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Species IDCL
S. cerevisiae DIDAD.LII.EL
5. paradoxus DIDAD.LII.EL
S. mikatae DIDADELRBIJEL
S. bayanus DIDADELIRBINETL
A. gossypii EIDADIL.I.QI
K. lactis EIETDHELEBISDM
5. kluyveri DIDADIL'I.GM
L. thermotolerans DIDADIL.IIGM
K. waltii DIDBADEHLEIRGHM
H | P, pastoris DIDADIL.VGPM
% V. polyspora DIDADIL.I.EL
© | 2. rouxii DIDADELEIPJEL
© | C. glabrata DIDADELEINETL
S. castellii DIDBADELEIRDL
D. hansenii DIDSERNLEBIfDOM
C. guilliermondii DIDSEFLEIQRDM
S. stipitis NIDSEBLEIfpoM
L. elongisporus NIDSEILII.DM
C. parapsilosis NIDSEILIIIDM
C. albicans DIDSEIL.I.DM
C. tropicalis DFDSEILII.DM
C. dubliniensis DIDSEIL.I.DM
C. lusitaniae DIDSEILIIIDM
Y. lipolytica TID . E l LGIFDT
N. DIDHBEQRLGIEDT
M. DIDJERLGIEDT
5 DIDRJEQRLGIEDT
B. DIDRBERLGIEDT
A. DIDRERLBAIEBET
A. DIDJERLAIRET
N. DIDRJERLAIRET
A. DIDRJEQRLBIRET
A. DIDRPERLBIFET
A. DIDRERLBAIBET
A. DIDJERJLAIREET
DIDRJERJLAIRBET
H | C. DIDJEQRLAIEDT
. ; DIDJERJLGIBET
5 |S. DIDRERrEIfor
& Ls. DIDHBEQRLIGIEDI
S. DIDREfRrcIfor
= DIDRJEQRLGIEDT
L. DIDSDELGIFDT
C. EIDADRLTEIEDT
u. DIDSEJLGIEDT
M. DIDETEJLGIEDT
T DIDRJEQRLBAIRET
A. DIDHREQRLBAIBET
A. DIDJERJLAIRET
Cis I DIDRJBEQRLGIEDT
P. anserine DIDRJEQRLGIEDT
G. zeae DIDHBERLGIEDT
P. marneffei DIDRBERLAIEDT

Fig. S1. IDCL sequence of PCNA from 53 fungal species retrieved from the fungal orthogroup database (http://www.yeastgenome.org/cgi-bin/blast-fungal.pl).
Residues that are differentially conserved between group | and group Il sequences (red and blue, respectively; Fig. 2) are colored according to Lesk (1). Small
nonpolar residues (G, A, S, T) are highlighted in yellow, hydrophobic residues (C, V, I, L, P, F, Y, M, W) are highlighted in green, polar residues (N, Q, H) are
highlighted in magenta, negatively charged residues (D, E) are highlighted in red, and positively charged residues (K, R) are highlighted in blue.

1. Lesk A (2008) Introduction to Bioinformatics (Oxford Univ Press, Oxford).
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C.tropicalis
C.albicans
L.elongosporus
C.parapsilosis
C.guiltiermondii
D.hansenii
C.lusitaniae
A.gossypii
K.lactis
S.kluyveri
K.wattii
S.castellii
—— C.glabrata
S.bayanus
S.mikatae
S.paradoxus
S.cerevisiae

S.pombe
—E S.octosporus

S.japonicus

N.crassa

A.nidulans
Y.lipolytica

PNAS

Fig. S2. PCNA protein phylogenetic tree indicating that PCNA sequences diverged into two main branches, separating those same species that are contained
in group | and group I (Fig. 2B).

Species C — terminal sequence of PCNA
S.cerevisiae L S SEANPMANLENQ FDLK-SGFULOGQTFTFILAPIEKEBENTDEE
S.castelii L S SEaPEELENOQ FDUL S S GFLQFTFLAPIEKIEDDEE
K.waltii LS AEFMEPMBMELERE F GLQ-SGYLOQOTFTFLA APIKEENTETEE
K.lactis LSEEAPATLFEQFDIS-SGNLOQTFYULATPIEKIEDTETEE
S.kluyveri LSAETPALMET FI KTLOQ-S8GYULOQTFTFLA APIEKENETEE
A.gossypii LS ADTPATLIEQFNILUDGAGHTLO QYT FLA APIEKIENTETEE
C.lusitaniae LADKEEPEMELEME ¥ KLDAGGY YULRTEFJYTLAPIKEgEDETDTED
D.hansenii LAD KNP AALEBRE Y KLDAGGYTULIRT FYULAPIEKEBIDETDTED
C.tropicalis M ADI KT PALFETFE KMESGGYULRYYTLATPIKIEDIDTEE
C.albicans LADKTPATLIEEFKMOQSGGYTULIRT FYULAPIEKIEDTDTDE
C.parapsilosis LADEKTPALPFETFKLDVYVGGYTLRTFJYTLAPIEKEDETDE
Y.lipolytica BEM S S EPEEMEBEE Y L L P - NGYLRTPFUYLAZPIKEEGDTETD
A.nidulans S LS QO EMMIPIMNLMME YGLG-SGHULRTP EFYULAPIEKMNUW- -
N.crassa B L. S N EESPREELEEE Y N I S S SYLRTFYULAPIKEMIGODEE
S.pombe S9M S N DS PR LESFE Y KME S GF LRFUYULAEPIK|I ggETETD

Fig. 3. Sequence alignment of the C-terminal region of PCNA derived from species shown in Fig. 2 indicates changes mainly in five amino acids (highlighted
in colors) that are differentially conserved between group I and group Il sequences (red and blue, respectively). The correlated changes between the C-terminal
and the IDCL regions can indicate coevolution between these regions of PCNA (Fig. 2). Fungal species were assigned to group | or group Il according to their
PCNA IDCL sequence (Fig. 1 and Fig. S1). Residues that are differentially conserved between the two groups are colored according to Lesk (1). Small nonpolar
residues (G, A, S, T) are highlighted in yellow, hydrophobic residues (C, V, |, L, P, F, Y, M, W) are highlighted in green, polar residues (N, Q, H) are highlighted in
magenta, negatively charged residues (D, E) are highlighted in red, and positively charged residues (K, R) are highlighted in blue.

1. Lesk A (2008) Introduction to Bioinformatics (Oxford Univ Press, Oxford).
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A Cdc9 B Ung1
S._cerevisiae K QATLA . F F T  S_cerevisiae T T 1 E FFG
A._gossypii K QATL G FF T K._lactis T vV LVT F F K
K._lactis K QL TLDGTFTLR L._thermotolerans K T LM F F G
L_thermotolerans K Q A T L A F F S P._pastoris K1 L s F FP
P._pastoris G aas LN FFS V._polyspora VvV T1 E F F S
V._polyspora K QA TL A F F 8§ Z._rouxii F V T 1 E F F S
Z._rouxii K QAT L A F F S C._glabrata v TI1 E F F 8
C._glabrata R QA T L A FF S M._guilliermondii P K TI T F F R
‘ D._hansenii QaQs L A F F § D._hansenii S KL I T F F Q
S._stipitis R Q Q@S I G F F G C._albicans vV F I T F F R
‘ M_guiliermondii Q@ Q @ S | A F F G C__tropicalis I LT F F 8
L._elongisporus aaQqQTL G F F G C._dubliniensis viieT F F R
" C_ albicans Kk aas L ABIFF e Clusiniae P KLI THEF F A
C._tropicalis K QQ S L A FF P N._crassa Q G NI M S F F G
" C._dubliniensis K QaQas LA FF G P._anserina G sS1 MSFFG
C._lusitaniae EQQS | L FF G M_oryzae Q A S | TESRF F A
N._crassa P S G L E Y FF A F._graminearum A DIG N | A S F F A
P_anserina AT .G 1 @Y FF A S_sclerotiorum A alls 1 TEIF F G
Mioryzae T QT KL SFAT B._fuckeliana A G S I T|S F F G
F._graminearum P A G L E Y FF S A._nidulans T G S 1 T|S FF G
A._fumigatus R V S 1 A S F F Q A._fumigatus A G 1 T S F F G
N_fischeri R V S 1 A S F F Q N._fischeri A G S 1 T 8§ F F G
A._oryzae R N S 1 A S FF aQ A_nger A G 81 T S FFG
A._niger R S S 1 A S F F Q A._clavatus A G sS1 T S FF G
A_flavus R N S 1 A S F F Q C._immitis s G T 1 T|S|FF G
A._clavatus P F S 1 A S FF Q C._posadasii S G/ TI1I T|S FF G
U._reesii P Q T 1 TS F F K
P._nodorum A G sS1 T AFF G
S._pombe P RLDNFFK

Fig. S4. PIP box sequence of Cdc9 (A) and Ung1 (B), PCNA partners from a variety of different fungal species. Sequences were retrieved from the KEGG
orthology database (http://www.genome.jp/kegg/). Fungal species were assigned to group | (red) or group Il (blue) according to their PCNA IDCL sequences
(Fig. S1). Residues that are differentially conserved between the two groups are colored according to Lesk (1). Small nonpolar residues (G, A, S, T) are high-
lighted in yellow, hydrophobic residues (C, V, I, L, P, F, Y, M, W) are highlighted in green, polar residues (N, Q, H) are highlighted in magenta, negatively
charged residues (D, E) are highlighted in red, and positively charged residues (K, R) are highlighted in blue.

1. Lesk A (2008) Introduction to Bioinformatics (Oxford Univ Press, Oxford).

A Pol32 B Rad27
S._cerevisiae K Q6 T LE S F F K S._cerevisiae Gl QG RLDGTFTFAOQ
A._gossypii ¥V QS SLMNTFTFK A._gossypii G ¥V QGRLDSTFFK
K._lactis S QRTULE S F F G K._lactis G VQKRLDSTFFK
V._polyspora K QR S 1 E G F F K L._thermotolerans [GIMI Q /G R L D G F F K
Z._rouxii T QGTULE S8 F F K P._pastoris G T QGRLUDIKTFFV
D._hansenii T QS SLMNTFTFK V._polyspora G VQGRLDGTFTF Q
S._stipitis T QTNLMSFFG Z._rouxii G VQVRLDGTFTFAQ
M_guilliermondic T Q L 8§ L M N F F G C._glabrata G VQ GRLDGTFFK
L._elongisporus T QS SLMSFFG D._hansenii G V QG RLDGTFTF Q
C._albicans K QS sSLMS F F G S._stipitis G VO GRLDGTFTF S
C._tropicalis R QA S LMDTFTFG M._guiliermondii G M QG R L D G F F S
C._dubliniensis K QS8 S LMNTFTFG L._elongisporus Gl G RLDGTFTFT
C._lusitaniae K QA SLMSFFG C._albicans G VO GRLUDGTFTFK
Y._lipolytica K QS S LMS FF K C._tropicalis G VaGRLUDS ST FFT
N._crassa G QG NI MSFF S C._dubliniensis G V QGRLDTGTFTFK
M._oryzae G QG NI MSFF S C._lusitaniae GV QGRLDGTFFT
F._graminearum [G QG N I M § F F S Y._lipolytica K P QARLUDGTFFK
S._scler um G QG S 1 MS F F G N._crassa S Q ARI E GF F K
B._fuckeliana G QG NI MATFTFG P._anserina s QS RI E G F F K
A._nic S G QG NI MS F F G M._oryzae s Q QRLEGTFF K
A G QG NI MS F F S F._graminearum 8§ Q ARLEGTFFK
N._fischeri G QG NI MS F F S S._sclerotiorum s QA RLEGTFFK
A._oryzae G QG NI MS F F G A._nidulans A QS RLEGTFFK
A._flavus G QG NI MS F F G A._fumigatus A QS RLEGTFTFK
A._clavatus G QG NI MSFF S N._fischeri A QS RLEGTFFK
P._chrysogenum |G QG N | M § F F G A._oryzae A QS RLEGTFFK
C._immitis G QG SI MS F F G A._niger A QS RLEGTFFK
C sadasii G QG SI MS F F G A._flavus A Q S RLEGTFFK
U._reesii S Q6 S1I MSFFG A_clavatus A QS RL EGTFFK
P G QG S1I A S F FK P._chrysogenum A Q S RLEGTFTFK
T_m G QG SI NS YFF C._immitis A Q S RLEGTFTFK
S Q QK SI MS F F G C._posadasii A QS RLEGTFTFK
(o G QS TLMGTFTFK U._reesii A Q S RLEGTFTFK
L G QK SLANTFTFG P._nodorum A QS RLEGTFTFK
U._maydis G QQ SLNGSTFFT T_melanosporum N T Q@ A R V N D F F K
S._pombe I'f/P QG RLDSTFTFK
C._necformans K QG RLDGFFT
L._bicolor K QG RLDGTFTFS
C._cinerea K QG RLDGFFT
S._commune K Q GRLDGTFFT
U._maydis K QG RLDGFFT
E._cuniculi GIT QEGBER L DCF I T

Fig. S5. PIP box sequence of Pol32 (A) and Rad27 (B) partners from a variety of different fungal species. Sequences were retrieved from the KEGG orthology
database (http://www.genome.jp/kegg/). Fungal species were assigned to group | (red) or group Il (blue) according to their PCNA IDCL sequence (Fig. S1).
Residues that are differentially conserved between the two groups are colored according to Lesk (1). Small nonpolar residues (G, A, S, T) are highlighted in
yellow, hydrophobic residues (C, V, I, L, P, F, Y, M, W) are highlighted in green, polar residues (N, Q, H) are highlighted in magenta, negatively charged residues
(D, E) are highlighted in red, and positively charged residues (K, R) are highlighted in blue.

1. Lesk A (2008) Introduction to Bioinformatics (Oxford Univ Press, Oxford).
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A Msh3 B Msh6
S._cerevisiae G QP T 1 S . F F S._cerevisiae K QS SLL S8 F F S
A._gossypii QaP T 1 8 F F A._gossypii K QATLMSFF
K._lactis Y QP T 1 8 HFF K._lactis K Q AT I S8 S F FIIS
L._thermotolerans ¥ Q P A | 8§ F F L _thermotolerans K Q A S V L 8§ F F §
V._polyspora K QP V I § F F P._pastoris N QP SV F S8 FF
Z._rouxii vaPepT 1l s F F V._polyspora K Q@S SLMSFF S
C._glabrata K QA S | § F F Z._rouxii K QT TULL S F F S
D._hansenii G QR S 1 S HFF C._glabrata K Q@S TLL 8 FF S
C._albicans R Q@S T L S - F F T S._slipitis K @S SL M S F FJIS
C._tropicalis AsI voToev rFiE M._guiliermondii R Q@ L S L M S F F I8
‘ C_dubliniensis R Q@ s T L sHlF F T L_elongisporus Q@ Q@ S T L M S F F |8
C._lusitaniae R QK S 1 S8 FFT C._albicans K QS S L MDTF F[IS
" Y._lipolytica kK aaTL siEr riE C._tropicalis K QT SLMDF F[S
N._crassa K QA S I 8 8 FFT C._dubliniensis K @S S L M D F FJIH
P._ansenina K QS s LT S FFT C._lusitaniae K QS S L M S F FJS
M._oryzae K QA SLLGFFT Y._lipolytica K Qs VL s F FHIS
F._graminearum K @ QSsS LTS FFT N._crassa R QS sl L G F F s
S._ T QK S I 88 F FT P._anserina K QQs !l L G F F s
B._ T QK S I S8 FFA M_oryzae K QA SI L GFFA
A._nidulans K QP T I SIEIFFT F._graminearum K Q ﬂ S 1 V 8 F F S
A._fumigatus K Q@QQT1Il 8 8 FFT S._sclerotiorum N QA SI L G F F S
N._fischeri K QQT1 s 8 FFT A._nidulans N Ogds | L G F F Q
A._oryzae K QP TI § 8 FFT A._fumigatus N O S | L G F F Q
A._niger K QS TL ASFFT N._fischeri N OIS | L G F F Q
A._flavus K QP T I SENFFT A._oryzae N Og&EsS | L G F F Q
A_clavatus K QP T I S8 FFT A_niger Noffs | L 6 F F Q
P_chrysogenum K Q@ A 8§ | S|§ F F T A _flavus N Cges | L G F F Q
C._immitis Q QP T I S8 F F G A._clavatus N CRSS | L G F F Q
C._posadasii Q@ e P T I S8 FF G P_chrysogenum S QNESS | L |G F F Q
U._reesii QQPTI §$ 8 FF S C._immilis G Q S1 L G F F Q
T_melanosporum K Q R M | SIS F F A C._posadasii G Q S1 L G F F aQ
C_neofomans @ @ P s L D's F FIH P._nodorum N Q SI1 L 6 F F Q
P._placenta K QP M1 S S8 F F S S._pombe K Q TLF GFFS
U._maydis caAslI saAFFE C._neoformans K Q TLAATFTFG
L._bicolor K Q § L K S F F 8
C._cinerea K Q S L MSFFA
S._commune K Q TLLNFFT
U._maydis K Q S L L GF F S
M_globosa K Q SLL GFFS

Fig. S6. PIP box sequence of Msh3 (A) and Msh6 (B) partners from a variety of different fungal species. Sequences were retrieved from the KEGG orthology
database (http://www.genome.jp/kegg/). Fungal species were assigned to group | (red) or group Il (blue) according to their PCNA IDCL sequence (Fig. S1).
Residues that are differentially conserved between the two groups are colored according to Lesk (1). Small nonpolar residues (G, A, S, T) are highlighted in
yellow, hydrophobic residues (C, V, I, L, P, F, Y, M, W) are highlighted in green, polar residues (N, Q, H) are highlighted in magenta, negatively charged residues
(D, E) are highlighted in red, and positively charged residues (K, R) are highlighted in blue.

1. Lesk A (2008) Introduction to Bioinformatics (Oxford Univ Press, Oxford).
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Fig. S7. Analysis of PCNA partners containing a PIP box that facilitates interaction with the IDCL region of PCNA. The data are presented as a heat map, where
the presence of a partner or conserved PIP box is depicted in green and its absence is presented in bright red. Fungal species were assigned to group | (red) or
group Il (blue) according to their PCNA IDCL sequence (Fig. S1).
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Fig. S8. ELISA used for the detection of the expression levels of chimeric S. cerevisiae PCNA containing the group Il IDCL region. (A) Schematic illustration of
the ELISA used to detect the relative expression levels of the different strains. PCNA* is PCNA that is fused to the AD. (B) ELISA signal for WT ScPCNA and the
chimeric PCNA variants containing S. pombe, N. crassa, Y. lipolytica, or A. nidulans IDCL region. Signals at 450 nm are presented following subtraction of the
background signal from cells expressing only the AD under identical conditions (a detailed description is provided in Methods). The values shown indicate
similar expression levels as WT ScPCNA, with deviations of up to 15%, and represent averages of at least three independent repeats.

BN AS PN AN D

Fig. S9. Screening of a Ylpcna random mutant library for mutants that can complement the ScPCNA (POL30) deletion in S. cerevisiae. A typical agar plate
containing 5-FOA was used to examine the function of the Ylpcna mutants as the sole source of PCNA in S. cerevisiae. Two mutants that can complement the
pol30 mutation and facilitate growth of S. cerevisiae are clearly observed on the plate. Using this screening approach, 2,500 mutants were examined to identify
variants that can function in S. cerevisiae.
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BD Y lipolytica RAD27 S pombe RAD27
-L-W-H -L-W-H

YIPCNA
Yipcnad

Yipcna8
Yipcna19

Ylpcna11
Empty vector

L T

/

1\

B pBD S. cerevisiae RAD27 S. cerevisiae CDC9
pAD i
poL3o )
Yipcna4
Yipcna8

Yipcnatll L M-

Yipcna19 { W}
Empty vector |

YIPCNA and ScPCNA (Fig. 6).

Table S1. Y2H analysis of SpPCNA (PCN1) and YIPCNA interactions with S. cerevisiae PCNA

partners
S. cerevisiae PCNA partners*

Chimeric PCNA Pol32 Rad27 Rad30 Cdc9 Msh6 Ung1 Rrm3
ScPCNA (POL30) ++++ +++ +++ ++++ +++ ++++ +
SpPCNA (PCN1) ++++ +++ +++ ++++ +++++ ++++ ++++
YIPCNA ++++ +++ +++ ++++ +++ ++++ ++
pcn1-POL30-IDCL ++++ +++ +++ ++++ +++ ++++ +
Ylpcna-POL30-IDCL +H++ +++ +++ ++++ + ++++ +

at fourth serial dilution).

BN AS PN AN D

Table S2. Y2H analysis of evolved Yipcna mutants

*WT or PCNA mutants were fused to the pAD, and the different partners were fused to the pBD. Each Y2H strain
was spotted in five dilutions (e.g., Fig. 5), and the interactions were scored according to the growth of the
different dilutions on selective plates lacking histidine (—, no growth; +, growth observed at first serial dilution; +
+, growth observed at second serial dilution; +++, growth observed at third serial dilution; ++++, growth observed

Y. lipolytica PCNA

S. cerevisiae PCNA partners S. pombe PCNA partners partners
Pol32 Rad27 Cdc9 Ungl Pol32 Rad27 Cdc9 Ungl Pol32 Rad27 Ung1l
POL30 +H++ - - - - - - -
Ylpcnad - +++ + +++ - - - - - - -
Ylpcna8 +++ +++ +++ +++ - - - - - - -
Yipcnall — ++++ ++++ A + + + + + + ND
Ylpcnal9  +++ +++ +++ +++ - - - - - - -

POL30 or Ylpcna mutants were fused to the pAD, and the different partners were fused to the pBD. Each Y2H
strain was spotted in five dilutions (e.g., Fig. 6), and the interactions were scored according to the growth of the
different dilutions on selective plates lacking histidine (-, no growth; +, growth observed at first serial dilution; ++,
growth observed at second serial dilution; +++, growth observed at third serial dilution; ++++, growth observed at

fourth serial dilution). ND, not determined.

Zamir et al. www.pnas.org/cgi/content/short/1108633109

Fig. $10. Yeast two-hybrid analysis of the Yipcna mutants from the directed evolution experiment with RAD27 orthologs from S. pombe and Y. lipolytica (A)
and RAD27 and CDC9 from S. cerevisiae (B). Interactions with all partners are detected only in Y/PCNA and Ylpcnall that combine sequence motifs from
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Table S3. Sequences of oligonucleotides used in this study

DNA oligonucleotide sequence 5’-3’

fr-pRS-PCNA
rev-pRS-PCNA
fr-waltii-IDCL
rev-waltii-IDCL
fr-gossypii-IDCL
rev-gossypii-IDCL
fr-hansenii-IDCL
rev-hansenii-IDCL
fr-albicans-IDCL
rev-albicans-IDCL
fr-crassa-IDCL
rev-crassa-IDCL
fr-nidulans-IDCL
rev-nidulans-IDCL
fr-lipolytica-IDCL
rev-lipolytica-IDCL
fr-pombe-IDCL
rev-pombe-IDCL
fr-pAD-PCNA
rev-pAD-PCNA
fr-pcn1-pRS
rev-pcn1-pRS
fr-pcn1-pol30-IDCL
rev-pcn1-pol30-IDCL
fr-pombe-pol32-pBD
fr-pcn1-pRS

TTTCACTCACAGCAACAAGCAGCAAGCACTAAGTACGCAGTCAAAAGAGAGAAAAAATGTT AGAAGCAAAATTTGAAGAAGCATC
GTTTTTTTTTTGTTTATTATTTTTAGTATACAACTATATAGATAATTTACATTTTTATTC TTCG TCATTAAATTTAGGAGCC
GATATTGATGCGGATTTTCTGGATATTGAAGGCATGCAGTACGACTCCACCCTGTCATTG
TACCCGCTTTAACTAGACAAACTACGCCTATAACTACATCAATTTCAGAGAGTATTCCGCTATAC
GAAATTTATGCGGATTTTCTGGAAATTGATCAGATTCAGTACGACTCCACCCTGTCATTG
AATCTGATCAATTTCCAGAAAATCCGCATAAATTTCCATCAATTTCAGAGAGTATTCGGCTATAC
GATATTGATAGCGAATTTCTGAAAATTGATGATATGCAGTACGACTCCACCCTGTCATTG
CATATCATCAATTTTCAGAAATTCGCTATCAATATCCATCAATTTCAGAGAGTATTCGGCTATAC
GATATTGATAGCGAATTTCTGCAGATTGATGATATGCAGTACGACTCCACCCTGTCATTG
TACCTACTATAAGTCGACAAACTTTCGCTATAACTACATCAATTTCAGAGAGTATTCCGCTATAC
GATATTGATCAGGAACATCTGGGCATTCCGGATACCCAGTACGACTCCACCCTGTCATTG
GGTATCCGGAATGCCCAGATGTTCCTGATCAATATCCATCAATTTCAGAGAGTATTCGGCTATAC
GATATTGATCAAGAACATCTTGCTATTCCTGAAACTCAGTACGACTCCACCCTGTCATTG
AGTTTCAGGAATAGCAAGATGTTCTTGATCAATATCCATCAATTTCAGAGAGTATTCGGCTATAC
ACCATTGATCAGGAACATCTGGGCATTCCGGATACCCAGTACGACTCCACCCTGTCATTG
GGTATCCGGAATGCCCAGATGTTCCTGATCAATGGTCATCAATTTCAGAGAGTATTCGGCTATAC
GACATTGATCAAGAACACTTGGGTATACCAGATATCCAGTACGACTCCACCCTGTCATTG
GATATCTGGTATACCCAAGTGTTCTTGATCAATGTCCATCAATTTCAGAGAGTATTCGGCTATAC
CCAAACCCAAAAAAAGAGATCGAATTAATGTTAGAAGCAAAATTTGAAGAAGCATC
CACTATAGGGCTCTAGAGTCGACTAATACTCTCGAGTTATTCTTCGTCATTAAATTTAGGAGCC
TTCACTCACAGCAACAAGCAGCAAGCACTAAGTACGCAGTCAAAAGAGAGAAAAAATGCTTGAAGCTAGATTTCAGCAG
GTTTTTITTTTGTTTATTATTTTTAGTATACAACTATATAGATAATTTACATCTACTCCTCATCCTCCTCACC
GATATCGATGCTGATTTCTTAAAGATTGAAGAATTAGAATACGATGCTACTATTACTATGCCTG
TAATTCTTCAATCTTTAAGAAATCAGCATCGATATCGTCCATTAATTTAACATCATAATCAGAGATCC
AGTTGACTGTATCGCCGGAATTCGCCCGGGCCTCGAGCCCGATGGATGGAGGAATGGAGAAACTTCTTAGATATT
TTCACTCACAGCAACAAGCAGCAAGCACTAAGTACGCAGTCAAAAGAGAGAAAAAATGCTTGAAGCTAGATTTCAGCAG
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