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WE: [ BRY ] ik flrasr+ NBS1 M EAEE A, #8958 NBS1 EHEMBIIGE, ARemesestat. [ k] Fl
FHBERE R A F AR TR AR IF cDNA SCPE, X145 2 AP F1 51T BLAST Euxt . S0 R 57 4347 0 35 PR AR fk 7
B [ 4558 ) A 221 NPT, MF )58t BLAST HxH83] 97 4S5 NBS1 HAERSE A, EIGHE A .
HEBERAMITEEOS, ENESEM FAMS ., MIEZMaRsE, TEEET 4 M0 FIRe. 5 4
SEAN 13 AR, [ 450 ] RS S NBSL BAER SR FERBA N . 555 S A &y R A
HEEEH, Wik NBS1 &2—FfhZIiieE A, HHIIEE R AT HLHIE T E— 5T
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Screening and Identifying Interaction Proteins of
NBSI1 in Arabidopsis thaliana

WU Fanzhang', SUN Xudong®, XU Huini'

(1. Faculty of Life Science and Technology, Kunming University of Science and Technology, Kunming 650500,
China; 2. Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650201, China)

Abstract: [ Purpose | To screen the interaction protein and explore the new function of NBS1 pro-
tein in Arabidopsis thaliana, laying the foundation for further research. [ Methods ] The yeast two-
hybrid technology was used to screen the interaction proteins of NBS1 from A. thaliana cDNA lib-
rary. BLAST alignment, subcellular localization analysis and gene ontology annotations were per-
formed on the obtained sequences. [ Results | There were 97 proteins interacted with NBS1 in 221
positive clones by BLAST after sequencing, including membrane proteins, transporters and folding
proteins. These proteins were mainly localized in cytoplasm, nucleus and chloroplast, which were
mainly enriched in four molecular functions, five cellular components and 13 biological processes.

[ Conclusion ] The proteins interacting with NBS1 play an important role in stimulus response, sig-
nal transduction and cell metabolism. It is also confirmed that NBS1 is a multifunctional protein, but

its function and molecular mechanism need further studies.
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R, S, IRIT NBS1 HAER HFHE R & 559

WY REERES, FHSEFRES™E
DNA #1457, v DNA X4k Br % (double-strand
breakage, DSBs) J& —FiIEH ™\ MG, HA
KB E 2 A e, #2354t
=", [AJEE 4 (homologous recombination, HR)
FAE [E] U5 K 3 7% 4% (non-homologous end joining,
NHEJ) & ¥ DSBs & & 11 2 Frig 2%, ffi LK
HZ 2B JE R RE e goRs i B & . HR 2L
BTN RIS 1, LAAH Ik Y £ oA m [ P
PO TIE S, MER R 5 T NHEJ
KA, % DNA Kk &
2 DSBs, XFPrkEAMEBNT HRER, H
WERRAILT HR &4%, 1 HAS 80 e B EAY,
MRN &5 W& 3 FiEE AT (MRELL, RADS0 Fil
NBS1) Al LR EE E 514, 78 DSBs & 1Y
2T R HEEEEEH, S5RREE . 5
RAG T R BB A4 T

NBS1 /&2 MRN & & W) E ¥ H 5, 24
V% DNA Fiifhr) 8 1, 78 DNA &l . DSBs
TR, 2 ] 008042 A 24 5 R A e e 4 O T L
HEZEHY, NBS1EMAEZ SR 3 A5
N ¥, WO XA C o, Hr, Numfl & FHA 45
FYIAT BRCT 2549380, X 2 459385 DNA #5
Pt 52 FAm e FE R T, FHA/BRCT 2544
WA B A BRI IS AL 1 H2AX, #i5
MRN & 4 915 DNA X% W 4 59 47 5 B,
WF9E & Bl BCAS2 1] A5 NBSI 1) N i H.AE,
H5E DNA WHEEWT H B R ae 1™, hoX&fh
TP E BRI SE, 24 DNA XUBE & A= W7 24 it
XU 22 R AR FE S ATM #i R 1k, 5 NBS1 —
HE 50 R S W E 4", NBS1 B H Y
C % & A MREL1 BU45G00 8, NBS1 i iZ 7 s
5 MRE11 454 91 5 RADS50 L7 41 i MRN & &
&, [FBFZ5 MRN Z &P HEA, A5
T o UL T TR B S R AR B 97 4~ 5 NBSI B
TEMER I, MG T NBS1 & H WD) 6E
Ry FHLI B He it

1 MR5REE
1.1 5k
TR0 BT F A RS I S AP BF AR L E (Columbia

Col-0), BERERFRILW H b S SR A BR A
A, ARSI cDNA SC%E | FEREFE R Y2HGold

Y187, RIHFFE DHSo. BERIAUEC# AR pGADT7
(AD) 1 pGBKT7(BD) 4 A H [ B} b B B HE 4
1.2 EHAFKMKE

FI| ] Eastep™ Super & RNA $ it 5 & $i Bt
FEIT B RNA, - 5xAll-In-One RT MasterMix
R A4 W cDNA., LA cDNA A#HT, ] NBST 3
PSS | ¥ NBSI-F: GAGGACCTGCATATG-
ATGGTTTGGGGTCTCTTTCCC F1 NBSI-R: CA-
GGTCGACGGATCCTCAACTTCCAGAGAGAAA-
CCC #4415 8] NBSI HEER T . W M s FH IR
R % NBST LN E 3] BD #4k I, Pk
LB KA FT B DHSa o, 37 C il i g7, B
FAIETE AT PCR Y3, K PATE sefeik 2RV EY)
AR A
1.3 EAEARN B S

P4 1E B () BD-NBST 5 2H 2% AR s 1k 3
REE MR Y2HGold H, FH SD/-Trp “F-# ik, [RAT
&4k AD Fl BD 75 #ARAE R FIPEXTRE . 454 AD
72 AR Y187 Wbk 43 5 7% BD %5 # A& 1 BD-
NBSI 4 # AR K Y2HGold vk 3L R 55 5% 12 h,
B % W W B J5 Uk fn T SD/-Trp/-Leu 1 SD/-Trp/-
Leu/-Ade P |, 28 °C £55F 2~3d, FlH A0S
M
1.4 B} cDNA SCEE ik HAE 8 A

¥4 BD-NBSI H 4 # AR EELE Y2HGold #
PRIE IR 5] OD,g0.8, 57 cDNA UMY Y187
RIS HE SR 24 h, BEOHEREH 0.5<YPDA i)
REE R EE 10 mL 2 WAL, ¥R %] SD/-Trp/-Lew/-
Ade/-His AR |, 28 °C 1555 3~4 d., PRIBATETVS,
WU 1 uL JEFT PCRASIN, K PHE e ek &=
ERVEYRH AT RA RT3l pasat.
TRAIETR RS R TSR, FEALPRE 4 MR R
1, R [ 5 2 o0 ik PR 4 31 AD 24k I
5 BD-NBSI Jiu kit [l #% 16 ¥ BE T % Y2HGold,
4 SD/-Trp/-Leu A, 28 °C £i5F 2~3 do HHUH
W, SRERREEE IR, WA 1 uL 5% SD/
-Trp/-Lew/-Ade/-His “FAR I, 28 C K55% 3~4 d.

2 BREDR

2.1 HAHAF 4K BD-NBSI
VISR IT cDNA A rif NBST JEH, K/
91629 bp (&l 1a) ; A% PCR #4791 (&l 1b)
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a) Maker 1 2

2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

b) Maker 1 2
2 000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

. a) RT-PCR §'1 NBSI, 1 #12 % RT-PCR /*#)J; b) BD-NBSI 1% PCR §"H4, 112y BD-NBSI T 7% PCR ¥ #4774,
Note: a) RT-PCR amplification of NBSI, 1 and 2 are RT-PCR products; b) colony PCR amplification of BD-NBS/, 1 and 2 are BD-NBSI recombinant

colony PCR amplification products.

1 BD-NBSI EEEFKRHE

Fig. 1 Construction of recombinant vector BD-NBS/

J& LI035 BD-NBSI HyELH#1AK
2.2 EHIAK BD-NBSI 1 B0 &
M & 2 AT . B4 R4k BD-NBST & 554k |

-Leu, -Trp

B3 )5, SD/-Trp/-Leu/-Ade ‘4R b ICH 54 K |
Ui BD-NBSI 41 38R FE B R: B Ak Y2HGold H
ToH RIS, W T 5SmSR B ik

-Leu, -Trp, -Ade

AD+BD AD+BD

AD+BD-NBSI

AD+BD-NBSI

E 2 BD-NBSI BHHERN
Fig. 2 Identification of BD-NBS! for auto-activation
2.3 OAREHARRESS
WFEARTG 221 PR vERE, MIF /i TAIR

*1 NBS1 LA ERARHINGES T
Tab. 1 Functional analysis of NBS1 binding proteins

BLAST #EA7 HE X0 #r, 155 97 4~5 NBS1 HAE
MEE, HTgiEfgs fE 1,

i FE A AL 720 i 5 it E{SEp LhRET
number gene locus subcellular localization protein description functional prediction
, 2- i . — B A PEIAE

1 AT2G17720 Hekfk 2-?252‘ lutEfje%a%anlf% r(le;-ujeL Efnfei oxygenase BB a4

mitochondrion 'g P e iron ions binding
protein
2- i, — e RN AR B o 4 .

R A I AR RO I AR B I ION

2 AT1G35190 2-oxoglutarate and Fe (IT)-dependent oxygenase L L
cytoplasm . iron ions binding

protein
A % HERD DNA%&

3 ATIG12440 i PRSI . o
nucleus zinc finger family protein DNA binding

4 AT4G37000 RSN LLM SR MR AL I RARS
chloroplast red chlorophyll catabolite reductase protein binding

5 AT2G21620 5 BRIEIS AL TR oK fif IK RIS T
cytoplasm adenine nucleotide alpha hydrolases hydrolase activity
it ADP-HEREALIA T GTP 4%

6 AT3G67560 vacuole ADP-ribosylation factor GTP binding

; AT3GA8690 Bl A o/B K AR HERE SR & A TR AR I 1k
nucleus alpha/beta-hydrolases superfamily protein hydrolase activity
H-4 W HL R - b

g AT3G11680 JEa IR IZE A %L%EET' '
chloroplast malate transporter transporter activity

4 AMMECRI1 %] T

9 AT2G38710 i %‘(}T’f;% B . ﬁm‘ﬂ ..

chloroplast AMMECRI1 family protein catalytic activity
5 i X [

10 AT5G40160 i HIERFIRR SRR HEREGE
chloroplast ankyrin repeat family protein protein binding
ki 208 j J Ny

" AT3G22110 EﬁMS ' S TIEENR2 ' ISR N
mitochondria 208 proteasome alpha subunit hydrolase activity




o 4 4 SPLE, A PIRIIT NBS1 HARSE ML A% e 561
1 (4
T LR R 7.2 i 5 iz E=Eino TyRe T
number gene locus subcellular localization protein description functional prediction
. ATAG 14440 it 3-F2 LN AT K 1 KA B T
nucleus 3-hydroxyacyl-CoA dehydratase 1 hydratase activity
1 AT2G19590 il ACCH AL A
cytoplasm ACC oxidase oxidase activity
" AT1G59910 YR WEhiE A4 & FH2 KR E A MzhE A&
nucleus actin-binding FH2 family protein actin binding
s AT3G05420 i 5t BEI AL & RO Bt GREALE &
cytoplasm acyl-CoA binding protein acyl-CoA binding
16 ATIGA1445 AL MADS-box 4 1 EHRGE
mitochondria MADS-box protein protein binding
1 AT3G28940 gilivg AIG2FRE LI
nucleus AIG2 family protein catalytic activity
8 ATAG36250 25 i fid S T it S R
cytoplasm aldehyde dehydrogenase aldehyde dehydrogenase activity
19 AT5G13420 e TIMK & R R
chloroplast TIM family protein transaldolase activity
20 AT3G42790 EiliA ALFINFJRE A PR AL S
nucleus ALFIN family protein methylated histone binding
51 AT4G22260 LY IAL SRR EA EaRid snid
mitochondria oxidase family protein oxidase activity
- ATIG19130 A RMLCHr&&EH AL T
nucleus RMLC fold protein catalytic activity
- AT4G33780 LIRSS ATPHERRAZHEF R4 RHRS
chloroplast ATP phosphoribosyl transferase protein binding
” AT4G32530 el V-ATPEEZ R E A ATP/K A
vacuole V-ATPase family protein ATP hydrolysis activity
55 ATIG31770 J ATPE G i B HiaEmiatt
plasma membrane ATP-binding cassette transporter transporter activity
26 ATIGE7730 AT B- P e AL JR S IR R RS P
mitochondria beta-ketoacyl reductase oxidoreductase activity
27 AT5G20230 TR LA R
plasma membrane blue-copper-binding protein electron transfer activity
i AT4G33430 J BRITAH G 32 A it fEo e
plasma membrane BRII-associated receptor kinase signaling receptor binding
2 AT2GA1010 i A% WRRGEEN MiRRE S
nucleus calmodulin-binding protein calmodulin binding
30 ATAG25780 S S CAPHFKIREA AHIRRIE W&
extracellular CAP superfamily protein organic cyclic compound binding
gtk TPRE&H ESlL e
3 AT3G04700 nucleus TPR protein protein binding
il Bk o o Bk AL i N s
32 AT3G52600 cell wall cell wall invertase hydrolase activity
3 ATIG06778 it FEARDNA JE5 /R B ARG S
nucleus chaperone DNA J-domain protein protein binding
34 AT3G13310 LIRSS FEADNA JE5 I E A EE )ity
chloroplast chaperone DNA J-domain protein protein binding
3 ATSG18140 2344 FEIADNA JE5 IS & A EAREE
chloroplast chaperone DNA J-domain protein protein binding
A X IR AT FMNZ: &
36 ATIG48850 nucleus chorismate synthase FMN binding
37 AT2G18600 it RUBI14i ¢ i d s
nucleus RUBI-conjugating enzyme transferase activity
38 AT1G0S060 LIEC2EN & g E A EARSS
chloroplast coiled-coil protein protein binding
3 AT4G02570 YRR 2 RN E{SVte bey
nucleus ubiquitin ligase protein binding
40 AT4G34180 "Rk LR R A 7 ik I T
chloroplast cyclase family protein arylformamidase activity
41 i oL ey B T4E
4l AT5G10860 A 5 AR R A i TS

cytoplasm

cystathionine beta-synthase

cobalt ion binding
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T B S A 7.2 i 5 iz Bg=Eipu Lhae T
number gene locus subcellular localization protein description functional prediction
Y% DCD45 IR A EARS
42 AT3G27090 nucleus DCD domain protein protein binding
A% i) A
43 ATIG17600 e PUBERH . HERAE
nucleus disease resistance protein protein binding
A% DNAZ G HE Sy
44 AT3G12210 i REER BERE
nucleus DNA binding protein protein binding
4 DNA J/Hsp40E 5 Ik I R S T
45 AT2G34860 [k sp %%‘Uﬁﬁ%_ﬁl . SR B N
chloroplast DNA J/Hsp40 superfamily protein reductase activity
Y% DNA JEH ARG
46 AT4G13830 nucleus DNA J protein protein binding
2R A B i B RS
47 AT4G15910 CRLE FEBEA . HERAS
mitochondria drought-induced protein protein binding
4 % E3}7 /5 4% Rk
48 AT3G11600 i R BERE
nucleus E3 ubiquitin-protein ligase protein binding
f S i E S R
2 AT1G08500 a4k PN J%’%ﬁ[ﬁl . AT AR N
extracellular early nodulin-like protein electron transfer activity
A %A=/PRNA RARE S
30 AT3G60360 nucleus small nucleolar RNA protein binding
21 GOLD i 8 RS &
51 AT3G22845 i HIRER HERAS
cytoplasm GOLD family protein protein binding
I YAEIEH RARS G
2 AT3GIST50 nucleus YAEI protein protein binding
R HE WERF R iEns s T
53 AT2G31990 (= 'j—_'ﬁ: LIS %‘%&E@‘:EH ' R e RS T 1 N
golgi apparatus exostosin family protein glycosyltransferase activity
Mk : G545 T
54 AT3G45970 e TRER it .
cell wall expansin protein structural molecule activity
i BFmEEA S)riEaey
55 AT3G20300 R ATIBEET HERAS
mitochondria ion channel protein protein binding
AR Iy 12 25 M Rl K IR B HARSES
56 AT4G04930 " ot BRI . e
cell membrane fatty acid desaturase family protein protein binding
43¢ 2 Ok I 2 5 4 Tl SRS
p AT3G10060 JENEN Hitﬁﬁajz?k@ﬁl Mi#f@% ' EHJ? e
chloroplast peptidyl-prolyl cis-trans isomerase protein binding
-4 FTSH ATP/] bE S
58 AT5G58870 i &am kit . .
chloroplast FTSH protease ATP hydrolysis activity
45T RIETRE 2 S)riEaiey
59 AT3G48680 i VIRIIATE 2 EERES
cytoplasm gamma carbonic anhydrase 2 protein binding
41l ff T BER ST BLAE i AR SR Rl
60 ATAG12870 1 41 Pt m%‘ J ¥L1 JER It 1 N
extracellular lysosomal thiol reductase oxidoreductase activity
H4 LK fR R S R J
61 AT3G16370 IR T 7 PRt X TR H ' K AR 2k N
chloroplast acylhydrolase superfamily protein hydrolase activity
Y ) KR nETEE
62 AT5G20630 i RIRAEA K
nucleus germin-like protein manganese ion binding
4 e YN TR A Bl i T
0 AT3G43860 a4k LLEAYIN KA N
extracellular glycosyl hydrolase hydrolase activity
H-4 i 2 5t i i 7K i AL TG
o4 AT3G10970 JENC i@&ﬁiiﬁ@ IN A 1&%1%} N
chloroplast haloacid dehalogenase hydrolase catalytic activity
iz HMGB&EH RARS G
65 AT3GS1880 nucleus HMGB protein protein binding
4 : o R E WALt &
66 AT3G29075 ik e AR L
cell membrane glycine-rich protein phosphatidic acid binding
4 Z JiE Ry
67 AT2G25625 il KLU g
chloroplast deacetylase protein binding
il SRR TR 4 £
68 AT3G61890 it SRR HERAS
nucleus leucine zipper protein protein binding
A% Trihelix¥% 3 [A] 5 R
69 AT3G24860 i rihelixHR I 7 FERIA T iy
nucleus Trihelix transcription factor transcription factor activity
iz HY5#EH RAMRS G
0 AT3G17609 nucleus HYS protein protein binding
‘Xéﬁﬂ'\ %\‘ T -
71 AT3G24030 ol l)ildroj; ih 1i?fz§?k%1ie famil &nm&a
chloroplast yeroxyety Y protein binding

protein
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1 (%)
%5 B K] e fir 7. 240 i 5 iz =k Threwm
number gene locus subcellular localization protein description functional prediction
5 I K L L RN T
7 ATSGS0600 2Rk #:%%HE#H}E%H it S A N
chloroplast hydroxysteroid dehydrogenase dehydrogenase activity
iiliik A HIBRE F I i Py
73 ATIG65430 Ao FIBREFMEF . SR
nucleus IBR domain-containing protein ligase activity
4 A DNA G N M il RS
74 AT5G02820 i VSR HEmRE
nucleus DNA topoisomerase protein binding
YR AL H b Gk
75 AT5G13220 A AHIREE B g
nucleus jasmonate-zim-domain protein protein binding
st =l EUbabl P77
76 ATIGT3325 extracellular protease inhibitor inhibitor activity
AR A IR R Fisit
77 ATIG17620 Ao HEVERARIORES HERAS
nucleus hydroxyproline-rich glycoprotein protein binding
1A% SPAR IR RS
78 AT4G21750 i IEAIER T ErRAE
nucleus meristem protein protein binding
M4 BEEDNALE & FLE
79 AT4G11060 e BHDNASEER . g
chloroplast single-stranded DNA binding protein protein binding
4 22 T REEiE
80 AT5G40440 aRi ASUALERE EERES
chloroplast mitogen-activated protein kinase protein binding
2 t% MYBZ IR E A St
81 AT4G09460 ot R HERAS
nucleus MYB domain protein protein binding
7 i NADP4E & & AL
82 AT2G29290 LI REER fiEeiats
cell membrane NADP-binding protein catalytic activity
oA NAPIFHREH HEALSE
83 ATIGI8800 nucleus NAPI1-related protein histone binding
4 AT PRy
84 AT4G01900 ki AT . g
chloroplast nitrogen regulatory protein protein binding
SR SWEETX i Iitraey
85 AT5G53190 R FIREI HERAS
plasma membrane SWEET family protein protein binding
A% % Y ey
86 AT2G34720 i s HPRAE
nucleus nuclear factor Y protein binding
o7 ATIGAS248 LR AR B WA R B F e R T 12
mitochondria nucleolar histone methyltransferase methyltransferase activity
4 % 4 R K RS
- AT3GS2220 A% .Hﬂﬁﬁﬁﬂfﬁ“ j?%‘ﬁl#xﬁiﬁtl A EDJ_E e
nucleus immunoglobulin-like receptor protein protein binding
b HLOBZ 1k Rt
89 ATIG67100 A FLOBS UM . EERES
nucleus LOB domain-containing protein protein binding
41t NI/ T e AT REs A
90 AT3G32980 RS L.%Lf %F&ﬁﬁﬁ%ﬁ%%[ﬂ ' ?u.:-
extracellular peroxidase superfamily protein heme binding
% — R
91 AT5G19620 ki PHIRER . HERE
chloroplast outer envelope protein protein binding
itk Z A ey
92 AT1G25260 A P g
nucleus ribosomal protein protein binding
AR P e g
93 AT2GA47340 3 HLO LR ARSI
cytoplasm plant invertase pectinesterase activity
4 o 53 IR H 72 5% SSlEage
94 AT2G45790 AR VI 9 R ERRAE
cytoplasm phosphomannomutase protein binding
Vi % R oty
95 ATIGT5770 i s . ErRAE
nucleus hypothetical protein protein binding
¢ % R R ; ik
96 AT3G27906 A i . HEREE
nucleus hypothetical protein protein binding
L 5 R4
97 AT2G43340 i i . g
nucleus hypothetical protein protein binding

07 NIEH AR AR TE RS R (K 3) Bon:  QEORRBOE; AV BRamaEser:, iR
NBSI R EAFE A EEFHET 40076, FRR. WBER. WGk E . #IEN 2H5
S5AUMEL T 13 DAY e A TIOIRERARE dB . mRDEREE . WS FERS. Ak
FREE G . ARG . AL PERUK ARG & maEeE . IR A R AR AR
PRt ke b VR 21 W N = 3 NN S D 1 I = | LB VAT
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TR 454 protein binding

AL IE S R
AL catalytic activity

IKfEBEGPE hydrolase activity

IF4R{A chloroplast
BT endoplasmic reticulum

Hef@ & chromosome
Wil vacuole

TR
annotations

YAAIFET cell death
| Wi [V S Fij 7% response to jasmonic acid
i 1o/ i 74 B2 response to abscisic acid
| MRS 2 & post-embryonic development

oxidoreductase activity HEE7}¥-JJfig molecular function
I 14 A% cellular component

YRR biological process
MBI cytoplasm gicalp

BEWILA - F1F5 12 vesicle-mediated transport
W Gl response to light stimulus

| Wi )37 $E1 3 response to radiation
| {5545 S signal transduction
I | & & leaf development

1 M v AL INE response to oxidative stress
| IR A=) il A lipid biosynthetic process

| AR A metabolic process

] o7 L 3 response to temperature stimulus

0 05 10 15 20 25 30 35 40

4.5

&3 ANBS1{FREEERERENKER

Fig. 3 Gene ontology annotation of AtNBSI candidate interaction proteins

2.4 HAEEARERLIE

P 4 WL BEALPRBER 4 MEREE 43k
NEH , FIbBERFFE R Y2HGold , &1 fEs 35
WERES IE R A K, Ul REE 5 NBS1 &1
FELEAHEAEH, et R mTHE

BD+AD3

BD-NBSI+AD3

BD+AD6

BD-NBSI+AD6

BD+AD7

BD-NBSI+AD7

BD+AD9

c e £

BD-NBSI+AD9 [

4 BERAZESWIE
Fig. 4 Confirmation of positive interaction by
yeast two-hybrid

3 it

AP AR R fE I DNA Bl #mT
REZ BN R (AN ANHL B 55 Ay i el
K (W DNA & il 55 5 AE M) U, ik
Al RE R ECLLERe ek, T E AL R R E A
T, HIWAFSE R BE: DNA B @R TEAR A Y fh
2 [E) 2 i FE AL RS AT, DSBs S — Ak H ™
1Y DNA #if5, F %@k HR i 4 Fl NHEJ &

®iEE", 1F DSBs (B & i, MRN B &5 WA
FHHZEA/EH . NBS1 & F1/2& MRN &5 Y10 ¢
WS, ER—FEZIIREEN, 5% F DNA
PG L, W DSBs TR L 40 A R 4 R Ak g
TR AR S,

itk — 5T NBS1 & D RE S H 5Tl
i, TR R T EERE SO, JAF T 97 4~ NBS|
PHEAERM . XEEASS T RN . iR
ToRE S5 S 45d 2, IEA NBS1 2—Ff £ 16
HEH, EXEHAEEREAT, K14 MYB Kk
HF . MYB RIS b e KW Sk R 2
—, T2 580 IRED, MYB &
743} 4R-MYB. 3R-MYB. 1R-MYB #l R2R3-
MYB 4 25, Hr, R2R3-MYB RHE A KE,
Z 5 o S Y, AFRAI: As-
pf2-like (VDAL) 5115 E3 1548 PUB25 #1PUB26
FHEAER, TR 1 MYB6 [, MR it )
EiE S ORI WA L

AP BM @i B, 2R
O B0 55 &R AERFTE A, LTS 540
WLETA AL i shad B2, FEA IR ) & #5252
PR VE A, AT A AP R B B3 i
RNF20 7] L5 NBS1 M EAEH, 325 DNA
WEEE R P, ARWFoEiiik 1 512 Z40E L0
E3 iEH:M GIR2, HAE® 5 NBS1 I it ki =
W 4 AT B — 2D 5T



543

SR, 4 $URIT NBST AR A s

565

4

it

NBS1 &AM ERE TSR P RIS

HEMEM, BT 25 DNA s E 24, Hib

i

BRI AN AE o ASIFTE M FH I B SR S B A i 38

cDNA %, 193] 97 4~ NBS1 W HAEHEH, XL

EASS5WRET .
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