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MTDe &3t A3 AL F- 5 Fd2F 2=

4E3t AEIA FEEZS MTD #HElo]|=(Bel—-2 family protein® Noxa
Gl o] C—terminalell EA8H= 10709] opn|Aito® F243) 7k of WA Al ZAALE
Jo7l=A dotd7] Hgt I A dAE, oju s FHaxEe] MTDe &3 s
MEFAF] FEFS v X]=A] dolH 1A} 3FFTE. WA Lentiviral shRNA library
systems ©]&3to] MTDell &gt AEZAALZE dojubA] = AEF5 G,
o]ZllAlA genomic DNAE #&3t3ith ol 54 primerg AH§3to] PCRet+=
WS sl ofd| FaAre] Bdo] AAEE Wl MTDel| st Al 23 A7 dojrhA]
A=A dotR ok, A3 A Neutrophil cytosolic factor 1(NCF1) FH2&
grol| it ©]i= NADPH oxidase® subunit®Z THJFolET oA o] 442
=dWol7t #FET gt ol AHE T = W MTDel 9Ja] Fx+=

AZIAAE NCF1 #4827F &S mAs AsAAE 7131 2oz woln, ofd

fn)

e Qe AR ALY BY e wEs
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ABSTRACT

Identification of the genes responsible for MTD—induced

necrosis

Park, Junghee MD.

Advisor: Prof. Kim, Tae—hyoung, Ph.D.

Department of Medicine

Graduate School of Chosun University
Cell death plays an important role in various disease developments. Thus, the
understanding of cell death is really helpful for understanding of disease, and
overcoming it. For recent 20 years, the research mainly focused on apoptosis,
but not necrosis because necrosis has been regarded as a passive form of cell
death. But nowadays, some studies have begun to reveal the signal pathways
of necrosis and the focus has been moving to it. In this paper, I have used a
model system, MTD (10 amino acids on the c—terminal of Noxa protein)
induced necrosis to dissect the molecular mechanism of necrosis. To do so,
the lentivirus—infected HeLa cells expressing shRNA libraries were
generated, and were treated with R8:MTD; then the dead cells were removed.
This process was repeated three times to establish the MTD—resistance cells.
From the MTD-resistant cells, genomic DNA was extracted and used as
templates for PCR to identify the shRNA expressed in MTD—-resistant cells.
The PCR products were cloned into pGEM-—T easy cloning vector, and
obtained 5 clones. From the sequencing results, 4 clones contained identical
shRNA barcodes to knock—down NCF1 expression. NCF1 is a cytosolic

subunit of neutrophil NADPH oxidase that has known to be activated to



produce superoxide anion, and mutations of this gene are associated with
chronic granulomatous disease. Together, the result suggests that the
necrosis induced by MTD peptides has a signaling pathway influenced by

NCF1 gene expression.



AL 3 Fee $o9 43 i ARAOR dwol Hol Itk 53] AE
Sge ole] AW wAd S FoF B s, ole] T ola 2 A
ofall, S} grrop gt olsh R ol FE ALY ] T ATE
ob e} 3 9)el = FuahA| o] Foi A1 glet.

A ZEAL W 93] (the Nomenclature Committee on Cell Death) oA+

ok
1o

ME
=
o

20129 o] AEAS Aghetd] AsHGA A we AEARE FEsled,
71221 M EAFEE Extrinsic apoptosis, Caspase—dependent and Caspase—
independent intrinsic Apoptosis, Regulated necrosis, Autophagic cell death,
Mitotic catastrophe”} %1 2™, Anoikis, Entosis, Parthanatos, Pyroptosis,
Netosis 9] Al ZAF FEj = Abekar k(D).

AL FEE A

[

o el uwebA FEsiEW A A XEAFE (apoptosis),
M| LI AF(Necrosis), AH7FE2] (Autophagy) ©] =dl A7FE2AE 71 ou] & A EZ 9]
ool ofd A AES fs Wojrjder R AlEol QlojA AEARS]
T E 1871l oA =7ke] o] %7} Jlvk(2).

o 2001d FRE AL S5l e ATt FE AZAPE O] tis) o] Fo] A ghow,
O ARE AFEAPE tie AEe] W Fato] WE A Qlvk(1). whdel] Al EZ AL

Q& AT oAl A% Agut proln, AzAGAA U ATE v AT

FHIo= olysr dy] d#HA  F%5A<2  accidental necrosiszbi il



regulated necrosis (Necroptosis) 2= 7l'do] Gl X =dl, dAA &&= ol st
A FEALS] o2, TNF—ce o 93t MEZIAL A5 A Alkylating DNA damage®ll
ol gt M AL, A ZALEO] A H AFSFol A dojibi= death ligandell 21§ Al Z A}

ol T (D). AR b TIRo] o5 AZAEAAA e A= i

i

Agaoz o]Fo]Rom, HTo|of TNF—aecl &3 AEIAA ASAA

oltH(3, ).
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MTD&= AZAME S dovl= Aer deA 3+ Noxa DAL C—terminalel
EAss 10709 ofnlwmAter Aol 9l=dl °l NoxaZl PlEZEg|ob=
olFdte Ae weoa &HEA AJ(s). ad-d HZ MTD7F &5 ow
AIZIALE sk, o= 103 oluel 80%°1de] Mg U JEE ZYsithe
Zlol & AT (6). o] Aus AT HAGAAE F3l oldd ddo] oA
AdH 7 vi7b gtk AT ou st AT HGAAE JHAE kel o]z, o]
AZAATY F5d 072 Aol Zlo] ofy e}t 55 A<l

Aolehs A H AASHE A3 Bt oheh, e AEAL mES Sobd

o
o
fol
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e
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Sl e S ANG Qi Aow B 5 g,

o] =&l MTDel &gk AZAAE oud NS AGAAES S o] Fo
A=A otz g 2 A GAR, o' {FHAA7E MTDel oA s =
M AL F&FS v A=A 5 Frol 1A} 3FQlth, WA shRNA library screening
systeme W= o] LentivirusE o] &3 A% A7 AE7F shRNAE
ZEAstl S FARSAcRE gAML F AH(7, 8. ol¥A wEoX
vlol g A5 HelaAl ¥ Z9AZ# 2, Puromycing AFE3to] shRNAE 714

AZEW AobdA Sgor], ofsldl MTDE ofeld Azlste] %& ML



AAs = WHORE MTDe &3t Az Ate] AFAFS 7HA = AEFTE 53T
olg A WEo|Z A EFo|A genomic DNAE FE31% 217 shRNA £A3=
57 primer set& ©] &3}l PCRE A&3FGItt dojx DNAS 474 d e 45

Z3& NCF1olgh= 827 o AH o] Q= HeLarslEolA = MTD 9& F+55

rir

i

MEAJAZE A 5= AFAS #3239 Y NCF12 NADPH oxidase®] subunit &

FFFAN o fFAAL Eduolst wART: s olge HuH

fA

o

xS

AT oA GheTH(, 10). NCF1FAA7 of|et giow Amzlabe

QFE WA EA b % & QAT ob deiAA ge NEALAAS FHA
s+

A SEFALe] ol itk A2 AT Ao R Bl



Al ek}l F|
Dulbecco’ s modified Eagle's medium (DMEM) 3} Fetal bovine serum (FBS),
penicillin, streptomycine GendepotollA He2oZ SO G418 (Santa

cruz) = A3k Y x] Aok Sigmaoll A w3t

AZ v =22

g H- A ERQ] HelLa AIEZE 10% FBS, penicillin(100U/mL), streptomycin
(100 g g/mL)°] x3¥ DMEMeA, Abgejolil M2l 293GPG AIXE 10%
FBS, penicillin(100U/mL), streptomycin(100 ¢« g/mL), tetracycline (1 ¢ g/mL),

puromycin (2 £ g/ml), G418 (0.3mg/mL)°] ¥38% DMEMeIA 37T, 5% COy7}

(})‘}]\

e
EN
ri

o F wjeksltt. Tetracycline= 9o 93 EajE == 293GPG

Aol g o 72 AEE AT

Lentiviral shRNA libraries? A&

— shRNA module®] -7

Cellecta® &3to] DECIPER™ librarys T w3ttt ©]&& F 3712 Human
module® T F ] 9lom, 27 5043, 5412, 492271¢] FHAE AAAA & Qe
o] 5 pRSI9-U6— (sh) ~HTS3-UbiC—TagRFP—2A~puro°] SZd =] 3low,
psPAX29 pMD2.G9+ 37| 2nd generation lentiviral packaging system=

oj-ge 4 UATH(1D).



— Transfection¥} vfo] &~ =8

Transfections & A3 293GPG AlxE Agsidlth. o= GAGY POL
A7 o] 7] transfection® o1 = AEZFO| 2 E LentivirusE W=+ dlofl &&

H E58E 3oz #dEHATE. Transfection WHS CaCl®: ©l g3k WHE
AFE3F =8 HBS buffer(NaCl 8g, KCl 0.38g, Na:HPO4 0.1g, HEPES 5g,
glucose 1g for 2XHBS 500mL) 9] ©]72 Q1 pHE 27] 913 o714 pHE] HBSE
e $(6.5~7.2), pEGFPE Al8#°F transfectiond] Rtk APA3} pH
6.8%1 HBSeIAl 7} transfection®] &Hi= FOZ VeI OBERE o5 2 Ao
A83Ftt. WA shRNA library®] Human module 1 60xg, psPAXs, 240u¢g,
pMD2.G 60z g& A= + D.WE o]&ste] #3E SmLel 5t 7 &1l % 2X HBS
5mLE Atk o7l 600xLe 2M CaClg 7}3tH FHA F&3] £59
AAFAL oA 20~25% = Fobr3lth 293 GPG Al%+= 1007 dishe
70~80%d = AskS wl AFEE & transfection FF el #lAE tetracycline®]
Sl WA 2 wAS FTk Algre] Adk & 1007 dishel W=l HBS—DNA &}
ImLE A3 =5 Aoj7bdA e Folom oAl & 4125 24413 s dstint,
24 A7 A ¢F Fof ThA] A|E - tetracycline©] i HIAZ ZopF%l on] 484]110]
Y A F wjA]E 50mL conical tube®l] Etth ©]& 0.2,xm HEHE T3l AL F
ImL EP(Eppendorf) tube®l 53t —80Ce| X #&}¢th. Human module 2,3

Hpol g A% e Wy 0 7 whE F Wi Ao B yskdTh

Virus infection
HeLa®s 1007 dishell 70%d % 71 %ol infectione A3l Infection?

285 0171 918 Polybrenes 5pg/mLe &7t H R wfjAlol 4o wAs 5

vle] A vlole s wjekel S M8 BojEgm AHojF3lth 244 3k] At 5



A2 WA 2 mAS FUOom 484 7F0] At F selectiond Al & s

MTD F% MEAALY AFAHE 2= AXF T
MTDel 98] FE%+= AEIALe] A S 7[R = AlEFE BHE7] 98 oF 253

MTD(8R:MTD—-871¢] arginines +¢ HEZEZZolE 7H4 & MTD)E

=
vy

H A o
= =1 —

A Pgom (204M 13], 304M 23]) , shRNAE 741 = MEES

=
7] Y93l puromycing A et F(3pg/mL) 2 AlEZ=S AlASFS T

il

Genomic DNAY #g
MTDel 93] FE¥+= MEIYA AFdAdES 2t AXEE Trypsin—EDTAE
o]-§3to] culture dishellAl #&3t3ln AAEE F SIS AAAT. o=
2mL2 Qiagen buffer P122Z ¥ /4171 F 0.1mL% 10% SDSENS t]3dta o] &
e A7 H ¥ 5%31F Sonication (amplitude 20%, sonication 1sec,
rest 9sec X533tk 7l 2mLe Phenol:chloroform:isoamyl alcohol
(25:24:1, v/v)& 7}etal vortexing 3t $ 203 A3l oF 1.5mL9
TEAFTE do] Ut DNAE FAA717] 9@l isopropanols 1.5mL 41& F
30&3F 15000g® dAEdstslorn dolx DNAL 70% &= Az 5 oAl
=

Al eto]l pellets Foluidlth. foldl DNAx 1004Le FfFFol =9
51

Polymerase chain reaction
— Primer design
A3 Lentiviral shRNA screening®| 2]+ primer”} ©Jv] TH5o]A A7t

sequencings {3 WEAAA A olx Ak = DNACS Hol7l UHF FH



o]-FZ (106bp) M ZEL primers TARISHA H At ©@=3] ol & 58+ ol FE+
S primers EF vbE et glgler® W primer® 474 5o
design3tAl H ATt Primer &4 & oAtE = DNAS doli= Z}z; 31 A PCRelA
507bp, FHA PCReA 400bp7} ¥ AT},

— Primerel %= PCRE 3H7]

PrimerE ME W53 027 ofo] k= PCR #74& 371918 shRNA DNAES %
DNA®E o] &3ttt Add = Ztobdl oAl PCREAL AWA PCR¥Y} FH A4
PCRelIA B5 1) 95T 54 2) 94C 30%, 65T 30% 72T 30% ¥203] ¥t& 3)
68T 2+ °. & YELYT

— Sequencing

PCRS &3l 4°1%l DNA+= Promega At T—easy vectorgs ©o]-g3ste] 224 gt
% DH5 e ©l transformation ¥ % 507H2] colonyE =1 plasmid DNAE

H2)8lo] sequencing 3F Tt}

Transformation

10012 DH5e°l 1L DNAE HAolE o5 daol 30%3F FokrF il
42°CeNA 90% &<t heat shocks ¥+ ¥ WAl A&l 2% Y& FokE ¥, Tube°l
ImL2 LB ®iAE 7Fsted 37T oA 458 <t wikAZ] ©]E ampicilline

A7rake] e LB A uj A of] =2alo] 37T ol A whA) w3l

Plasmid DNA S &g
37CoA Hiekst AEZ 1.5mL EP tubeol Y1 AR so] HAAZ H

&

ofj

B s AAFT. Pelletell Alkaline lysis solution 1(50mM glucose,

25mM Tris—Cl, 10mM EDTA) 100xLE #H7}ste] F+A17]131 Alkaline lysis

10



solution 2 (0.2N NaOH, 1% SDS) 200xL& YW 5xtd Z4xd Alole
1~2%3 Ao EolFlth 7] Alkaline lysis solution 3 (5M Potassium
acetate, glacial acetic acid) 150« LE ¥il Aol 53t A3t o) &
15000g °1A 15%F<t A4 ste] AFAS Eestdlr. 45 2v 39 100%
Ethanols 91 tA A3l DNAS HAA LY. A5AS AAs L A2
H#E 70% Ethanol 500 £ LE H7ksk & A4Feste] 45 ds &4ds] AAs 2
o)A HAEAFAT Ethanole]l 25 AAY § dEv¥ FHFF 50#LE DNAE

=9,

11



Transfection test
TransfectionA] & ©]742] 21 HBS buffer®] pHE 37] 913l 293GPG Al X5l pEGFP&
transfectiondl] 2.8t} 12} A& oA pH7} 6.8, 6.9, 7.0, 7.1, 7.2%1 HBSE 717} AF4-3FS T}
AFAT 7HFAg 79l pH6.8S HBS7F 7MY £ &S BHYoEE 23k Ad &
A ATt 23F Ao A= pH7F 242 6.5, 6.6, 6.7, 6.8, 6.9, 7.021 HBSE AF4-318 =
o] A& A= A pH 6.82] HBS7} 7}

a
transfectionA] ¢l pH 6.8 2] HBSE AF-&-3F 31 T},

12



pH 6.8 pH 6.9 pH 7.0

pH 7.1 pH 7.2

Fig. 1 The 1* transfection test

pEGFP vector was transfected on 293GPG cell line with different pH HBS buffers.

13



pH 6.5 pH 6.6 pH 6.7

pH 6.8 pH 6.9 pH 7.0

Fig.2 The 2"" transfection test

pEGFP vector was transfected on 293GPG cell line with different pH HBS buffers.

14



MTD % AX AL AFAAE Z= AXF &

Preparation of lentiviral shRNA library.

HS

o] Aydoz wrE pH 6.89 HBSE o|&3Fo] 293GPG A2l psPAXo,
pMD2.G &2t~ v| =9} shRNA library &34~ 7| =E Transfection 3F$ . 24 A1 7+
Sof miAE wAB TR, 48A1%k0] ¥ A & wjAE FEete] 80Tl B

spalet.

Virus infection

Trsolzl wpolH AE HeLaM Xl #HAAZ =Y selections Al 3t7] el
Human module 2& ©]&3to] ®b= wlolelAs A HeLarlZE0] EF
oW Zlth. Human module 25 ©]&3to] Rb= npo] g 29 7H¢s=lo] U A A
Y @ fFaatEo] oAlEo] AEekA] ek Ao w AZtE . AobdS Module

19 35 797 HeLaMl 255 o] 83819 o] 59 A< st

MTDell A S Z2b= AxT &5
HeLarE o) vlo]g]AS ZAAR] 7247 TFHE selectionS A &sFich, ok
27 oA 35 AA MTD7F ¥HEA o= AHe ¥ o (204M 13, 30«M 23]),

shRNAZE 7IA 11 &= AlEES Feh7] $138] puromycin(3ug/mL) & A 233 th.

15



(A)Human module 1

100X 200X

(B)Human module 3

100X 200X

Fig.3 HeLa cell lines resistant to MTD-induced necrosis
HeLa cells were selected with MTD and puromycin. HeLa cells infected with human module

2 died before selection.
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Polymerase chain reaction

MTD F5% AXEZALe] AFAE Z2b= AEFTE W § oWl FAdx7E oA 5o
A=A 5 dotr 7] £18l genomic DNAE 8| 3t3lth ©]& PCR37] $138l primers
designd}$1 1, shRNAZ} 24 Hojl= ZetAv| =5 o] &3te] pCREAS Skt

e AL o] g3to] PCRE 2 ¥ 2 module 3 oA 7 PCRE DNAS 45 5 ATt

17



(A)

DECIPHER Module Identifier: | AT : Module 1*

HRNA Temolat CC : Module 2
S emplate F GG : Module 3
wdHTS = : Wodule
Insert FwdGex
5’ ~TTCTCTGGCAAGCARRAGACGGCATA
+1 Sense(21)-GT  Stemd-LoopC7-Stem4  Antisense(21) T6 5'-CAAGCAGAAGACGGCATACGAGA Bar-code(18)
5’ -ACCGGGATCTGGATTCATCAAGACTTEITAATATTCATAGGAAGT CTTGGTGGATCCAGATCTTTTTTGGCAAGCAARAGACGGCATACGAGATNNCCAGGGTCACACCGACCG -3’
3= CCTAGACCTAAGTAGTTCTGAACAATTATAAGTATCGTTCAGAACCACCTAGGTCTAGAAAARACCGTTCGTTTTCTGCCGTATGCTCTANNGGTCCCAGTGTGGCTGGCAAGC-5"
C—>T creates GT mismatch J
FwdU6 _Nin stem-loop structure f
57 -U6-AGAGAC TTCGTGCGTTTGGGGTTTCGGACTGTAGAACTCTGAACCTCTCGGTGGTCGCCGTATCATTAGAATTCTCGACCTCGAGACAAATGGCA-3/
37 -U6-TCTCTGTGGC ACGCARACCCCAAAGCCTGACATCTTGAGACTTGGAGAGCCACCAGCGGCATAGTAATCTTAAGAGCTGGAGCTCTGTTTACCGT -5/
DECIPHER AAGCACGCAAACCCCAAAGCCTGACA-5' AGAGCCACCAGCGGC A-5' ARGAGCTGGAGCTCTGTTTACCGT-5’
; <+ GexSeqgN < RevGex <4+ RevHTS
Cloning Vector
(linearized by Bpil)
bar-code
H ’
UbiC , TagRFP oA PuroR 3’ALTR
— I I: Y | N )
Im | = a4
T6 — v
us shRNA

(B)

1851 gcatatacga talcaaggctg ttagagagat

1901 taaacacaaa gatattagta

1951 cttgggtagt ttgcagtttt

2001 gcttaccgta  acttgaaagt
2051 ggaaaggacg aaacaccgga
2101 tggggtttcg  gactgtagaa
2151 tagaattctc gacctcgaga
2201 agaaaagggg ggattggggg
2251 aatagcaaca gacatacaaa
2301 ttcaaaattt tcgggtttat

2351 ccgttcgaag gcctecegege
2401 ctcctcacgg cgagcgcetgce
2451 tgatccttcce gcccggacge
2501 cggccttaga accccagtat
2551 gg>tgactcta gggcactggt

Fig.4 PCR primer design

caaaatacgt
aaaattatgt
atttcgattt
gtettetttt
ctctgaacct
caaatggcag
gtacagtgca
ctaaagaatt
tacagggaca
cgggttttgg
cacgt(cagac
tcaggacagc
cagcagaa<gg
tttcttteca

aattggaaltt aatttgactg 1900
gacgtagaaa gtaataattt 1950
tttaaaatgg actatcatat 2000
cttggcttta tatatcttgt 2050
tt{gaagac}ac ttcgtgcgtt 2100
ctcggtggte gccegtatcat 2150
tattcatcca caattttaaa 2200
ggggaaagaa tagtagacat 2250
acaaaaacaa attacaaaaa 2300
gcagagatcc actttggcecg 2350
cgccteeege gggcgeccee 2400
gaagggcgeca gcgag)cgtee 2450
ggceegetge tcataagact 2500
acattttagg acgggacttg 2550
gagagcggaa caggcgagga 2600

(A) shRNA was inserted with Bpil. Because the expecting DNA was too short (106bp) to

check with gel electrophoresis, Only forward primers were used. (B) The sequence

of pRSI-U6-(sh)-Ubic-TagRFP-2A-puro. Reverse primers were designed for longer

PCR products. [] : hU6 primer cite {} : Bpil cloning cite () : primer for the 2nd round

PCR <> : primer for 1st round PCR

18



(A)

1 1 1 1 0.5 0.1 (pg)
58T 60T 62T 64T

1 (fg)

58T 60T 62T 64T

(B)
1 0.5 0.1 1 05 0.1 1 05 01 5 1 0.5 0.1 (pg)
58T 60T 62T 64C

1 1 1 (fg)

58T 60T 62T 64C

19



Fig. 5 The 1" PCR for ideal condition (2" round PCR products)
There are the vector masses (pg,fg) for template and annealing temperatures of the 1% round

PCR. Other conditions of the 1* round PCR : (A) 1) denaturing in 94 C for 30sec 2) annealing
for 30sec 3) elongation in 72C for 30sec for 20cycles. (B) 1) denaturing in 94°C for 1min 2)
annealing for 30sec 3) elongation in 72 C for 30sec for 20cycles.

The conditions of the 2™ round PCR : (A) 1) denaturing in 94C for 30sec 2) annealing in 65 C
for 30sec 3) elongation in 72C for 30sec for 20cycles. (B) 1) denaturing in 94°C for 1min 2)

annealing in 65C for 30sec 3) elongation in 72 C for 30sec for 20cycles.

20



1000 100 10 5 1000 100 10 5 1000 100 10 5 1000 100 10 5 (fg)

63T 64T 65T 66T

Fig.6 The 2"! PCR for ideal condition (2“d round PCR products)
There are the vector masses (pg,fg) for template and annealing temperatures of the 1% round

PCR. Other condition of the 1¥ round PCR is 1) denaturing in 94°C for 30sec 2) annealing for
30sec 3) elongation in 72°C for 30sec for 20cycles. The condition of the 2" round PCR is 1)

denaturing in 94C for 30sec 2) annealing in 65C for 30sec 3) elongation in 72 C for 30sec for

20cycles.

21



100 10 1 100 10 1 100 10 1 100 10 1 100 10 1 (fg)

63C 64C 65C 66C 67C
Fig.7 The 3"' PCR for ideal condition (2“d round PCR products)
There are the vector masses (pg,fg) for template(1* round) and annealing temperatures of the

2" round PCR. The 1* round PCR condition is 1) denaturing in 94C for 30sec 2) annealing in
65°C for 30sec 3) elongation in 72°C for 30sec for 20cycles. The 2™ round condition is 1)

denaturing in 94C for 30sec 2) annealing for 30sec 3) elongation in 72C for 30sec for

20cycles.
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S 1 3 5 10 (gL)

5 &
Y ¥ O
o & 27 &

R
X X

Fig. 8 PCR with genomic DNA
Only a band from Human module 3 was appeared. There was no band with human modulel.

(not displayed).

23



Sequencing result
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0.5kb

7 16 19 22 30 (Sample No.)

7 CAAGCAGAAGACGGCATACGAGAT(GGGTGTTGACGTTGCATGCA)TTCGTG
16 TTCTCTGGCAAGCAAAAGACGGCATACTTCCTGCGGGACTTGGGGGACAT

19 CAAGCAGAAGACGGCATACGAGAT(GGGTGTTGACGTTGCATGCA)TTCGTG
22 CAAGCAGAAGACGGCATACGAGAT(GGGTGTTGACGTTGCATGCA)TTCGTG
30 CAAGCAGAAGACGGCATACGAGAT(GGGTGTTGACGTTGCATGCA)TTCGTG

-7,19,22,30 : GGGTGTTGACGTTGCATGCA

=>NCF1C

- 16 : Non-specific

Fig. 9 Sequencing result (Barcode)

5 clones in T-easy vector got the bands. The sequencing result indicated that NCF1 gene is

suppressed in the cells resistant to MTD-induced necrosis.
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