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BZ RhNAC31 BEEEERTHIE X 74T

TEED, #ug!, k', kHE, RFE, FE8E, 0xel,
zHE

C B AR MR S REBE, RE S 266109; > dbat bRl K22 bR, b5 100083)

# FE: 7P RANAC3L R m S b fE FALE], DL ROWNAC31 8RN, F IR
WMBEZRGAEVIEAZ FEE KAKPE cDNA XEFEHREHT T BHAEE ARIHER 587 . #R3% RhNAC31
B FBOE X 4k (C i, 157 ~286 aa) HY/FFIRHE, #HKI5H C1 (157 ~250 aa, RhWNAC31-C1) Fl C2
(251 ~286 aa, RANAC31-C2) WEk, 7 ili e 2] pGBKT7 A& B s vs 4 S B2 RE Y2H Gold 41 i
M7, 453 57R, pGBKT7-RhNAC31-C1 il pGBKT7-RhNAC31-C2 X B4} Y2H Gold s G &k,
AEIR 440 T3 A (Aureobasidin A, AbA) R IERNFRIE, HA ABESENE, fE54 400 ng - mL' AbA
() SD HREFA AL IR 5L FIGEMESZ 2IIH], DAAZIREE AbA [URE IR B NI SOE R 9 3. 7RIk 41
N, FERERERUAAE SCE P EE R 21 ASPHMESCRE, 5 F I Blast U6 3R9E T 16 45 RhNAC31 HAE
MBS H . A Uniprot Wt BAE S H AT E AR 4T, 458 578 RhNAC31 fefi¥ 5 RZFP34.
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Screening and Analysis of Rose (Rosa hybrida) RhNAC31 Interacting
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Abstract: To further understand the molecular mechanism of RhNAC31 in stress response, we used
the RhNAC31 protein as bait through cut rose ‘Samantha’ water deficit stress yeast two-hybrid (Y2H)
cDNA libraries and screened its interacting proteins. RhNAC31 transactivation domain was located in its
C-terminal (157 - 286 aa) . Two different deletion regions, including RONAC31-C1 (157 - 250 aa) and
RhNAC31-C2 (251 -286aa), were constructed to pPGBKT7 vector, respectively. Self-activation activity

and toxicity were also examined in Y2H Gold yeast cells. The results showed that both
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pGBKT7-RhNAC31-C1 and pGBKT7-RhNAC31-C2 had no toxicity in Y2H Gold cells and could
stimulate Aureobasidin A (AbA) reporter gene with auto-activation activity. The activities were obviously
inhibited when supplemented with 400 ng - mL" AbA under SD deficient medium. The SD deficient
medium plus 400 ng - mL™' AbA was used as Y2H screening library medium. Twenty-one positive colonies
were screened by Y2H, and 16 of them may be candidate interacting proteins of RONAC31 which were
further sequenced. In addition, these interacting proteins were also functional associations based on gene
ontology through Uniprot website. RINAC31 may interact with RZFP34, MIEL1, RUB E3 ubiquitin
ligase, SGT1, DnalJ and other proteins. These different proteins may participate in glycolipid biosynthesis,
protein ubiquitination, plant defense, chlorophyll biosynthesis, pattern recognition receptor signaling
pathway, protein folding, ethylene biosynthesis, stress response and other biological processes.
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TE HZE (Rosa hybrida) WIRE: SfdER AR, 580K 7K s ) 7K 70 J 28 2 5 0 3 AN L)
HIEBER R sl Y PN RIS R BRI, A2 HRE T 2 S 5EMA TR
g E st/ S E AP E A

NAC ¥ 3K F 2 RN B 2R E 2D Re ke m i % 8 1. NAC ¥ FEAREY T
RAARZ, TS S5EMNAEKKE . BT @R BEE T DU A 9 B iE A EE A P b 1 B

(Livak & Schmittgen, 2001), 3 ik 54 T i 1 44 525 4] (40 4 5 1 I =0 FH JefF CATGTG (Singh et al.,
2002) Xf H B TRIERIE. SR TT (Arabidopsis thaliana) ANAC019. ANAC055 1 ANAC072 (Tran et
al., 2004), JKF& SNAC3. SNACI. SNAC4 1 SNAC6 (Nakashima et al., 2007; Takasaki et al., 2010;
Fang et al., 2015), ¥# PnsNAC7. PnsNAC57 (Z=Wif, 2017; KM %5, 2017) Haeiemiay)
XHEAEY e 4R RE 1. H AT, A e 83K15 4 > NAC ¥ F 12 R, 70509 RANAC2 (Dai
etal., 2012). RhNAC3 (Jiang etal., 2014). RANAC31 (Ding etal., 2019) Fl RANACI00 (Pei et al.,
2013), HH' RAINAC2. RhNAC3 Fl RANAC31 #EiE W S5 AEAMhia s UIAH2e, (HEAEHALH MATE
BT -

T BE XU R 4002 H Fields A1 Sternglanz (1994) AR ¥ FAZ AL W) S % IR A B IR HE R T,

R EE M T A0 AN & B AR BAE R, FER AR YR E (T H 4, 2008) P12 (I £51, 2017).
Fan CEMAMFE, 2011), F22 GHA® %%, 2016) %, KAEYZN (FRHE, 2016). NEH
GRAEE 2%, 2016) S HAFEARFERPESENH. A2 RINAC3I A FSHFERN T, RIHTR
15 RANAC31 e |l rg et 5. sh A i ia S5 4R AE b kiR /) (Ding etal., 2019),
R LR P 2 T AN TS T . AHIE S BL RANAC31 NiEHEEE, FIFHBERENURA RAEVIILH ZFE 5
257 JKMIE cDNA SCPE Rk 5 H BARRIEE A, FEaHed & a3 T AEmE B atr, hidE—2
a7~ RhNAC31 1E Ml NS S AR FLE . BRA FL R 42 00 4% B3 kAl o

[ VL SRS DARES

1.1 e s R

KGHFE (Escherichia coli) %3S E. coli DH5a Electro-Cells 8 B SR AMIH ARG R AT . %
& pMD-18T M TaKaRa EAEY (KiE) THEAMWRAF. BEREEK Y2H Gold. BEREXURH M
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pGBKT7-53 # /& 5iki. pGBKT7-Lam #AARJF L. pGBKT7 #445iki. pGADT7 #A4 5k fi)4e A 2=
BEZVRT AR KA cDNA SCPE AR = AR AT
DNA Marker. FRATENVIEE. T4 DNA JEREE. 5 -8 -4 - 5 -3 - B0k - a - D - PIFHEH
(5-bromo-4-chloro-3-indoly-a-D-galactoside, X-a-Gal). YPDA #5773k, SD 3. £HFHR A
(Aureobasidin A, AbA). Carrier DNA. Yeastmarker™ Yeast Transformation System 2 Al TB Green®™
Premix Ex Tag ™ Il 04T TaKaRa F/4EY) (&) THEAMRAF; Mix. =408 5B DNA /N7
& (PM0201-50) DNA #Ef% [FIGRF & (GE0101-200) 1 H R AEMHARGIR AR . LB Wiz, &
HEE X (Ampicillin, Amp) FI-EHE X (Kanamycin, Kan) 4 H b5 Solarbio BHEH R A H
b 7 Fa R 6 7 G A 4

1.2 RhNAC31 iFEHANEE

2% Dai % (2012) Fll Jeong %5 (2009) 7515, ¥ RhNAC31 B 530E X 38 C b (157 ~286
aa) XA~ 2 N B RANAC31-Cl (157 ~250 aa) A1 RANAC31-C2 (251 ~286aa). 4-Btitia
B VI S 51409 4 RANAC31 C i) 2 /N BE(GR 1), 1% iR BE B FL v, | H TaKaRa Mini
BESTAgarose Gel DNA Extraction Kit i{7f|& (K% TaKaRa A ")) B H R4 . BB 5 50
FEH A pMDI18-T &4z, EHE YA KA DHSa . PREICRR T %58, YRR % PCR 45
V5 B AV S R A B T S YRR VA A R A A BR A w1 o K I A AR A A T AR
YA BRA F] SanPrep #3050 RL DNA /N EHIFR G & (NO. B518191) FEHUI AL, K FH FR$il 14 P9 V) i
EcoRV Ml BamH 1 ¥ #F#E; pGBKT7 FKIAHAA o ik Il 7 56 Uk # 2H 5 1H #/4& pGBKT7- RhNAC31-Cl
A pGBKT7-RhNAC31-C2 HEE R o

=1 SIMBHBERFT

Table 1 Primers names and sequences

HHi& Usage 5| ¥4 %K Pimer name ¥ (5'-3') Primer sequence

RILF AR RhNAC31-C1-EcoR V -F TATGATATCAAAGGAGAGATGAACGACAACATGA

Overexpression vector construction RhNAC31-C1-BamH 1 -R TGCGGATCCGTCATTTTTTGCGCTTATTTCGGTG
RhNAC31-C2-EcoR V -F TATGATATCGATGATTATGGATTTTTATGGGACA
RhNAC31-C2-BamH 1 -R TGCGGATCCTAGCAAAACCATGCTGTTCTCCATC

gt 348 35 DR R 0 pGADT7-F TAATACGACTCACTATAGGGC

Candidate gene detection pGADT7-R AGATGGTGCACGATGCACAG

1.3 FEHENS N BBIES

T LiAc ¥ (Liu et al., 2016) % Y2H Gold BERFESZAS40M, K FH X ] pGBKT7-53 +
pGADT7-T. BAMEXHE pGBKT7-Lam + pGADT7-T. #4Hi%1H % /A pGBKT7-RhNAC31-C1. pGBKT7-
RhNAC31-C2 FIZ#f& PGBKT7 % N 2| RS2 A, IAn T SD/-Trp SRFARY MR R 775 b, BIE
T30 CIEEAAPR TR 3~5d, MEHAKEN. JEAERN 2 ~ 3 mm K KM 2] YPDA A&
Bigp3Er, 30 °C, 250 r - min” FEERIEFR 12 h, P51 SRETAHMMISE 0. 100, 1504 200, 400 Al
500 ng - mL™" AbA [#] SD/-Trp/-Leu/X-a-gal 1 SD/-Trp/X-a-gal SRR AR 555 b, WL HPEA K
TEL, T RE A IR 7 R A

14 BEEWRAXRFEAEEER
FBHPEXT I pGBKT7-53 + pGADT7-T. BHMEXTIE pGBKT7-Lam + pGADT7-T. EAHiFIHE A
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pGBKT7-RhNAC31-C1 + pGADT7-cDNA 73 L4540 3] Y2H Gold B¥EEHEZA4MH, A T
SD/-Trp/-Leu GG RFE AR 753 F, 30 CH:9: 3 ~ 5 d #EATHI0% . BRERWITR P EEA N 2 ~ 3 mm
(1) LB V& 7E SD/-Trp/-Leu/-Ade/-His/X-a-gal/AbA [ 28 [E {435 77 3k ERIZRHAT 2 IRk . BREAE 2
URIGE H AR IR A B TR B R B YPDA MRS IR, 30 'C. 250 r - min” BEIRIEFE 12 h, HSIARET
IR R [ A L AT 3 IR ITE . [FI PL pGADT7-F/pGADT7-R 5145 BH M B V& 3E 4T PCR
Kl (R 1. RNAEFHN: 94 CHIAYE 5 min; 94 ‘CAEME 30s; 56 CiBK 15s; 72 ‘CHE{H 1 min;
30 MER; 72 CLEM 5 min; 4 CLRTF. MRIE 1%BXIRREEE K45 3, K PCR P20k B35 B IRAR
AR R BRA w1 .

1.5 (REEEEMEE S
Wi i e BAR SR B HEAT IR, 72 NCBI #tdls P P2t 4T BLASTx EUXF o0 #fr,  3KA3 [FIYEFF 41,
TR R Dhdg, FHH) FH %% Uniprot Chttps://www.uniprot.org) 4T Gene Ontology (GO) J3:%% (https:

//www.uniprot.org) »

2 RS0

2.1 RhNAC31 iEEE &

DL G BV A 5149 (RANAC31-Cl1-EcoRV -F, RhNAC31-C1-BamH | -R; RhNAC31-C2-EcoR
V-F, RhNAC31-C2-BamH 1 -R) ¥ # RhNAC31 1 C ¥iff1 2 7Bt pGBKT7-RhNAC31-C1 (C ¥
157 ~250 aa) 1 pGBKT7-RhNAC31-C2 (C ¥ 250 ~ 286 aa), 1% Ei Akt ksl (sl B i
it o B RIS R AL R AT R DHSo v, PREEL R V& AT PCR 8 0E JoiR fe db ATl 77, 40
IER TP A SR EUS R . FIH EcoR VAl BamH 1 %f pGBKT7-RhNAC31-C1 F1 pGBKT7-RhNAC31-C2
HA TR BT RERY] (B 1, B), 1% IRWESER ikt RIS, AT, #ik
55 B BN I e 45 R EEAT e, Bih Ay pGBKT7-RhNAC31-C1 1 pGBKT7-RhNAC31-C2 i#1H
A

pGBKT7 C1 C2 Marker y,
A 1 157 250 286 P P

. ina 8000

RhNAC31 N-terminal g 888

P X HR 4000
Positive control IPGBKT7'53I PGADT7'TI 3000

BRI R
Negative control IPGBKT7'L?H"| PGADT7-TI

PGBKT7-RhNAC31-C1
PGBKT7-RhNAC31-C2 | BD :

B 1 RhNAC3 FEHEMETREE (A FMELFN EcoRVH BamH I NEGHEE (B)
Fig. 1 The construction of RANAC31 bait vector (A) and indentification of recombinant plasmid disgested by EcoRV and BamH I (B)

22 IFEBGREERBHEEN
MK pGBKT7-RhNAC31-C1 Ml pGBKT7-RhNAC31-C2 B 1H E A MF: 1 J2 FBOE s 1E, F



TORZE, WG, WMOLR, KR, BT, e, X, EHiE
2% RaONAC31 FAE & E (151 S 43 4T
[ & 54%, 2020, 47 (7): 1335 - 1344, 1339

pGBKT7-53 + pGADT7-T (BHMEXIE). pGBKT7-Lam + pGADT7-T (BHMEXTIR) FFH A 1 5%
6% Y2H Gold B¥EHERZ 40N, FFR 05 B BER AT T SD/-Trp/-Leu SREGA Y [ AR 7735 b 45
RER, S FHEHSRENEE ST 28K pGBKTT (B EE AT A /N—2, BRI IER K, W
B H AN T RE A G 25 1 (8 2, AD.

F & A AR AbA 1) SD/-Trp/-Leu/X-a-gal 1 SD/-Trp/X-a-gal B AL [E 45 75 5L, #6515
WK SIS (B 2, B), #IAMXEER (pGBKT7-Lam + pGADT7-T) (¥R 1E
SD/-Trp/-Leu/X-a-gal/AbA R E A4k #23E EAREIE R K, DR IUR X-a-gal 2 ZE K (1 3R%,
B REARAR WS, e B IR ok (pGBKT7-53 + pGADT7-T) HIEEEE T pGBKT7-53 H1 ) p53 2K [
5 pGADT7-T KIEN T & A R A EAEFH B HIE AbA 5K, AI7E SD/-Trp/-Leu/X-a-gal/AbA
BB A E AR R EAEK, HAEW R Xeagal 5K R R . B E SR E
pGBKT7-RhNAC31-C1 I pGBKT7-RhNAC31-C2 F#BEr[ G AbA & HERF M KRIL, HAEME
SD/-Trp/X-a-gal/AbA SRFERYTAR EIEH ALK, BUE X-a-gal #AGHER, BEEPEWE, REHEA B
TSR (BAEREE AbA IR N, BERREMEE AR, 24 AbA [IKEIES] 400 A1 500 ng - mL™
B, %EHEAEEARAEKHEAELE, XK AbA #ifil T pGBKT7-RhNAC31-C1 Fl
pGBKT7-RhNAC31-C2 (¥ H#iF k. Bk, LLE7H 400 ng - mL™ AbA W (1) SD SR 37 3y
e SO R

A pGBKT7 pGBKT7-C1 pGBKT7-C2

BRI

Positive control
SD/-Trp/-LewX-a-gal/AbA
FR R R

Negative control

pGBKT7-C1

SD/-Trp/X-a-gal/AbA
pGBKT7-C2

B2 FESENSERN (A) MEHERRN (B)

Fig. 2 Toxicity tests (A) and auto-activation examination of the bait vector (B)

2.3 EEEFNZTH1E RaNAC31 {REEEEH

A4 R X BRSO « 99 %5 HE 5K Al pGBK T7- RANAC31-C1 + pGADT7-cDNA 43 5% N\ Y2H Gold
FERERKSZANMD, AT SD/-Trp/-Leu SRIGRIFE AR IR (B 3) ¥WGEAK, R ELRT. #
H{ SD/-Trp/-Leu Bl 7Y [E AR 7% 5 L) 5 B 7% 7E SD/-Trp/-Leu/-Ade/-His/X-a-gal/AbA. [ 74 [l 445
FRIEE LRI E I, KMo WEEMEERKALZE. ¥ 2 KIFIEIRMGEH 21 ASBH P 70 5 52 5 5
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SD/-Trp/-Leu/-Ade/-His/X-a-gal/AbA iR Y [l A4 55 IR 5 EREAT 3 (RO, 345 19 A WE € BH 44w e
3). A pGADT7-F/pGADT7-R A 51 %5 Fik BHIE FEREFEAT PCR A, 21 AN TREsywr LAY 1 H 800 ~
2500 bp 2k (B 4),

SD/-Trp/-Lew/-Ade/ SD/-Trp/-Leu/-Ade/
SD/-Trp/-Leu  -His/X-a-gal/AbA SD/-Trp/-Leu  -His/X-a-gal/AbA

SD/-Trp/-Leu §I{Dié/§(r-?ii§:ﬁ/A§ge/CloneG [] D D . . . Clonel4 D [] D @
wer, QOOEEE - E00EREE --E00E0H
ﬁ&éﬁéﬁimn[][]... Clones DDUEE cmmDO

«JO0EEE --CEEEEN --000EERE
CloneZDDDD Clone10 DDU@@ ClonelSDDD
Clone3 DD ClonellDDD Clonel9DUUE
«(JDDERE --REEEEE ---BR0REE
Clones DD Clone13 DD CloneZlDDDE

3 BEWAXHFE RINACIL EFEH
Fig. 3 Screening of RANAC31 interacting proteins by yeast two-hybrid

JrkL
Plas- Mar- JikE
Marker 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 mid ker 17 18 19 20 21 Plasmid

bp
2000
1000
750
500
250
100

4 PAESERE (1~21) K PCR &M
Fig. 4 PCR detection of positive clones (1-21)

24 (EERERNEMEE SN
K 21 AN FRPESCRER) PCR R 2 A w1, A3 7 45 R AE NCBI £ = 1 2E 4T BLASTx X
o, 3RS 16 5 RhNAC31-Cl HfEfIRiEEA (R 2), WHARMLEEER -2 TR X2
( synaptotagmin-2 isoform X2). £ K044 K J5 i 0 M #F %0 A0 38 R B (mitochondrial saccharopine
dehydrogenase-like oxidoreductase ) i i€ o IF 1% H 3 / 5% /g it UL B 4% #2 &2 1 DDB  ( putative
phosphatidylglycerol/phosphatidylinositol transfer protein DDB). T §EM¥) E3 V2 2 &5 (1%  RZFP34
(probable E3 ubiquitin-protein ligase RZFP34). & [ SGT1 [A &%) (protein SGT1 homolog). A& &
tRNA &5 1 (glutamyl-tRNA reductase 1) E3 2 & &5 [11EF:MF MIEL1 (E3 ubiquitin-protein ligase
MIEL1D). i AE7 (protein AE7). FifANEFiAHIRE H (plastid-lipid-associated protein). Dnal
H ERDJ3B(Dnal protein ERDJ3B). 2 2 NEDDS £f & [H RUB2(ubiquitin-NEDD8-like protein RUB2).
{585 H Dnal C76 (chaperone protein Dnal C76) 1 1 AR FIEK H .
FIFH 35 Uniprot XF 16 ML H 34T Gene Ontology (GO) yERE, 45 R U1K 2 f7x, RhNAC31
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®2 RhNAC31 EfFREEAN GO iR
Table 2 Gene Ontology annotation of RhNAC31 interacting candidate proteins
=} ==} >
RS T S it ST AL
Clone Genebank . . . Cellular
. Gene name Biological process Molecular function .
number  accession composition
1 XP_024163369.1 R EEA -2 WA X2 PRI B R A5 i BRI e & i
Synaptotagmin-2 isoform X2 Endoplasmic reticulum-plasma Lipid binding Membrane
membrane tethering;
lipid transport
22 XP_024180909.1  WIREfIZR AN R AR AR A & UL FE AT R B P FHERAA 2L
WL AT5G39410 Glycolipid biosynthetic process Oxidoreductase activity 14
Probable mitochondrial Chloroplast;
saccharopine dehydrogenase-like Mitochondrion
oxidoreductase At5g39410
5 XP_024188631.1 € B GIHEH /BRI NLES 3 AR N [ i e i iz it
## F DDB_G0282179 Intracellular sterol transport Sterol transport Vacuole
Putative
phosphatidylglycerol/phosphatidy
linositol transfer protein
DDB_G0282179
7 XP_024165118.1 I fiEf) E3 {23 8 FIEHL NG REAHZ RN HRMREYE: SR TS W
RZFP34 Protein ubiquitination Transferase activity; Zinc Nucleus
Probable E3 ubiquitin-protein ion binding
ligase RZFP34
10 XP_024176256.1  E&H SGT1 [ &Y Bl MYIMITH; UBL &% EARSH 45 4
Protein SGT1 homolog Mmunity; Plant defense; Protein binding %
UBL conjugation pathway Cytoplasm;
nucleus
11 XP_024171068.1 22 tRNA L5 I 1 (44 a3 A& i 72 NADP 4b58; A%k RSN
Glutamyl-tRNA reductase 1 Chlorophyll biosynthetic process ~ tRNA i J5 Bl i 4 Chloroplast
(chloroplastic) NADP binding;
glutamyl-tRNA reductase
activity
12, 13. XP_024194373.1  E3 iz & H #4408 MIEL1 Wi B RE s B S R A AR . BRI F 456 R ER 4k 40
15, 2-1 E3 ubiquitin-protein ligase FIEE: EARZ R RS B TS R
MIEL1 Defense response; positive Transcription factor Nucleus;
regulation of transcription factor binding; Ubiquitin- Cytoplasm

catabolic process; ubiquitination  protein transferase
activity; Zinc ion binding

14 XP_024198949.1 KA1 Uncharacterized %1 Unknown AH1 Unknown
protein
17 XP 024173479.1 H AT AE7 Yeta A4 B Chromosome THEE T E
Protein AE7 segregation Vacuolar sorting signal
binding
18 XP_024160174.1  FiUANEFAHGE E (4RO K NG
Plastid-lipid-associated protein Unknown Unknown
(chloroplastic-like)
19 XP 024173887.1  Dnal % 4 ERDJ3B BEAGRZ MG 50 O RIS EO%E
Dnal protein ERDJ3B =3 Unfolded protein binding
Pattern recognition receptor
signaling pathway; Protein folding
20 XP_024158728.1 72 % NEDD8 ¥4 4 RUB2 CIEMERBUERR: HARZ R HEARARA: ZREAE
Ubiquitin-NEDDS-like protein ~ fb; ISkt & L /AR UL AR Bl &
RUB2 Ethylene biosynthetic process; Protein tag; ubiquitin
Protein ubiquitination; protein ligase binding
Modification-dependent Protein

catabolic process

21 XP_024182121.1 #1845 4 Dnal CT6CHSEARKENE  foly it i 7 MBI SR T4
B X1) Stress response &
Chaperone protein DnaJ C76 Electron transfer activity;

(chloroplastic-like isoform X1) iron ion binding

AR5
Unknown
dHpAZ: 0
J5i Nucleus;
Cytoplasm
LAY
Chloroplast

MR R
Endoplasmic
reticulum;
Plasma
membrane
s S MOAZ 5
2
Cytosol;
nucleus;
cytoplasm

HERAR: B
Chloroplast;
plastid
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(16 Mk BAFE B0 B A AMIC R EREYE . EAFRGS. SR 746 BB T4E. ZRE
AR ERS L. BT HRENE. EREAERBSSSFENIIR, 25 TREBEYER. EAREZ
A VIR, A G BRAGRR G TIEN . BRI E. WA, Bhan
MRS, ML R A A 2R

3 iR

HZE RANAC31 JRIZZ IR, #hE. BEL LG ABA hHaifis, ZMhiEm B2 NAC #5¢
Rl F5E ], FLE 31 XL B AR 2 MU B AH R TT 4, 40 MBS (MYB 455002 582 155).
HSE G N TG ) Spl Gemi o) PLR LTR (RGN o) . [, RAINAC3I 257
HFEWRSTFBOI MR TR IR . I R RIE RAINAC3] $m [ Rk RIUE . i
thAPA RS (Dingetal., 2019). RANAC3I T fefE 085 iraf S o v o 4% B AR .

RIS HTADT7E R, RhANAC31 ¥k =& | M RUE T (Dingetal., 2019). N - %y DNA
RO BRI, C - iR SR XA, R S R EAE R C - o, X R RS DA A T R AR R T
C - Mt FEE IR FH . AT 3505 RAINAC31 25 AZJKHa 2 7HLE], 2% Dai %

(2012) A Jeong %% (2009) 17732, # RhNAC31 [ C ko0 2 N B (C1 AT C2) 4 HIH4
@i KI5 # Ak pGBKT7-RhNAC31-C1 F1 pGBKT7-RhNAC31-C2. pGBKT7-RhNAC31-C1 F1
pGBKT7- RhNAC31-C2 BE#E AbA it R R, BA BBUETE . X5 H 2= RANAC2 (Dai et
al., 2012) F/KAE OsNACS (Jeong et al., 2009) C - ik 4> B G #8435 A BB H s S AN A,
HEM PR 5 A E NAC FsH it C - W ZERR P IS LA 5. AFEIKEE AbA BRI
pGBKT7-RhNAC31-C1 1 pGBKT7-RhNAC31-C2 55 i% . 24 AbA WKJE ik F] 400 ng - mL™' i,
FLEE SRR Z B4 .

FIHEE R A A2 FAR, PL pGBKT7-RhANAC31-C1 ANFHE A, MHAZ cDNA SCZEH Lk H
16 1~ 5 RhNAC31 M EAEHBEIEE . X REE D225 THRIBEDE K. EERZ#.
TEABHE . 2R R A A RS . 16 MEEE A A 3 N8 T2 RIS AAH I F (RZFP34. MIEL]
il RUB), B RhNAC31 AREAA{EZ mAWBIIEFE. Az RE—F#E e ME OB, H
TENT YA . FEEE .. AR FE TP EEZ(EN (Ciechanover, 1998; Itoh et al.,
2003). FEAEEY)H RZFP34/CHYR1. MIEL1 #1 RUBI1 Y[ i@idiZ 4k 2 5 R R Il 55 (Marino
et al., 2013; H1HyE, 2014; Ding et al., 2015). SR FRLE REKY, 2 RiEEMHREBS
5 NAC #3112 2B sl . Miao 25 (2016) £ h K B2 2Rl SINA3 BESIZ &
tb NACL, {RFILREf, JEEpIRE &SRR fmiER. Lid 3 Mz REERN RAINAC31
fk pEE HAF SR, W7 RANAC31 fRERZ Rm RIE G &, £ HFZAKKE MR IE
AYpa it fER, ATAgEE RZFP34, MIELL 5§ RUB 528X RANAC31 (12 RALF#fE . (E Rz &
HEFEMG RS RANAC31 LA R BAKR )z FAAL S v 75— AL .

BPH SGT1 2T [ NiAE 5 S OSBRI 7, JCHAEGIW 7 R4 E EEZ/EH . Y
SGTI RGN Z RIBE T e SEVB R PR EM G (AR, 2003). 522K Hhiant,
RhNAC31 Afg5 SGT1 MHHEAEH, —J7inl geidid iz s kg og H =P S, 55— 7T
RhNAC31 1] G 4% SGT1 X KEELFIK 2 54 Wi ia Bt . Dnal & EAE AR B X5
=2, )T ARE T R4 B () e e B R, PE VR 2 AR R AR AR A e v R Ry v A



TRE, s, BoLR, KR, BTR, e, X, ZHhE.
2% RaONAC31 FAE & E (151 S 43 4T
[ & 54%, 2020, 47 (7): 1335 - 1344, 1343

BAE (BES5IE 25, 2018). FUFFIT Dnal & AtDjB1 8 47 40 i 5 52 i T S AR VS M R R
Pk m i FE (Zhou et al., 2012). FFBEEXUZRAZ 45 R K B Dnal # ERDI3b FIf£{5 Dnal Al fg Y
RhNAC31 KA HAE, JLEEEEY AN ba s, Welges s 7 sihg 552405 5 H 0
B B MR R BRI VR AR R A AR RS, (BRI BEAENUHIE R 2l — P 7.

AT AR FH I BESUR A0 RANAC3 1 #EAT B BESCPE 675 31 21 Mk PV e, T FE M 5
B 354 Blast HExF 353875 16 A~ 5 RANAC31 HAERIMEEE H, .55 RZFP34, MIEL1. RUB E3
ZERERM. SGT1 &, Dnal EASZMEN. HAERAM GO ERESHE R RWNAC3L 1l fES
SRS K. BEARZRL. HYBH. WA A R B2 ARG S, &R
B LIEEE . Bhian YRR . RS RONIRAN TR H 25 RANAC31 2 558 B 4
TR N 4 K A I BLE 2958 1 JE A
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