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Contains two domains:
= Designed zinc finger protein (ZFP)
» Fokl Nuclease domain

= Cleaves as a dimer and creates a double-strand break
= May be engineered to cleave virtually any sequence
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Repair of Zinc Finger Nuclease-Mediated
Cleavage in Living Cells
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: | 2

Two zinc finger [
proteins targeta : l DSB
nuclease domaintoa
specific locus in vivo

The mechanism for
double-strand break
repair depends of the
availability of

A~ : homology-containing
+donor? yes no . donor

/ N
"
HR: end-joining: ,
The donor may — NHEJ repair generates

: small deletions and
deletion : insertions in the

provide (insert) a : !
minor sequence :
alteration or large _ endogenous gene.

] . g gene modification . "
insertion at the : OR insertion

.. . I | l,
position of the break. : = — gene disruption
+ targeted integration

DSBs are repéired by both NHEJ and homologous recombination
mechanisms in plants (Puchta H. (2005) J.Exp.Bot. 46:1-14 and others)

Maize Genetics 2008




Inducing DSBs in an Endogenous Maize
Gene with Designed ZFNs

%_D()w AgroSciences

aadh Ml °Design ZFNs to bind at different regions of our target
S gene (ZmIPK1: Plant Physiol. (2007) 144: 1278-1291)

Intron 1

*Design multiple heterodimeric ZFN pairs to bind at each
J unique sequence

N Y

i : .  Maize ZFN Expression Construct attL2

1055 bp .
caactcctﬁg%ggggggamtjmgaactggttgagtcggtcmmga ZmUbi1 v2 - ZFN1 monoFok1 - ZFN2 monoFok1

gttgaggacaccccggtatadggtctigaccaactcagecagtttgttet
e mcing ite Zmop2 NLS Zmop2 NLS ZmPer5 3’-UTR v2

8686

T2A stuttering signal ‘ Sacl ‘

*Express each ZFN pair under control of a single constitutive promoter
Deliver expression construct -> “Hill” embryogenic callus via Whiskers™
eHarvest callus after 2-4d transient expression, isolate gDNA & interrogate via
PCR/sequence analysis

TA clone/sequence
examine 102 reads

Direct 454 sequence
examine 10° reads
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— TA clone/sequence
[ ZEN ] examine 102 reads O-DD deletio - 0 a
target gene .
— Direct 454 sequence Nreo 2Y0 naVvaoe a

examine 10° reads

W|Id type T&CWUWGT@T@@AG&F@GHMINEM@T@GTMWMW@T@TC

TGOCTTCTCAAGT CATGAGCAACTQCTGTGEE30CATA : : CAGAACTGGT TGAGTABGTCAAACAAGAT TGCT TACTC
TGOCTTCTCAAGT CATGAGCAACTQCTGTGEE30CATA : - CAGAACTGGT TGAGTGGBGTCAAACAAGAT TGCTTACTC
TGOCTTCTCAAGT CATGAGCAACTQCTGTGEE30CATA : QCAGAACT GGT TGAGTGGGTCAAACAAGAT TGCTTACTC
TGOCTTCTCAAGTCATGAGCAACTQCTGTGAEES : - - - - - QCAGAACTGGT TGAGTABGTCAAACAAGAT TGCT TACTC:
TGOCTTCTCAAGT CATGAGCAACTOCTGTGE330CATAT: : CAGAACTGGT TGAGTGGTCAAACAAGAT TGCTTACTC
TG:CITCTOMGTOATGGG)‘-\PCTCCTGTGI:'II‘ATA Tl GMCTGB]TGOGTCIGTCAAA@AGATI'GTITG}CTC*

TEOCTTCTCAAGTCATGAGCAACTCCTCIT GBAGOCATA - CAGAACTGGITGAGTOGGETCAMCAAGATTCCTTGACTCH
TEOCTTCTCAAGTCATGAGCAACTCCTGTGREAOATA - - 1 GAACT T TCAGTARGTCAMCAMGATTECTTRICTCH
TQOCTTCTCANG CATGAGOAACTCCTGTGREAICATA - - - - GAACTGGT TGAGTCRGTCAAACAGAT TCTTGACTCH
| TEOCTTCTCAAGTCATGAGCAACTCCTGTGRECATA + - CAGAACT T TCAGTCRGTCAMCAGATTECTTGECTCH
b _ AV . TGOCTTCTCAGT CATGAGCAACT LT GTGERACATAT: : CAGAMCT GG TGAGTCRGTCAMCAAGATTGCTTARCTCH
£ T e VA AV A e ZEP treated TCCTTCIC:ASTONGAOTOCTGIGIIE0ATA : | GACTAS TATTQUSTOMACMOATTGETTGCTC:
I T S S S S S T T S S W realeq  1axreromGroATGAGCAACTACTGIGREAX ; A © : CXGACTSITGAGTOGGTOMMOMGATTGOTTGICTC

TAOCTTCTCAAGT CATGAGCAACTCCTGIG3E3CATA : &«
TQOCTTCTCAAGT CATGAGCAACTQCTGIGE3OCATA - & & ¢
TGOCTTCTCAAGT CATGAGCAACTOCTGTGE330CATA
() a DIE () a TGOCTTCTCAAGT CATGAGCAACTQCTGTGEE30CATA ' & - GAACTGGT TGAGTGGBGTCAAACAAGAT TGCTTACTC
TGOCTTCTCAAGTCATGAGCAACTCCTGTGE330CATA : & - GAACTGGT TGAGTGGTCAAACAAGAT TGCTTACTC

0 TGEICTTCTCAAGT CATGAGOAACTOCTGTGEEAICATA : : CAGAACTGET TGAGTAEGTCAACAAGATTACTTGETCH
0 Jld 00Y% cjue 2 O TGOCTTCTCAAGTCATGAGCAACTOCTGTGARR0CATA : : © : GAACTGGT TGAGTARGTCAAACAAGAT TACTTARCTCH
TGOCTTCTCAGT CATGAGCAACT LT GTGERECATAT: : © AGMCTGETTGAGTCRGTCAMCAAGATTGCTTARCTCH
= TGEICTTCTCAAGT CATGAGOMCTCCTGTGEAEICATA  : © | GAACTGST TGAGTAGGTCAACAAGATTACTTGETCH
al (U TQOCTTCTCAAGT CATGAGCAACTOCTGTGAARICATA + - © + GAACTQGTTGAGT CRGTCAMCAMGATTACTTGACTCH
\ TGEICTTCTCAAGT CATGAGOMCTCCTGTGERAIOATA : © - AGAMACTGET TGAGTCEGTCAACAAGATTACTTGETCH

TGOCTTCTCAAGT CATGAGCAACTOCTGTGE330CATAT: : : AGAACTGGT TGAGTGEGTCAAACAAGATTACT TAXCTC

. .- a -. ' .' TGOCTTCTCAAGT CATGAGCAACTOCTGIGEETCATA : - CAGAACTGET TGAGTAEETCAAACAAGATTACTTEXCTC:
& TGOCTTCTCAAGT CATGAGCAACTOCTGIGEE30CATA | CCAGAACTGET TGAGTAEETCAAACAAGAT TACTTECTC:
0.04 % of amplico
0 atlo getecteo 0Se elated paraloo
CA
| ) »
NDINAING e difrte 0 pase
0 geletio 0 eal



Repair of Zinc Finger Nuclease-Mediated
Cleavage in Living Cells

%_Duw AgroSciences

: | 2

Two zinc finger [
proteins targeta : l DSB
nuclease domaintoa
specific locus in vivo

The mechanism for
double-strand break
repair depends of the
availability of
homology-containing
PN :
+donor? yes no . donor

S\ .

HR: end-joining: :
The donor may — _ NHEJ repair generates
- small deletions and
deletion insertions in the

provide (insert)a : = ¢—
minor sequence :
alteration or large : —— ——— ¢ endogenous gene.

] ) gene modification . "
insertion at the . OR insertion

.. . I | l,
position of the break. : =—— — gene disruption
+ targeted integration

*DSBs are repéired v both NHEJ and homologous recombination
mechanisms in plants (Puchta H. (2005) J.Exp.Bot. 46:1-14 and others)
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Sequence Analysis of PCR Products Confirms

ZmIPK1 gen ZmIPK1 gen

5’-Integration Boundary — from
Genome into Donor

| PP2K (473)

W 1PP2K j-allele 1431) GaEAGTTT] .

non-auto PAT 1072 - e ebnonca \cC/ X donor IPP2K j-allele (1704)

0 5 pro- - . & G - (1474)

029 5 pro- genome homology 1
flanks

(461) CTGTGGT ACCAGTACTAGT ACCAGCAT CTCTTCI

(1
Consensus  (1921)

(1072 ZFN nucl ease site)
- HR1PP2K j-allele flank-—---Spe I- -2 P2K j-allele (1704)

W IPP2K j-allele  (601) GGTAAGAGTC I CATATCOCA. - - - non-auto PAT

non-auto PAT 1072 (154) .| CATATG 030 3' pro-

0 5 pro- (1 -] CATATG 073 3 pro-

029 5 pro- (1) AAGAGT( | CATATG 158 3' pro-

152 5 pro- (1) AAGAGT( -1 CATAT Consensus

073 5 pro- (1) 1G0CCGOCT/

Consensus  (601)

~ I CATATG
1 CATATCACT AGT GBOGSC ----Zm Lipase poly A signal --

wt 1PP2K j-allele (1709
non-auto PAT 1072 (1343
0 5 pro- (1105
029 5 pro- (1023

152 5 pro-

073 5 pro-
Consensus ~ (1801;

W IPP2K j-allele (1729
Mot PaT 1075 (1463
0 5 pro- (1225)

029 5 pro- (1143

152 5 pro- (1188)

073 5 pro- (1149
Consensus (1921

W 1PP2K j-allele (1739
non-auto PAT 1072 (1579
030 5 pro- (1349

029 5 pro- (1259

152 5 pro- (1304)

073 5 pro- (1262
Consensus (2041

wt 1PP2K j-allele (1741

non-auto PAT 1072
0 5 pro-

(2161

Wt 1PP2K j-allele (1741

P2K j -al l el e
non-auto PAT
30 3 pro-

073 3' pro-
158 3' pro-
Consensus

P2K j -al l el e
non-auto PAT
30 3 pro-
073 3 pro-
158 3' pro-
Consensus

IPP2K j-allel e
non-auto PAT
30 3 pro-
073 3 pro-
158 3' pro-
Consensus

I1PP2K j-allele
non-auto PAT

TGATGITGGTT 030 3' pro-
- - 073 3 pro-
158 3' pro-
Consensus

TTGCTGTTATAGGOCT T CCARACGATCCAT CT G TAGGT TGCATGAGICT TTGGGATACAC

- PAT codi ng VAPat 2F-

TGTTGGTT

I1PP2K j-allele

HR | PP2Kj Fl ank- -
TGITATGTAT TTGCTTTCT
GITATGTAT TTGCTTICT
TACCTGGACATTGT TATGTATTAATAAATGCTTTGCTTTCT
TACCTGGACATTGTTATGTATTAATAAATGCTTTGCTTTCTTCT) CAC
TACCTGGACATTGTTATGTATTAATAAATGCT TTGCTTTCTTCTAAAGATCT TTAAGT GCT GAATTCACACT A GTCCAGAACT GGT T GAGT COGT CAAACAAGATTGCT TGGCTCAAGCC

‘GGTTGAGT COGTCAAACAAGAT TGCTTGGCTCAAGCC

761- - - 3' HR | PP2Kj Fl ank: - 2880
TATGCAGT GCATGT TAT GAGOCAACACCT GGGT GCCAAT CATGT C( TCAGATTCAGT TCATTTATGT CCTGT TATTGTGATTTTGATTGGTAACATATTGACAAC
TATGCAGT GCATGI TAT GAGOCAACACCT GGGT GOCAAT CAT GT CGATGGT GBGGTATGGT TCAGATTCAGT TCATTTATGT CCTGI TATTGTGATTTTGATTGGTAACATATTGACAAC
"TATGCAGT GCATGI TAT GAGOCAACACCT GGGT GOCAAT CATGT CGAT GGT GBGGTATGGT TCAGATTCAGT TCATTTATGT CCTGI TATTGTGATTTTGATTGGTAACATATTGACAAC
TATGCAGT GCATGT TAT GAGOCAACACCT GGGT GOCAAT CATGT CGATGGT GBGGTATGGT TCAGATTCAGT TCATTTATGT CCTGI TATTGTGATTTTGATTGGTAACATATTGACAAC

BGTAGT CATGT CGATGGT GBGGTATGGT TCAGATTCAGT TCATTTATGTCCTGT TATTGTGATTTTGAT TGGTAACATATTGACAAC
TATGCAGTGCAT G TAT GAGDCAACACCT GIGTGCCAAT CATGTCGAT CATTCA STCCTGITATTGTGATTTTGATTGGTAACATATTGACAAC

Genome/donor boundary 2060
| TTT/ | TAATACTATCAAGAAACT AGTAACGAGATAT AAGAT GCATCAGCACCTCAAATTTTATCAGGGTG
| TTT/ | TAATACTATCAAGAAACT AGTAACGAGATAT AAGAT GCATCAGCACCTCAAATTTTATCAGGGTG
[TTT// TA
| TTT/ | TAACACTATCAAGAAACAAGT AACGAGATATAAGAT GCATCAGCACCTCAAATTTTCTY wm G

'ACT TACAACAGCCCAAT( [ TTT/ | TAACACTATCAAGAAACAAGT AACGAGATAT AAGAT GCATCAGCACCTCAAATTTTCTCAGGGTG
AGTTTGCAACTGT TACT TACAACAGCCCAATGGGT AGCRTCAAGATTGT [ TTT/ / TAACACTAT CAAGAAACAAGT AACGAGATATAAGAT GCATCAGCACCTCAAATTTTCTCAGGGTG

HR | PP2Kj Fl ank-
‘CACTTACAACAGCCCAAT!

3561— | PP2Kj (3000) R- 4080
AAAATTCCACTCTCT TTTGOGCACT TAAAAAACAT CCAT CGAT GATACAAACT TGATCAAAATACCT TAAGGCTTGT TAT
Aa:rGrGrAcArrGGAATa:rTz:ATect:rrcATocAAcATAAAATTcx:Acrcrcn'rTWCWAAAAAAUTCCATCGAT@TWGAT@AMTAOCWAWGWAT

AGGTGTGTAGATTGGAATGCTTGATGCCTTGATCCAAGA-
AGGTGTGTAGATTGGAATGCT TGATGOCTTGATCC- -
AGGTGTGTAGATTGGAATGCT TGATGOCT TGATCCAAGAT AMAT TCCACT CTCT TTTGOGCACT TAAAAAACAT CCATCIAT GATACAAACT TGATCAAAATACCT TAAGACTTGTTAT

4081
TTACGGCACTGTTGTAATATTATACCGTCTCTTGCT TTTT(

_| PP2K (3154) R 4200

\TTTCAGATATCGAAGACTAGT GAGTACAATCCTCTTGATCTATT

donor
homology
flanks

non-auto PAT TTACGGCACTGTTGTAATATTATACCGTCTCTTGCT TTTTGACAT CAGGT TGAT TOCCAATACATTCT TGCACACAT TTCAGATATCGAAGACT AGT GAGT ACAATCCTCT TGATCTATT

non- auto PAT 1072 (1819) TTTGGCARAGGGATTTTGAGTTGOCAGSTCCTC CGTCGTACGTTCTGECCAECC
o B

pro-  (1346)
029 5 pro- (1260
152 5 pro-  (1305)
073 5' pro- (1502]
Consensus (2281

030 3' pro-
073 3 pro-
158 3' pro-

Consensus

genome -

TTACGGCACTGITGTAATATTATACCGTCTCTTGCT TTTTGACAT CAGGTTGAT TCOCAAT ACATTCTTGCACACATTTCAGATATCGAAGACTAGT GAGT ACAATCCTCT TGATCTATT

Contiguous amplification and sequencing across the entire insertion
onor/genome boundaries yields the same results
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Frequency of Targeted Integration in TO
Callus Events is Relatively High

-
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PCR/Sequence Sorting of Targeted Integration Events

ZmIPK1 / PAT Cassette Insertion in Z. mays "Hill" Callus (TO)

Total # HT | # Targeted Percent
ZFN ZF-binding Events Integration | Targeted
design # | position | Donor Configuration | Recovered Events Integration

8 1072 autonomous (P+) 29 3.4
12 1072 autonomous (P+) 31 12.9
15 1145 autonomous (P+)
16 1145 autonomous (P+)
12 1072 combo ZFN / (P+)
n/a n/a autonomous (P+)

non-autonomous (P-)
non-autonomous (P-)
non-autonomous (P-)
non-autonomous (P-)
combo ZFN / (P-)

*This assay does not tell us if PAT or ZFN expression cassettes are also present
elsewhere in the genome (random integration).
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Genomic Southerns Confirm Targeted
Integration in a Subset of Callus Events

«ZmIPK1 probe detects both WT

Exon 4 . .
X Southern Blot Predicted Band Size (kb)
o ipase Hin dil and TIl-mutated forms of the ZmIPK1 ZmIPK2
PATprobe Southern Probe PROBE gDNA___ |EcoRV [Hindlll [EcoRV/ Hindlll
Eco RV Euon s gene ZmIPKL|WT >32 | 13 | 12 | 23
Hin dIi iiron 5 . . TI (P¥) 22 | 36 | 12 | 23
J Eco RV *PAT probe detects insertion @ T (%) 22 | 23 | 12 | 23

ZmIPK1 and elsewhere in the wT Wa | wa

Tl insertion 2.2 2.3

g en 0 m e random insertion ? ?

4337 bp

158 M 223 273 278 413 414 415 416 417 418 419 420 Hill M. M. WNCISAVAC IOy 198 228 0,013 218 415 24t 415 917 418,419 420 HIlL MM NRTTIGHIINCINeTeEly
*

ZmIPK1 probe PAT probe
8 Callus tissue : Callus tissue

ZmIPK1 WT »

. Tl prom(+
ZmIPKLTI
2.2 kb prom(-) < 2.3 kb

2.2 kb prom (+)

- 9-&-1 b wb e o b & . ZmIPK2
WTor Ti

* prom(+) callus event 1.2 kb
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Tl Disrupts ZmIPK1 Expression & Is
Genetically Preserved in Regenerated Plants

ZmIPK1 Tagman Callus Events
Internal Reference: ZmEfla

Targeted integration events display
reduced transcription of ZmIPK1 in
callus relative to WT or non-TI
transgenic controls

223 276 413 419 420 wt 414 416 415

*Fertile Plants are Self-Pollinated or Out-
crossed in the Greenhouse shenaid  RRRERAR
*T1/F1 Progeny Analysis is Underway - TFTIFANESEEISENE ..

3’- In/Out PCR
Maize Genetics 2008 TO Regenerated Plantlets
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Zinc-Finger Nuclease-Mediated Gene
Targeting in Maize rT———

We have recapitulated these maize studies:
e @ ZmIPK1 using a different donor & additional ZFN designs.
« @ another distinct maize locus using 2 different donors.
 Results are consistent.

Summary:
Designed ZFNs cleave with sequence specificity.
Homology-driven repair can be mediated at high frequencies.
Targeted integration is precise and stable in callus tissue.
Targeted integration is retained during plant regeneration.

Next Steps:
e Assess meiotic stability in T1 and T2 plants

e Assess segregation behavior of Tl locus
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