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Gene design according to DIN EN ISO 9001:2008

The codon usage was adapted to the codon bias of Escherichia coli genes.
In addition, regions of very high (> 80 %) or very low (< 30 %) GC content have been avoided where possible.

During the optimization process the following cis-acting sequence motifs were avoided where applicable:
internal TATA-boxes, chi-sites and ribosomal entry sites

AT-rich or GC-rich sequence stretches

RNA instability motifs

repeat sequences and RNA secondary structures

(cryptic) splice donor and acceptor sites in higher eucaryotes

Codon Quality Distribution
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Fig. 1a Fig. 1b
Codon Adaptation Index : 0.62 Codon Adaptation Index : 0.97

The histograms show the percentage of sequence codons which fall into a certain quality class. The quality value
of the most frequently used codon for a given amino acid in the desired expression system is set to 100, the
remaining codons are scaled accordingly (see also Sharp, P.M., Li, W.H., Nucleic Acids Res. 15 (3), 1987).



Optimized with GeneOptimizer®

Non-optimized

Codon Quality Plot
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The plots show the quality of the used codon at the indicated codon position.

GC Content
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Fig. 3a Fig. 3b

Average GC content: 60 % Average GC content: 46 %

The plots show the GC content in a 40 bp window centered at the indicated nucleotide position.

Summary

The optimization was successful: Negative cis-acting sites (such as splice sites, TATA-boxes, etc.) which may
negatively influence expression were eliminated wherever possible. GC content was adjusted to prolong mMRNA
half life. Codon usage was adapted to the bias of Escherichia coli resulting in a CAI* value of 0.97. The
optimized gene should therefore allow high and stable expression rates in Escherichia coli.

Please note: for mammalian, insect and yeast expression, we recommend to add a KOZAK sequence
upstream of the construct.

* CAl: The parameter CAl (codon adaptation index) describes how well the codons match the codon usage preference of the target
organism. Thus, a CAl of 1.0 would be perfect. However, a CAl of > 0.9 is considered as very good (i.e. allowing high expression).

** |n some rare cases negatively cis acting motifs cannot be removed due to the particular amino acid sequence or restriction site and
codon quality constraints. In all of these cases the optimization scientist chooses an optimal compromise for each individual site.

GeneArt®s gene optimization process is certified according to the standards of ISO 9001 (registration no. 12 100 24212). Our internal
quality management system covers all aspects from gene optimization to gene synthesis, DNA sequencing as well as sales and service.

| certify to the best of my knowledge that: (1) no special safety precautions are needed for the production of the below mentioned DNA and
(2) the below mentioned DNA sequence will be used in accordance with applicable laws and regulations.



| agree that GeneArt®shall synthesize the following sequence 13ABGMWC according to the
conditions described in the quotation, including the presence or absence of:

- stop codons, as per my request or lack thereof

- 5', 3" and internal restriction sites for downstream cloning and processing, as per my
request or lack thereof

date signature

Optimized Sequence

customer.  Universitat Regensburg - Jennifer Flechsler
Gene name: Igni_0475

Construct No: 13ABGMWC

Gene length: 1494 bp

Optimized for expression in. Escherichia coli

Analysis created: 6/10/2013 ( 3:37 PM)

BanHl
GGATCCGT TCTGAGCGGT CGTGCAGT TGT TTTTGAACGT TATAGCCGT GCAACACCCCTG

CCTAGGCAAGACT CGCCAGCACGT CAACAAAAACT TGCAATATCGGCACGT TGTGGCGAC
V... S GR AV V F E R Y S RAT P L
1 3 5 7 9 11 13 15 17

GGTGCATATCTGGAAGAGGGTCGTCGTTTTCGT GAAGAAGGT TTTATTCGTACCGATTAT

61 --------- o e o e o e o e o e +
CCACGTATAGACCTTCTCCCAGCAGCAAAAGCACTTCTTCCAAAATAAGCATGGCTAATA
G A Y L EEGRRFREEGF I R T DY
19 21 23 25 27 29 31 33 35 37

CCGCCTAAACGT GATGAAGT TCTGTGGAAT CCGAAAAT TATGCGTATGCCTCGT GAAGAA

121 - -------- o e o e o e o e o e +
GGCGGATTTGCACTACTTCAAGACACCTTAGGCTTTTAATACGCATACGGAGCACTTCTT
P P K RDEVL WNZPKI MRMPRE E_

39 41 43 45 47 49 51 53 55 57

CTGGAAAAAAT CAAAACCCAGCGT CTGAAAGCCATTGTTAAAT GGGCATGGGAACACAGC

181 --------- o e o e o e o e o e +
GACCTTTTTTAGITTTGGGTCGCAGACTTTCGGTAACAATTTACCCGTACCCTTGIGICG
L E K I KT QRILKAI VKWAWEH S
59 61 63 65 67 69 71 73 75 77

EcoRl
GAATTCTATCGCAAATTTTGGAAAAGCAAAGGCTTTCACCCGGACATGATTAAAACCCAT

241 --------- E U E U E U E U E U +
CTTAAGATAGCGTTTAAAACCTTTTCGTTTCCGAAAGTGGGCCTGTACTAATTTTGGGTA
E F Y RKFWKSIKGFHPDMI_K T H_
79 81 83 85 87 89 91 93 95 97

Bgl I Pst |
GAAGATGT TGTTAAAAT CCCGGT GCTGACCAAAAAAGAT CTGCGT GCCGATCTGCAGAAA
301 --------- R R R R R +
CTTCTACAACAATTTTAGGGCCACGACTGGT TTTTTCTAGACGCACGGCTAGACGTCTTT
E DV V KI PV L TKIKUDILRADIL QK_

99 101 103 105 107 109 111 113 115 117



361

421

481

541

601

661

721

781

841

901

AATCCCCCTTATGGCACCATTATGGT TCCCGAACT GGCCAAATATATCCATTTTGI TGGT

TTAGGCGGAATACCGT GGTAATACCAAGGCCT TGACCGGT TTATATAGGT AAAACAACCA
NP P Y G T I_MV P E L A K.Y I _HF V G_

119 121 123 125 127 129 131 133 135 137

Agel
GCAACCAGCGGTAGCACCGGTATGCCGACCT TTCAGGGT TGEEGTCGTGT TGAACT GGAT

CGI TGGT CGCCAT CGT GGCCATACGGECT GGAAAGT CCCAACCCCAGCACAACT TGACCTA
AT S GS T GMP T F QGWGRV E L D_

139 141 143 145 147 149 151 153 155 157
TATTTTGAAGAACAGCAGGCACGT TATCTGTGGACCT TTGCCGGT GT TAAACCCGGTGI T

ATAAAACTTCTTGT CGT CCGT GCAATAGACACCT GGAAACGGCCACAATTTGECCCACAA
Y F EE QQARY L WT F A GV KUP G V_
159 161 163 165 167 169 171 173 175 177

GITTATGCCAATTATCTGAATATGAGCGGCT TTTATAGCTGEGGT CCGCCTCTGGT TGAA

CAAATACGGT TAATAGACT TATACT CGCCGAAAAT AT CGACCCCAGCCGGAGACCAACTT
V_Y A N Y L NMS GF Y S WGUPUP L V E_

179 181 183 185 187 189 191 193 195 197
ACCGCAATGT GECGT TGT GGTGCAACCGCAAT TGCCCGTGGTGGTGAAACCTTTTTTACC

TGGCGT TACACCGCAACACCACGT TGECGT TAACGGCCACCACCACT TTGGAAAAAAT GG
T A MWRCGATAI_A GG GE T F F T

199 201 203 205 207 209 211 213 215 217

Ndel PfIM
TGGAAAGATCGT CATATCCTGATTATGAAACT GTGGAAAGT TGATGT TTTTGCAACCACC

ACCTTTCTAGCAGTATACGACTAATACTTTGACACCTTTCAACTACAAAAACGT TGGT GG
WKDRHML I _ MKL WKVDVFATT_

219 221 223 225 227 229 231 233 235 237

Bst El |
CCGTI GGCTGCATCGT TGGAT TGGT GAACAGGCAAAACT GGAAGGT TGGGT TACCCCGITT

GGCACCGACGTAGCAACCTAACCACTTGTCCGTTTTGACCT TCCAACCCAAT GGGGCAAA
P WL HRWI_GE QAKIL EGWV T P F_
239 241 243 245 247 249 251 253 255 257

AAAGTTCTGCTGCTGCAT GGT GGT GCAGCAGCCGAAAAAACCAAAGAAAAACT GATGGAA

TTTCAAGACGACGACGTACCACCACGTCGTCEECTTTTTTGGITTCTTTTTGACTACCTT
K V. L L L HGGAAAEKTKEIKIL ME_

259 261 263 265 267 269 271 273 275 277

Ndel
GI'TCACCCGAATGT CGAAAAAGT TAT TAGCGT TTGGGGCACCACCGATGGT CATATGGCA

CAAGTGCGCTTACACCTTTTTCAATAATCGCAAACCCCGT GGT GGCTACCAGTATACCGT
V.H P NV EKWV I _SVWGT TDGHMA_

279 281 283 285 287 289 291 293 295 297
ATTGAACCGCCT GATGCACCCGGTACACTGGTTTTTTGGGAAGATACCCAGATTTTCGAT
TAACT TGECGGACTACGT GGCCCATGTGACCAAAAAACCCT TCTATGGGT CTAAAACGCTA

I_E P P DAPGT L VF WEUDT QI _F D_
299 301 303 305 307 309 311 313 315 317



961

1021

1081

1141

1201

1261

1321

1381

1441

BspM
ATTGTTGTTCCGGGTAGCTATGAAGAACGT CCGGAAGGT GAACCGGCAGGT CAGGGT GAA

TAACAACAAGGCCCATCGATACT TCT TGCAGGECCTTCCACT TGECCGT CCAGICCCACT T
l_Vv.V P G S Y E E R P E GE P A G QG E_
319 321 323 325 327 329 331 333 335 337

CGTGGTGAACTGATTGCAACCCT GCTGACCCACTATACCATGCCGCTGATTCGI TATAGC

--------- S
GCACCACTTGACTAACGT TGGGACGACT GGGT GATATGGTACGGCGACTAAGCAATATCG
R GE L I A T L L T HYTMPL I R Y S _

339 341 343 345 347 349 351 353 355 357

CTGGGTGATTATGT GAAAAACGAATTTATCTGTGATCCGACACCGGAACTGGGTATTACC

--------- S
GACCCACTAATACACTTTTTGCTTAAATAGACACTAGCGCTGTGGCCTTGACCCATAATGG
L GDY VKNEF I CDUPTUPEL GI_ T

359 361 363 365 367 369 371 373 375 377
CATTGTCGT TTTGCAGAACT GATTCCGGGT CGT GT GGAATGGATGT TTAAAGT TAAAGGC

GTAACAGCAAAACGT CTTGACTAAGGCCCAGCACACCTTACCTACAAATTTCAATTTCCG
HCRFAEL I _P GRVEWMFKVK G_

379 381 383 385 387 389 391 393 395 397

Pvul Agel
AAACTGCTGTTTCCGATCGT TGT TGAAAAT GCAGT TAGCCAGAT TCCGGATACCACCGGT

TTTGACGACAAAGCCTAGCAACAACT TTTACGT CAATCGGT CTAAGGCCTATGGT GGCCA
K L L F P I_V V ENAV S QI P DT T G_

399 401 403 405 407 409 411 413 415 417

GCATATAATATTGT GGT GTATGATGATAATATGGATAAACT GAAAATCAAAGT GGAAACC

--------- S
CGTATATTATAACACCACATACTACTATTATACCTATTTGACTTTTAGITTCACCTTTGG
A Y NI V VY DDNMDK KL KI KVE T

419 421 423 425 427 429 431 433 435 437

CGCAAACCGATTCCGCCT CCGCCTGAATAT GATAAAGAAGCACGCGAAAT TATTGCACGT

--------- S
GCGTTTGGCTAAGGCGCGAGGCGGACTTATACTATTTCTTCGTGCGCTTTAATAACGT GCA
R K P 1 P P P P EY DI KEAREI_ 1 A R_

439 441 443 445 447 449 451 453 455 457

GAACT GGGT CTGAGT CCGGAAGATGT TGAAAT TGAATGGAT TCGT CCGGGTGAATCAGT T

--------- e T T T E
CTTGACCCAGACTCAGGCCTTCTACAACTTTAACT TACCTAAGCAGGCCCACTTAGTCAA
E L GL S P EDV E I_E WI_R P GE S V_
459 461 463 465 467 469 471 473 475 477

Pst |

BspM Ncol
TGGAAAGGT TATAAACT GCAGGT CTTTCT GGATGAACGCAAAAAAT GACCATGG
--------- e R e Ly

ACCTTTCCAATATTTGACGT CCAGAAAGACCTACTTCCGTTTTTTACTGGTACC
WK GY KL QV F L D E R KK *

479 481 483 485 487 489 491 493



Biosecurity Compliance

GeneArt® routinely screens all its incoming orders for biosecurity according to international guidelines. We
therefore reserve the right to refuse any order or to involve government authorities, if a DNA sequence may be
of dual-use nature.

Further reading: Buegl et al. (2007), DNA synthesis and biological security, Nature Biotechnology
Free pdf available at http://dx.doi.org/d0i:10.1038/nbt0607-627



http://dx.doi.org/doi:10.1038/nbt0607-627

