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X7 VHEF FEHI - KXF->T ==V P T7F A b INCFo_A—a—F;
KAPIXF— X7 VA Y — LMMLERDEF] [601 Widom & TF Lowary]
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2 601-
A2

3 601-
A3

4 601-
Ad

5 601-
A5

6 601-
A6

7 601-
A7

8 601-
A8
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601-
0102

601-
0304

601-
0506

601-
0708

601-
0910

601-
1112

601-
1314

601-
1516

(Yl

GGCGGCcgacgegatacaccgttcgtcgetggagaatcceggtgecgaggec
gctcaattggtcgtagacagcetctagcaccgettaaacgcacgtacgegcetgtec
cccgegttttaaccgccaaggggattactecctagtctccaggeacgtgtcagat
atatacatcctgtgcgttcgacggtacgtcgagegGCCGCC
GGCGGCgtatcgegtegegegtaatcgactggagaatcccggtgecgaggee
gctcaattggtcgtagacagctctagcaccgcttaaacgcacgtacgegetgtee
cccgegttttaaccgccaaggggattactcectagtctccaggeacgtgtcagat
atatacatcctgtgcgcgacgttacgctcgacgtaGCCGCC
GGCGGCaccgatacgegegeggtacgatetggagaatcceggtgecgaggcee
gctcaattggtcgtagacagcetctagcaccgettaaacgeacgtacgegetgtec
cccgegttttaaccgccaaggggattactccctagtctccaggeacgtgtcagat
atatacatcctgttaatcgacgcgatatcgegegtGCCGCC
GGCGGCatatcgegegtcegtategeggtetggagaatcccggtgecgaggeeg
ctcaattggtcgtagacagctctagcaccgettaaacgcacgtacgegetgtece
ccgegttttaaccgecaaggggattactecctagtctccaggeacgtgtcagata
tatacatcctgttcgtatcgcgecgegtattcggGCCGCC
GGCGGCccgegegatattacgegegaatctggagaatcccggtgecgaggee
gctcaattggtcgtagacagctctagcaccgettaaacgcacgtacgegetgtec
cccgegttttaaccgccaaggggattactcectagtctccaggeacgtgtcagat
atatacatcctgtacgaacgtcgatcgtcgattcgGCCGCC
GGCGGCcgacgaacggttcgtacgcgagetggagaatcccggtgecgaggec
gctcaattggtcgtagacagetctageaccgcettaaacgeacgtacgegcetgtee
cccgegttttaaccgccaaggggattactcectagtctccaggeacgtgtcagat
atatacatcctgttcgcgtacgaatcgegtaatcgGCCGCC
GGCGGCcgcegtaatacgecgegatacgactggagaateceggtgecgaggee
gctcaattggtcgtagacagetctageaccgcttaaacgcacgtacgegetgtec
cccgegttttaaccgccaaggggattactcectagtctccaggeacgtgtcagat
atatacatcctgtaacgegtatcgegegtaacgegGCCGCC
GGCGGCcgtacgacgctegegatatccgetggagaatcccggtgecgaggee
gctcaattggtcgtagacagctctagcaccgcttaaacgeacgtacgegetgtec
ccecgegttttaaccgecaaggggattacteectagtctccaggceacgtgtcagat
atatacatcctgtcgacgttaacgcgttacgegtcGCCGCC

& [bp]

N
(=]
w

203

203

203

203

203

203

203

BT 5 MR

ICeChlIP |

A
+
>

5y

B4

A4y

Ft-53

A+

10

20

30

40



ooono

© &% ID NO

11

12

13

14

15

16

17

W
601-
A9

601-
Al10

601-
All

601-
Al12

601-
Al13

601-
Al4

601-
Al5

Coo1

€002

gogoooaad

S 8 fiiEd B
25

601-
1920

601-
2122

601-
2324

601-
2526

601-
0916

601-
1510

601_
o001
_Rev
601_
€002
_Rev

(27) JP 2017-506073 A 2017.3.2

AL

GGCGGCgcgttcgacgggtcgegaactactggagaatcccggtgecgaggec
gctcaattggtcgtagacagctctagcaccgcettaaacgcacgtacgegetgtee
cccgegttttaaccgccaaggggattactccctagtctccaggeacgtgtcagat
atatacatcctgtgtcgcgaactacgtcgttcgacGCCGCC
GGCGGCtacgcteggactegegegatgactggagaatcceggtgecgaggee
gctcaattggtcgtagacagctctagcaccgcettaaacgeacgtacgegetgtec
cccgegttttaaccgccaaggggattactccctagtcetccaggeacgtgtcagat
atatacatcctgtcgatcgtcgecatcggtacgctaGCCGCC
GGCGGCtattatgcgegaccegegtacgetggagaatcccggtgecgaggee
gctcaattggtcgtagacagctctagcaccgettaaacgcacgtacgegetgtee
cccgegttttaaccgccaaggggattactecctagtctccaggeacgtgtcagat
atatacatcctgtcgtaccgegatccgacgatcgaGCCGCC
GGCGGCtcgegaccgtacgaatttcgegetggagaatcceggtgecgaggec
gctcaattggtcgtagacagctctagcaccgcettaaacgcacgtacgegetgtec
cccgegttttaaccgecaaggggattactecctagtctccaggeacgtgtcagat
atatacatcctgtcgcegtcaatcgegattacgegaGCCGCC
GGCGGCtegtacgaccgegcegtatcgggctggagaateccggtgecgaggee
gctcaattggtcgtagacagctctagcaccgcettaaacgeacgtacgegetgtee
cccgegttttaaccgccaaggggattactecctagtctccaggeacgtgtcagat
atatacatcctgtgcgatcgtacgegegacgttaaGCCGCC
GGCGGCccgcegegatattacgcgegaatctggagaateccggtgecgaggec
gctcaattggtcgtagacagctctagcaccgcettaaacgeacgtacgegetgtce
cccgegttttaaccgecaaggggattactecctagtctccaggeacgtgtcagat
atatacatcctgtcgacgttaacgcegttacgegtcGCCGCC
GGCGGCcgtacgacgctcgegatatecgetggagaatcecggtgecgaggec
gctcaattggtcgtagacagctctagcaccgettaaacgcacgtacgegetgtee
cccgegttttaaccgeccaaggggattactecctagtctccaggeacgtgtcagat
atatacatcctgtacgaacgtcgatcgtcgattcgGCCGCC
ctggagaatcccggtgecgaggecgcetcaattggtegtagacagcetctageace
gcttaaacgcacgtacgcegetgtececcgegttttaaccgecaaggggattactc
cctagtctccaggctattatgcgegegatacgegttTC
ctggagaatcccggtgccgaggecgetcaattggtegtagacagetctageace
gcttaaacgcacgtacgegcetgtecccegegttttaaccgecaaggggattactc
cctagtctccaggecgegeataataategegegattTC
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BLS

ctggagaatcccggtgecgaggecgctcaattggtcgtagacagcetctageace
gcttaaacgcacgtacgegetgteccccgegttttaaccgecaaggggattacte
cctagtctccaggeatatcgegegttegacgttegtTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagetctageace
gcttaaacgcacgtacgegetgtecececgegttttaaccgecaaggggattactc
cctagtctccaggeacgcegegatattatcgegtegtTC
ctggagaatcccggtgecgaggecgcetcaattggtcgtagacagcetctageace
gcttaaacgcacgtacgegcetgteccecgegttttaaccgccaaggggattacte
cctagtctccaggetcgtcgacgategtcgaatcegtTC
ctggagaatcccggtgccgaggecgetcaattggtcgtagacagcetctageace
gcttaaacgcacgtacgegcetgteccecgegttttaaccgecaaggggattacte
cctagtctccaggcetcgtcgattcgacgegaatcgtTC
ctggagaatcccggtgecgaggecegetcaattggtcgtagacagetctageace
gcttaaacgcacgtacgegetgteccecgegttttaaccgccaaggggattacte
cctagtctccaggcetacgegattegtegtttegegtTC
ctggagaatcccggtgecgaggecgetcaattggtegtagacagcetctageace
gcttaaacgcacgtacgcegetgteccecgegttttaaccgecaaggggattactc
cctagtctccaggcetatacgegtcgacgattcgegtTC
ctggagaatcccggtgecgaggcecgcetcaattggtegtagacagetctageacc
gcttaaacgcacgtacgegetgteececcgegttttaaccgecaaggggattactc
cctagtctccaggetcgegtaategtttcgacgegtTC
ctggagaatcccggtgecgaggecgetcaattggtegtagacagetctageacc
gcttaaacgcacgtacgegcetgteccecgegttttaaccgecaaggggattactc
cctagtctccaggcettaacgtcgegegttcgaacgtTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagcetctageace
gcttaaacgcacgtacgegetgteccecgegttttaaccgecaaggggattacte
cctagtctccaggecgtattacgegaatcgegegatTC
ctggagaatcccggtgcecgaggecgctcaattggtcgtagacagcetctageace
gcttaaacgcacgtacgegetgteccecgegttttaaccgecaaggggattacte
cctagtctccaggcetcgattacgegtcgegegtaatTC
ctggagaatcccggtgccgaggecgetcaattggtegtagacagcetctageace
gcttaaacgcacgtacgegetgteccecgegttttaaccgccaaggggattacte
cctagtctccaggecgtttcgtacgegegacgtaatTC
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[Gel

ctggagaatcccggtgecgaggecgetcaattggtegtagacagcetctageace
gcttaaacgcacgtacgcegetgteccccgegttttaaccgeccaaggggattactc
cctagtctccaggetcgegtatacgtacgegegaatTC
ctggagaatcccggtgccgaggecegcetcaattggtegtagacagetctageace
gcttaaacgcacgtacgegetgteccecegegttttaaccgccaaggggattactc
cctagtctccaggecgegtaatacgegegaaattegTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgcegetgteccccgegttttaaccgecaaggggattacte
cctagtctccaggegatagtcgacgttatcgegtcgTC
ctggagaatcccggtgecgaggecgcetcaattggtegtagacagcetctageace
gcttaaacgeacgtacgcegcetgteccccgegttttaaccgccaaggggattactc
cctagtctccaggecgtacgaaacgegttaacgtcgTC
ctggagaatcccggtgecgaggecgctcaattggtcgtagacagcetctageace
gcttaaacgeacgtacgegetgtecccegegttttaaccgeccaaggggattacte
cctagtctccaggecgtcgactatctcgtegtategTC
ctggagaatcccggtgccgaggecgctcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegcetgteccccgegttttaaccgeccaaggggattactc
cctagtctccaggcettacgegtaccaacgegtatcgTC
ctggagaatcccggtgecgaggecgctcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegcetgtecccegegttttaaccgccaaggggattacte
cctagtctccaggecgaatcgegtattacgegategTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegetgtcecccgegttttaaccgccaaggggattactc
cctagtctccaggcetcggtacgetatcgtacgatcgTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegetgteececcgegttttaaccgeccaaggggattactc
cctagtctccaggecgacgcegtatacgaatttegegTC
ctggagaatcccggtgecgaggecgetcaattggtegtagacagetctageace
gcttaaacgcacgtacgegetgtecceccgegttttaaccgeccaaggggattactc
cctagtctccaggcetcgacgegataattacgtegegTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagcetctageace
gcttaaacgcacgtacgegetgteccccgegttttaaccgecaaggggattactc
cctagtctccaggcetcgegegaatattegtategegTC
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ctggagaatcccggtgccgaggecgctcaattggtcgtagacagcetctageacc
gcttaaacgeacgtacgegetgteccccgegttttaaccgecaaggggattactc
cctagtctccaggcetatcgegtcgagtgatatcgegTC
ctggagaatccceggtgecgaggecgcetcaattggtegtagacagcetctageacc
gettaaacgcacgtacgegetgteccecgegttttaaccgecaaggggattacte
cctagtctccaggecgegtaatcgatacgttacgegTC
ctggagaatcccggtgccgaggecgctcaattggtcgtagacagcetctagecacc
gcttaaacgcacgtacgegetgtecccegegttttaaccgecaaggggattacte
cctagtctccaggcettacgtcgegataatcgacgegTC
ctggagaatcccggtgecgaggecgcetcaattggtegtagacagcetctageace
gcttaaacgcacgtacgegetgtcccccgegttttaaccgecaaggggattacte
cctagtctccaggetattcgegegatcgegattacgTC
ctggagaatcccggtgccgaggecgcetcaattggtegtagacagetctageacc
gcttaaacgcacgtacgegcetgteccccgegttttaaccgccaaggggattactc
cctagtctccaggecgattacgegaacgattcgacgTC
ctggagaatcccggtgecgaggecgctcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegetgteccecgegttttaaccgecaaggggattacte
cctagtctccaggcecgtatacgegattaacgegacgTC
ctggagaatcccggtgecgaggecgcetcaattggtegtagacagcetctageace
gcttaaacgcacgtacgegetgteccecgegttttaaccgecaaggggattacte
cctagtctccaggetagegtaccgacgacgttaacgTC
ctggagaatcccggtgecgaggecegetcaattggtegtagacagetctageace
gcettaaacgcacgtacgegetgteccecgegttttaaccgecaaggggattacte
cctagtctccaggeatcgtcgacgaacgttcgaacgTC
ctggagaatcccggtgecgaggecgcetcaattggtcgtagacagetctageacc
gcttaaacgcacgtacgcegcetgtcccccgegttttaaccgeccaaggggattactc
cctagtctccaggecgaatcgacgatagttcgegacTC
ctggagaatcccggtgccgaggcecgctcaattggtcgtagacagcetctageacc
gettaaacgcacgtacgegetgteccecgegttttaaccgecaaggggattacte
cctagtctccaggecgegacgttaacgegatatcacTC
ctggagaatcccggtgecgaggecgctcaattggtegtagacagetctageacc
gcttaaacgcacgtacgegetgteccccgegttttaaccgecaaggggattacte
cctagtctccaggeggtacgegtaacgegtegattaTC
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ctggagaatcccggtgecgaggecgctcaattggtcgtagacagctctageacc
gcttaaacgcacgtacgegetgteccecgegttttaaccgccaaggggattactc
cctagtctccaggcetcgegacgtaaattegegegtaTC
ctggagaatcccggtgecgaggecgctcaattggtcgtagacagcetctageace
gcttaaacgcacgtacgegetgtcccccgegttttaaccgecaaggggattactc
cctagtctccaggecgegtateggtegegtaacgtalTC
ctggagaatcccggtgecgaggecgcetcaattggtcgtagacagctctageace
gcttaaacgcacgtacgegetgtececcgegttttaaccgecaaggggattactc
cctagtctccaggecgacgaacggtgtcgegaactaTC
ctggagaatcccggtgecgaggecgctcaattggtcgtagacagctctageacc
gcttaaacgcacgtacgegetgtecccecgegttttaaccgccaaggggattactc
cctagtctccaggccgaacggtegtttegegegataTC
ctggagaatcccggtgecgaggecgctcaattggtcgtagacagctctageacc
gcttaaacgcacgtacgegcetgteccecgegttttaaccgccaaggggattactc
cctagtctccaggeccgacgategtacgacgegataTC
ctggagaatcccggtgecgaggecgcetcaattggtcgtagacagetctageacc
gcttaaacgceacgtacgegetgteccccgegttttaaccgecaaggggattacte
cctagtctccaggccgacgtaccgtttacgegtegaTC
ctggagaatcccggtgecgaggecgcetcaattggtcgtagacagctctageacc
gcttaaacgcacgtacgegetgteeccccgegttttaaccgecaaggggattactc
cctagtctccaggecgtacgacgctacgaacgtcgaTC
ctggagaatcccggtgecgaggecegcetcaattggtcgtagacagetctageacc
gcttaaacgcacgtacgegetgteccecgegttttaaccgecaaggggattacte
cctagtctccaggeccgegegatattttegtegegaTC
ctggagaatcceggtgecgaggecgetcaattggtcgtagacagcetctagecacc
gcttaaacgeacgtacgegetgteeccccgegttttaaccgecaaggggattactc
cctagtctccaggcetcgegegacatcegtaategegaTC
ctggagaatcccggtgecgaggecgctcaattggtcgtagacagctctagcacc
gcttaaacgcacgtacgegetgteccecgegttttaaccgccaaggggattactc
cctagtctccaggecgegegatatgattacgegegaTC
ctggagaatcccggtgecgaggecgetcaattggtcegtagacagcetctageace
gcttaaacgeacgtacgegetgtecccegegttttaaccgccaaggggattactc
cctagtctccaggccgcgtattcggttcgtacgcgaTC
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ctggagaatcccggtgecgaggecgetcaattggtcgtagacagctctageacc
gcttaaacgcacgtacgcegetgteccccgegttttaaccgccaaggggattactc
cctagtctccaggcetcgatcgtcggegategtacgaTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagetctageace
gcttaaacgcacgtacgegcetgteccecgegttttaaccgccaaggggattactc
cctagtctccaggcacgatcgteggtegttegacgaTC
ctggagaatcccggtgecgaggecgctcaattggtcgtagacagctctageacc
gcttaaacgcacgtacgegetgtececcgegttttaaccgecaaggggattacte
cctagtctccaggecgacgtatcggegatacgacgaTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagcetctageace
gcttaaacgcacgtacgegetgteccecgegttttaaccgecaaggggattactc
cctagtctccaggceatatcgegeggtegtcgaacgaTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegetgteccccgegttttaaccgeccaaggggattactc
cctagtctccaggecgacgtaacggacgegaaacgaTlC
ctggagaatcccggtgcecgaggecgctcaattggtcgtagacagctctageace
gcttaaacgcacgtacgegetgteccecgegttttaaccgccaaggggattactc
cctagtctccaggcacgaccgttegegtegegttaaTC
ctggagaatcccggtgccgaggecgetcaattggtegtagacagcetctageacc
gcettaaacgcacgtacgegetgteccecgegttttaaccgecaaggggattacte
cctagtctccaggecgtateggtegegategegtaaTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegetgteccccgegttttaaccgecaaggggattacte
cctagtctccaggectegttegtegticgegegtaaTC
ctggagaatcccggtgecgaggecgctcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegetgtecccegegttttaaccgecaaggggattactc
cctagtctccaggeaccgttegtegtegacgegtaaTC
ctggagaatcccggtgecgaggecgetcaattggtegtagacagcetctageacc
gcttaaacgceacgtacgegetgtececccgegttttaaccgecaaggggattacte
cctagtctccaggctacgtecgtegegacgegataaTlC
ctggagaatcccggtgecgaggecgcetcaattggtcgtagacagetctageacc
gcttaaacgcacgtacgcegetgtececcgegttttaaccgccaaggggattacte
cctagtctccaggeccgttacgtegtatcgegegaaTC
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ctggagaatcccggtgecgaggecgcetcaattggtegtagacagetctageace
gcttaaacgcacgtacgcegctgtececcgegttttaaccgeccaaggggattactc
cctagtctccaggcacggtacgtcgttacgegegaaTC
ctggagaatcccggtgcecgaggecgctcaattggtegtagacagcetctageace
gcttaaacgcacgtacgcegcetgteccecgegttttaaccgecaaggggattactc
cctagtctccaggeccgatacgtcgtcgegtacgaaTC
ctggagaatcccggtgecgaggecgetcaattggtegtagacagetctageacc
gcttaaacgcacgtacgegetgteccecgegttttaaccgecaaggggattacte
cctagtctccaggcetcgcacgatcgegegatacgaaTC
ctggagaatcccggtgecgaggecgcetcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgcegetgtcccccgegttttaaccgecaaggggattacte
cctagtctccaggetcgecgaatcgacgegtcgaaaTC
ctggagaatcccggtgecgaggecgctcaattggtegtagacagcetctageace
gcttaaacgcacgtacgcegcetgtcccccgegttttaaccgeccaaggggattacte
cctagtctccaggetatgegtcgegtegegacgaaaTC
ctggagaatcccggtgccgaggecgctcaattggtegtagacagcetctageace
gcttaaacgcacgtacgcegetgtcccccgegttttaaccgccaaggggattactc
cctagtctccaggecatatcgegegegtategeggtTC
ctggagaatcccggtgcecgaggecgctcaattggtegtagacagcetctageace
gcttaaacgcacgtacgegcetgtcccccgegttttaaccgecaaggggattacte
cctagtctccaggecgtatagegegecgtacgtegtTC
ctggagaatcccggtgecgaggeegetcaattggtcegtagacagcetctageacc
gcttaaacgcacgtacgegctgteccccgegttttaaccgecaaggggattacte
cctagtctccaggcaccgatacgegtagegacgegtTC
ctggagaatcccggtgecgaggecgcetcaattggtcgtagacagcetctageace
gcttaaacgeacgtacgegcetgteccecgegttttaaccgecaaggggattacte
cctagtctccaggeccgaatacgegtcgacgaccgtTC
ctggagaatcccggtgccgaggecgetcaattggtcgtagacagctctageace
gcttaaacgcacgtacgcegcetgteccecgegttttaaccgecaaggggattacte
cctagtctccaggctcgtacgaccgeggtcgaacgtTC
ctggagaatcceggtgecgaggecgetcaattggtcgtagacagetctageacc
gcttaaacgcacgtacgcegetgteccccgegttttaaccgecaaggggattacte
cctagtctccaggeagegtcegtacgtegegacgagtTC
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ctggagaatcccggtgeccgaggecgctcaattggtcgtagacagctctageacc
gcttaaacgcacgtacgegetgteccecgegttttaaccgecaaggggattacte
cctagtctccaggecgegctatacgegtaccgegatTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegetgteccccgegttttaaccgeccaaggggattactc
. cctagtctecaggecgaccgatacgegeggtacgatTC
ctggagaatcccggtgecgaggcecgctcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegetgtcccccgegttttaaccgeccaaggggattacte
cctagtctccaggcettcgagegacgeggegtacgatTC
ctggagaatcccggtgeccgaggecgctcaattggtcgtagacagcetctagcacc
gcttaaacgcacgtacgegetgtcccccgegttttaaccgeccaaggggattactc
cctagtctccaggegtcgaacgacgeggtegacgatTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagcetctagcacc
gcttaaacgcacgtacgcgcetgtcccccgegttttaaccgccaaggggattactc
cctagtctccaggegacgegtaacgecgegegtaatTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagetctageace
gcttaaacgcacgtacgegcetgtceccccgegttttaaccgecaaggggattactc
cctagtctccaggetcgacgegtagegegacgcaatTC
ctggagaatcccggtgecgaggecgctcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegetgteccccgegttttaaccgecaaggggattacte
cctagtctccaggecgacgaacgagtcegtategeggTC
ctggagaatcccggtgecgaggecgetcaattggtegtagacagetctageace
gcttaaacgcacgtacgegetgtececcgegttttaaccgecaaggggattacte
cctagtctccaggecgttacgegtcttatcgegeggTC
ctggagaatcccggtgecgaggecgctcaattggtcgtagacagcetctagcacc
gcttaaacgcacgtacgcegetgtececccgegttttaaccgeccaaggggattacte
cctagtctccaggetaacgtegegeattacgegeggTC
ctggagaatcccggtgccgaggcecgctcaattggtcgtagacagcetctagcacc
gcttaaacgcacgtacgegetgteccecgegttttaaccgecaaggggattacte
cctagtctccaggctacgctcggactatacgegeggTC
ctggagaatcccggtgecgaggecegetcaattggtcegtagacagetctageace
gcttaaacgeacgtacgegetgteccccgegttttaaccgecaaggggattacte
cctagtctccaggecgtegttegacacgacgtacggTC
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ctggagaatcccggtgecgaggecegcetcaattggtcgtagacagcetctageace
gcttaaacgcacgtacgegetgteccccgegttttaaccgccaaggggattactc
cctagtctccaggegegegacgttacgattcgacggTC
ctggagaatcccggtgecgaggecgctcaattggtcgtagacagcetctagcace
gcttaaacgeacgtacgegetgtecccegegttttaaccgccaaggggattactc
cctagtctccaggcetgtcgegegtatacgcetegtcgTC
ctggagaatcccggtgecgaggecgctcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgcegetgteccccgegttttaaccgeccaaggggattactc
cctagtctccaggegtccgagegtagtatcgegtcgTC
ctggagaatcccggtgeegaggecgcetcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegetgtecceccgegttttaaccgccaaggggattactc
cctagtctccaggctegegaccgtagttacgegtegTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegetgtececccgegttttaaccgecaaggggattacte
cctagtctccaggecgacggacgtacgtateegtegTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegcetgtcccccgegttttaaccgccaaggggattactc
cctagtctccaggecgegacgcatagegttacgtegTC
ctggagaatcccggtgecgaggecgctcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegetgteccccgegttttaaccgccaaggggattactc
cctagtctccaggectacgegtcgacgegttagtcgTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegetgteccccgegttttaaccgecaaggggattacte
cctagtctccaggeccgacgatcgateggegtategTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagcetctageacc
gcttaaacgeacgtacgegetgteccecgegttttaaccgeccaaggggattactc
cctagtctccaggecgatcgtgegacgegactategTC
ctggagaatcccggtgecgaggecgetcaattggtcgtagacagcetctageacc
gcttaaacgcacgtacgegetgtecccccgegttttaaccgeccaaggggattacte
cctagtctccaggecgattcggegatgegacgategTC
ctggagaatcccggtgcecgaggecgetcaattggtegtagacagcetctageacc
gcttaaacgcacgtacgegcetgtecceccgegttttaaccgecaaggggattactc
cctagtctccaggetacggtegegaccgtegaatcgTC
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106 C091 601 ctggagaatcccggtgecgaggecgcetcaattggtegtagacagetctagcace 147 BT

C091 gcttaaacgcacgtacgegetgteccccgegttttaaccgecaaggggattactc

Rev cctagtctccaggceatgtcgegegacgegtcaategTC

107 C092 601_ ctggagaatcccggtgcegaggecgetcaattggtcgtagacagetetagcace 147 Bif
C092 gcttaaacgcacgtacgegetgtecccegegttttaaccgecaaggggattacte
_Rev cctagtctccaggecggtegtacgacgegatatgegTC

108 C093 601_ ctggagaatcceggtgecgaggecgetcaattggtegtagacagetctagecace 147 BT
C093 gcttaaacgcacgtacgegetgtccceccgegttttaaccgeccaaggggattactc
_Rev cctagtctccaggctacgegegacacgtaatcggegTC

109 C094 601_ ctggagaatcccggtgeecgaggecgetcaattggtegtagacagetctagecace 147 Bt
C094 gcttaaacgcacgtacgegetgtecccccgegttttaaccgecaaggggattactc
_Rev cctagtctccaggcecgtegetegaatateggtegegTC

110 C095 601_ ctggagaatcccggtgecgaggecgetcaattggtegtagacagetctagecace 147 Bif
C095 gcttaaacgcacgtacgegetgteecccgegttttaaccgccaaggggattactc
_Rev cctagtctccaggegegttcgacggattgegtcgegTC

111 C096 601_ ctggagaatcccggtgecgaggecgetcaattggtegtagacagetctagcace 147 BT
C096 gcttaaacgcacgtacgegetgtecececgegttttaaccgecaaggggattacte
_Rev cctagtctccaggecgegttacgegegatagtcgegTC

112 C097 601_ ctggagaatcccggtgecgaggecegetcaattggtegtagacagetctagcace 147 BT
C097 gcttaaacgcacgtacgegetgtecceccgegttttaaccgecaaggggattacte
_Rev cctagtctccaggcecgcegtaacgeggtcgtatcgegTC

113 C098 601_ ctggagaatcceggtgecgaggeegetcaattggtegtagacagetctagcace 147 BT
C098 gcttaaacgcacgtacgcgetgtcccccgegttttaaccgccaaggggattacte
_Rev cctagtctecaggeteggtacgegecggatategegTC

114 C099 601_ ctggagaatcccggtgecgaggecgcetcaattggtegtagacagetctagecace 147 BiF
C099 gcttaaacgcacgtacgegetgtecceegegttttaaccgecaaggggattacte
_Rev cctagtctecaggeccgtcgaacgecgceatategegTC

115 C100 601_ ctggagaatcccggtgecgaggecgetcaattggtegtagacagetctagecace 147 B
C100 gcttaaacgcacgtacgegetgteeccegegttttaaccgecaaggggattactc
_Rev cctagtctccaggegcegegtaccgataccgatcgegTC
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INTERNATIONAL SEARCH REPORT International application Mo.
PCTAIS2015/014296

A. CLASSIFICATION OF SUBJECT MATTER
IPC{8) - C40B 30/04 (2015.01)
CPC - C40B 30/04 (2015.04)
According to [nternational Patent Classification (IPC) or to both national classification and 1PC

B.  FIELDS SEARCHED

Minil d i hed (classification system followed by classification symbols)
IPC(B) - G12P 19/34; C408 30/04, 30/06, 40/02, 50/06 (2015.01)
CPC - C12P 19/34; CADB 30/D4, 3006, 40402, B0 (2015.04)

Dx i hed other than mini ion to the extent thas such documents ane included in the fields
CPC - C12P 19/34; C40B 30/04, 30/06, 40/02, 50/06 (2015.04) (keyword delimited)
LIS Classas - 506/7, 9, 16, 17

Electronic data base consulted during the interational search {name of dats base and, where practicable, search terms used)
PatBase, Google Patents, Google, PubMed

Search terms used: nucl ap ic, histons, epitope, locus, library, barcode, ratie, density, ChiP, chromatin, stzndand, control

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y Us 20130217027 A1 (BERNSTEIN et aly 22 August-2013 (22.08.2013) entire documant 1-12, 14-18, 21, 22
YIGIT et al. "High-resolution nuclecsame mapping of tangeted reglons using BAC-basad 1-12,14-18, 21, 22
enrichment,” Nucleic Acids Research, 14 February 2013 (14.02.2013), Pgs, 1-11. entire
document

Y WO 2013/184930 AZ (TRUSTEES OF PRINCETON UNIVERSITY et ai) 12 December 2013 2,15

{12.12.2013) entire document

A KUAN et al. *A Statistical Framework for the Analysis of ChiP-Seq Data,” Jounal of American 1-22
Statistical Association, 2011, Vol. 106, 1ss. 495, Pgs, 1-35. antire document

A RUTHENBUR®G et al, "Recognition of a mononuciecsomel histone modification paitern 1.22
by BPTF via multivalent interactions,” Cell, 27 May 2012 (27.05.2012), Vol. 145, No. 5, Pgs.
§92-706. entire document

[] Further documens are listed in the continuation of BoxC. [
- Special categories of cited d ©*r" later document published after the intemational filing date or priority
“A" dogument defining the general state of the art which is not considered date and not in conflict with the but cited
to be of particular relevance the principle or theory underlying the invention

“E™ earlier application or patent but published on or after the i iomal <} 4 of p ) ! the ¢laimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
“L” document which may throw doubis on priofity claim(s) or which is step when the document is wken slone

cited to esablish the publication date of another citation or other wys 4 of particul 1 the tlaimed invention cannot be

reason (os spocified} considered o involve an inventive step when the document is

“©Q" dccu.men( referring to an ol disclosure, use, exhibition or other combined with ane or more other such documents, such combination

being obvious to a person skilled in the ant
v documem published prior to the international filing date butlater than  wg»  gacyment member of the same patent Family

the prigrity date ©
Date of the actual completion of the intemationsl search Date of mailing of the intemational search repon
16 June 2015 1 3 JUL 2015
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Alin: ISAUS, Commissianar for Patents Blaine R. Copenhaaver
PO. Box 1450, Alexandrla, Virginia 22313-1450 PET Melprask: 57
Facsimile No.  571-273-3201 PCT OSP: ST+-272TTT4

Form PCT/ISA/210 (second sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT Imermationa! application No.
PCTAIS2015/014296
Box No. [ Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

{. With regard to any nuclectide and/or amino acid sequence disclosed in the lnimanonal application, the international search was
: carried oul, on the basis of a sequence listing filed or furnished:

8. {means}
[ ] on paper
in electronic form
b. - (time)

. in the international application as filed
D together with the international application in electronic form
I:l subsequemtly to this Amthority for the purposes of search '
2. D In addition, in the case that more than one version or copy of & sequence listing has been filed or furnished, the required

statements-that the information in the subsequent or additional copies is identical 1o that in the appllcallon as i' led or does
not go beyond the application as filed, as appmpnaw, were fumnished,

3. Additional comments:
SEQ ID NOs: 1-20 were searched.

Form PCTASA/S210 {continuation of first sheet {1)) (July 2009)
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Box No. 1T Observations where certain claims were found unsearchable (Continnation of item 2 of first sheet)

This international search report has not been established in respect of cenain claims under Article 17(2)(a) for the following reasons:

1. Clajms Nos.:
because they relate to subject matter not required 1o be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the international application that do ot comply with the prescribed requirements 1o such an
exteni that no meaningful intemational search can be carried out, specifically:

3. D Claims Nos.: . )
because they are dependent claims and are not drafled in accordance with the second and third sentences of Rule §.4¢a).

Box No, IIl  Observations where unity of invention |s lLacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

ses Extra Sheet(s).

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable.
claims.

2, D As all searchable claims could be searched withowt effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. E No required additional scarch fees were timely paid by the applicant, Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.

claims 1-22 will ba searched to the extent that they read on SEQ ID NO: 1

Remark on Protest I::l The zdditional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
D The additional search fees were sccompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
D No protest accompanied the payment of additional search fees.

Form PCT/ASA/210 {continuation of first sheet {2)) (July 2009)
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This application contains the follewing inventions or groups of inventions which are not 5o linked as to form a single ganeral inventive
concapt under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I+: claims 1-22 dre drawn to a composition comprising a nucieosome, and methods comprising the same.

The Brst invention of Group 1+ is restricted to a compesition comprising a nueleosome, and methods compiising the same, the
composition comprising a nucleosome further comprising a nuclectide sequance selecited io ba SEQ ID NO:1. It is believed that daims
1-22 read on this first named invention, and thus these claims will be searchad withaut fee to the extant that they read on SEQ 1D NO: 1.

Applicant is inviled to elect additional nucleic actd sequences with carespanding SEQ ID NO to be searched in a specific comblnaton
by paying an additional fee for each set of election. An exemplary eleclion would be a composition comprising a nucienseme, and
methods compiising the same. the compoesition comprising a nudeosome further prising a nuclectide sequence selected to ba SEQ
1D NO: 2. Additional nucleic acid sequences with comespanding SEQ ID NO will be hed upon the pay t of addilional fees.
Applicants must specify the daims that read.an any additional elected inventions. Applicants must further indicalte, if applicable, the
claims which read on the first nansad invention If differant than what was indicated above for this grup, Failure to dearly identify haw
any paid additional imvention fees are to be applied to the *+" group(s) will result in only the first claimed invention to be
searched/examinad.

The inventions listed in Graups I+ do not relate to a singls ganaral inventive concapt undar PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corasponding special technical foatures fer the following reasons:

The Groups |+ formulas do not share a significant structural element, requiring the selection of alternatives where “the double-stranded
polynuclestide comprises a nudeotide sequence selected from the group consisting of a SEQ ID. NOs 1-115," and "2 compaesition

compnsing a nudeosome prising a nuciectide sequence d from the group consisting of sequences comprising SEQ ID. NOs
1-115.7 .

The Groups |+ share the technical features of a composition comprising a nuclacsome, and a method of determining a density of a first
epitape of a core histone at a genomic locus in chromatin of a cell, the method comprising: preparing a library of native nucleosomes
fromn the chromatin, wherein the library comprises a nuclecsome comprising the core histone having tha first epitope and a nucleosome
nutieotide sequance indicative of the genomic locus; adding a standard to the library to create a doped Lbrary; wherein the standard
comprises a reconstituted nucleosome comprising (i} a standard hstone or standard histong fragment having the first epitope and (i) a
standand molecule compiising a standard nucieotite Gequence linking to a barcode molecule, wherein tha standard histona or standard
histone fragment and the standard nuclectide sequance form a stable protein-DNA association; adding a first affinity reagent to the
doped library to capture an amount of natlve nucleosomes and standard comprising the first epitope; determining a relative genomic
abundance for the first epilopa by comparing the amount of a given nuclectids sequence associated with the captured native
nucleosemes comprising the first epitope and the amount of a given nucleotide sequenca asseciated with the native nucleoseme in an
input amount from the doped library determining a standard capture ammenw for the first epitope by comparing the amount of a barcode
sequence associated with the captured standard and the amount of a given nucleolide sequence associated with the standard in an
‘input amount from the doped library; determining the density of the first epitope of the core histone at the genomic locus by comparing
the relative genomic abund: o the standard capture efficiency; determining an amount of the core histone at the genomic focus in
the doped library; determining an amount of standard in the doped library. However, thess shared teuhnu:al features do not represent a
contribution over the prior art.

Spacifically, US 2013/0217027 A1 to Bamstain et al. discloses a method of determining a density of a first epitope of a core histone ata |
genomic Jocus in chromatin of a cell (the value and/or signal of the processed sample in (a} of C1 and C28 is significantly higher than
the value and/cr signal of the input sample...then the genomic sample comprises an epitope specific for the antibody, Para. [0023);
antigen may comprise amino acid fragments derived from histona proteins, Para. {0004]; domains of each core histone are represented
as ovals, Para. [0034]), the methed comprising: preparing a library of native nucleosomes from the chromatin {interrogate whole samples
by incorporating all DNA, into a library, Para. [Q081]; genome-wide maps of nucleosome localization, Para. [0151]; isolation of total
chromatin, Para. [0123)), wherein the library comprises a nucleosoma comprising the core histone having the first epitope (the genomic
sampla comprises an epitopa spacific for the antibody that is specific for C25, Para. {0023); interrogate whole samples by incorporating
all DNA into a library, Para. [0081]; genome-wide maps of nudeosome localization, Para. [0151]; isolation of total chromatin, Para.
[0123]; each core hislone ars represented as pvals, Para. [0034]) adding a standard to the library to create a doped library (the
polypeptide- oligonuclectide conjugates are provided as intemal standards, Para. [0089]); detarmining an amount of the core histone at
the genomic locus in tha doped library (the valve and/or signal of the pmcgsed sampla in (@) of C1 and C2S is significantly higher than
the value and/or signal of tha Input sample...then the genomic sample comprises an epitope specific for the antibedy, Para. [0023};
antigen may comprise amino acid fragments derived from histone proteins, Para. [0004]; domains of each core hisione are represented
as ovals, Para. |0034]); determining an amount of $tandard in the doped libmry {quantification using the same primers for the conlrol
{e.g. the palypeptidecligonuclectide conjugates described herein), Para. [0128]) wherein the standard comprises a reconstituted
nuieosome comprising (i) a standard histone or standard histone fragment having the first eplwpe and (i} a standard molecule’
comprising a standard nudieotids sequence linking to a barcode moleculs, wh 1 the dard histone or standard histone fragment
and the standard nucleotide sequence form a stable protein-DNA assoclation (Examples of control agents include.. . assembled
nucleosomas conjugated to bamoded DNA, Para. [0097]' the piolyfieplide- ofigonucleotide conjugates are provided as intemal standards,
Para. [0089]; possibility of nuch rearm t during fragmentation, Para. [0107]; The polypeptide-aligonucteotida conjugates...
may be used to provide specific epitopes), Para. [0103]; Subsequent coupling to the amine-containing A segment can be performed to
form a stable phosphoramidate linkage, Para, [00B4]); adding a first affinity reagant to the doped library to capture an amount of native
nucieosomes and standard comgrising the first epitope (C2 Is a polypeptide-oligonuciectide conjugate, wherein C2 1s a
polypeptide-oligonuciectide conjugate immunoprecipitated with an antibody that is specific for the pelypeptide-oligonucisotide conjugate

<<continued in next extra sheet>>

Form PCT/ISA210 {extra sheet} (July 2009)
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(C28), Para. [0022}; a control antibody 2gainst a nen-modifisd histone, such as Hisione H3, may be necessary to confirm the
preservation of nuclecsomes at particular ganomic lod, Para. [0048]). detenmining an amount of the core histone at the genomic locus in
the doped library; determining an amount of standard in the doped library determining a relative ganomic abundance for the first epitope
by comparing the amount of a given nucleotide sequence associated with the captured native nucleosomes eomprising the first apitope
and the amount of a given nucleotide sequence associated with the native nucleosome (Antibodies that recognize a protein (e.g.a
chromatin-associated factor such as a transcription factor) or proteln modification {e.g. a histone tail modification) of interest can be used
to determine the relalive abundance of that antigen al one or more locations (Ioa] in the genome; Para [0120] Intemnal controls for use
with an MNase-saq assay include in vitra bled nud dtot d DNA 3 es, for le, having
the configuration X-B, where X i3 an assembled nuclacsome, and B is an oﬁgonudeoﬂde of DNA that umquety |dentsﬁes X, Para. [0151))
in an input amount from the doped library determining @ standard capture el’ﬁctancy foflhe first epitope by oompartng the amount of a
barcode sequence associated with the capiured standar and the amount of a given nucleotid sequanoe lated with the standard
in an input amount from the doped library (Upon acquisition of data {readout), for example by idizaticn, the rek
representation of the different polypeptide-oligonucieotide conjugates described herein may be evaluated by cumparlng their
representation a) within a given.sample and/er b) with a control sample(s). Enrichment ratios may then be calculated for each
polypepiide-oligonucleotide conjugate, Para, [0137]; In onder o evaluate the efficiency of the intemal standard (IS}, two ChiP
expenments wers camied out, Para, [0204]; a validation step that includes one or more comparisons of tha value and/or signal of the
input sample and the valus andfor signal of the processed sample of C1 with the value and/or signal of the input sample and the valye,
Para. [0022}; G2 is a polypeptide~oligonuciectide conjugate, Para. [0022); control agents Include, but are not limited to, barcoded
DNA-peptide conjugates, Para. j0030]); determining the density of the first epitope of the core histone at the ganomic locus by
comparing the relative ganomic abundanca to the standard capture efficiency {Antibodies that recognize a protein...of interest can be
used to detenmine the relative abundance of that antigen at one or more locations (locl) in the genoma, Para. (0120]; Enrichment ratios
may then be calculatad for each polypeptide-oligonucteotide conjugate. These ratios may then be used to estimate or calcutate the
degree 10 which the comresponding antigen {represented by the polypeptide-oligonucieofide conjugate) was anriched, Para. [0137];
analysls of the immunoprecipitated fraction cbtained in {d) to determine the amount of a target DNA sequence retative 1o its abundanoe
in the input chromatin, Para, [0128)).

Further, "High-resolution nucleosome mapping of'!_'argeted regions using BAC-based enrichmant,” to Yigit ot al. teazhas and &
nucieosoma nucleotlde sequence indlcative of the genomic locus (measure nuclensomea occupancy across the genoma, 1o asslgn their
center locations at high-resolution, Pg, 1, right-hand column, second paragraph; these data show that nucleosomal DNA from distinet
Inci covering inegabasea regions can be entiched simultanaously, efficiantly and reproducibly, Pg. 7, teft-hand column, first paragraph). It
would have been obvious to one of ordinary skill in the art af the ime of invention to modify the methad of Bemstein to include the
huclegsome nuclectide equenca indicative of the genomic locus as taught by Yigit. The motivation would have been to enable
high-resolution mapping of nucleosomes across diffarent call types {Yigit, Pg. 10, right-hand column, middle of page).

The invantions listed in Groups I+ therefore lack unity under Rule 13 because they do not share a same or cormespanding special
technical features.

Form PCT/ISAZ210 {extra sheet) (July 2009)
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