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B OE. O THIREUNEM S (CMV) S IIRITE 4 (Lilium regale) JiiFA X245 11 PR10 K:[A
FEUIF BRI A SN P VT, SHURYT F A Rt CMV, ] RACE HRSRAFURIT 11 & LrPR10 4K
CDNA JF51, FERILHATEDE BT R SEI 98 6 5E & PCR X LrPR10 7E % 2% B FF 7 1% LA & CMV
FUKHIR (SA) AP AR AT TlE . SREM: LrPR10 4K 756 bp, Al4wiid i 157 P&
BEMR A B T, 1% EE 1 B R AR DG (LYY Bet_v_like fR5FAG R LrPR10 AEUGYL A =5
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S R b FRET IR 58 fiFy 27 £ A1 292 £, fF SA KbFEJS LrPR10 [MAHNT K IA HABAE 8 h IR A, 43514
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Cloning and Expression Analysis of LrPR10 Gene from Lilium regale
Induced by Cucumber mosaic virus
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(College of Forestry, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: This study aimed to clone PR10 gene which was up-regulated in the leaves of Lilium regale
infected by Cucumber mosaic virus (CMV) and examine the role of PR10 gene in defense response against
CMV. The full length of LrPR10 was amplified by RACE and analyzed with bioinformatics tools.
Real-time PCR was performed to check the transcript levels of LrPR10 in different organs of L. regale,
CMV-inoculated and salicylic acid (SA) - treated leaves. The results showed that the length of complete
cDNA of LrPR10 was 756 bp, which encoded 157 amino acids consisting of a Bet_v1 like conserved
domain of pathogenesis-related proteins. The transcript level of LrPR10 was the highest in bulbs, whereas
the lowest in tender leaves. LrPR10 was significantly induced by CMV inoculation and SA treatment.
Transcript level of LrPR10 reached a peak at 4 d, 4 d and 1d in the CMV-inoculated leaves of L. regale,
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L. lancifolium and L. leucanthum respectively, while the maximum relatively expression values in
CMV-inoculated samples were about 58, 27 and 292 times higher than the uninoculated ones in these three
species. After SA treatment, LrPR10 peaked at 8 hin L. regale, L. lancifolium and L. leucanthum and the
maximum relatively expression values in treated samples were about 34, 8 and 38 times higher than the
untreated ones in three species. We hypothesize that LrPR10 from L. regale probably plays an essential
role in plant defense against CMV.
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H Stewart (1896) & {XIRIER G H AL EE (CMV) FIELAE, CAMiERRBIRIH
AR HAT 19 B (Yamaji et al., 2001; x|f#, 2009), CMV JEHfEd b /™ EH T2 —, W
AR R EITE ARG (Asjes, 2000). [ H R L 58 Ay A H 7+ W02 B 713Kk U
AR (Lipsky etal., 2002; #23F K 2%, 2004; Beniditoetal., 2005; Fikd 4%, 2005), LA
EE YU AR

WYL A (Lilium regale) #%2 A h H A & o PEIL S AP 6 (Yoshiji et al., 1996; Yumi et al.,
2000), XF AR Husk ) B B R S Ptk (Lim et al., 2003), X5 265 R I H R H . FALIZ 45 (2008)
H RT-PCR £ ARNTIRIT & JZ5 21U X ) 5 R AR 1 S 3T HOm 2akill, R ILIRYT T &% CMV,
HALIEREE (LSV) KEHAHEHE (LMoV) HPLIEIA R Fh K .

PR10 %5 [ i FAF B 15 S IO OT B 2 41 i b & B (Somssich et al., 1986), HETEZ M 70
PR 5 T 100 ZF PR10 K (Wen etal., 1997; Markovic-Housley et al., 2003; Colditz et
al., 2007). WiFt&W], PRI10 tH HAMIMIEIG ML IREEYE (Park et al., 2004; Liu et al.,
2006), AEMM IR CRLFR R, A5 ELED . SA. VR IE . AR H RSk 444175 5 %14 (Constabel
& Brisson 1992; Loetal., 1999; McGee etal., 2001; BH]FH, 2012; Parinitaetal., 2013). van Loon
Flvan Strien (1999) J& Park 5 (2004) L2k, PR10 & (1 A] LId ik B Ads 2511 RNA KIS ka4 11
Pk ERRBE T, PR1O 25 I A BRI S 1, H H 6 I s R B Pk (Parinita et al., 2013).
PR10 7148 2R 51 25 H ] LU 6 26 4 57 BT 15 300, 2 i DR A 28] o SR (10) 4 26 it i b m DG s 0] 4
R MAPIEE S (Heetal,, 2013).

AHFFCHRRIRIRYL A 7E CMV 55~ cDNA SCEEHT ) PR10 1) EST JR A it =514, FIH
RACE HiA 7% 4K cDNA, Jfilid Se it € & PCR 234 LrPR10 ZEMRYT /1 A AN [l 8 B v i ik i ok,
AL CMV I SA AE B Z BRI A G DL, B AE T %S DR AT AR M AR D09 915 2881 e i o R AR
R, hie—2 IR E S P M TS E 5Ll

1 MRS TA

11 #RIRHALE

PERFEY A BHRYL F 4 (Lilium regale). %/ (L. lancifolium) FI'E & 4 (L. leucanthum) )
A PUALRMRHS RS A DU, AR AL B SRR IS TR] 4 2012 4F 4—6 H . CAIIRICH & &
FERVEL S T 5 A4 LMoV Al CMV A LR TR 4580700 4 0.64. 0.64 H10.18, HUH AL 7373
HEbi. mPURER CEALZ, 2013). 2 MALH0E 25 A 00U ] TP R B2 B 0 VO aRNE” B4
(L. Oriental Hybrids ‘Siberia” ) M FH3kf,

SRR IEH AR IR At Wies. B, B2, RESTE, TWARPASE, -80 TR
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EBOE R ARKRIT A A BAAEE A S, H CMV Rk B A2 8 h 5ot 19, H
CLK T4 1 0.01 mol - L™ BERRZEr (pH 7.2) Fike 2= 0.001 mol - L™, AIFEE 5 b /b-B 4 v JRE H 4 Ao
MR, B R K b . BORERS ) RS 04 1. 2. 3. 4. 5 A1 6 d, K ITHURE Sl G v
J&i - 80 CH-AF.

H1 2 mmol - L™ f#7 SA B 2 iE % A K IIRVE & BPE 8 a4 b, TS 0. 2. 4.
6. 8. 10 fl 12 h HUff, FEMEWEGEAG, ET - 80 CHRAF.

1.2 IR IESERE LrPR10 BI& 5k

HAAT A A RNA I BCR MY CTAB 5 (FHEE 25, 2008) o [ sk i% M Fermentas /A
] RevertAid™ First Strand cDNA Synthesis Kit 17

R 3R A5 (00 3 TR 93 2595 S IRV T 75 4 cDNA SCEEH 1) EST #0741 %71 3'RACE 45 55
), Gene Racer 3'Primer: 5-AGCTCGCTCCCGAGATCTTGCTCAGT-3', #4754 Gene Racer
3'Nested Primer: 5-GGGTGCATCGTGAAGGTGGTGACAG-3'. #3545 iy 2L A 335 ¥ 41 & it
5'RACE #7554 Gene Racer 5'Primer: 5-TTCATTCTGCAAGTGGTTCTAAGCA-3', #4154
Gene Racer 5’ Nested Primer: 5-AGGTAAGCTTCTGCAGCCTTGAAGAG-3'. 5|#)¥ 1 Primer 5.0
AT HZACE LAY TR (R B BRA 7 A .

DL 8 A6 5 B (R 77 45 4% IR0 32 B0 RNA TS FE IR, 4] BD SMART™
RACE cDNA Amplification Kit (Clontech) i:17 RACE cDNA ™. 38428 1% 1) B BE B i b iy
W, B H kR4 %2 S pGEM-T Easy 1alE#4& (Promega) JElF (b5t BURHS B A M1H R BHE
HIRATD . X331 LrPR10 (1) 55 741 F1 35 7741 F) ] DNAstar A 0E4 786, SRA IRV L
4 LrPR10 cDNA 4> K571,

1.3 IR IHEESEE LrPRI0 BIEMIEEF N

K NCBI [#] ORF finder T5ill ¥ /8t 5HE ;i NCBI Bl ¥ BLAST %%, #r4k LrPR10 [
[ 741 FH NCBI [ protein blast iEAT 8 17 81 O 51 45 #4385 7 5 383 DNAman #4453 LrPR10
BEDR P 2 i 2 SR LA B LA S IR P H R [  FIH MEGA 5.1 M RGEK & M4 FIH ProtParam
Ty Chttp: //expasy. org/cgi-bin/protparam) Tl & 71 BT i) 73 & A4 FEL AL #iR4E SignalP 4.1 Server
Chttp: /Awww. cbs. dtu. dk/services/SignalP/> 73478 1 LK 5 ks F TMHMM Chttp: /Awww. cbs. dtu.
dk/servicess TMHMM/) JEAT 28 (1R 1A 5 IR 45 R 3803 BT s #H ProtScale Chttp: //www. expasy. org/cgi-bin/
protscale. pl) 73 M7 2 R I35 /K M. #R 4 Motif Scan Chttp: //hits. ish-sib. ch/cgi-bin/PFSCAN/) #f7%
1 motifs.

1.4 IR IES LrPRI0 RiZHISBEHF DT

AR R UYL A A 55 LrPR10 3 AR O 7 X P41 it & e &1 5 149 LrPR10-1: 5'- TAAG
AGGCTGGCTACCCCAATTC-3', LrPR10-2: 5'- ATTGGGGTAGCCAGCCTCTTACA-3'. Ll 18S rRNA
JEDR (GenBank #3x'5: D29775.1) AWNZILER, |40k 18S rRNA-1: 5-TCTCAACCATAAAC
GATGCCGA-3', 18SrRNA-2: 5-TTTCAGCCTTGCGACCATACTC-3'. 43 MIHUIRIT /7 S . =
T 525 REAE AR BT I RNA % 1 ug, [k cDNA. # SYBR Premix Ex Taq™ 11 (Perfect Real
Time) (TaKaRa, Japan) [WU6HHEATEEN 5720 &, 7& 1Q5 Multicolor Real-Time PCR Detection
System (Bio-Rad, USA) FATIMFERTEAF AL AN KL E, MM 3 IREE . PCR ¥4
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FERFA: 95 “CAEE 1 min; 95 ‘CAR1E 30s, 58 “CiEk 30s, 72 “C#EfH 30 s, 40 MiEHA . H] Excel 2007
M1 Origin 7.5 X HmBEAT VHELFIAL B, 2 FHACHE B AL BE T VSR 2744CT k. ] SPSS i fF kAT 22 5
E i

15 IRIHESE LrPR10 ByFRixtER 947

43 L CMV Rl SA AbEE 5 AN [ AL BRI [R] A i A 5 RNA L g, SEA7 R 00T, AEERTH
15149, PCR F2)7 S B AL E#E 51634 [H) 1.4 s .

2 5T

2.1 UR;IHEE LrPR10 £14€ cDNA F3Ig13515

RACE ¥ #4)5, 32K % 405 bp /) 3' cDNA 75 FIHKFE 4 518 bp /1 5 cDNA /741 (K 1),
FIFH DNAstar S AFATHH2 )5, 3k19 T 756 bp 142K cDNA. FFJi 5 24E (open reading frame, ORF)
K 474 bp, % 157 NEKEEIR . %D 44 LiPR10, GenBank %53% 54 KF690636.

Marker 3'RACE Marker 5RACE
2000 bp S
1 000 bp
750 bp 1 000 bp
—_— 750 bp
P ~— 405 bp 500 bp ~—518bp

250 bp 250 bp

100 bp 100 bp

1 URSIHA LrPR10 B RACE ¥ 18458
Fig.1 RACE amplification product of LrPR10 from Lilium regale

22 URIEA LIPRIO IEMIEEE SR

2 ProtParam Tl LrPR10 25 /(14> 154 16.8 KD, Z5Hi 5k 5.39, AMetEE M. /1 SignalP
4.1 MR, P AV RS IR, AAE R . 4 TMHMM TZ & (AR S, BT W&
1. i1t ProtScale 3#T KB, LrPR10 & hSRKER M, SR AKMEZIEMR & &5 T oK M 2 LR
“rhr, 33 NCBI 1 protein blast 2041 7, LrPR10 25 [ H AT 5 FEAH G £ 1 M0 1) Bet_vl_like f5F
ghitsl (B 2).

1 25 50 75 100 125 150 157

P Query seq.

% k45457 4% Polymorphic A A A4 4 A i kA ihk M Addd Liki ™
ligand binding site M —RYARE Glycine-rich loop

#4552 DLl Specific hits

HBLRFIE Superfamilies SRPBCC superfamily

2 LrPRI10 ZEHRYMRFE ST
Fig. 2 Conserved domain analysis of LrPR10 protein
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Motif Scan 4347 B, LrPR10 &5 1A N - BEIEEALAT /5 (56 ~ 59 & L 18), 4 NisE
T 1T IR A5 (40 ~ 43, 83 ~86. 92 ~95 Fll 127 ~ 130 2 M), 3 A N - Lklefbfr i (47 ~
52, 87 ~ 92 1 124 ~ 159 (% JEMR), %A ERA 3 ~ 152 (7 & LR AW FEAH G A Bet_v_| Kk
PRI

FRRITHILLAT 4R (B 3) BoR: LrPR10 A5 FBMESA A& 6 A PR10 &1 (Lilium
longiflorum AAD17336.1. AAF21625.1. AAF21624.1. AAF21623.1. AAF21622.1. AAD17335.1)
M EJEPE 2 94 91%. 89%. 89%. 88%. 88%. 87%; Ifii5/N3 (Triticun aestivum, TaPR10,
ACG68733.1). =% (Sorghum bicolor, AAVV83209.1). Tk (Zeamays, NP001131012.1). 4L
1t (Crocus sativus, ADL09408.1) [) PR10 & [ [AIUs1E 737 8 54%. 54%. 53%. 53%, XLEHT )
HATR A 1 Bet_v1_like {557 45 )3k

Z&41.4% Crocus sativus CsPR10  ADL09408.1

B A6 Lilium longiflorum LIPR10-1 AAD17336. 1
B# 5 @ Lilium longiflorum LIPR10-3 AAF21625.1 .
B#8 A& Lilium longiflorum LIPR10-4 AAF21624.1 .. ..
B#%5 @ & Lilium longiflorum LIPR10-5 AAF21623.1
B# % A& Lilium longiflorum LIPR10-6 AAF21622.1 . ..
B8 A 6 Lilium longiflorum LIPR10-7 AAF17335.1 .
WYL & & Lilium regale 1.rPR10

B3 Sorghum bicolor SbPR10 AAVV83209.1

/NE Triticum aestivum TaPR10 ACG68733.1

K Zea mays ZmPR10 NP001131012.1

FLLAE Crocus sativus CsPR10 ADL09408.1 |
B# @& Lilium longiflorum LIPR10-1 AAD17336.1 § '.
B$E A G Lilium longiflorum LIPR10-3 AAF21625.1 X8
B# A Lilium longiflorum LIPR10-4 AAF21624.1 R
BE @ & Lilium longiflorum LIPR10-5 AAF21623.1 K4
B35 H & Lilium longiflorum LIPR10-6 AAF21622.1 [N
B8 A & Lilium longiflorum LIPR10-7 AAF17335.1 8
WYL & & Lilium regale 1.rPR10

B Sorghum bicolor SbPR10 AAVV83209.1
/INE Triticum aestivum TaPR10 ACG68733.1
K Zea mays ZmPR10 NP001131012.1

Z&41.4% Crocus sativus CsPR10  ADL09408.1
B# @8 & Lilium longiflorum LIPR10-1 AAD17336.1 NVTE
B# A Lilium longiflorum LIPR10-3 AAF21625.1 NVTES
B#H @& Lilium longiflorum LIPR10-4 AAF21624.1 MVTE
B#% A& Lilium longiflorum LIPR10-5 AAF21623.1 YVTE
B8 A6 Lilium longiflorum LIPR10-6 AAF21622.1 NVTE
B#% A & Lilium longiflorum LIPR10-7 AAF17335.1 ‘WTE‘ i
WL H & Lilium regale 1LrPR10

B3 Sorghum bicolor SbPR10 AAVV83209.1
/INE Triticum aestivum TaPR10 ACG68733.1
K Zea mays ZmPR10 NP001131012.1

k ea\l anp ay

B3 IRIEH& LrPR10 EASHMEY PR10 ZEAMSEELFFFIE R LT

Fig. 3 Alignment of amino acid sequences of LrPR10 protein and PR10 protein from other plants

¥ LrPR10 115 NCBI frZ LAl b 16 F PR10 £ AT 2 741 LU 5 M i R G0 K B A
(K4, g1 8oR, IRLH A PR10 & 5 [F & B 7 1 & LIPR10-1 (L. longiflorum, AAD17335.1)
A1 LIPR10-7 (L. longiflorum, AAD17336.1) HHMSELK AL, SHRFHEY LK (Zea mays,
NP 001131012.1) , % (Sorghum bicolor, AAVV83209.1) , /K# (Oryzasativa, AAL74406.1) ,
/NFZ (Triticun aestivum, ACG68733.1) , MEZZ#L (Lolium perenne, AE011776.1) 1) PR10 &[]
FATHI TSR %0 R, SHTEYIIMN WAL (Pinus monticola, AFR78290.1) [f) PR10 &[5 4
KREM G, 15X PR10 85 SR 48 R Bt .
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82 F 2k Zea mays ZmPR10 (NP001131012.1)

63 B3 Sorghum bicolor SbPR10 (AAVV83209.1)
74 KA Oryza sativa JIOsPR10 (AAL74406.1)
100 NS5 Triticun aestivim TaPR10 (ACG68733.1)
10 S SB Y Lolium perenne LpPR10-2 (AEO11776.1)
WL E & Lilium regale LrPR10
97

100 {%ﬁﬁ% Lilium longiflorum LIPR10-1 (AAD17335.1)
= B# 8 A & Lilium longiflorum LIPR10-7 (AAD17336.1)
F LAk Crocus sativus CsPR10 (ADL09408.1)

W LR Pinus monticola PmPR10 (AFR78290.1)

R A] Theobroma caca TecPR10.9 (EOY06613.1)

o8 ML Capsicum anmum CaPR10 (ACB30364.1)
. \— WHEE Nicotiana tabacum NtPR10 (AEY11296.1)

78 164k Arachis hypogaea AhPR10 (AAU81922.1)
7 % Vitis pseudoreticulata VpPR10 (ABC86747.1)
74 4,— B2 Prunus domestica PAPR10 (ABW99634.1)
55 W Ziziphus jujuba ZjPR10 (AGL07712.1)
A
0.1

4 JL#EY PRI0 RERFIINARGL B
B AR
Fig. 4 Phylogenetic tree of amino acid sequences of the PR10 from several plant species
Numbers stand for evolutionary distance.

2.3 LrPR10 EIRIE A A EIRE FHIFKIE
LrPR10 7EURYT T A0 25 16 525, | .
A2 B P I RIA I, R Esf
Rk, (RO RIS ERAT (B 5D, %gp a
LI LrPR10 {EURYL 1 45 A AR LM 20K i
22,0 b
2.4 CMV R#/F LIPR10 HIFiAMER 2, 0 i
M o1+
W ET 2 AEPHRIE B A R CMV R . N I
L , = I &Y i) 2 i
LrPR10 E‘J*Hﬁ%ﬁ%ygibﬂ ’ ﬁ?”ﬂij{'fﬁ E‘] HTJ‘ Leaf Stem Flower Bulb Root
435 % 4d. 4dF11d (B 6). LrPR10 (A
MBS BT o, E 5 LrPR10 EIRSTHATERE PHHENTIEE
. . N . ARFREROR 2R B (P<0.05),
ﬁj HY E@ 292 {%‘" E '%ﬁﬁﬁ Eﬁ IIRYIEQEFUFHN Fig. 5 Expression analysis of LrPR10 gene in different
Rk fa T, ISALBUETHY 58 £, fEmPUREER organs of Lilium regale
%‘?i@lﬁ%%fﬁ& j\]j%ﬂjﬁﬁﬁ(] 27 {% ( 6) Different letters indicate significant differences among

different organs (P <0.05) .

ANEPERIE ST LrPR10 (13K 5 i AEZE
SHZER, W CMV AT LLES LrPR10 [R5, ZEEDE N AP0 S I ]
25 SAAIBEEAD LrPRI0 BIRIEER

SA KA GUNE [ 45, LrPR10 IFRIA L [ MPTIEAT % . AR HUR 3 IR & R
b2y = AR | R SR Y e S Lop A NE = RE e
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SA KLBHJE, WRITH A BFHRVE B E A LrPR10 416 SRk, 3L 3 MORFBUIER &
EHIAE 8 h AR A(E, (HREEAAEY RIS, FERDUR R IR A P ATDR R I N At
BT 34 45, 10 DU 35 KI8T A A8 B DO AR BT 8 4, O R KB B 1 A P RIB R
IR AP0 38 1% (B 7). itk r] W, & ATLUEN SA 5 51 TS 5 i KV

W I A G Lilium regale 50
3 & L. lancifolium
HEBHA L leucanthum 45 r

W I A G Lilium regale
3 & L. lancifolium
‘HEHE L. leucanthum

: i% |

400 -
300
200

©

100

a
§
N
\

X RIE R
Relative expression level
X RIE R
Relative expression level

50 \
40 §\§
N
, .
30 §
20 § b
N
10 [ § I b
aaa b | N BN BB
0 o 1 2 3 4 5 6
A ERE/d AbBEEF ] /1
Inoculated time Treated time
6 WRIIES. EAMEEEREMCMV E 7 IRTHE. BRAMEEEA SALER
LrPR10 Bt i B LrPR10 HytHR Rix B
i, AR SORAL S B (P<005). B, R REORA S B3 (P <0.05).
Fig. 6 Expression analysis of LrPR10 in Lilium regale, Fig. 7 Expression analysis of LrPR10 in Lilium regale,
L. lancifolium and L. leucanthum in response to CMV L. lancifolium and L. leucanthum in response to SA
In the same period, different letters indicate significant differences In the same period, different letters indicate significant differences
among groups (P <0.05) . among groups (P <0.05) .
N \/\
3 i

AW, 3 FORFEGHER E A R CMV S, LrPR10 (IR A R HE B I mE. Hrh, &
ORI E B AR RIEER S, SPURSENIRT A AP RIEEET, SIvRSERE T RE (E
6), URVL S E H AT 20%HM 9%, CATHEYEA ZZMHUmHLED,  HO 500 5
FEAEBUE A SR PO EENLIA AR BEN LIS R 45 o VR DT AEit 702 LA i e 45 2R
RW], WL E ARG PR 2 B By, 1B S AR AT ST CEANZ, 2013), BT AIE B H A
(G5 P BE e ) I o TRV L 1 A A . Ml N TR AR LMoV Al CMV IREGUEIH, 3 Bl
G G B Gy, (R AR B PUER LA ST, mPiRmE CEALZ, 2013). H
WERT A, SR A S R PT e A SBR BRI L S AP LrPR10 A R KT S B R UR YL
HEMES. DL EgEREY], IRYLH 4 LrPR10 %2 CMV 15T, HERERES H ARG MPTEFE—
EMRR, &—NHEPURBEAH IR,

IKMTR R AR SR B Z B DR NAS 52 — (a9 ME 5, 2005). fK#ET/K4
R A5 5 e A, nl DL AN SA BaEAH A 1) —%& PR LR (EAR 4§, 2005). CU41 SA
e MR B B P AR B R A 5 A, Re R w2008 JeUpk e BV Rl IA - (Thomma et al.,
2001). CABFFUR I SA WS JlAGSEEY T PR10 JERIRIA (Park etal., 2004; Liuetal.,
20060, ABFFTH, SA AFEAFGUIEM HAM G, SERbEREAIR PR LrPR10 RIS, WVLH
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G GPHE B AHTE 8 h BHARIFRIA S M, (HE EAALEH SR ZEN, 5300 AR A FE
34 1%, 8 fi5F1 38 £, 45K, LrPR10 nfLLEIT SA {55 S22 SIRIL H SHU st i #4,
A RERE SN S NERe v/ N = FIE IR A S

T I 5 TG B3 5 T UYL & LrPR10 1R v B Je 3Rk 7 A 45 Ak, LrPR10 JEBRLE &bt
T EEAHOCHE A, 16T LrPR10 ZEURYL AP0 25 0 (0 B AR ST R BA S BT HLBE 0 75 2E— 25 AT
To
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