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ABSTRACT

This work studied the design, construction, and\age analysis of zinc finger nucleases (ZFNs) ¢batd cut the
specific sequences within microphthalmia - assectednscription factor (mitfa) of zebra fish. Ttarget site and
ZFPs were selected and designed with zinc fingastavhile the ZFPs were synthesized using DNAWamklstwo-
step PCR. The ZFNs were constructed, expresseifieduand analyzed in vitro. As expected, thegtesi ZFNs
could create a double-stand break (DSB) at thedtsitein vitro. The DNAWorks, two-step PCR, and an optimized
process of protein expression were firstly induicethe construction of ZFNs successfully, which aasffective
and simplified protocol. These results could befulder further application of ZFNs — mediated gdaggeting.
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INTRODUCTION even human cell lines. ZFNs are engineering
restriction endonucleases, which can be used to cut
Reverse genetics has been a focus in the fields ¢éfe DNA sequence and create double-stranded
gene functions and diseases’ gene therappreaks (DSBs) at target points in the
However, the reverse genetics techniques of noghromosomes. Most DSBs in genome may be
mammalian vertebrates and plants are limited teepaired by the homologous recombination (HR).
Morpholinos (MO), RNAi and TILLING. While some DSBs of the damaged chromosomes
Performed in the early period of embryoniccan be repaired by non-homologous ending joining
development, morpholinos have no effect o{NHEJ), small deletions or insertions were
genome (Sumanas 2002). Heritable mutants carfellowed by ligations. Hence, the mutants with
be obtained by RNAI technology either. (Hannorsite-specific manipulation could be obtained
2002). Although heritable mutants can be obtainethrough NHEJ.
by TILLING, TILLING technology is non- ZFNs are fusion proteins composed of DNA-
effective and time-consuming for genes containinginding domains and non-specific cleavage

many introns (Sessions 2002). domains consisting of the cleavage domain of wild
Gene targeting using the  homologoudtype restriction enzymgok | (WT Fok). The WT
recombination has performed well in embryonidcok | was discovered in Flavobacterium

stem cell lines of mouse. However, targeteghkeanokoiteswhich was a member of typdS
genomic manipulation has failed in other NONYastriction endonucleases. The Wbk | is also
mammalian vertebrates (Deiters 2006). ade up of a cleavage domain and a DNA

Zinc finger nuclease (ZFN) has become a new toQ cognition domain. The recognition domain of
for gene knockout in other metazoan, plants an
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WT Fok | binds to the sequence 5-GGATG-3’ protein isoforms, including MITF-A, MITF-B,
(Sugisaki, 1981), while the cleavage domains fornMITF-C, MITF-H, and MITF-M. It encodes two

a dimmer to cut DNA sequences. The cleavagisoform proteins, MITF-A and MITF-B, in zebra
domains of WTFok | constitute the cleavage fish (Shibahara 2001 he mitfa was chosen as the
domains of ZFNs, which are more active in formtarget gene for constructing the specific ZFNs in
of heterodimers. Thus, ZFNs form heterodimers tthis work to establish the basis for gene function
induce the DSB at target points in chromosomesesearch and human disease models’ construction.
(Bibikova, 2001). This work studied the construction protocol of
Another domain of ZFNs is the DNA-binding ZFNs for target site, in which DNAWorks was
domain, which is zinc finger protein consisting ofinduced to design the coding sequences of ZFPs.
several GH, zinc finger (ZF) motifs. Each ZF Then a simplified method of gene synthesis, a two-
motif comprises 30 amino acids, and contains a step gene synthesis method, was carried out
helix and twop-sheets. A ZF motif binds to a successfully using DNAWorks software.

triplet of DNA sequence by crucial amino acids at

the positions -1, 2, 3 and 6 afhelix (Erickson,

1999). Thus, different ZF motifs may be designedMATERIALS AND METHODS

by changing these crucial amino acids to recognize

different triplets of DNA sequence, while the otherSearch for ZFN target sites

amino acids can be maintained as an unalterabithe DNA sequence and cDNA sequencemnitfa
backbone (Wolfe 1999). Each ZF motif binds to avere found at NCBI website. When these
triplet, while ZFP consists of consecutive ZFsequences are put into the website of zinc finger
motifs recognizing consecutive triplets. ZFstools (http://www.scripps.edu/mb/barbas/ zfdesign/
recognizing 64 possible triplets have been detecteddesignhome.php), several parameters should be
and isolated with phage display (Segal 1999; Li¢hosen, such as “separated target sites”, “the core
2002). Thus, ZFPs and ZFNs can be designed t&quence” and “triplets to search” (Mandell 2006).
bind and cleave arbitrarily chosen sequences Mhen all the target sites on the DNA sequence are
principle. The interests of ZFNs application haveoutput. According to the scores of the website, the
been stimulated in the fields of gene knockout andonserved sites of the DNA sequences and the
gene replacement at target sites in the genome @ifficulty of gene synthesis, the DNA segment
many model organism, including§enopus laevis “tttgactcttatcaaagacctgat” between 2965bp and
(Bibikova 2001), plant cells (Lloyd 2005), 2988bp ofmitfa was chosen as a plausible target
Drosophila (Bibikova 2002), Caenorhabditis site.

elegang(Morton 2006), Danio rerio (Doyon 2008)

and even human cells (Porteus 2003). Design of the coding sequences of ZFPs

The DNA-binding domain of ZFNs contains While the target site was output, the amino acid
several ZF motifs whose number can be changedequences of ZFP1 and ZFP2 were also obtained
Three ZF motifs are believed to be the minimunwith zinc finger tools. To design the coding
to achieve the adequate specificity and affinitysequence of ZFPs, their amino acid sequences
Although adding more ZF motifs may enhance thgvere input into the website of DNAWorks
binding specificity, it also increases the diffigul  (http://helixweb.nih.gov/dna-works/). While

of ZFP gene synthesis and searching for ageveral parameters needed to be defined, including
appropriate site. Three or four ZF motifs havecodon optimization, codon frequencies, melting
been used wildly and successfully for strictlytemperature and hairpins formation (Hoover
cleavage in genome (Bibikova 2002; Porteu002). Firstly, the codon usage table of Zebra fish
2006). was found in the codon usage database and input
The wildly application of ZFNs can be imagined,into DNAWorks. Secondly, the melting
due to the targeted gene manipulation in nonemperature was limited to 60°C. Thirdly, the
mammalian vertebrates. Microphthalmia-hairpin formation was avoided in the coding
associate transcription factor (mitf), a member ogequences of ZFPs. Finally, the website of
basic helix-loop-helix zipper proteins, regulatesDNAWorks output the coding sequences of ZFPs
the specific gene expression and signaand fourteen oligonucleotides sequences for gene
transmission of melanocyteMitf, a kind of synthesis of each ZFP.

conservative gene in evolution, encodes five
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Construction of ZFPs’ coding sequences 66 °C for 30s, and 72 °C for 60s and finally
To construct the coding sequences of ZFPs, thextension at 72 °C for 5min. The final PCR
two-step PCR method, overlap extension (OEproducts were detected using agarose gel
PCR and amplification PCR, was used for genelectrophoresis and purified with Gel purification
synthesis according to Dong et al (Dong, 2007Xkit (Beijing TransGen Biotech Co., lid.). The
Fourteen oligonucleotides were mixed and dilutedvhole sequences were cloned into pUC57 vectors,
to 2 uM with ddH,O, which were used as the and subsequently sent to a commercial company
primer mixture in the PCR for synthesizing gene(Shanghai Sangon Biotech Co., lid.) to sequence
The fist-step PCR, OE PCR, was carried out in and detect its accuracy.

50ul  reaction mixture including 4 ul

oligonucleotides mixture, 250M dNTP, 1xPCR Assemblage of ZFNs

buffer, and 0.25 U ofTransStart FastpfDNA  To assemble the coding sequences of ZHgk,|
polymerase (Beijing TransGen Biotech Co., lid.)(RV) (the two complementary Fokl cleavage
The OE PCR process consisted of 30 cycles abmain variants named &ok | (RV) andFok |

95 °C for 30s, 64 °C for 60s, and 72 °C for 60gDA)) was amplified from the plasmid pCMV-
Then 1.5ul of the OE PCR product was added intoGZFN1+0k-RV using PCR, whileFok | (DA)

the amplification PCR reaction mixture, includingwas obtained from the plasmid pGK-GZF8k-

0.4 uM outer primers, 25uM dNTP, 1xPCR DA. The purified DNA sequences &bk | (RV)
buffer, and 0.25 U offransStart FastpfDNA and Fok | (DA) were cloned into two pET-30a
polymerase in a volume of 50, and the process vectors to form the pEFok | (RV)-30a and pET-
consisted of 30 cycles at 95°C for 30sFokl (DA)-30a, respectively (Fig.1).

e
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Figure 1- The construction of ZFNs. tThe sequencEalfl and ZFP were linked into the
plasmids pET-30a to form pET- ZFN-30a.

The expression vector pET-ZFN1-30a wasOne positive clone of each vector was cultured at
constructed by linking the ZFP1 sequence int@7°C overnight in LB medium containing
pPETFok | (RV)-30a. The expression vector pET-kanamycin (1Qug/ml) and ZnCJ (0. 1mM). Then
ZFN2-30a was constructed by linking the ZFPZ0 ml culture was added into 1 L high
sequence into pEFek | (DV)-30a. Both pET- concentration medium, including 32 g tryptone, 20
ZFN1-30a and pET-ZFN2-30a were amplified ing yeast extract, 5 g NaCl, 2.7 g ZaCb mM

DH5a E. Coli. NaOH, 12.54 g KHPQ and 2.31 g KEPQ,. After
growing at 37°C for 3 h, the culture mixture was
Expression and Purification of ZFNs added into 0.3 mM IPTG and shifted to 22°C

To obtain the ZFNs towardsitfa genein vitro, overnight to induce the expression of ZFNs.

three steps were carried out including expressioif,0 detect the expression of ZFNs, the expression
detection, and purification. To express the ZFNsstrain cells were collected with centrifuging at
the vectors pET-ZFN1-30a and pET-ZFN2-3086000 g for 3 min from 40@l culture mixture at
were transformed into competent DE3colicells 4°C. Then they were re-suspended in protein
separately, and selected on LB plate containingeatment solution, including 200l 10% SDS,
kanamycin (1Qg/ml) growing at 37°C for 12h. 200 ul beta-mercaptoethanol, and 6QD protein
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loading buffer, treated in water of 100°C andbe changed into linear conformation. The change
subsequently analyzed with SDS-PAGE. could be detected with agarose gel electrophoresis.
To analyze the expression of soluble ZFNs, DEJhe first step was the construction of the DNA
E. coli cells were collected using centrifuging atsubstrate (Fig. 2). The DNA substrate sequence
6000 g for 5 min in 2 ml culture mixture, and re-(cgcggatcctttgactcttatcaaagacctgataagcttggg)
suspended with 2.0 ml PBS in an ice bath. Aftewhich contained the targeted sequence of ZFN1
the cells in PBS were broken by sonicating in amnd  ZFN2  (tttgactattatcaaagacctgat)  was
ice bath, total soluble proteins in the supernatarstlynthesized using PCR with primers Ptl and Pt2.
were collected with centrifuging at 6000 g for 3The sequence of Ptl was
min at 4°C. The sediment consisted of totafcgcggatcctttgactcttatcaaagacctg”, and that of Pt2
insoluble proteins of the cells. The soluble prmotei was “cccaagcttatcaggtctttgataagagtcaaagg”. The
and insoluble protein were analyzed using SDSPCR was performed in 3Ql reaction mixture,
PAGE respectively. including 0.3uM Pt1, 0.3uM Pt2, 1xPCR buffer,
To purify the ZFNs, total soluble protein of DE3and 0.25 U of TransStart Fastpfu DNA
E. coli cells were collected with ultrasonic wave inpolymerase, and the process consisted of 35 cycles
an ice bath and purified using Ni-NTA resinat 95°C for 10 s, 54°C for 30 s, and 72°C for 30 s,
(Nanjing genscript Co., Lid.) according to itsand extension at 72 °C for 10 min. The PCR
instruction. products of 42 bases were detected using 3%
agarose gel electrophoresis for 10 min. The
The cleaving activity detection of ZFNs in vitro ~ product bands were cut and purified with Gel
To detect the cleaving activity of ZFNs, thepurification kit. The targeted sequence was cloned
targeted sequence was linked into a plasmithto pEASY-blunt simple, and subsequently
pEASY-blunt simple as the DNA substrate. Ifsequenced to detect its accuracy. The plasmid
ZFNs cut the targeted sequence in the plasmid, theEASY-target-blunt simple was the DNA
super-helical conformations of the plasmid wouldsubstrate of the analysis of ZFNs activityvitro.

Pt1

/lejm — P2
% N
g‘ PCR synthesis

i1 )
i) pEASY -target —blunt simple /

Targeted site sequence

Figure 2 - The construction of pEASY— target — blunt simple

According to Dana Carroll's report (Carroll, BSA. The reaction results were analyzed using
2006), 20ul reaction mixture consisted of 1xZFN agarose gel electrophoresis.

reaction buffer, 50 mM NaCl, 1ImM DTT, 100

png/ml yeast RNA, 50 ng DNA substrate, and the

ZFNs. In the reaction mixture, ZFN1 and ZFN2RESULTS

were equimolar as well as the DNA substrate. The

reaction was started with 1,0 of 0.2 M MgCl, at Targeting site of ZFN

25°C for 1 h. The ZFN reaction buffer consisted offhe DNA and cDNA sequences wiitfa in zebra
0.1 M Tris (pH8.5), 0.5 mM ZnG| 250 ng/ml  fish were obtained in NCBI database and
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subsequently input into zinc finger tools to searclare shown in Figure 3. The amino acid sequence of
for the possible sites. According to conservativeZ FP1 was “LEPGEKPYKCPECG
sites analysis and difficulty analysis of geneKSFSTSGNLVRHQRTHTGEKPYKCPECGKS
synthesis, the sequence between 2965 bp and 29B8TKNSLTEHQRTHTGEKPYKCPECGKSFS

bp of mitfa DNA sequence was chosen as targetin@LAHLRAHQRTHTGKKTS”, and that of ZFP2

site, which was “tttgactcttatcaaagacctgat”. was “LEPGEKPYKCPECGKSFSQRANLRAH
QRTHTGEKPYKCPECGKSFSDPGALVRHQR
Amino acid sequence of ZFPs THTGEKPYKCPECGKSFSQLAHLRAHQTH
The reorganization sequences of ZFP1 and ZFPRGKKTS".
TFNI
1
Fok I(RV) IFP1
ita gac tet tatcaa aga cct gat
aat ctg aga atagtt fet gea cta
{ ZFla : IFlb : ZFle
IFP) FokI(DA)
|
ZFN2

Figure 3 - The reorganization between targeted sequence laNd.Z

Coding sequences of ZFPs Oligonucleotides for ZFPs gene synthesis

After the amino acid sequences of ZFPs werd&he oligonucleotides for ZFPs gene synthesis were
input into DNAWorks, the coding sequences ofobtained using DNAWorks, and synthesized by a
ZFPs were obtained after condon optimization itommercial company. The oligonucleotides for
DNAWorks. The coding sequence of ZFP1 wa¥ZFP1 and ZFP2 are shown in Table 1 and Table 2,
“ctggaaccgggcgagaaaccgtacaagtgcccagagtgcggcaaspectively.
gagcttcagcacctctggtaatctcgtgcgccatcagcegtacccacac
gggtgaaaaaccttacaaatgtccggagtgtggcaaatccttticca@ene synthesis of ZFPs
aaaaacagcctcaccgaacaccagcgcacccatacgggcgaadagp-step PCR was carried out to synthesize the
ccgtataaatgcccggaatgcggtaagtcttictctcagetggegcatoding sequences of ZFPs, which were detected
tgcgtgecccaccaacgtacgcacaccggtaaaaagacctct”. Togbsequently using agarose gel electrophoresis
coding sequence of ZFP2 was(Fig.4). The length of successful PCR products
“ctggaaccgggcgaaaagccttacaaatgcccggagtgeggtaags 276 bp. The coding sequences of ZFPs were
tctttctcccagegegcaaacctcegtgegeatcagegecactcacasgquenced analyzed accurately. The two-step PCR
ggcgagaaaccatataagtgccctgaatgtggcaaatcctttagcgand DNAWorks were proved successfully applied
ccaggcgcgctcgttcgtcaccagcgtacccatacgggtgagaagocZFPs gene synthesis.
gtacaagtgtccagaatgcggcaagtccttttctcagctggcacatctc

cgcgctcaccaacgtacgcataccggcaaaaagacctct”.

Braz. Arch. Biol. Technol. v.55 n.4: pp. 559-568lyJAug 2012



564

Table 1 - The oligonucleotides for ZFP1.

Wang, W. et al.

No. oligonucleotides

1 ctggaaccgggcgagaaaccgtacaagtgcccaga

2 tgaagctcttgccgeactctgggceacttgtacggtt

3 gtgcggcaagagcttcagcacctctggtaatctcgtg

4 tgggtacgctgatggcgcacgagattaccagaggtge

5 cgccatcagcgtacccacacgggtgaaaaaccttacaa

6 tgccacactccggacatttgtaaggtttttcacccgtg

7 atgtccggagtgtggcaaatccttttccaccaaaaacagc

8 cgctggtgttcggtgaggctgtttttggtggaaaaggatt

9 ctcaccgaacaccagcgcacccatacgggcgaaaa

10 ttccgggcatttatacggcttttcgcccgtatgggtg

11 gccgtataaatgcccggaatgcggtaagtctttctctcag

12 cacgcagatgcgccagctgagagaaagacttaccgea

13 ctggcgcatctgecgtgeccaccaacgtacgcac

14 agaggtctttttaccggtgtgcgtacgttggtggg
Table 2 - The oligonucleotides for ZFP2.

oligonucleotides

©CO~NOUIAWNR|=
o

ctggaaccgggcgaaaagccttacaaatgcccggagt
ctgggagaaagacttaccgcactccgggcatttgtaagg
gcggtaagtctttctcccagcgcgcaaaccteegtg
gtgagtgcgctgatgcgcacggaggtttgegeg
cgcatcagcgcactcacacgggcgagaaaccatataag
atttgccacattcagggcacttatatggtttctcgeccgt
tgccctgaatgtggcaaatcctitagcgacccaggeg
ctggtgacgaacgagcgcgcctgggtcgctaaagg
cgctcgttcgtcaccagegtacccatacgggtgaga
tctggacacttgtacggcttctcacccgtatgggtacg
agccgtacaagtgtccagaatgcggcaagtecttttct
cggagatgtgccagctgagaaaaggacttgcegceat
cagctggcacatctccgegcetcaccaacgtacge
agaggtctttttgccggtatgcgtacgttggtgageg

Figure 4 - The PCR products of coding sequences of ZFPang [l contains size standards of
DL2000 DNA marker (Beijing Transgene Co., Lid.).nea? is the coding sequence of
ZFP1. Lane 3 is the coding sequence of ZFP2.
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Expression vector of ZFNs while ZFP2 andFokl (DA) were used to form
The coding sequence of ZFP1 drakl (RV) were ZFN2. The results of ZFNs construction were
cloned into pET-30a to form ZFN1 about 900 bpdetected using PCR and shown as Figure 5.

Figure 5 - The PCR results of ZFNs construction. tLanethésDL2000 DNA marker. Lane 2
and 3 are the coding sequences of ZFN1. Lane & amd the coding sequences of
ZFN2.

ZFNs protein with IPTG inducement. The soluble proteins were
The soluble ZFNs were expressed successfullgbtained with sonication and centrifugation. The
with 0.3 mM IPTG at 22°C in DHBE.coli, and results proved that the protein expression protocol
purified using Ni resin (Fig. 6). The targetedand the high concentration medium were effective
proteins of 30KD were expressed in DHBE.coli  to express the soluble ZFNs.

6

Figure 6 - ZFNs expression detected with SDS-PAGE. t (Ag Bhalysis of ZFN1 expression.
(B) The analysis of ZFN2 expression. Lane 1 is Fhetein Marker (Fementas Co.,
Lid.). Lane 2 , the total protein of Di%E.coli without IPTG inducement; Lane 3, the
total protein with IPTG inducement; Lane 4, theatogoluble proteins with IPTG
inducement; Lane5, the total insoluble proteinWRTG inducement; Lane6, purified
ZFNs.
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Cleaving activity of ZFNs Results in Figure 7 showed that ZFNs could cut
The targeted DNA was linked into pEASY-bluntthe super-helix conformation plasmids into linear
simple, which were super-helix plasmids. Themolecules at 25°C in a reaction mixture with
cleaving activity of ZFNs was detectéd vitro approximately equimolar ZFNs of the DNA

and analyzed using agarose gel electrophoresis. substrate.

15000bp 1
10000bp = =
7500bp —
5000bp =——

3000bp

1500bp =
1000bp

500bp

Figure 7 - The cleaving activity of ZFN. tLane 1 is the DNarker; lane 2, the control DNA
substrate; lane 3 and lane 5, the incomplete ctgawd DNA substrate; lane 4, the
complete cleavage of the DNA substrate.

DISCUSSION into coding sequences automatically using the
DNA Works software.
ZFNs are known as effective tools for “directedThe third factor is the gene synthesis of ZFPs. The
gene knockout” of the plants and vertebrates agene synthesis method used was a reproducible
well as human cell lines. Here, the protocol ofsimple method of less error based on DNAWorks
ZFNs design, engineering and cleaving activitfDong 2007). The genes could be synthesized
detection has been shown with an example dfsing two-step PCR, including the overlap
mitfa (Fig. 8). Several critical factors are involvedextension (OE) PCR and amplification PCR.
in the protocols of ZFNs design and engineering. DNAWorks software was used instead of manual
The first factor is the selection of target siteaim design to obtain the oligonucleotides for gene
interested gene. Although many possible sites argynthesis, which could keep similar melting
relevant ZFPs could be obtained with zinc fingetemperature of overlapped regions and make sure
tools, choosing a target site one should pathe specificity of the primers. Several synthesis
attention to the following points: (1) To make strategies for target gene could be obtained in
mutagenesis occur at target site and a unique si@NAWorks. Each synthesis strategy is scored by
should be chosen. (2) Since ZFPs binding all ANNDNAWorks, and these scores are important
and GNN triplets have been reported detailedlparameters for the selection of synthesis strategy.
(Liu 2002), target sites consisting of GNN tripletsThe most critical parameter, overall score, would
or ANN have priority to be chosen. ZFPs of highbe zero in an ideal synthesis strategy (Hoover
binding ability was obtained in this study by2002). The two-step PCR is proved a successful
choosing a target site, including two GNN and twanethod to be used to synthesize ZFP1 and ZFP2.
ANN triplets. (3) The distance between twoThe fourth factor is the expression of soluble
reorganization sequences in target sites rangedFNs. Soluble protein is easier to be extracted,
from 4 bp to 6 bp was successful and effective tpurified, and keep active than the insoluble
be cut by ZFNsn vitro (Bibikova 2001). (4) The protein. Protein expression is affected by several
target sites could be selected considering thtactors, including the temperature, concentration
critical conservative sites of the gene. The targeaf IPTG and medium. Amino acid sequences fold
site chosen was near the critical sites encodiag ti{0o quickly to form accurate conformation at high
DNA binding domain of transcription factor mitfa. temperature and most proteins with inaccurate
The second involving factor was that the amingonformation are insoluble. The expression level
acid sequences of ZFPs which should be converted such protein is very low at low temperature.
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The expression temperature used and detected and construct the ZFN. The optimization of ZFPs’
this work was from 16 to 37°C, while more solublecoding sequences was simplified with DNAWorks
ZFNs were expressed at 22°C, which was inducesoftware according to the codon usage frequencies
with IPTG of 0.3 mM. The soluble ZFNs were of different organisms. Since the gene synthesis
expressed in high concentration medium thaprimers with similar melting temperatures were
Luria-Bertani (LB) medium. simply obtained using DNAWorks, the coding
ZFN-mediated gene manipulation becomes asequences of ZFPs were successfully carried out
effective tool for gene function studies. Facileusing two-step PCR. The facile protocol consisting
constructions and rapid cleavage detections (of design, construction and testing of ZFNs could
ZFNs in vitro are essential processes for genbe widely applied to knock out target gene in the
manipulation. This work reported a simple, rapicplants, vertebrates and even human cell lines.

and reproducible method of less error to design

‘ Amino acid sequence of ZFPs in DNAWorks ‘

Codon optimization / \ Oiligonuclieotides for gene synthesis

The coding sequences of ZTPs ‘ S— e —— e ——
1 ¥ 3 7 l,ﬂ 11 13
— —> —> — > —> —> —>
OE PCR «— A A — 4 4
P 4 6 Sl 10 12 14
1
—

Amplification PCR.

‘ZFa ‘ZFb ‘ZFL“
v

The PCR products were analyzed, purified.

cloned into pUCS7. and sequenced.

|
I

The accurate nucisic acid sequences of ZFPs

Figure 8 - ZFPs gene synthesis process.
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