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[Abstract] Objective: To clone PgDELLAI gene of Panax quinquefolius L. and explore the expression patterns of
PgDELLAI gene in root rot resistance of P. quinquefolius L. with bioinformatics analysis. Methods: The full-length
amplification primer of PgDELLAI gene was designed according to the obtained transcriptome data of P. quinquefolius L.,
and the full-length complementary deoxyribonucleic acid (¢cDNA) was obtained by in-fusion cloning. The National Center
for Biotechnology Information (NCBI) online Blastp, DNAMAN, and MEGA 6.0 were used for bioinformatics analysis of
the sequence. The tissue expression and induced expression patterns of PgDELLAI gene were detected by real-time
quantitative polymerase chain reaction (QPCR). Results: The PgDELLAI gene of P. quinquefolius L. was amplified. The
c¢DNA sequence of P. quinquefolius L. was 1743 bp, encoding 580 amino acids. The protein molecular weight of PqDELLA1
gene was 63 910, and theoretical isoelectric point was 5.01. The PgDELLAI gene, as a non-transmembrane protein without
signal peptide, was located in the nucleus and was most similar to the SIDELLA protein amino acid of tomato. The results of
real-time qPCR showed that the expression level of PgDELLAI gene was highest in leaves, followed by stems and roots. The
expression of PgDELLAI gene was induced by Fusarium solani, the pathogen of root rot disease, and continued to increase

within 5 days and then decreased after F. solani vaccination. Conclusion: The cloning of PgDELLAI gene for the first time
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with the bioinformatics analysis and expression characteristics analysis found that PgDELLAI gene responded to the

infestation of F. solani. The findings of this study provided references for the subsequent analysis of the molecular

mechanism of PgDELLAI gene in the disease resistance of P. quinquefolius L.
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transcript 39804 % s A LIICCABIM IS8, DU
PUVES B AN A AL PR (cDNA) i, 333k
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BHVESH . 2. HHATRATEEIFT -80 C
VKEERAE, TR IR AL RS, AES
Pefh E osolaniJ555 0, 1. 3. 5. 8. 13 KL, ]
FOREIFT - 80 CUKARAE, H TR E solani %t
FEVES I FA N .
1.2 kRS EA

F solani (4171 WHR) FARSLE =40 8 K EIT
PR s K358 Ay [C TR DHS« JB A2 25 1 11 b 5T 5 i ik
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Fp O Bl 2 B HE AR AP 5 BT T R 0 5% B S5
=i
1.3 i)

Q5" IR L DNA A . BRI P U il 1 kL
AN G A VRSO A R A R TR A
Fl; Clone Express” Il One Step Cloning Kit Il H 4 &%
v MERE A W B A A BR A W] 5 Tag i A StarPrep
Pk DNA i [R50 &0 1 b 5 e 0l 4= P B
A B2 Fl 3 ANTP Mixture, Reverse Transcriptase
M-MLV (RNase H-) . Recombinant RNase Inhibitor .
Recombinant DNase | (RNase-free) Hl TB Green®
Premix Ex Tag™ Il (Tli RNaseH Plus) 1 Bt GG
W4 R A MR A Ay Trizol W H Thermo Fisher
Scientific 23 A .

1.4 %%

Veriti DX 7 5 45 Wi 0% W (PCR) X (S [H]
Applied Biosystems /A ) ) ; DYCP-31DN 7 4% i H 7k
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¢ 5 & PCR (real-time quantitative PCR, qPCR) {%
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2.1 S RNAFJHEEUN cDNA F)E R

BPHES A A8 T A b e, FH
Trizol I HESM . 25 RN, VU
e F solani {29 AR E] G IV EES B RNA, H 1%
BRI L I B KRS T RNA S 3&bE , FH#Bim4 %
SCEE TN R Hok FE RN ZE R, JF R FH R s H
T N 4% cDNA
2.2 PgDELLATSER (%) v 3 S 3 A 0 4 3

2.2.1 PgDELIAI BBy vafE  &itsl¥ (1132-
PgDELLAI-F: 5-CGCTCTAGAACTAGTGGATCCAT
GGTTACAAAGAGAGATCGCG-3';1132-PgDELLAI-R:
5- GGGCCCCCCCTCGAGGTCGACTGGATCCTCG
ACGGCGA-3"), LLTY ¥ 2 cDNA R it , ¥ 1
PgDELLAI J¥ %Y o & W F L i B il 2 vy ik &
ddH,0 28.5 pL, 5xQ5 Buffer 10 pL, dNTP mix
(2.5 mmol-L ') 4 pL, 1132-PgDELLAI-F. 1132-
PgDELLAI-R452.5 uL, Q5M§0.5uL, #ibg2 ul; &
W 4. 98°C, 30s; 98°C, 10s; 60°C, 30s; 72°C,
1 min 30's; 35PMfF¥; 72 °C, 2min; 4 °C, 10 min,
2 M StarPrep B DNA Ji 5105038 551 &5 158 B 13 [l i
PCR =¥,

2.2.2 pYBALIR2 #AKMEGY) $EHLpYBA1132 Jit
ki, 3 HH BamHUSall E4T WUEGDD, BEDIA 2R B 504
WF: pYBA1132 1 ug, BamHI-HF, Sall-HF 4% 1 pL,
10xCutSmartBuffer 5 uL, Jil ddH,0 % 50 uL; [
M M37°C, 4h,

2.2.3 pYBA1I32#iAS PqDELLAI KA ER: R
Jo4E T Fi R (in-fusion cloning) """ PgDELLAI
SN ] pYBALI2 A ik ki b KRR
WF: 5xCE Il Buffer 4 pL, X5 B pYBA1132
50~200 ng, PgDELLAI 20~200 ng, Exnase” Il 2 uL,
JddH,O % 20 pL; #HAF 37 'C, 30 min, 7K
% 5 min,

2.2.4 FALEWY A KR A [ DHSa 857
A, kTR, RS AR RIE B RA
AT

2.3 PqDELLAI XA W5 825500

HIFH BioXM 2. 6 43 Bt PgDELLAT % [F 4 5% 114 52,
IR %) ; A NCBI-CDD (https://www. ncbi. nlm.

* 778 +

nih. gov/Structure/cdd/wrpsb. cgi) 434 PqDELLA1 &
1A {8 ST 45 #4388 5 A F] ProtParam  (https://web.
expasy. org/protparam/) it 17 4 Fk R PR AL 1 Y 43
¥r s # FH SignalP 5.0 (http://www. cbs. dtu. dk/
services/SignalP/) Tl PqDELLA1 £ {55 ik; FIH
TMHMM (http://www. cbs. dtu. dk/servicess TMHMM/ )
Wil PqDELLA 14K 1S 4540 ; FIFIBLAST (https://
blast. ncbi. nlm. nih. gov/Blast. cgi) ;% PqDELLAI
VR 5 A DNAMAN 47 [R]85 41 Fe )5 i
1 MEGA 6. 0 fifi FH Maximum Likelihood (RaxML)
75 29145 bootstrap BEA 1000 KRG LB F
F PSORT (http://psortl. hgc. jp/form. html) it
PqDELLA1 K P AAEE 7 ; FIFH SOPMA (https:/
npsa-prabi. ibcp. fr/cgi-bin/npsa_automat. pl? page=
1 SWISS-MODEL  (https:/
swissmodel. expasy. org/interactive) 7F £k %K 1 X}
PqDELLA1 S I — 5. =REEMHEIT T

2.4 qPCR/MHr

FIJH qPCR ALt PgDELLAI R R AE PGS A [
WAL S F solani 12 J AN Rl B[] T 9 R A8
F| FH Primer Premier 5. 0 1% 1T PgDELLAI ¢ 5E & FF
5|9 (5-CACCGCTATTATCCCTTCCG-3/5'-TTG
CTCTCAAATCATACTCCGAA-3') , #% I SYBR"®
Premix EX Tag™ Il 55 & Ul BH P4/ o e i 4544 4
T: 95°C, 30s; 95°C, 5s; 60°C, 30s; 40MF
¥y 95°C, 15s; 60 °C, 1min; 95°C, 15s. LIV
WS E I 2 — PgGAPDH (5-CAAAGACTGGA
GAGGTGGAAGAG-3"/5" -TGCAGGTAGCACTTTAC
CAACAG-3") NNZ, FIFH2 ““ki15 PgDELLAI
X Rk . T A AR E 3R E R A2
BEE, P R EAT 8 E 0T

3 EREHSH

npsa_sopma. html)

3.1 PqDELLAI :H 1 vk

LA cDNA A7, LA 1132-PqDELLA1-F/1132-
PqDELLA1-R A5, 34453 K/NA 1700 bp 247
MR —FES 450 (B11), R JC4E ve BB AR AR
4 3K pYBA1132-PgDELLAI, WM ¥ 4% % 3% ¥
PgDELLAI XK1 CDSJ¥414 1743 bp (ALY HE K
IR T, KN 1740 bp), HASII %55 5
HBIEE P52
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. M. Trans2K® DNA Marker; 1. PgDELLAIFEIN .
1 PgDELLAIFEE PCR 7= )35 g #7858 B B8 ik

3.2 PgDELLAI FEHAEYIE B 2400

3.2.1 JFHSHT st BioXM 2. 6 #4435
PqDELLAI FE #ifih () A 52 1y 5 (B 2A) . i
ProtParam 78 £& 8 {4 1 43 Bt PgDELLA1 £ H Bk
B, SERFEHIZEN (CryH,wN,,,04.S,,) i 5804
R, M EIERR 751, IEHE T 51
A, HA T Bk 63 910, HLSSEH LA 5. 01,
AT REON48.70, AATREEN, FEEKR
R - 0.249, Blastp 45 &8, PqDELLA1 K
£ DELLA (41~103) K GRAS {57454k (216~
573) (El2B),

fd F§ SignalP 5. 0 %k 14 %} PqDELLA1 #4723 #7
455 % WL PQDELLAL A S5 S0k, AR
EH (K3A) . fli 7 TMHMM 7E £8 il i 45 5 26 W
PqDELLA1 A& X (& 3B), i8] PqDELLAI
AJEEIEE A DL A0 25 S 5] PgDELLAL £ &
AR —A e 538 DR - 42 R R 3k A AR Rk
3.2.2 HEALEHHT FH SOPMA Xf PgDELLAL #
FIEAT R EE T, 45 3 R W] o BT J2 1) L PG

A

% PqDELLA1 5 [ 45 04 () 55 2245y, el
45.69%; HUCETHM GBI M, &3 ilh
37.41% F115.69% (&l 4A) . JH SWISS-MODEL X}
PqDELLAL £ [FI#EAT = RESH T, 25500 5 0 4h
FTRMAE R —2, EA RKE D o RE . TCNE B
¥ ff . PQDELLA1ZE {1 () 39~103 & FE R 1) — 2 45
14 5 2zsh. 1. B BEAR AH AL FE O 64.52%, B w5 JEH
16%, 4 DELLA % GAIZ5#93,, & DELLA # GA
ZARR IR ZE R B RE (K 4B); PqDELLAI & [ Ay
208~574 N FEMR I =R L4515 Shyz. 1. ABEAAH
FE K 34.07%, 555 N 62%, N GRASHE N T
T Ak (K14C) o L mT 4 PqDELLAL &
M b7 A DELLA 2585017 GRAS # 5k K +, BA %
A ZEGEAR I A BT g . PSORT 7R/ 1447
Bri®7~, PqDELLAL 4 [ fiw AJ 682 {57 T4 W) 20 Ml A%
W, R ST I EEARSRE (K14D),
3.2.3  [AEME ARG T S PqDELLAL
5 #I B JF DELLA . i SIDELLA . %% VvGAIL |
JK A OsSLRI1™ VA% 11 12 S 28 FE R 7 51 AT R i ik
T R EE M, S5 SREs, TS PqDELLAL S
i SIDELLA 78 #% 11 R /K F S B BE R 7K F b3 3R
3, MALEE R, AT R A LB R 64. 89%
(FI5A), ZBERAHPIE H 67.93% (E15B).
3.3 PyDELLAI RN Z1F K ERAE AT

FKH QPCRFIEX PEFESHR . 25| S A 8Lk AT
PgDELLAIRRFRIRZE oM. 45K, PgDELLAI
VTS AFAL T A RE, MRk RA,
HkowzE, Mrpid, ZERt b g Rk SR A L

MVTKRDREREKEESSSSMAPPPAAGKSMMWKEDQPDAGGMDELLAVLGYKVRSSDM
ADVAQKLEQLEMAMGTNTDDGISOLSDTVHYNPADISRWVOSMLSELGTAIIPSDQN
ALAPQNESSSTIIDFTNGKQSNQIYADDSEYDLRAIPGGAIFVQENRADCTRNCWNKRMK
SSAVCESSESSLTSPAVTAESGRPLILVDSQEAGIRLVHTLGACAEAIQEENLKVADALVK
HIGLLAVSQA GAMRKVATYFAGALARRIYKIHPODSLNITESDMLEMHFYESCPYLK
FAHFTANQAILEAFVGMNRVHVIDFSLKQGMQWPALMQALALRPGGPPAFRLTGI
GPPOPDNSDALQQVGWKLAQLAETIGIEFEFRGY VANSLADIDASMLDIRPSEMEAV
VVNSVFELHKLLARPWAIEKVLNSIKAMKPKIVTIVEQESSHNGPVFLDRFNEALHY
YSTMFDSLESSGLTQTNNTRDLLMSEVYLGRQICNVVSCEGTDRVERHETLTQWRS
RMGNAGFDPVHLGSNAYKQASMLLALFAGGDGYRVEENDGCLMLGWHTRPLIAT
SAWQLAVEDP*

1I 1(])0 290 3([)0 4(I)O 5([)0 5?0

Query seq,
Specific hits

Superfanilies

DELLA

DELLA Superfamily | GRAS Superfamily |

E: A.PqDELLAI# F &SR 415 B. PqDELLAL &5 IR SF 45 4 50

E2 PqDELLA1EZEAMSEBRFIIRARTFEME ST
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A —|:AtRGL2(NM 111216.3) 58.06%
AtRGL3(NM 121755.3) 56.15%

AtRGL1(NM 105306.4) 56.47%

MeDELLA4(XM 021748508.1) 63.34%

PqDELLAI
— SIDELLA(NM 001247436.2) 64.89%
OsSLRI(XM 015776057.2) 54.42%
— VVGAII(HQS834311.1) 63.26%
AtGAIQ(NM 101361) 61 52%
{AtRGAI(NM 126218.3) 61.25%
MeDELLAT(XM 021743601.1) 54 .93%
—L MeDELL A2(XM 021738917.1) 60.00%

MeDELLA3(XM 021770719.1) 43.87%

AtRGL2(NP 186995.1) 58.67%
AtRGL3(NP 197251.1) 53.95%
AtRGL1(NP 176809.1) 56.87%
OsSLRI(XP 01563 1543.1) 54.37%
MeDELL A4(XP 021604200.1) 65.06%

PqDELLAI

SIDELLA(NP 001234365.1) 67.93%
VVGAII(AEK06229.1) 62.27%

AtGAI(NP 172945.1) 59.28%

AtRGAT(NP 178266.1) 58.01%

MeDELLAI(XP 021599293.1) 55 .92%
MeDELLA2(XP 021594609.1) 60.56%
MeDELLA3(XP 021626411.1) 38.66%

0.1

W A BATRRIT A ; B, ASERITA .
E5 PqDELLA1EHZRS# L REIRMES

ERAGIEE L (P<0.05), 2R3 N83. 17% A1 JE0 diZIEHNFIA A 2. 264%, 8 dJF LN FAEK
138.12% (16). LA R&5HUEH] PgDELLAT FHAE GHEHAKE (7). DL 55 B30 PgDELLAL 3

*E@%@L‘kﬁﬁ%—%, j@%}:‘lﬂﬂ\}f@ﬂéﬂ o urﬁ‘lmF solani E‘J{%% , EﬁéﬁquELLAI %ﬂ
3.0 e 5 =y R .
*
254 ~
I 40 *
i 20F * j(s) - .
Hst 2 .
ﬂﬁ % 25F
<
= 1.0+ T E}é ol
0.5} B st
%
10F
0 - 1 |
Uit EY H 05+ ’—l—‘
e 5HAHEE, "P<0.05. 0 = | g L 5 . ; ! ; . T )
El6 PqDELLAIEFEMARERMERIE G +5,n=3) @/
e H0dHME, "P<0.05,
. . ~ ‘
3.4 F. solani %} PgDELLAI FE:H 33K )52 7 PDELLAIREE F solani B3R THE AR
F solani {24 J5 VG ¥ 2 h PgDELLAI £ [F () 3% (Gxs,n=3)

IR RIS AR R, PAF solanifRY4)5 0 d o

WBIR, RRR S AR R SRRy 4 TR

Gt X (P<0.05), 5 d 3L ik ik B R, DELLA % 1/ GA {5 538 i 1) —F 2210 1
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Wit SAFEEEEA LM EERNSS5ESE S,
M EI R A K Bilan, % DELLA 3L 2748
T BOH AG TY 1) 4 JE AT  B H  E RR AR B A, B
18 NS IELE R DELLA W %R e (PgGRAS44-
04. PgGRAS48-01. PgGRAS50-01 FI PgGRAS6S-
01), Z25GAFZ&RE, WL GA LI H AR GA ¥
JERM T RN BAAAEZE ST, 534, DELLA & A #
5 2R A EAE 2 S E E SR,
TR A G s R EEE N, TAEoRA R
S5 RYPURIRE . Blin, #IRFSF DELLA & 6k
2 5K mBRAE Tk, o i A R DR
PorEPY, Navarro Z8U'HF 58 & I8 AtDELLA & (i o1 °F
7 2R R RN K 4 R A 5 A 4 Wl A 0 1 B i J g, il
A5HE WX AN R B0 TR AP & AR el As DT 4
TR T R A B DC3000 1 MU . AN, 22
JINPRCSE 3o R B A & B, MeDELLA 2K 4 ] 4
T AL IR 9 RBUFIAR S PTe JE R R ik, AT
R A A 0 TR M

A5 B IR PY S 4k 15 DELLA & [ L A
PgDELLAIL, FFX 47 T AYE B % MR iE R
AT . HEIERINFE T BRI, PgDELLAL 3N
FR AN s, HkohzE, R, #oR
VIS AR K EZAE . ' F solani 1)
12U, PQPES PgDELLAIL 3N F kB Bl A A
WAELS, HRIAEEER E solani 5 dNFFETHE IR
TR L UL S IR A B Rl A, A
PR RO R AL A R Y, HutREe,
PRI 25 43 W80 B L SR A R PR B TR A 3RS, X2
— A IR R SR R, L, EE
VS5 FE solani HAEWIM, I THBLE solani
(iR Yy, PYVES PgDELLAI JEH Fik & I, (A2
VLS F solani 2} T HEHTVE 1 S 14 B A8 27 43 22 ol
RN R 1, v B SRR B 1R B P S g
N, 50 PgDELLAL 3£ Bk, WL HFRLRET
B X5 ZATHGE 3RS JF FIR 2 b DELLA SE 2
SR BT RN e — B AR ST LB T PRV
Z PgDELLA] BRI 8 2 5 H0F solani, X N fi#
BEPE SR 1 LR R L T 5%

% 30k
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