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Abstract: The NPR1 ( nonexpressor of pathogenesis-related genes 1) gene plays an impor-
tant role in SA-depended defense response processes in model plants such as Arabidopsis
and rice. However, the function and underlying mechanism of this gene in non-model plants, in-
cluding pepper ( Capsicum annuum) and other Solanaceae, remain poorly understood. Here,
we report on the functional characterization of CaNPR1 from pepper. Our data showed that the
full-length cDNA of CaNPR1 was isolated and overexpression of CaNPR1 was construed in to-
bacco K326. Compared to wild type K326, CaNPR1-OE lines did not exhibit any phenotypic
differences, but exhibited higher resistance to Ralstonia solanacearum inoculation. In addition,
this was coupled with enhanced transcript levels of defense-related marker genes, suggesting
that CaNPR1 possessed higher conservative function in cross species.
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R FE G AR ASERBE b R AN W] S il 52
PRl H G , 72 A B ALY LB
JT S 2R 00 A0 ST AT , A9 o D B R e I e
R AF oA R AR PR AR B SRR B Y LA
PR BN, R M B ) TR I R SR AR A
Hit(SAR)M . A BFgeRi, Ca™ ) N TR (K
HIR(SA) )P 2 (ET) ™ i (JA) | Bt
MR (ABA)° Fahi & Wik (BR) 1, MAPKs!®! |
3% W F (WRKYP! NAC!'®™  DREB!™!
ERFUIA V2 M2 15 1 R A8 ST 1A A7 S A%
IR IR 1Ak, i R B RN
FAAHOR IR T~ ( NPRT) AEAH ) S AR & Rl I A
R, ALY B R GEARPH PRI S P
FEAZOPEEAR T -t R g 1 St e B A
R B Yo B AR T o 4R, e 44T
R NPRT B R 2 AR T U I UK RS AR A
Yy, BB AR IR BT

SRR — o TR B K A R I R e A AR
Yy, BB 7™ DR B R A K B BT A 4 A%
W H M2 P BOR = L E AT AR AR
PR H RAJUIO™ o iR AR A Y
(¥ S T BRI YU ol Rl 0 P A AR 2, B
YU A R EAT BTG Bk e R DR BT, M
FRGTTHR R, HEFEBBBUR S T HLE, 75 5
fih_E SRR BT YU SR MK LR AR S A B R B
W R RE N BT, ARSET
B NPRT a1 cDNA, JEHTSE T Ak X 1
T RPR IR BE o

1 #BEFTE

1.1 EYWEKSRIE

HHEL K326 ( Nicotiana tabacum, %f 35 B B
FJC100301 ek , R R B THE N, K326
iyt B 23R B CaNPR1( CaNPR1-OE) i T, 4,
Fh-F2843 75% ZFEIETE 30 s,10% Mt A AL S
10 min, TERE/KTYE 5 W, B T35 4 75 mg/L K
ARaEZ (Kan) Iy MS S8k 1, 85 9% 14~21 d J5 i
BUR/h—351) K326 I CaNPR1-OE R R4 5 B4k
THRWR SR (PR 1 B%HE =211,
ViViV) B8 14~21 d J5, BeEUR/D—30H) K326

Fl CaNPR1-OE #R &/NHB R T IO 18 e 5l
i 21~28 d, WERMH 25°C £2°C, L
2 60~70 pmol-m =2 -5~ AHXI MR 70% , SR A
139 16 h/8 h,
1.2 BHEEFSER

# #i B ( Ralstonia solanacearum) B #
FJC100301 432 T4 45 Fa I i R0 PR BRABURE AR
21 Kelman A. #iR 195 U 47, BRI
Fe KBt ER S E B IR Jung J. HRIK 7 kL
#17o
1.3 CaNPR1 GEREEHRBGE

iz JT] gateway 3t g+ AR ( Invitrogen, USA) ¥+
CaNPR1 2K cDNA 5iT&4 CaMV35S 3l
F 1% pMDC32 #i ¥y & ik Bk b, B ) pMDC32-
CaNPR1 BRI 2 AR AT Btk LBA105 w21 3
— 2 R RAT T A 2 IR B A e AL TR AT R K326
RBALE A, To MM KRR R bith 17
B, 55 8 MR AR R A R SR R 5 Pk 5 4y i
17 PCR Riif,
1.4 RSEEER PCR

R #% Applied Biosystems 7500 Real-time
PCR 1 SYBR® Premix Ex Tag™ II ( perfect real
time) 35 VLW A3 EA T bR JL N (510 LR 1) AR
Fk B4 HT, J 3k TRIZOL (Invitrogen™ , Carls-
bad,CA) #iHt K326 il CaNPR1-OE ¥ Z& ¥ RNA,
PrimeScript™ RT-PCR %% 5% € 10 uL fowi {4k
R L cDNA, R B 10 4%, T3 84 B bn BE X
MNS BN, BB 2513y 95°CHiAE ¥ 30 s;
95°C Zx#: 5 5,60°CiH k 34 s, Wi tfE 5,40 4
PEER s IS N #7 il 28 95°C 15 5,60°C 1 min,95°C
15s,60°C 15 s, $#7Hr% H Livak W
w12 ) K326 Fi CaNPR1-OE #f 2 Mids 5L 5 i 41
St Bk K 1 274 HEAT M
1.5 K326 1 CaNPR1-OE #k RBHEMkInimiELE

K326 Fi1 CaNPR1-OE #k &bk i Hi st % 2
SR FEHIE Tk , WA AR A A AR T T 48 3 ikt
MBI kAL, RIS (4 55035 Kb v 6 2
W 4 T BT, 994 1 R R BE M b 2 2 B Jung
J. 7L AT
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2 HREHSH

B CaNPR1 g EFREH AR SEEHL
Yoo et 31K CaNPR1T 2P 2K cDNA JUlj¥,
Jf:48 blast (www. uniprot. org) [R]#5 L%t &3, 5T
1 I B M CaNPR1 ( QOZAK2 _ CAPAN) 3 [
100% [l 4K 2191 bp, HH 445 270 bp 1415’
415 1X, 1749 bp ¥ ORF (FFi& B 1E4E) , 172 bp

2.1

iy 34X . 221 gateway $ARHHE PMDC32-
CaNPR1 #i¥jZah Bk (I 1: A) o TRRATHA
SRR R B SRR AR T 1, AR T R R R A T, AR
AR, WOARFD T IEX R T T RIR R K R AL B, B
ARAFIAFARA IR T, AR R 8 (1 1: B) ,JEAREK
Bl CaNPR1-OE #R & 5 K326 fA7EALM R A 2552
P RT-aPCR #:3 7iH CaNPRT BN e &k
#%& CaNPR1-OE-1,CaNPR1-OE-2 ,CaNPR1-OE-3,

1 HRETASY
Table 1 Main Primers for PCR

FEH BRS R#FIY(5'R3) T#EI(5'H3") B (bp)

Gene Accession No. Left primer (5't0 3") Right primer (5'to 3') Base
CaNPR1? X61679.1 AAAAAGCAGGCTTCATGGATAGTAGGA AGAAAGCTGGGTCCTATTTCCTAAAG 187
Kan"( NPTID AB697058. 1 TGCCCTGAATGAACTCCA TATGTCCTGATAGCGGTCC 499
CaNPR1® X61679.1 ACTTCTTCGCCGACGCCAAG GCCAACACATTCACCAGAGCATC 190
NtPR2 M60460 TGATGCCCTTTTGGATTCTATG AGTTCCTGCCCCGCTTT 175
NLACS1 X65982 CATTAGCGAGGATTCGGAGTT GTGGTGAATG AGGGATAGGA GA 180
Ntacc deaminase Z46349.1 TCTGAGGTTACTGATTTGGATTGG TGGACATGGTGGATAGTTGCT 264
NICAT1 AY128694.1 CAACTTCCTGCTAATGCTCCAA TGCCTGTCTGGTGTGAATGA 245
NtGST1 D10524 AGCACCCTTACCTTTCCCTC GCTTTCCTTC ACAGCAGCAT CA 284
NIEF-1a D63396 TGCTGCTGTAACAAGATGGATGC GAGATGGGGA CAAAGGGGAT T 134

. a) fENBRM CaNPRT R sl e 5|95 b) SR CaNPRT A 2R B I Re 5191 o

Notes: a) Primer for cloned of CaNPRT1; b) Primer for relative transcript levels of CaNPR1 detecting.

A pMDC32-CaNPR1 #i5 8k
pMDC32-CaNPR1 expression vector

LB K

CaNPR1

WT-K326

CaNPR1-OE

NtEF-1a

2x358 Pro

ol RB

Relative expression levels

A. LB 1 RB: T-DNA Z:3fiI4i34; attR1 Fl attR2 . Gateway JEREHARTELINLE ; 2 x35S Pro. 2 AN I EABIAE YR # 35S J13h T; Nos-
T: KILHHT; Kan': RIRGEMEIEE, B. 158 Mgtk CaNPRT T, #IED b R MBFA: R K326 #ikk+ , i RT-PCR 4347 T -RIR %
RIERELOKF-, NIEEF-To A WA, C. 5 K326 A1 CaNPRT 1 BLRIA#R 2 b, BT RT-qPCR 43U T Bk CaNPRT RIXREKF-o i3

BB, BEDRIR T 3 4L ¥ BE

A. LB and RB. Left and right borders of the T-DNA; attR1 and attR2 . Recombination sites for gateway cloning; 2 x35S Pro. Two copies
of the Cauliflower mosaic virus 35S promoter; Nos-T: Nos-terminator; Kan”: Kanamycin resistance gene. B. RT-PCR analysis Kan”
gene transcript levels in eight CaNPR1-OE lines and wild-type tobacco plants, NEF-1a served as endogenous control. C. Relative tran-
scripts of CaNPR1 in K326 and CaNPR1-OE lines tobacco plants were tested by RT-gqPCR, error bars indicate the standard error; values
based on at least three independent repetitions of the biological experiments.

1
Fig. 1

HEREHKM CaNPR1 g RiA R EHERE
Schematic representation of the pMDC32-CaNPR1 constructs
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CaNPR1-OE-4 ., CaNPR1-OE-5, CaNPR1-OE-6 Al
P 7 K326 T AIXT B A (B 1. C) 41 &
B, &Rk 2R B CaNPR1T LR ¥ BERIA
2.2 TEREHM CaNPRT 58 T HEX EHH
BIHE

SR e B0 75 M B 7 Ak FJC100301 , BEAL Bk
¥i 3 MRAR ARG rhUw s B, 8eFh 13 d J5E
G RIATAEE, HREN], S A K326 A i,3

TEEFRPG 13 d (13dpi, days post inoculation) , 4=
A K326 4T P i I i A , i CaNPR1-OE-
1R RO R A B I B ik (B 2: A) . 7E
13dpi.14dpi.15dpi.16dpi 17 dpi F1 18dpi JiEF5E
S3HT R, CaNPR1-OE-1 #f 2 0 50 Ao i TS R 2
R T 53% \52% 56% 62% 67% 71% F
82% (K 2. C), fE#A 13 d J5, HHi WM A KAE
CaNPR1-OE-1 ftfrth 32 8] 7, o= B &L T

BRI (B 2: D)o WL, 2 BRI B CaN-
PR1 1458 1 I REX TR IR

4~ CaNPR1-OE #R R KR 3L T Bewg itk — o at
RIKER AR CaNPR1-OE-1 JITIL ARSI 2347 -

A CaNPR1-OE-1 WT-K326 B

WT-K326 CaNPR1-OE-1

C 45 D

40
35

I WT-K326
[ CaNPR1-OE-1

*k

3.0

IS

s index
log(cfulem?)

Q25

Diseas!

@820

N

1.5

—A— WT-K326
—/— CaNPR1-OE-1
0-5 T T T T T T T T T T T T T T T 0
13141516 17 18 19 20 22 24 27 30 33 36 0 13

RS RS Days post inoculation (dpi)

1.0

A7 FIKH) CaNPR1-OE-1 ¥R B MEFA: 5 K326 MIMRHEAT VAL SHTREA A , SR ATk 4, 4880 4 10 wl 10® cfu/mL (OD =0. 8;cfu, vk
FEIaE) [ BeRh 13 d 54, B. 72 CaNPR1-OE-1 Rif LT K326 Hitferd , B RT-PCR 4347 T RIR R R Bk 3L R R kK-, MEF- T 1K
PR C. R TTREGET A 07, S0 O~4: O(RERREERE) ,1 (1%~25%AiiZE) ,2(26%~50% i25) ,3(51%~75% hiiZE) ,4(76%~100% HfiZE
ST BUEDRIET 3 4R EAL, U5 Mk, D. 8RR 13 d,7E CaNPR1-OE-1 AP AEAY K326 RIMRSE 3 -} b, BE T 12 B i A
BRI . BUEDRIET 3 MEWF BT . REKRMAEFMIR, Student-Newman-Keuls #5, * R @425 ( * p<0.05; **p<
0.01),

A. Seven-week-old plants of the representative CaNPR1-OE-1 line and its parental wild type line (WT-K326) 13 days after inoculation of
their third leaves with 10 pL suspension of 108 colony forming units (cfu) mL ' of the highly virulent R. solanacearum strain FJC100301.
B. RT-PCR analysis Kan" gene transcript levels in CaNPR1-OE-1 and wild-type tobacco plants, NfEF-1o served as endogenous control.
C. R. solanacearum-inoculated plants scored using a disease index ranging from 0 to 4 0 (no wilting) ,1 (1% to 25% wilted) ,2 (26%
to 50% wilted) ,3 (51% to75% wilted) ,and 4 (76% to 100% wilted or dead) . Averages presented are based on three biological repli-
cates each comprising five plants. D. R. solanacearum growth in third leaves of wild type (WT-K326) and CaNPR1-OE-1 tobacco plants
0 and 13 days post-inoculation (dpi). Values presented are average cfu based on three biological replicates, each comprising three
plants. Error bars indicate the standard error. * indicate a significant difference ( * p <0. 05; ** p<0.01).

2 TEREHEM CaNPR1 58 T HEE /I FHE T
Fig.2 Transgenic T, tobacco plants overexpressing CaNPR1 exhibit enhanced resistance to R. solanacearum



498 R ]

5530 %

2.3 TEREHM CaNPR1 3tpIHEXERRIE
b Al

R T B RAE FARYUR R TSR, AT
T CaNPR1 i1k %o Bl A8 BN AH 2% 3 PR 2 3K 1y 5%
. 45RFEW, CaNPRT id BRIABE LI T K4
PR (SA) WK M1 NIPR2, 2,4 (ET) 4 B AH 26 5
NtACS1 Fil Ntacc deaminase ™! #:5t k¥, HiK,
B BaIAH 5 e R A g DR 9 il NICAT Rl NIGST1 (&
3) -2 ik K F-AE CaNPR1-OE-1 ¥k & R4
A WT-K326 e &tk 25,

14

=
o N

[~ -]

Relative expression levels
-9

N

[=)

1 CaNPR1-OE-1 F11 WT-K326 itk , F§ RT-oPCR 4347 T B8
ARG FZ R ] WT-K326 v iy A S6 2 I iy R 3k
HOPYEAR IR, FRAKP B R 17, RBRARER, Bk
BT 3 @M~ Y% B E . Student-Newman-Keuls #:5, S
308 BERER (RS EEER p <0. 05; RARE
FHERAR p<0.01),

RT-qPCR analysis of relative transcript levels of tobacco de-
fense marker genes in CaNPR1-OE-1 tobacco or wild type
(WT-K326) plants. Defense-related genes transcript contents
of WT-K326 were used as control, which was set to “1”. Error
bars indicate the standard error; values based on at least
three independent repetitions of the biological experiments.
Different letters indicate significant difference as determined
by Student-Newman-Keuls Test ( lowercase difference p <
0. 05; uppercase difference p <0. 01).

3 CaNPR1-OE-1 #1 WT-K326 #&#krh
Bt X B B AR B FRiX
Fig.3 Constitutive expression of defense markers in
CaNPR1-OE-1 and WT-K326 tobacco

REES

NPRT 34 1 f5¢ 7 48 g ¥ e 55 e 7 3172
B HAFC IR, B KRB SR Y NPRT MY R
IRGPE SRR G T IO, B 5 A0 I
RGN TR R BRI, (X

WF 5% K 2 048 v A6 8w 7 ALK RS S AR S
Hat22 92 Fe b R Y P I SR B AR £
B CaNPR1 5: B 18 1) i 2% KAk AR X
WEFE, v HE—2B 9k B A NPRT R BIRIA R,
H—LF 0 NPRT B8 — 2 g . ABTst
L5 0K, B CaNPR1 58I 7718 NPRT 1R
FER P AR 2 AR 1% , 5 M R b
NPR1 1) I 43 3R 38 91% F190% (www. uni-
prot. org) , HAs | SR Y IX A ) Py Z 15 A% 1
KZES . SRR Rk, B R T
PR EH PR G b, X —45 R 5 NPRT £
TR RIS B 7 SR v IR 4 SR — B T HL,
CaNPR1 {35 2048 5 i S R AR R A AR o
ST SA-FIT ET AR [ 48 5N 5 X R 38 18 13
R, XL R S5HAXT NPRT 25 SA-HI
ET {55 MKt E—2. "I, NPRT A M AE
ViR S5 P AR B 22 54, L)
REIPHA B RS

H M — R B IR AR e, AR TR
BT RWfEH ", ABFEEI CaNPRT Ifii £
TR R S 2 R T e DR R A i B, R R
AL LR FRI8835 T R BABURLAR R A5 B 4R
X H AR DR R — R AR S

Brigt: R AR R MOR 2 A R BAR AR A e
MRAEAS A R R P IR AT D
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