
addressing scheme leads to miss-addressing and increases the computation cost (Fig. 2B).
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To decrease computational cost during decoding, we suggest the High-entropy
addressing scheme with the lexicographic representation. This method permutates the order of
bit positions in the entire register (Fig. 2B). The High-entropy permutation addressing scheme
ensures consecutive addresses in the DMOS block with insignificant correlation. Herein, we
designed a library of DMOS registers in which the order of domains shuffled across entire
registers. For example, the register addresses 0, 1, and 2 represent the combinations such as
915760E3CB2D84AF, 6A51BF32EC074D98, and BC85F6E3072A4D19, respectively. We
hypothesized that the High-entropy addressing scheme reduces the noise and increases the
confidence in our measurements (Fig. 2B).

In this study, we defined one DMOS block as a blank drive containing 48 DMOS
registers, in which 32 registers use the High-entropy permutation addressing scheme, and the
last 16 registers use the Low-entropy permutation addressing scheme (Fig. 2A).
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S5. The orthogonality of the DMQOS writer system

We introduce a DMOS tape, which uses a programmable, independent, and orthogonal
writer system to encode digital data in sequence edits, enabling higher density than the
conventional methods. We induced mutations at each bit to analyze the orthogonality and
distribution of dC to dT conversions within each bit. We replicated this experiment across the
registers, containing 32 different mutation reactions. We observed significant dC to dT
conversion rates in multiple dC positions within the written bits. Each DMOS tape in our trials
is addressed with barcodes to distinguish registers within the pool and nanopore sequencing
run. We collected the dC and dT population data to compare the conversions across the registers
from our sequencing (Fig. 2A).

Figure.S3 shows significant dC to dT conversion rates in multiple dC positions within the
affected spacers. We also confirmed that dC nucleotides within 6 bp of the protospacer adjacent
motif showed an insignificant conversion rate compared to the negative control (Fig. S3A).
However, the DMOS uses a domain-based coding system that enables information storage in
DNA domains rather than individual bases. Thus, we reduce the number of bit errors that may
missed in the PAM protection sites within the DMQOS bits (Fig. S3). This fact emphasizes the
robustness of the methods. It bypasses the controversial issues of the current DNA-based
memory error correction methods, excluding any bit strings containing insertions, deletions,
and degraded information, then performing majority voting to recover the data.® The
orthogonality experiments have shown efficient conversion of dC to dT within the bits where
we applied the corresponding dCas9 complex versus our negative control group. This result
also demonstrated no off-target activity in any dCs outside our affected bits, confirming that
our encoding strategy is independent, accurate, and precise in encoding digital information into
the respective registers (Fig. S4A and B).
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Figure S4. Nanopore sequencing records the orthogonality of DMOS writer system across the domains of DMOS
registers.

A) Position-independency of dC to dT ratio determines the modularity of DMOS system to locate the edits at
the precise locations across the DMOS registers with no footprint of cross-reactivity. B) Orthogonality analysis
of DMOS writer enzyme to assign the cross-reactivity of APOBEC3A/CRISPR-dCas9 across all cytosines as a
function of the neighbor bits.
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S6. The called bits

We used a classification model to identify the DMOS register addresses and then
mutational states accordingly (Fig. 4). The decoder was developed and written in C++. We first
use the Smith-Waterman align algorithm to perform the alignment.*® Next, the decoder takes
the FASTA sequences of the domains B0, Bl1, ..., B15 and determines (pn,sn, cigar) =
swalign(Bn, Seq). Where "p" is defined as positions, "'s" as score, "n" as the number of positions
[0,1,2,...,15], "Bn" is the nucleotide sequence of the n-th domain, and "Seq" is a single
nucleotide sequence obtained from the nanopore. Thus, the algorithm generates a list of
positions; [p0, p1, ..., p15] and sorts them to determine the order of the domains in the DMOS
register. Moreover, the decoder uses the Compact Idiosyncratic Gapped Alignment Report
(CIGAR report) to generate a string of nucleotides aligned with the cytosines of the bit's states
in the FASTA reference. Using the maximum likelihood, the decoder determined each
domain's position and alignment score on the sequenced strand. Given the bit order, the decoder
generates the lexicographic representation of the address and converts it to an integer number.
A valid address number corresponds to our DMOS register’s the address library. Whether the
address is valid, the decoder determines the values of the mutational states. The DMOS decoder
then determines the mutation state. Our DMOS decoder employs two Bayesian steps in a
classification decision tree to accomplish this model.

The schematic view of our decoder is shown in Figure. 4, demonstrating how the first
Bayesian classifier counts all Ts and Cs in the nucleotide sequence of the domain's states. We
then accumulate these values for all reads of the same states. Finally, the values used to
calculate the dC to dT ratio are as follows:

dC to dT = sum(T)/( sum(T) + sum(C))
(SE3)

We used dC to dT ratio curves to show the states' probability and represent them as
unmutated or mutated. We found the regions that curves overlap, creating an uncertain region.
Herein, we establish the dC to dT threshold values tu, and tm for unmutated and mutated
domain-calls, respectively (Table S2). The classifier determines the state of the mutational state
according to the following:

Unmutated: 0< dCtodT<t,, CS=-10
Uncertain: tu< dCtodT <tn, CS = Use second classifier
Mutated: tm < dC to dT, CS=10

(SE4)
Where CS is the classification score (CS).

We assessed the called-bits based on the results of the first Bayesian classifier as to
whether it determines the state as uncertain. The uncertain calls address further analysis under
the next Bayesian classifier. Else, it will assign the CS values as -10 for unmutated and 10 for
mutated.
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Next, we performed a classification training process for each combination of the
domain state's nucleotides according to the expected mutational state. As a result, we generated
a library containing the score values per each combination to classify the domain's state as
either unmutated or mutated. The second Bayesian classifier receives the scores from the
library of the nucleotide string and the CIGAR score.

(Su, Sm)=CheckScores (nucleotide position) (SE5)

Where Su= unmutated score, Sm= mutated score, and iteratively adds the values to
the classification score (CS), as follows:

uFraci=(Su/(Su+Sm))
mFraci=(Sm/(Su*+Sm))
CS=Sum(n=i to k) ( log(mFraci ) - log (uFraci) )
(SEb)

The CS values are in the range [-10, 10]. The Bayesian classifier determines the state
of the mutational state according to the following:

Unmutated: CS<0
Mutated: CS>=0
Uncalled: -5<CS<5

(SE7)

The decoder uses the CS values to transduce the sequence of nucleotides to the
corresponding binary values. The results represent binary 0 and 1 for negative and positive CS
values and eliminate the uncalled.

The correctly-called-bits

To identify the correctly called bits, we first choose the set of Called bits as determined
by the equation:

Called-bits = 100*((TotalBits — UncalledBits)/TotalBits) %
(SES8)

We then utilize a reference file to recognize the errors and subtract them from the set of Called
bits:

Correctly-called-bits = 100*((TotalBits — UncalledBits — Errors)/TotalBits) %
(SE9)

The aforementioned equations are statistically evaluated using bootstrapping analysis of 250
iterations to produce graphs of Called-bits and correctly-called-bits and the curves were fitted
using Origin (as shown in Fig. 3 and Fig. 4).
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Our decoder employs to explore the applications for the tradeoff writing/reading
recovery rate and determines whether a long read is required to label a particular state as
mutated or unmutated. Hence, we configured our system to take snapshots every 100 intervals,
generating the correctly-called-bits analysis as per the reads function in Figures 3 and 4.
Depending on whether the DMOS encoder uses error correction, the Python script informs the
LDPC decoder algorithm and records the retrieval of stored data. We next add error correction
codewords to improve data storage's reliability. We used low-density parity-check (LDPC)
codes that set the error threshold close to Shannon capacity limits. The code includes a pre-
processing step that adds LDPC error correction to the file's binary contents. 444

The DMOS decoder was written in C++, including a Python interface to generate a real-time
visualization of snapshots, and is available on GitHub.
(https://github.com/SBMI-LAB/DMOSEncoder, https://github.com/SBMI-
LAB/DMOSDecoder).
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Figure S5. Normalized probability curves of dC to dT ratio to determine the mutation state at the DMOS bit
states. Normalized probability distribution of individually mutated (gray) and all domains mutated (yellow)
domains compared to unmutated domains (blue).

Curve fitting equation of the called-bits and the correctly-called-bits for Bitmap
representation of our school's logo on DMOS tape:

The called bits:

y = Ale—reads/tl+A2e—reads/t2+y0

A1 = -54.7551
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A, = -35.14309
t1 = 625.6624
to =3059.59351
Yo = 92.14322
R2 = 0.99966
(SE10)
The correctly-called-bits:
y= Ale-reads/tl+Aze-reads/t2+y0
A1 = -57.49084
A; = -34.94659
tt = 633.75741
t = 3088.54435
yo = 91.08862
R? = 0.9996
(SE11)

Curve fitting equation of the called-bits and the correctly-called-bits for encoding the title of
this study on DMOS tape:
The called bits:

y= Ale-reads/tl+Aze-reads/t2+y0

A1 = -54.23359
A, = -34.61551
ti = 1373.51658
to = 6571.78245
yo = 89.08068
RZ =  0.999995
(SE12)
The correctly-called-bits:
y= Ale—reads/tl_|_Aze—reads/t2_|_y0
A1 = -55.06187
A, = -35.42389
ti = 1447.93899
t = 6596.35643
yo = 86.06278
R? = 0.99996
(SE13)

S7. Design of LDPC codes for error protection
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We used the Protograph LDPC library*®
(https://github.com/shubhamchandak94/ProtographLDPC), to design the LDPC codes for
simulation and obtain our error-recovery model subsequently. We designed two types of LDPC
codes: Protograph and Regular.

We modified the number of check nodes for the Regular LDPC codes to achieve
redundancies ranging from 20% to 90%. For the Protograph LDPC codes, we selected the
Protograph type accumulative repeat by 4 jagged accumulate (AR4JA) to define the Generator
and Parity Check matrices, with a message-code ratio of 3/4, 2/3, and 1/2 to obtain 25%, 33%,
and 50% redundancy, respectively. We noticed that the storage capacity of each LDPC code is
inversely proportional to the amount of maximum redundancy overhead added. Our first
demonstration of the DMOS writer system encodes 576 bits with 25% redundancy, while it
encodes only 77 bits with 90% redundancy (Fig. S7). This result justifies the tradeoff
writing/reading to achieve an industrially acceptable data recovery rate.

Protograph LDPC with 25% redundancy uses 576 bits per message (72 bytes) and 768
bits per codeword (96 bytes). We developed a Python script to communicate with the LDPC
library that allows the conversion of the intermediate binary files for input/output and records
the signals of the LDPC decoder (Fig. S7, S8).

S8. The error-recovery simulation

We ran an error-recovery simulation for different LDPC codes that calculates the
decoder's recovery rate per number of errors. The simulator creates a random message
according to the capacity of the LDPC codes and creates the codeword. We iteratively inject
errors into the codeword and test if the decoder recovers the data. The simulator repeats this
procedure 1000 times before increasing the number of errors and recording the chance of
recovery per read (Fig.S7).

y=A2+(A1-A2)/(1+ exp(Errors-xo) /dx). (SE14)

Where y is Recovery rate (Errors)%

Al = Initial value of Recovery rate when Errors is 0, A2 = Final value of Recovery rate when
Errors is infinity,

Xo = number of Errors where Recovery rate (Xo0) approximately reaches 50%, and dx =
constant number which determines the slope of the curve close to Xo

This simulation creates the error-recovery rate model for different LDPC codes. Given the
received errors from the experiments (Fig. 3 and 4), we add reads to a number of errors, feed
the model, and represent the DMOS recovery rate (%) per read. Figures 3 and 4 show the error-
recovery rate per reading length using the error-rate from the corresponding experiments.
Figures S7 show the error-recovery rate per errors % for 1000 iterations by increasing the
number of errors and recording the chance of recovery rate % per read. The decoder inform
the LDPC codes can recover nearly 100% of the cases. Simulation results imply Protograph
LDPC shows a better setting than Regular LDPC with a similar redundancy ratio.

In the Bitmap representation of our School's logo, Protograph LDPC with 25% redundancy
showed being capable of recovering the data in nearly 5K reads. We selected this redundancy
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for further experiments due to the higher number of bits stored in the codeword and assessed
the recovery capabilities. Therefore, we encode this study's title using the 25% overhead added.
We observed an increased error-rate that required long sequencing reads to achieve a valid
recovery, as shown Figure 3. Given this study's error-rate, we simulated the different LDPC
codes to determine the amount of required overhead. In good agreement with computational
analysis, the experimental result confirmed that using Protograph LDPC with 25% redundancy,
we recover the data after 100K (Fig. 4), with a 67% probability (Fig. S7). This result justifies
the tradeoff between redundancy and data capacity. The simulation study offers the Protograph
LDPC code with 50% redundancy and the best error recovery performance (data recovered at
3000 reads) while preserving a decent storage capacity for future works.%-22

Curve fitting equation of the bootstrapping error-recovery simulation for Regular LDPC of
Bitmap representation of our school's logo on DMOS tape:
y=y0+Al* Read"/K"+ Read"

(SE15)

Where y0 is statrt point of graph, and Al is defined as End point of graph and K and N were
used as a constant number for curve fitting:

Curve fitting equation of the bootstrapping error-recovery simulation for Protograph LDPC
of our school's logo on DMOS tape: y=y0+Al* Read"/K"+ Read"
(SE16)

Curve fitting equation of the bootstrapping error-recovery simulation for Regular LDPC of
encoding the title of this study on DMOS tape:
y=y0+A1* Read"/K"+ Read"

(SE17)

Curve fitting equation of the bootstrapping error-recovery simulation for Protograph LDPC
of encoding the title of this study on DMOS tape:
y=y0+A1* Read"/K"+ Read"

(SE18)
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Figure. S6. Normalized probability curves of dC to dT ratio for each individual domain of DMOS registers at
bitmap representation of our school's logo. Interception of the intact and mutated curves shows uncertainty in
the classification decision tree analysis (threshold shows as gray), and the limits of the interception allow us to
determine the threshold values using the first Bayesian classifier.
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Figure. S7. DMOS error-recovery simulation model for different LDPC codes. The decoder calculates the
recovery rate per number of errors for 1000 iterations by increasing the number of errors and recording the chance

of recovery rate % per read. Data are represented as average values +/- SD. Source data are provided as a Source
Data file.
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Figure S8. DMOS error-recovery simulation per reads. Error-recovery simulation for different LDPC codes using
1000 repetitions to obtain an error-recovery rate model for each decoder. Data recovery simulation for A)
JSNN_Protograph, B) JSNN_Regular, C) Title of this study Protograph, D)Title of this study Regular. 3D
representation of sequencing reads vs. Protograph LDPC for 33%, and 50% redundancy in the codeword per reads
as a function of recovery rate (%). For the Protograph LDPC codes, we used a message-code ratio of 3/4, 2/3, and
1/2 to obtain 25%, 33%, and 50% redundancy, respectively, and 3D representation of sequencing reads vs. Regular
LDPC redundancy ratio (%) for 33%-90% redundancy in the codeword as a function of recovery rate (%). Data
are represented as average values +/- SD. Source data are provided as a Source Data file.
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Figure. S9. DMOS coding and encoding scheme. The DMOS encoder uses binary files and converts it to the
byte arrays with codewords. The DMOS encoder then depends on including error correction, transduces the
coding protocol to DMOS writer, and change the state of domains from 0 to 1 on DNA tape.
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Figure. S10. Normalized probability curves of dC-to-dT ratio for each bit of DMOS registers at the experiment
of encoding the title of this study.
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Table S1: DNA-based memory technologies

DNA writing technologies Density Scalability Toxic waste
An example of Phosphggamldlte-based 1.57 bits/nt Yes Yes
synthesis
TdT enzymatic synthesis®12 1.57 bits/nt Yes No
3 bits/cell genome No
In vivo DNA writing in living cell populations®>  (genome size: No
4,530,564 bp)
DNA nanostructures® 0.01 bits/nt Yes Yes
DNA backbone nicks?? 0.036 bits/nt Yes No
DMOS 0.014 bits/nt Yes No

*Table S2: The dC to dT threshold values for the first Bayesian classification step

Block Unmutated (tu)
0 0.077050
0.129758
0.071650
0.113244
0.082900
0.044773
0.070100
0.042900
0.118000
0.024487
0.092800
0.080100
0.080100
0.068250
0.092200
0.192950

m OO W P> © 0o N O 0 »h W N -

T

Mutated (tm)

0.144550
0.178004
0.151862
0.168885
0.166900
0.139677
0.157850
0.094650
0.178000
0.102552
0.160550
0.147600
0.147600
0.135750
0.177700
0.288200

*Thresholds determine the state of the domain as Unmutated (dC to dT<t,) and Mutated (dC to dT> tm). The dC

to dT values in between (tm <dC to dT<ty) are considered uncertain.
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Table S3: The sequences of barcode primers

dBC1F TTTCTGTTGGTGCTGATATTGCGTTGTCGGTGTCTTTGTGATCACGAGGCCCTTTCG
dBC2F TTTCTGTTGGTGCTGATATTGCCCGTTTGTAGTCGTCTGTATCACGAGGCCCTTTCG
dBC3F TTTCTGTTGGTGCTGATATTGCTGTGTCCCAGTTACCAGGATCACGAGGCCCTTTCG
dBC4F TTTCTGTTGGTGCTGATATTGCTTCTATCGTGTTTCCCTAATCACGAGGCCCTTTCG
dBC5F TTTCTGTTGGTGCTGATATTGCCAGGGTTTGTGTAACCTTATCACGAGGCCCTTTCG
dBC6F TTTCTGTTGGTGCTGATATTGCGAACAAACCAAGTTACGTATCACGAGGCCCTTTCG
dBC1R  TTGCCTGTCGCTCTATCTTCCCGTGGGAATGAATCCTTTGATAAACTACCGCATTAAAGC
dBC2R  TTGCCTGTCGCTCTATCTTCCAAAGGCAGAAAGTAGTCTGATAAACTACCGCATTAAAGC
dBC3R  TTGCCTGTCGCTCTATCTTCGCACAGCGAGTCTTGGTTTGATAAACTACCGCATTAAAGC
dBC4R TTGCCTGTCGCTCTATCTTCTGAAACCTTTGTCCTCTCTGATAAACTACCGCATTAAAGC
dBC5R  TTGCCTGTCGCTCTATCTTCTCTATCGGAGGGAATGGATGATAAACTACCGCATTAAAGC
dBC6R  TTGCCTGTCGCTCTATCTTCGAAAGAAGCAGAATCGGATGATAAACTACCGCATTAAAGC
Table S4: The sequences of DMOS bits and indexes

Initiator atcacgaggccctttcgtcttcaagaattc

Index TTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCT

State 0 ACTCactagtcctcgaaaacctcgtgg

Index 0 TGTCCTACTATGTCTTCTCTCTTCTACTACTTACCT

State 1 ACTCctccaatcaaatcagtcactagg

Index 1 GGATGGATGATCCCACACCTCACACGCAGGAGAGAA

State 2 ACTCtctggtcagggctcggacactgg

Index 2 CTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGC

State 3 ACTC Ctcattcacagcaactgcagcagg

Index 3 TTGCGACGATGACTGACGACTGCACGAAAAGCTGGA
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State 4 ACTCatggtcaactcaatccaaaatgg

Index 4 GTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGT
State 5 ACT Cgttctcatcgcgtaccacgaagg

Index 5 AGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCAC
State 6 ACT Catcaatagtgtcatggcatgtgg

Index 6 ATGTTTACGCACGCGTTTTCCCACCCACGATGTTGT
State 7 ACTCtcgggagaaaggtcgctgtgagg

Index 7 CTGTTTGCACACACACCCGCACACCCTGTTCCCTCG
State 8 ACTCatcacgagttcacgataccgtgg

Index 8 ATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTT
State 9 ACTCttgtggtcaatgtcactccgagg

Index 9 ATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAA
State A ACTCaagctcagcctcgttaaacgtgg

Index A GTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCT
State B ACTCgaacagatcatcaacccattagg

Index B GGCTCCCTACCACACACCACGTTTTGATGATAGTTG
State C ACTC Cattcaatcaagctgcaaaggtgg

Index C TACGAGAGGAAGCTTCACACACCACCACGATCGGAT
State D ACTCgattcgaatatctctcttcgagg

Index D CTTGCGCACACCTCACACACGTGTTTGTGTTGTGTT
State E ACTCgcctcatcagcagaacaagttgg

Index E CGATCCGCACACGCACGTCACACCTATCTTACGTGT
State F ACTC Ctcattccagtcaatgtggaaagg

Index F GAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGA
Terminator ACTCatcgataagctttaatgcggtagtttatca

Table S5: DMOS register sequences

Register 0: [915760E3CB2D84AF]

AtcacgaggccctttcgtettcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACTCttgtggtcaatgtcactccgaggATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACTCe
tccaatcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACT CgticteategegtaccacgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACTCtcgggagaa
aggtegetgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CatcaatagtgtcatggeatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACT Cactagtectcgaaaacctc
gtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACTCgcctcatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CtcattcacagcaactgcagcaggTTGC
GACGATGACTGACGACTGCACGAAAAGCTGGAACT CattcaatcaagctgcaaaggtggTACGAGAGGAAGCTTCACACACCACCACGATCGGATACT CgaacagatcatcaacccattaggGGCTCCCT
ACCACACACCACGTTTTGATGATAGTTGACTCtctggtcagggetcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT CyattegaatatctetettcgaggCTTGCGCACACCT
CACACACGTGTTTGTGTTGTGTTACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAA
AGAAAGCTTCGAGAGAGTACTCaagctcagcectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGT TCGTCCCTACT CteattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAA
ACTCAAAAGATGAACT Catcgataagctttaat c%ta tttatca

Register 1: [LEGOD87BC932AF45]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CetecaatcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACTCg
cetcatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CatcaatagtgtcatggeatgtggATG TTTACGCACGCGTTTTCCCACCCACGATGTTGTACTCactagtectcy
aaaacctcgtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT CgattcgaatatetctcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT Catcacgagttcacgataccgtgg
ATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACTCicgggagaaaggtegctgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACTCyaacagatcatcaacceattaggGGCTC
CCTACCACACACCACGTTTTGATGATAGTTGACT Cattcaatcaagctgcaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACTCttgtggtcaatgtcactccgaggATCCAAAGAG
AACTGGGATTTCTAAAAGAGAGAGAAACTCtcattcacagcaactgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACTCtctggtcagggetecggacactggCTAGTGGTAGATG
TTGTGTGTGGCGCGAGAGAAAGCACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT Cteattecagtcaatgtggaaagg GAAGAAAAGAAAGAGAAG
AGAAAACTCAAAAGATGAACTCatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT CtictcatcgegtaccacgaaggAGT TTACACGGCGCTCTTTCCG

GTTTGATCTTGCACACTCatCgataagctttaatgcgglagttlatca

Register 2: [6A51BF32EC074D98]

AtcacgaggccctttcgtettcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CatcaatagtgtcatggcatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACTCaag
ctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT CgttcteatcgegtaccacgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT Cetccaatcaaatcagt
cactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACT CgaacagatcatcaacccattaggGGCTCCCTACCACACACCACGTTTTGATGATAGTTGACT Ctcattccagtcaatgtggaaagg
GAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CteattcacagcaactgcagcaggT TGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CtetggtcagggctcggacactggCT
AGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACTCgcctcatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CattcaatcaagetgcaaaggtggTACGAG
AGGAAGCTTCACACACCACCACGATCGGATACTCactagtcctcgaaaacctcgtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACTCtcgggagaaaggtcgetgtgaggCTGTTTGCACAC
ACACCCGCACACCCTGTTCCCTCGACT CatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT CgattcgaatatctctettcgaggCTTGCGCACACCTCACA
CACGTGTTTGTGTTGTGTTACTCttgtggtcaatgtcactccgaggATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTC

CACACCACACGTTACTCa&cﬁataaﬂcmaatﬁcﬁgtagmalca

Register 3: [8720D9CB43F1A5E6]

AtcacgaggecctticgteticaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CatcacgagticacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACTCleg
ggagaaaggtcgetgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACTCletggteagggeteggacactggCTAGTGGTAGATG TTGTGTGTGGCGCGAGAGAAAGCACT Cactagtectc
gaaaacctegtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT CgattegaatatetctettcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT Cttgtggtcaatgteactcegagy
ATCCAAAGAGAACTGGGATTTCTAAA AACTC TACGAGAGGAAGCTTCACACACCACCACGATCGGATACTCgaacagatcatcaacccattaggGGC
TCCCTACCACACACCACGTTTTGATGATAGTTGACTCatggtcaactcaatccaaaatggG TGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT CteattcacageaactgcageaggTT GCGAC
GATGACTGACGACTGCACGAAAAGCTGGAACTCHcaticeagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CetocaatcaaatcagtcactaggGGATGGATGA
TCCCACACCTCACACGCAGGAGAGAAACT CaagetcageetogitaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT CyttcteategegtaccacgaagAGTTTACACGGCGCTC
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TTTCCGGTTTGATCTTGCACACTCgcctcatcagcagaacaagttyggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CatcaatagtgtcatggcatgtggATGTTTACGCACGCGTTTTCCC
ACCCACGATGTI’GTACTCalcgataagcmaatﬂcggtawatca

Register 4: [741C36FEA59D0B28]

AtcacgaggecctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACTCtegggagaaaggtcgctgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACTCat
ggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT Cetccaatcaaatcagtcactagg GGATGGATGATCCCACACCTCACACGCAGGAGAGAAACT Cattcaatc
aagetgeaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACT Cteattcacageaactgeageagg TTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT Catcaatagtgtcat
ggcatgtggATGT TTACGCACGCGTTTTCCCACCCACGATGTTGTACT CteattecagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT Cgcctcatcageagaacaagt
tggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT CgttctcatcgegtaccacgaaggAGTTT
ACACGGCGCTCTTTCCGGTTTGATCTTGCACACTCttgtggtcaatgtcactccgaggATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACT CgattcgaatatctetcttcgaggCTTGCGCACAC
CTCACACACGTGTTTGTGTTGTGTTACT CactagtcctcgaaaacctcgtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT CgaacagatcatcaacccattaggGGCTCCCTACCACACACC
ACGTTTTGATGATAGTTGACTCtctggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTC
CACACCAEACGTTACTCaIcﬁalaaﬂcnmatﬂcﬂglagmalca

Register 5: [4AD725B98E3COFA61]

AtcacgaggccctticgteticaagaaticTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CatggtcaactcaatccaaaatggG TGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACTC
gattcgaatatctetcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACTCtegggagaaaggtegetgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACTCtetggteagg
geteggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACTCtictcatcgegtaccacgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCT TGCACACT Cgaacagatcatcaaccea
ttaggGGCTCCCTACCACACACCACGTTTTGATGATAGTTGACTCtigtggtcaatgtcactccgagg ATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACT CatcacgagticacgataccgtggAT
GCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACTCccteatcageagaacaagtiggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACTCleattcacagcaactgeageagg TTGCGAC

GATGACTGACGACTGCACGAAAAGCTGGAACTCattcaatcaagetgeaaaggtgg TACGAGAGGAAGCT TCACACACCACCACGATCGGATACT Cactagtcctegaaaacctegtgg TGTCCTACTAT
GTCTTCTCTCTTCTACTACTTACCTACTCteattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGAT GAACT CaageteagectegttaaacgtggGTT TTACCTTTTGCGC
TTTTGTCTTCGTTCGTCCCTACT CatcaatagtgtcatggeatgtggATGTT TACGCACGCGTTTTCCCACCCACGATGTTGTACT CetccaatcaaatcagtcactaggGGATGGATGATCCCACACCTCAC

ACGCAG GAGAGAAACTCatcEataagctttaatgcggtagmatca

Register 6: [C63F5AE182704B9D]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT Cattcaatcaagetgcaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACT Ca
tcaatagtgtcatggcatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACT CtcattcacagcaactgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT Ctcattccagte
aatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CgttctcatcgegtaccacgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT Caagetcagectcgttaa
acgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgcctcatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CctccaatcaaatcagtcactaggGGA
TGGATGATCCCACACCTCACACGCAGGAGAGAAACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CtetggtcagggctcggacactggCTAGTGGT
AGATGTTGTGTGTGGCGCGAGAG GCACTCIi TGTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CactagtcctcgaaaacctcgtggTGTCCTACTATGT
CTTCTCTCTTCTACTACTTACCTACT CatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT CgaacagatcatcaacccattaggGGCTCCCTACCACACACC
ACGTTTTGATGATAGTTGACTCttgtggtcaatgtcactccgaggATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACT Cgattegaatatctctettcgagg CTTGCGCACACCTCACACACGTGT

TTGTGTTGTG‘I‘I'ACTCatcEataagctttaatgcggwgmatca

Register 7: [8A2057B6FECID341]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT Caag
ctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT CtetggtecagggetcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Cactagtectcgaa
aacctcgtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT CgttctcatcgegtaccacgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT Ctegggagaaaggtegetgtgagg
CTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACT Cgaacagatcatcaacccattagg GGCTCCCTACCACACACCACGTTTTGATGATAGTTGACT CatcaatagtgtcatggcatgtggATGTTT
ACGCACGCGTTTTCCCACCCACGATGTTGTACT CtcattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACTCgcctcatcagcagaacaagttggCGATCCGCA
CACGCACGTCACACCTATCTTACGTGTACT Cattcaatcaagctgcaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACT CttgtggtcaatgtcactccgaggATCCAAAGAGAACT
GGGATTTCTAAAAGAGAGAGAAACT CgattcgaatatctctcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CtcattcacagcaactgcagcaggTTGCGACGATGACTGACGA
CTGCACGAAAAGCTGGAACT CatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT Cetccaatcaaatcagtcactagg GGATGGATGATCCCACACCTCAC

ACGCAG GAGAGAAACTCatcHataaﬂctttaatgcﬂgtaﬁmatca

Register 8: [IDEA9213864B75FC]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CactagtectcgaaaacctegtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Cgatte
gaatatctetcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CycctcatcageagaacaagiiggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT Caagetcagectegtta
aacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTC tccgaggATCC, GAGAACTGGGATTTCT, GAGAGAG, CTCtctggt
TAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACTCetccaatcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGC, CTCH ) TTGCG
ACGATGACTGACGACTGCACGAAAAGCTGGAACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CatcaatagtgtcatggeatgtggATGTTTACGC
ACGCGTTTTCCCACCCACGATGTTGTACTCatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTC! TACTCH GCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACTCtcgggagaaaggtcgctgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CgttctecatcgegtaccacgaaggAGTTTACACGGCGCTCTTT
CCGGTTTGATCTTGCACACTC Ctcattccagtcaatgtggaaagg GAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT Cattcaatcaagctgcaaaggtgg TACGAGAGGAAGCTTCACACAC

CACCACGATCG! GATACTCatcHataaﬂcmaatgcﬁglagmatca

Register 9: [D2574CA8913FEOB6]

AtcacgaggccctttegtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CgattegaatatctctcttegaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACTCtetgg
tcagggcteggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT CytictcatcgegtaccacgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACTClegggagaaagy
tcgetgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT Cattcaatcaagctgcaaag
gtggTACGAGAGGAAGCTTCACACACCACCACGATCGGATACT CaagetcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT CatcacgagttcacgataccgtggATG
CGTTGCGTTGTTTTGCGTTCCACACCACACGTTACTCttgtggtcaatgtcactccgaggATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACT CctccaatcaaatcagtcactaggGGATGGAT
GATCCCACACCTCACACGCAGG. CTCi TTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT Ctcattccagtcaatgtggaaagg GAAGAAAAGAA
AGAGAAGAGAAAACTC, GATGAACTCH GATCCGCACACGCACGTCACACCTATCTTACGTGTACT CactagtcctcgaaaacctcgtggTGTCCTACTATGTCTT
CTCTCTTCTACTACTTACCTACT CgaacagatcatcaacccattaggGGCTCCCTACCACACACCACGTTTTGATGATAGTTGACT Catcaatagtgtcatggcatgtgg ATGTTTACGCACGCGTTTTCCCA

CCCACGATGTTGTACTcatcgataagcmaatgcgﬂtaﬁmatca
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Register 10: [BC85F6E3072A4D19]

AtcacgaggecctticgteticaagaaticTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CgaacagatcatcaacceattaggGGCTCCCTACCACACACCACGTTTTGATGATAGTTGACTCatt
caatcaagctgcaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACT CatcacgagticacgatacegtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACTCgttteatege
gtaccacgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACTCtcattceagtcaatgtggaaagglGAAGAAAAGAAAGAGAAGAGAAAACT CAAAAGAT GAACT Catcaatagtgteatggea
tgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACTCyccteatcageagaacaagttgg CGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CteattcacagcaactgeageaggTT
GCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CactagtectegaaaacctegtygTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACTCtegggagaaagategctotgaggCTGTTTG
CACACACACCCGCACACCCTGTTCCCTCGACTCHetggteagggcteggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT CaageteagectcgttaaacgtggGTTTTACCTTTT
GCGCTTTTGTCTTCGTTCGTCCCTACT CatggteaactcaatceaaaatggGTGAGGAGGAGAAGTAAAAGAAAGC TTCGAGAGAGTACTCgattegaatatetetettcgaggCTTGCGCACACCTCACAC
ACGTGTTTGTGTTGTGTTACT CetecaatcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACTCtgtggtcaatgteactccgaggATCCAAAGAGAACTGGGATTTCT

AAAAGAGAGAGAAACTCatcgataagcmaatgcggtagmatca
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Register 11: [35F029BEA8C167D4]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT Cteattcacagcaactgcagcagg TTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACTC
gttctcategegtaccacgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT Ctcattecagtcaatgtggaaagg GAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT Cactagte
ctegaaaacctegtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT CletggtcagggeteggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACTCttgtggteaatgtcacte
cgaggATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACT CgaacagatcatcaacccattaggGGCTCCCTACCACACACCACGTTTTGATGATAGTTGACT Cgcectcatcagcagaacaagttgg
CGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT CatcacgagttcacgataccgtggATGCGTT
GCGTTGTTTTGCGTTCCACACCACACGTTACT CattcaatcaagctgcaaaggtggTACGAGAGGAAGCTTCACACACCACCACGATCGGATACT Cetecaatcaaatcagtcactagg GGATGGATGATC
CCACACCTCACACGCAGGAGAGAAACTCatcaatagtgtcatggeatgtggATGT TTACGCACGCGTTTTCCCACCCACGATGTTGTACTCtegggagaaaggtegctgtgaggCTGTTTGCACACACACC
CGCACACCCTGTTCCCTCGACTCgattcgaatatctctcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAA

GCTTC GAGAGAGTACTCatcgataagctttaatgcggtagmatca
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Register 12: [4BF039815E27C6DA]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CatggtcaactcaatccaaaatyggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACTC

gaacagatcatcaacccattaggGGCTCCCTACCACACACCACGTTTTGATGATAGTTGACT CteattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT Cactagt

cctcgaaaacctcgtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACTCtcattcacagcaactgcagcaggT TGCGACGATGACTGACGACTGCACGAAAAGCTGGAACTCtgtggtcaatgtcact
ccgaggATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CetccaatcaaatcagtcactaggG
GATGGATGATCCCACACCTCACACGCAGGAGAGAAACTCgttctcatcgegtaccacgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CgcectcatcagcagaacaagttggCGATCC
GCACACGCACGTCACACCTATCTTACGTGTACTCtctggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT CtegggagaaaggtcgcetgtgaggCTGTTTGCAC

ACACACCCGCACACCCTGTTCCCTCGACT CattcaatcaagctgcaaaggtggTACGAGAGGAAGCTTCACACACCACCACGATCGGATACT CatcaatagtgtcatggcatgtggATGTTTACGCACGCG

TTTTCCCACCCACGATGTTGTACTCgattcgaatatctctcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CaagcetcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTC

TTC GTTCGTCCCTACTCatcgataagctttaatgcgﬂtagtttatca
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Register 13: [12BOA46EF5387DC9]

AtcacgaggccctttegtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CetecaatcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACTC
ctggtcagggeteggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT CyaacagatcatcaacccattaggGGCTCCCTACCACACACCACGTTTTGATGATAGT TGACTCactagtect
cgaaaacctcgtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT Catggtcaactcaatccaaaatg

JGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT CatcaatagtgtcatggcatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACTCgcctcatcagcagaacaagttggCGAT
CCGCACACGCACGTCACACCTATCTTACGTGTACT CtcattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CyttctcatcgegtaccacgaaggAGT TTACA
CGGCGCTCTTTCCGGTTTGATCTTGCACACT Ctcattcacagcaactgcagcagg TTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CatcacgagttcacgataccgtggATGCGTTGCGTTG
TTTTGCGTTCCACACCACACGTTACTCtcgggagaaaggtcgctgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CgattcgaatatctetettcgaggCTTGCGCACACCTCACACA

CGTGTTTGTGTTGTGTTACT CattcaatcaagctgcaaaggtggTACGAGAGGAAGCTTCACACACCACCACGATCGGATACTCtgtggtcaatgtcactccgaggATCCAAAGAGAACTGGGATTTCTA

AAAGAGAGAGAAACTCatcgataagcmaatgcg_gtagmatca
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Register 14: [B75CAEF64918D023]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT Cgaacagatcatcaacccattagg GGCTCCCTACCACACACCACGTTTTGATGATAGTTGACTCtc

gggagaaaggtcgetgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CyttctcatcgegtaccacgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT Cattcaatcaag
ctgcaaaggtggTACGAGAGGAAGCTTCACACACCACCACGATCGGATACT CaagcetcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgcctcatcagcagaacaagtt
ggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CtcattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CatcaatagtgtcatggcatgtggATG
TTTACGCACGCGTTTTCCCACCCACGATGTTGTACTCatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACTCttgtggtcaatgtcactccgaggATCCAAAG
AGAACTGGGATTTCTAAAAGAGAGAGAAACT CctccaatcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACT CatcacgagttcacgataccgtggATGCGTTGCGTT
GTTTTGCGTTCCACACCACACGTTACTCgattcgaatatctctcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CactagtcctcgaaaacctcgtggTGTCCTACTATGTCTTCTCT
CTTCTACTACTTACCTACTCtctggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Ctcattcacagcaactgcagcagg TTGCGACGATGACTGACGACTGCAC
GAAAAG CTGGAACTCatcHalaaﬁcnmatﬂcgglagmalca
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Register 15: [OF813A64E527BDIC]

AtcacgaggccctttegtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CactagtectcgaaaacctegtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Ctcatt
ccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT Cetccaatcaaat
cagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACT CteattcacagcaactgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT Caagctcagectcgttaaa
CcgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT CatcaatagtgtcatggeatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACTCatggtcaactcaatccaaaatggGTGA
GGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACTCgcctcatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CyttctcatcgegtaccacgaaggAGT TTACA
CGGCGCTCTTTCCGGTTTGATCTTGCACACTCtctggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACTCtegggagaaaggtegctgtgaggCTGTTTGCACAC
ACACCCGCACACCCTGTTCCCTCGACTCgaacagatcatcaacccattaggGGCTCCCTACCACACACCACGTTTTGATGATAGTTGACT CgattcgaatatctctcttcgaggCTTGCGCACACCTCACAC
ACGTGTTTGTGTTGTGTTACTCttgtggtcaatgtcactccgaggATCCAAAGAGAACTGGGATTTCTAAA CTC. TACGAGAGGAAGCTTCACACACC

ACCACGATCG! GATACTCatcHalaaﬂcmaalgcﬁgmHmatca
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Register 16: [A46E7385DC910F2B]

AtcacgaggccctticgteticaagaaticTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CaagetcagectegtiaaacgtggGT TTTACCTTTTGCGCTTTTGTCTTCGTTCGT CCCTACT Catggt
caactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT CatcaatagtgtcatggeatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACTCgecteatcageag
aacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACTCegggagaaaggtegctgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACTCleattcacageaactgeagea
9gTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACTCgttctcatcgegtaccacgaaggAGTT
TACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CgattegaatatetctettcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACTC tggTACG \A
GCTTCACACACCACCACGATCGGATACTCHgtggtcaatgteactcegaggATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACTC tccaatcaaatcagtcactagg GGATGGATGATCCCA

CACCTCACACGCAGGAGAGAAACT CactagtectcgaaaacctegtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACTCteattecagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAG
AAAACTCAAAAGATGAACTCtetggteagggetcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT CgaacagatcatcaacccattaggGGC TCCCTACCACACACCACGTTT

TGATGATAGTTGACTCatcgataagctttaatﬂcgﬂtagt‘l‘[alca
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Register 17: [79A6D54F28E130BC]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACTCtegggagaaaggtegetgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACTCtt
gtggtcaatgtcactccgaggATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagctcagectcegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT Catcaatagtgte
atggeatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACT CgattcgaatatctctcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACTCgttctcatcgegtaccacgaagg
AGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT CteattccagtcaatgtggaaaggGAAG

AAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CtetggtcagggetcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT CatcacgagttcacgataccgtggATGCGTT
GCGTTGTTTTGCGTTCCACACCACACGTTACTCgcctcatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACTCctccaatcaaatcagtcactaggGGATGGATGATCC
CACACCTCACACGCAGGAGAGAAACT CtcattcacagcaactgcagcaggT TGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CactagtcctcgaaaacctcgtggTGTCCTACTATGTCTTC

TCTCTTCTACTACTTACCTACTCgaacagatcatcaacccattaggGGCTCCCTACCACACACCACGTTTTGATGATAGTTGACTC TACGAGAGGAAGCTTCACACACC

ACCACGATCG GATACTCatcgataagctttaatgcagtaﬁtttatca
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Register 18: [BC913F2AE60D475B]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT Catte
aatcaagctgcaaaggtggTACGAGAGGAAGCTTCACACACCACCACGATCGGATACTCttgtggtcaatgtcactccgaggATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACT Ccetccaatcaa
atcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACT Ctcattcacagcaactgcagcagg TTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT Ctcattccagtcaatgty
02aaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CtetggtcagggetcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Caageteagectcegttaaacgt
ggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgcctcatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CatcaatagtgtcatggcatgtggATGTTT
ACGCACGCGTTTTCCCACCCACGATGTTGTACT CactagtcctcgaaaacctcgtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACTCgattcgaatatctctcttcgaggCTTGCGCACACCTC
ACACACGTGTTTGTGTTGTGTTACT CatggtcaactcaatccaaaatyggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT CtecgggagaaaggtegetgtgaggCTGTTTGCACACACACCC
GCACACCCTGTTCCCTCGACT CgttctcatcgegtaccacgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT Cgaacagatcatcaacccattagg GGCTCCCTACCACACACCACGTTT

TGATGATAGTTGACTCatcga!aaﬁctmatﬁcgg!agmatca
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Register 19: [A38C2045BF9D6E71]

AtcacgaggccctticgteticaagaaticTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CaagetcagectegttaaacgtggG T TTTACCTTTTGCGCTTTTGTCTTCGTTCGT CCCTACTCteatt
cacagcaactgcageaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CatcacgagticacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT Cattcaatcaagct
geaaaggtggTACGAGAGGAAGCTTCACACACCACCACGATCGGATACTCctggteagggetcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Cactagtcctegaaaaccte

AGT

gtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACTCatggtcaactcaatccaaaatggGTGAGGAGGAGAAGT. G GCTTCGAGAGAGTACTC
TTACACGGCGCTCTTTCCGGTTTGATCTTGCACACTCgaacagatcatcaacccattaggGGCTCCCTACCACACACCACGTTTTGATGATAGTTGACTCtcattecagtcaatgtggaaaggGAAGAAAAG
AAAGAGAAGAGAAAACTCAAAAGATGAACTCtigtggtcaatgtcactccgaggATCCAAAGAGAACTGGGATTTCTAAA AACTCH JgCTTGCGCACACCT

CACACACGTGTTTGTGTTGTGTTACTCatcaatagtgtcatggcatgtggATG TT TACGCACGCGTTTTCCCACCCACGATGTTGTACTCgccteatcageagaacaagttggCGATCCGCACAC GCACGTC
ACACCTATCTTACGTGTACTCtegggagaaaggtegetgtgaggCTGTT TGCACACACACCCGCACACCCTGTTCCCTCGACT CatecaatcaaatcagtcactaggGGATGGATGATCCCACACCTCACA
CGCAGGAGAGAAACT Catcgataageiitaatgeggtagittatca
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Register 20: [1CF625DAE0839B74]

AtcacgaggccctticgteticaagaaticTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CetccaatcaaatcagicactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACTCa
ttcaatcaagetgcaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACTC J0aaaggGAAG GAAAGAGAAGAGAAAACTCAAAAGATGAACT Catcaat
agtgtcatggeatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACTCtetggteagggetcggacactggCTAGTGGTAGATG TTGTGTGTGGCGCGAGAGAAAGCACTCgtctcatcgegtac
cacgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACTCgattcgaatatetctcticgaggCT TGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CaagetcageetcgttaaacgtggGT
TTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCycctcatcageagaacaagtiggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CactagtectegaaaacctegtggTGTCCTACT
ATGTCTTCTCTCTTCTACTACTTACCTACTCatcacgagticacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACTCieattcacageaactgcageaggTTGCGACGATGACTGA
CGACTGCACGAAAAGCTGGAACTCtigtggtcaatgteactcegaggATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACT CgaacagatcatcaacceattaggGGCTCCCTACCACACACCAC
GTTTTGATGATAGTTGACTCtegggagaaaggtegetgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CatggteaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAG

CTTCGAGAGAGTACTCatcﬂataaﬁctttaatgcaﬂtaﬁtt‘latca
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Register 21: [C94762AF0B13ED58]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT Cattcaatcaagetgcaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACTCtt
gtggtcaatgtcactccgaggATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACT CatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT Cteggga
gaaaggtegetgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CatcaatagtgtcatggeatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACTCctggtcagggctcgy
acactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT CaagetcagectcgttaaacgtggGTT TTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT Creattecagtcaatg tggaaaggGA
AGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CactagtcctcgaaaacctcgtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Cgaacagat catcaacccattaggGGCTCCC
TACCACACACCACGTTTTGATGATAGTTGACT CctccaatcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACT Ctcattcacagcaactgcagcagg TTGCGACGATG
ACTGACGACTGCACG. GCTGGAACTC GATCCGCACACGCACGTCACACCTATCTTACGTGTACT CgattcgaatatctctcttcgaggCTTGCGCACACCTCAC
ACACGTGTTTGTGTTGTGTTACTCgttctcatcgegtaccacgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTC

CACACCACACGTTACTCatcgataaﬁctttaatgcggtagnmca

22

Register 22: [2E9736CBF8D0A541]

AtcacgaggccctttcgtettcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACTCtetggtecagggetcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACTCg
cetcatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACTCtigtggtcaatgtcactccgaggAT CCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACTCtegggaga
aaggtegctgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACTCteatteacageaactgcageagg T TGCGACGATGACTGACGACTGCACGAAAAGCTGGAACTCatcaatagtgtcatgg
catgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACT Cattcaatcaagetgcaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACT CgaacagatcatcaacccattaggG
GCTCCCTACCACACACCACGTTTTGATGATAGTTGACT CtcattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CatcacgagttcacgataccgtggATGCG
TTGCGTTGTTTTGCGTTCCACACCACACGTTACT CgattcgaatatctetcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CactagtectcgaaaacctcgtggTGTCCTACTATGT
CTTCTCTCTTCTACTACTTACCTACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT CgttctcategegtaccacgaaggAGTTTACACGGCGCTCTTTCC

GGTTTGATCTTGCACACT CatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT CctccaatcaaatcagtcactaggGGATGGATGATCCCACACCTCACAC

GCAG GAGAGAAACTCatcEataagcmaatgcggtagmatca

23

Register 23: [BOBF9AC356741DE?]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT Cact
agtcctcgaaaacctcgtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT CgaacagatcatcaacccattaggGGCTCCCTACCACACACCACGTTTTGATGATAGTTGACT Ctcattccagtcaaty
tggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACTCtgtggtcaatgtcactccgaggATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACT Caagctcagectegttaaac
gtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCattcaatcaagctgcaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACTCCteattcacagcaactgcagcaggT TG
CGACGATGACTGACGACTGCACGAAAAGCTGGAACT CgttctcatcgegtaccacgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CatcaatagtgtcatggcatgtggATGTTTAC
GCACGCGTTTTCCCACCCACGATGTTGTACTCtcgggagaaaggtcgetgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CatggtcaactcaatccaaaatygGTGAGGAGGAGAA
GTAAAAGAAAGCTTCGAGAGAGTACT CctecaatcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACT CgattegaatatctctettcgaggCTTGCGCACACCTCACAC
ACGTGTTTGTGTTGTGTTACTCgccteatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CietggtcagggeteggacactggCTAGTGGTAGATGTTGTGTGTGG
CG CGAGAGAAAGCACTCatCEataagctttaatgcggtagtttalca

24

Register 24: [2EC487FB1AD96305]
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AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACTCtetggtcagggetcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACTCy
cctcatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACTC Cattcaatcaagctgcaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACTCatggtcaac
tcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT CatcacgagticacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACTClegggagaaaggtcge
tgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACTCteattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACT CAAAAGATGAACT Cgaacagatcatcaacccattag
9GGCTCCCTACCACACACCACGTTTTGATGATAGTTGACTCctecaatcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGC, \AACT Caa( TTT
TACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT CgattcgaatatctctcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CttgtggteaatgtcactccgaggATCCAAAGAGAA
CTGGGATTTCTAAA/ AACTC: \TGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACTCtcattcacagcaactgcagcaggTTGCGACGATGACTGAC
GACTGCACGAAAAGCTGGAACTCactagtcctcgaaaacctegtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT CgttcteatcgegtaccacgaaggAGTTTACACGGCGCTCTTTCCGG
TTTGATCTTGCACACTCatcgataagctttaatgcggtagmatca

25

Register 25: [20CDF64A358791BE]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CtetggtcagggcetcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Ca
ctagtcctcgaaaacctcgtgg TGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Cattcaatcaagetgcaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACTC gattcgaatatc
tetcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CtcattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT Catcaatagtgtcatggeatgt
ggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACT CatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT CaagcetcagectcgttaaacgtggGT T

TTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCtcattcacagcaactgcagcaggT TGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CgttctcatcgegtaccacgaaggAGTTTACAC
GGCGCTCTTTCCGGTTTGATCTTGCACACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACTCtcgggagaaaggtcgetgtgaggCTGTTTGCACACACA
CCCGCACACCCTGTTCCCTCGACTCttgtggtcaatgtcactccgaggATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACT CetccaatcaaatcagtcactaggGGATGGATGATCCCACACCT
CACACGCAGGAGAGAAACTCgaacagatcatcaacccattaggGGCTCCCTACCACACACCACGTTTTGATGATAGTTGACTCgcctcatcagcagaacaagttggCGATCCGCACACGCACGTCACACC

TATCTTACGTGTACTCatcHalaaﬂcmaalgcﬂglagmatca

26

Register 26: [79814FAD6C305E2B]

AtcacgaggecctttegtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACTCtegggagaaaggtcgctgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACTCH
gtggtcaatgtcactccgaggATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACT CatcacgagticacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACTCetecaatcaa
atcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACT CatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT Cteattecagtcaatgt
ggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CaagetcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgattcgaatatetctcttcgaggC
TTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CatcaatagtgtcatggcatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACT Cattcaatcaagctgcaaaggtgg TACGAGA
GGAAGCTTCACACACCACCACGATCGGATACT CtcattcacagcaactgcagcaggT TGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CactagtcctcgaaaacctcgtggTGTCCTACTAT
GTCTTCTCTCTTCTACTACTTACCTACTCgttctcatcgcgtaccacgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CgcctcatcagcagaacaagttggCGATCCGCACACGCACG
TCACACCTATCTTACGTGTACTCtctggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT CgaacagatcatcaacccattaggGGCTCCCTACCACACACCACGT

T'I‘I'GATGATAGTTGACTCatcHalaaﬂcmaalgcggtagtttatca

27

Register 27: [38419275ADECBFO06]

AtcacgaggccctticgteticaagaaticTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT Cteattcacagcaactgeageagg TTGCGACGATGACTGACGACTGCACGAAAAGC TGGAACTCa
tcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CatggteaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACTC ctecaatca
aatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACTC JagyATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACTCtetggtcagggetcy
gacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACTCegggagaaaggtegctgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACTCttcteatcgegtaccacgaag
gAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CaageteagectegttaaacgtggGTTT TACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgattcgaatatctctettcgaggCTTGCGC
ACACCTCACACACGTGTTTGTGTTGTGTTACTCccteatcagcagaacaagtiggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACTCattcaatcaagetgcaaaggtgg TACGAGAGGAAG
CTTCACACACCACCACGATCGGATACTCgaacagatcatcaacceattagg GGCTCCCTACCACACACCACGTTTTGATGATAGTTGACTCteattceagtcaatgtggaaagg GAAGAAAAGAAAGAGA
AGAGAAAACTC GATGAACTC TGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACTCatcaatagtgtcatggcatgtggATGTTTACGCACGCG TTTTCCCA

CCCACGATGTTGTACTCatcgataagcmaatgcgﬂtagmatca

28

Register 28: [63C7AF18542BDOE9]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CatcaatagtgtcatggcatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACT Cteat
tcacagcaactgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CattcaatcaagctgcaaaggtggTACGAGAGGAAGCTTCACACACCACCACGATCGGATACTCtcgggagaa
aggtcgctgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CaagetcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT Cteattccagtcaatgtggaaa
9gGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CctccaatcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACT CatcacgagttcacgataccgtggA
TGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CgttctcatcgegtaccacgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT Catggtcaactcaatccaaaatgg GTGAGGA
GGAGAAGTAAAAGAAAGCTTC! TACTCH TAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT CgaacagatcatcaacccattaggGGCTCCCTAC
CACACACCACGTTTTGATGATAGTTGACTCgancgaatatctctcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACTCactagtcctcgaaaacctcgtggTGTCCTACTATGTC'I'I’C
TCTCTTCTACTACTTACCTACTCgcctcatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACTC TCC. GAGAACTGGGATTTCT

AAAAGAGAGAGAAACTCatcgataagcmaatgcggtagmatca

29

Register 29: [08CB5E7F2946AD31]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CactagtectcgaaaacctcgtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Catcac
gagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT Cattcaatcaagctgcaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACT Cgaacagatcatca
acccattaggGGCTCCCTACCACACACCACGTTTTGATGATAGTTGACT CgttctcatcgegtaccacgaaggAGT TTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT Cgcctcatcagcagaacaagtty
gCGATCCGCACACGCACGTCACACCTATCTTACGTGTACTCtegggagaaaggtcgetgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CtcattccagtcaatgtggaaaggGAAG
AAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CtetggtcagggeteggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACTCtigtggtcaatgtcactccgaggATC CAAA
GAGAACTGGGATTTCTAAAAGAGAGAGAAACT CatggtcaactcaatccaaaatyggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT CatcaatagtgtcatggeatgtggATGTTTACGCA
CGCGTTTTCCCACCCACGATGTTGTACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT CgattcgaatatetctcttegaggCTTGCGCACACCTCACACA
CGTGTTTGTGTTGTGTTACT CtcattcacagcaactgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CctccaatcaaatcagtcactaggGGATGGATGATCCCACACCTCACA
CGCAGGAGAGAAACT Catcgataagctttaat C%!a tttatca

30

Register 30: [82D73FC10AE4956B]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACTCtct
ggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT CgaticgaatateictcticgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACTCtegggagaaag
gtcgetgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACT Ceattcacagcaactgcageagg TTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACTClcaticcagtcaatgtgga
aaggGAAG GAAAGAGAAGAG CTC GATGAACTCattcaatcaagctgcaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACT Cetccaatcaaatcagtcactagg
GGATGGATGATCCCACACCTCACACGC, CTC: TGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACTCaagctcagcctegttaaacgtggGTTTTA
CCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgcctcatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CatggtcaactcaatccaaaatyggGTGAGGAGGAGA
AGTAAAAGAAAGCTTCGAGAGAGTACT CttgtggtcaatgtcactccgaggATCCAAAGAGAACTGGGATTTCTAAA AACTCH AGTTTACACGGCGCTC
TTTCCGGTTTGATCTTGCACACT CatcaatagtgtcatggcatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACT CgaacagatcatcaacccattaggGGCTCCCTACCACACACCACGTT
TTGATGATAGTTGACT Catcgataagctttaaty c%ta titatca
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Register 31: [234CA97F58DB016E]

AtcacgaggccctticgteticaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACTCIetggtcagggeteggacactggCTAGTGGTAGATGTTGTG TG TGGCGCGAGAGAAAGCACTCL
cattcacagcaactgeagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CatggteaactcaatccaaaatggG TGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT Cattcaat
caagetgeaaaggtggTACGAGAGGAAGCTTCACACACCACCACGATCGGATACT CaagetcagectcgttaaacgtggGTTT TACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCtigtggteaatgteacte
gaggATCCAAAGAGAACTGGGATTTCTAAAAGAGAGAGAAACTCtegggagaaaggtcgetgtgaggCTGTTTGCACACACACCCGCACACCCTGTTCCCTCGACT Cteattccagtcaatgtggaaagy

GAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACTCgttctcatcgegtaccacgaaggAGTT TACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CatcacgagticacgataccgtggATGC
GTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CgattegaatatetctcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CgaacagatcatcaacceattaggGGCTCCCTACC

ACACACCACGTTTTGATGATAGTTGACTCactagtcctcgaaaacctegtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT CetccaatcaaatcagtcactaggGGATGGATGATCCCACAC
CTCACACGCAGGAGAGAAACT CatcaatagtgtcatggcatgtggATGTT TACGCACGCGTTTTCCCACCCACGATGTTGTACTCgcctcatcageagaacaag ttggCGATCCGCACACGCACGTCACAC

CTATCTTACGTGTACTCatcﬁataaﬁctt(aatgcgﬁtagtt‘latca

32

Register 32: [0123456789ABCDEF]

AtcacgaggccctttegtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CactagtectcgaaaacctegtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Ceteca
atcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACTCtetggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACTClcattcacagea
actgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT Cgttctcatcgegtacca
cgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CatcaatagtgtcatggcatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACT CegggagaaaggtegetgtgaggCT
GTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CttgtggtcaatgtcactccgaggATCCAAAG
AGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTC CgaacagatcatcaacccattaggGGCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACT Cattcaatcaagctgcaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACT Cgattcgaatatctctettcgagg CTTGCGCACACCTCACACAC
GTGTTTGTGTTGTGTTACTCgcctcatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CtcattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAA

CTCAAAAGATGAACTCatcgataagcmaatgcggtagmatca

33

Register 33: [0123456789ABCDFE]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT Cactagtectcgaaaacctcgtgg TGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Ceteca
atcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACTCetggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Cieattcacagea
actgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT Cgttcteategegtacca
cgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CatcaatagtgtcatggeatgtggATGT TTACGCACGCGTTTTCCCACCCACGATGTTGTACTCiegggagaaaggtegetgtgaggCT
GTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CttgtggtcaatgtcactccgaggATCCAAAG
AGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgaacagatcatcaacccattaggGGCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACT Cattcaatcaagctgcaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACT CgattegaatatctctettcgaggCTTGCGCACACCTCACACAC
GTGTTTGTGTTGTGTTACT CtcattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CgccteatcagcagaacaagttggCGATCCGCACACGCACGTCACACC
TATCTTACGTGTACTCatcgataagcmaatgcggtagtttatca

34

Register 34: [0123456789ABCEDF]

AtcacgaggccctttcgtettcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT Cactagtectcgaaaacctcgtgg TGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Ceteca
atcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACT CtetggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Ctcattcacagca
== e ——
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actgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACTC: T GAAGTAAAAGAAAGCTTCGAGAGAGTACTCgttctcatcgcgtacca
cgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CatcaatagtgtcatggcatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACT CtcgggagaaaggtcgetgtgaggCT
GTTTGCACACACACCCGCACACCCTGTTCCCTCGACTCatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CttgtggtcaatgtcactccgaggATCCAAAG
AGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgaacagatcatcaacccattaggGGCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACT Cattcaatcaagctgcaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACT CgccteatcagcagaacaagttyggCGATCCGCACACGCACGT
CACACCTATCTTACGTGTACT CgattcgaatatctctcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CtcattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAA

CTCAAAAGATGAACTCatcgataagcmaatgcggtagmatca
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Register 35: [0123456789ABCEFD]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT Cactagtectcgaaaacctcgtgg TGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Ceteca
atcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACT CtetggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Ctcattcacagca
actgcagcaggT TGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CatggtcaactcaatccaaaatggG TGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACTCgttctcatcgcgtacca
cgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CatcaatagtgtcatggcatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACT CtcgggagaaaggtcgetgtgaggCT
GTTTGCACACACACCCGCACACCCTGTTCCCTCGACTCatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CttgtggtcaatgtcactccgaggATCCAAAG
AGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgaacagatcatcaacccattaggGGCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACTCattcaatcaagctgcaaaggtggTACGAGAGGAAGCTTCACACACCACCACGATCGGATACT CgccteatcagcagaacaagttyggCGATCCGCACACGCACGT
CACACCTATCTTACGTGTACT CtcattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CgattcgaatatctetcttcgaggCTTGCGCACACCTCACACACGTG

T'I‘I'GTGTTGTGTTACTCalcgataagcmaatgcggtaﬁmatca

36

Register 36: [0123456789ABCFDE]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CactagtectcgaaaacctegtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Ceteca
atcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACTCtctggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Cieattcacagea
actgcagcaggT TGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CatggtcaactcaatccaaaatyggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT Cgttctcatcgegtacca
cgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CatcaatagtgtcatggcatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACT CiegggagaaaggtegctgtgaggCT
GTTTGCACACACACCCGCACACCCTGTTCCCTCGACTCatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CttgtggtcaatgtcactccgaggATCCAAAG
AGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagctcagectcgttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgaacagatcatcaacccattaggGGCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACTCattcaatcaagctgcaaaggtggTACGAGAGGAAGCTTCACACACCACCACGATCGGATACT CtcattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAG
AGAAAACTCAAAAGATGAACTCgattcgaatatctctcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CgccteatcagcagaacaagttggCGATCCGCACACGCACGTCACAC

CTATCTTACGTGTACTCatcHalaaﬂcmaalgcgglagmalca
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Register 37: [0123456789ABCFED]

AtcacgaggccctticgteticaagaaticTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT Cactagtcetcgaaaacctcgtgg TG TCCTACTATGTCTTCTCTCTTCTACTACTTACCTACTCeteca
atcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACTCetggteagggeteggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACTCteattcacagea
actgeageaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACTC: aaaatggG T GAAGTAAAAGAAAGCTTCGAGAGAGTACTCgttctcatcgegtacca
gaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CatcaatagtgteatggeatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACTCtegggagaaaggtegetgtgaggCT
GTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CatcacgagticacgatacegtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACTCiigtggteaatgtcactcegaggATCCAAAG
AGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagetcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgaacagatcatcaacccattaggGGCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACT CattcaatcaagetgcaaaggtggTACGAGAGGAAGCTTCACACACCACCACGATCGGATACTCH G GAAAGAGAAG
AGAAAACTCAAAAGATGAACTCycctcatcageagaacaagtigg CGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CyattegaatateteteticgaggCTTGCGCACACCTCACACACGTG

TTTGTGTTGTGTTACTCatcgataagcmaatgcggtagmatca
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Register 38: [0123456789ABDCEF]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CactagtectcgaaaacctcgtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Ceteca
atcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACT CtetggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Ctcattcacagca
actgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT Cgttctcatcgegtacca
cgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CatcaatagtgtcatggcatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACT CtcgggagaaaggtegetgtgaggCT
GTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CttgtggtcaatgtcactccgaggATCCAAAG
AGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagetcagectcgttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgaacagatcatcaacccattaggGGCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACT Cgattcgaatatctctcticgagg CTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACTCattcaatcaagctgcaaaggtggTACGAGAGGAAGCTTCACAC
ACCACCACGATCGGATACTCgcctcatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT Ctcattec Jaaa GAGAAGAGAAA

ACTCAAAAGATGAACTCatcgataagcmaatgcgﬂtagmatca
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Register 39: [0123456789ABDCFE]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CactagtectcgaaaacctegtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Ceteca
atcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACT CtetggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Ctcattcacagca
actgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT Cgttctcatcgegtacca
cgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CatcaatagtgtcatggcatgtggATGT TTACGCACGCGTTTTCCCACCCACGATGTTGTACTCtcgggagaaaggtcgetgtgaggCT
GTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CttgtggtcaatgtcactccgaggATCCAAAG
AGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagetcagectcgttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT CgaacagatcatcaacccattaggGGCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACT CgattcgaatatctctcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CattcaatcaagcetgcaaaggtggTACGAGAGGAAGCTTCACAC
ACCACCACGATCGGATACT CtcattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CgccteatcagcagaacaagttggCGATCCGCACACGCACGTCACAC
CTATCTTACGTGTACT Catcgataagctttaat c%!a tttatca
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Register 40: [0123456789ABDECF]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CactagtectcgaaaacctegtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Ceteca
atcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACTCctggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Cicattcacagea
actgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACTC: -aaaatggG T GAAGTAAAAGAAAGCTTCGAGAGAGTACTCgttctcatcgegtacca
cgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT Catcaatagtgtcatggcatgtgg ATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACTCiegggagaaaggtcgctgtgaggCT
GTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CtigtggtcaatgtcactccgaggATCCAAAG
AGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgaacagatcatcaacccattaggGGCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACT CgattcgaatatctctcticgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CgccteatcagcagaacaagttggCGATCCGCACACGCACGTCA
CACCTATCTTACGTGTACTCattcaatcaagctgcaaaggtgg TACGAGAGGAAGCTTCACACACCACCACGATCGGATACT CtcattecagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAA
CTCAAAAGATGAACTCatcgataagctttaaty c%;ta tttatca
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Register 41: [0123456789ABDEFC]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CactagtectcgaaaacctcgtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Ceteca
atcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACTCtetggtcagggeteggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Ctcattcacagea
actgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACTC: -aaaatggG T GAAGTAAAAGAAAGCTTCGAGAGAGTACTCgttctcatcgcgtacca
cgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CatcaatagtgtcatggcatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACTCicgggagaaaggtegetgtgaggCT
GTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CttgtggtcaatgtcactccgaggATCCAAAG
AGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACT CgaacagatcatcaacccattaggGGCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACT CgattcgaatatctctcticgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CgcecteatcagcagaacaagttggCGATCCGCACACGCACGTCA
CACCTATCTTACGTGTACTCtcattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAAC T Cattcaatcaagetgcaaaggtgg TACGAGAGGAAGCTTCACACACC

ACCACGATCG GATACTCatcHataaﬁctttaatgc&gtaﬁmatca

42

Register 42: [0123456789ABDFCE]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CactagtectcgaaaacctcgtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Ceteca
atcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACTCtetggtcagggcteggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Ctcattcacagca
actgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CatggtcaactcaatccaaaatggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT Cgttctcatcgegtacca
cgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CatcaatagtgtcatggeatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACT CegggagaaaggtegetgtgaggCT
GTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CttgtggtcaatgtcactccgaggATCCAAAG

AGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTC CgaacagatcatcaacccattaggGGCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACT CgattcgaatatctctcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CteattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAG
AAAACTCAAAAGATGAACT CattcaatcaagctgcaaaggtggTACGAGAGGAAGCTTCACACACCACCACGATCGGATACT CgcecteatcagcagaacaagttggCGATCCGCACACGCACGTCACAC

CTATCTTACGTGTACTCatcﬂataaﬂcmaalgcgﬁlagmalca
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Register 43: [0123456789ABDFEC]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT Cactagtectcgaaaacctcgtgg TGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Ceteca
aicaaatcagtcactagg(}GATGGATGATCCCACACCTCACACGCAGGAGAGAAACTClclgglcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACTthancacagca
actgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACTC: GAAGTAAAAGAAAGCTTCGAGAGAGTACTCgttctcatcgegtacca
cgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACTCatcaatagtglcatggcatglggATGTTTAC GCACGCGTTTTCCCACCCACGATGTTGTACTCtcgggagaaaggtegctytgaggCT
GTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CttgtggtcaatgtcactccgaggATCCAAAG
AGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgaacagatcatcaacccattaggGGCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACT CgattcgaatatctctcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT Cteattccagtcaatgtggaaagg GAAGAAAAGAAAGAGAAGAG
AAAACTCAAAAGATGAACTCgcctcatcagcagaacaagttgg CGATCCGCACACGCACGTCACACCTATCTTACGTGTACT Cattcaatcaagctgcaaaggtgg TACGAGAGGAAGCTTCACACACCA

CCACGATCG GATACTCatcEataagcmaatgcggtagtttatca
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Register 44: [0123456789ABECDF]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT Cactagtectcgaaaacctcgtgg TGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Ceteca
aicaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACTClclgglcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACTthancacagca
actgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACTC: GAAGTAAAAGAAAGCTTCGAGAGAGTACTCgttctcatcgcgtacca
cgaa%AGTTTACACGGCGCTC'I'I'TCCGG'I'I'TGATC'I'I'GCACACTCatcaataglglcatggcatglggATGTTTACGCACGCGTTTTCCCACCCACGATG'I'I'GTACTthgggagaaag gtcgetgtgaggCT
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GTTTGCACACACACCCGCACACCCTGTTCCCTCGACTCatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CttgtggtcaatgtcactccgaggATCCAAAG
AGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgaacagatcatcaacccattaggGGCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACT CgcctcatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT Cattcaatcaagctgcaaaggtgg TACGAGAGGAAGCTTCACA
CACCACCACGATCGGATACTCgattcgaatatctctcttcgaggCTTGCGCACACCTCACACACGTGTTTGTGTTGTGTTACT CtcattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAA
CTCAAAAGATGAACTCatcgataagctttaatgcggtagmatca

45 Register 45: [0123456789ABECFD]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CactagtectcgaaaacctegtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Ceteca
atcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACT CtetggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Ctcattcacagca
actgcagcaggT TGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CatggtcaactcaatccaaaatggG TGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACTCgttctcatcgcgtacca
cgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CatcaatagtgtcatggcatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACT CtcgggagaaaggtcgetgtgaggCT
GTTTGCACACACACCCGCACACCCTGTTCCCTCGACTCatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CttgtggtcaatgtcactccgaggATCCAAAG
AGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgaacagatcatcaacccattaggGGCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACTCgcctcatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT Cattcaatcaagctgcaaaggtgg TACGAGAGGAAGCTTCACA
CACCACCACGATCGGATACTC CtcattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAACTCAAAAGATGAACT CgattcgaatatctctcttcgaggCTTGCGCACACCTCACACACGTG

T'I‘I'GTGTTGTGTTACTCalcgataagcmaatgcggtaﬁmatca

46 Register 46: [0123456789ABEDCF]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT CactagtectcgaaaacctegtggTGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Ceteca
atcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACTCtctggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Cieattcacagea
actgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACT CatggtcaactcaatccaaaatyggGTGAGGAGGAGAAGTAAAAGAAAGCTTCGAGAGAGTACT Cgttctcatcgegtacca
cgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT Catcaatagtgtcatggcatgtgg ATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACT CiegggagaaaggtegctgtgaggCT
GTTTGCACACACACCCGCACACCCTGTTCCCTCGACTCatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CttgtggtcaatgtcactccgaggATCCAAAG
AGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgaacagatcatcaacccattaggGGCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACT CgcctcatcagcagaacaagttggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CgattcgaatatctctettcgaggCTTGCGCACACCTCACACAC
GTGTTTGTGTTGTGTTACT CattcaatcaagctgcaaaggtggTACGAGAGGAAGCTTCACACACCACCACGATCGGATACT CtcattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAGAAAA

CTCAAAAGATGAACTCarcgataagcmaalgcggtaﬂmatca

47 Register 47: [0123456789ABEDFC]

AtcacgaggccctttcgtcttcaagaattcTTTATAGAAAACGTTTTGAAGAAGAAGATGATCTCTACT Cactagtectcgaaaacctcgtgg TGTCCTACTATGTCTTCTCTCTTCTACTACTTACCTACT Ceteca
atcaaatcagtcactaggGGATGGATGATCCCACACCTCACACGCAGGAGAGAAACT CtetggtcagggctcggacactggCTAGTGGTAGATGTTGTGTGTGGCGCGAGAGAAAGCACT Ctcattcacagca
actgcagcaggTTGCGACGATGACTGACGACTGCACGAAAAGCTGGAACTC: -aaaatggG T GAAGTAAAAGAAAGCTTCGAGAGAGTACTCgttctcatcgegtacca
cgaaggAGTTTACACGGCGCTCTTTCCGGTTTGATCTTGCACACT CatcaatagtgtcatggcatgtggATGTTTACGCACGCGTTTTCCCACCCACGATGTTGTACTCiegggagaaaggtegetgtgaggCT
GTTTGCACACACACCCGCACACCCTGTTCCCTCGACT CatcacgagttcacgataccgtggATGCGTTGCGTTGTTTTGCGTTCCACACCACACGTTACT CttgtggtcaatgtcactccgaggATCCAAAG
AGAACTGGGATTTCTAAAAGAGAGAGAAACT CaagctcagectegttaaacgtggGTTTTACCTTTTGCGCTTTTGTCTTCGTTCGTCCCTACTCgaacagatcatcaacccattaggGGCTCCCTACCACA
CACCACGTTTTGATGATAGTTGACT CgccteatcagcagaacaagttyggCGATCCGCACACGCACGTCACACCTATCTTACGTGTACT CgattegaatatctctcttcgaggCTTGCGCACACCTCACACAC
GTGTTTGTGTTGTGTTACT CtcattccagtcaatgtggaaaggGAAGAAAAGAAAGAGAAGAG, CTC. GATGAACTC: TACGAGAGGAAGCTTCACACACCA

CCACGATCG GATACTCatcgataagctttaatgcagtaﬁtttatca
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