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Pathogen Identification of Raphanus sativus Phyllody Disease and
the Expression Level of Key Enzyme Genes in Gibberellin
Synthesis and Metabolism Pathway
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Abstract: [ Purpose ] To figure out the causal agent of Raphanus sativus phyllody disease occurred
in Yuanmou of Yunnan Province and changes of expression level of key enzymes genes in gibberel-
lin synthesis. [ Method] The phytoplasmal 16S rRNA gene sequence was amplified from total
DNAs extracted from natural R. sativus plant showing phyllody, witches broom and shortened inter-

nodes symptoms. Then the amplicons were cloned, sequenced and phylogentic tree were constructed.
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Real-time fluorescence qualification RT-PCR was performed to detect changes of the expression level

of key enzyme genes (GA200x1, GA3ox1, GA20x1) of gibberellin synthesis and metabolism pathway

in this experiment. [ Result] The phytoplasma strain had the highest similarity of 0.98 with the

phytoplasma subgroup 16Srll-A, and formed an evolutionary branch with other phytoplasma stranis

which were classified in 16SrII-A subgroup. [ Conclusion] The R. sativus phyllody phytoplasma

(RsPh-YNym) strain belongs to phytoplasma 16SrII-A subgroup and is related to Candidatus phyto-

plasma aurantifolia. Meanwhile, we found that the expression levels of GA20oxI, GA3oxl and

GA2ox1 genes in the susceptible plants were down-regulated compared with the healthy plants and

showed that the phytoplasma infection destroyed the homeostasis of gibberellin and changed the

phenotypes of Raphanus sativus.

Keywords: Raphanus sativus; phytoplasma; gibberellin; key enzyme genes
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E—E T IREERE (ent-gibberellane) ‘B HE 454 Y
WG &Y), Mk AERET IR, K5
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AR EWEARARATE; 5198 i LY
B A R A A 24 ; X7 EasyTag® DNA Poly-
merase 2K | Transgen A 7l ; 3o fEzE & pMD19-T
Vector, RNAiso Plus >k F TaKaRa 23 &) /7= i o
& RNA 2 BUR 7] RNAiso Plus, J 5% st it 7] &
PrimeScript RT reagent Kit with gDNA Eraser, 3£
i} 7€ )6 € B PCR i 7] SYBR® Premix Ex Tag™ II
147/ TaKaRa A HI 52 o
1.2 5%
1.2.1 DNA [F#2HUF1 PCR 41

flbk R o R S IURE JS R RIS, 4%
HE PR3 AR 4 3 (R 2 DNA 42 Bt 5] & 8 1 B
& BORE B G DNA, SR S 20 PCR 97 14 A 5t i
[ 16S tDNA, ¥ 3451 Y% 51, SR
SCHNEIDER 4§"H5 1) P1/P7 (5-AAGAGTTTG-
ATCCTGGCTCAGGATT-3'/5'-CGTCCTTCATCG-
GCTCTT-3") LA LEE "5+ R16F2n/ R16R2
(5'-GAAACGACTGCTAAGACT-3 /5 '-TGACGG-
GCGGTGTGTACAAACCCCG-3") FF A& M. T
W1 E AR A BEAr 5029 1800 bp AT 1250 bp., BHAE
X i DNA Ok F 52 55 %8 R A7 1Y & & AR
JRAAR . PEIR PCR B9 34K R348 25 uL: 10x
EasyTag® Buffer 2.5 pL, 2.5 mmol/L dNTP 2 uL,
EasyTag® DNA Polymerase 0.25 puL, Forward Pri-
mer (10 umol/L) 1 pL, Reverse Primer (10 pmol/L)
1 pL, ddH,0 17.25 pL, WA 1 pl. H %
PCR §'144k14: 94 °C, Smin; 94 °C, 1min, 48 C,
1 min, 72 °C, 2min, 30 ™MEH; 72 °C, 10 min,
HA PCR P 1AM 95 °C, Smin; 95°C, 305,
55°C, 1min, 72 °C, 1.5min, 35 MMER; 72 C,
10 min, ¥ 345 1) PCR ¥ H] 1% MBS HHEEKE
FLPRASI o
1.2.2 BRI REE

P 25 PCR Pyt r4life, 5 pMD19-
T Vector 4%, FALRIRIGIT DT vele, SiErnE
ik, AR PCR ik b B oRe 54 5 A H
R AT 14 TRV B WY i A R AT BRI

He I 75 21 (9 16S 1DNA JF 81 = ik, 8

i BLAST 7£ NCBI (https://www.ncbi.nlm.nih.gov/)
HTELZR XS, I J A B TE 42 3 A X 3 iPhy-
Classifier (https://plantpathology.ba.ars.usda.gov/cgi-
bin/resource/iphyclassifier.cgi) # 17 AH 5 48 J7 A& B
F A e Bl A B E AL T AR LR R i 16Sr 2/
WAL R B o R R MEGA #0440 H:
Y EE T 168 IDNA I R GE# LK B R, BTfi%
LD A AR AR 0 2 AT 2 1Y) 43S Mt LA K 5 2 R e
PERNRYAH OGN . B T AU R A R0 & B W
i, AR 16S rDNA 228 16SrIT 20 5 W
e Fp M A BRI, 1 38 A I 4% f 18 i
58 MEJFERR 16S rDNA 3 31 E 17 H
A4 3% H 3 [COR 75 [ B 3 ) AR (Acholeplasma
laidlawii, GenBank % 3%*5: M23932),
1.2.3 RNA (52 EU S 3 sx

3 U FE AR AR AR I S RNA, A6
RNA f TR E , 045 A0 il B0 o o vk J3E 58—
#| 500 ng/uL, %5 K H PrimeScript RT reagent
Kit with gDNA Eraser 2B 5L F 41 DNA DL & it 47
Real Time RT-PCR Jf%5t, ZBRIEAZ DNA )i
RZ A 10 uL: 5xgDNA Eraser Buffer 2 uL, gDNA
Eraser I uL, /& RNA 1 uL, RNase Free dH,0 6 uL,
W P 1 1 1R R A PCRAX R, 42 °C, 2 min,
4 CHIRAFo U BIEFR N 20 uL, ERREEHH
B RV 10 puL, A2 #E PrimeScript RT Enzyme
Mix I 1 uL, RT Primer Mix 1 pL, 5xPrime Script
Buffer 2 4 uL, RNase Free dH,0 4 pL. ¥ N iR
HWIAA PCRAX, 37 °C, 15min; 85 C, S,
20 C KA
1.2.4 7R85 3R A BUOS B fly 5 D) S 2% O 7€ B PCR
LA b

| H 32 2¢ Y6 5 7 PCR (quantitative real-time
PCR, Q-PCR) ¥"H4LL T GA200x1 (AB771709),
GA3oxl (AB771710), GA2o0xl (AB771711), NZ
LR actin (KC751568), it fELk 5% it T
H. Primer-BLAST (https://www.ncbi.nlm.nih.gov/
tools/primer-blast/) & it 519 (£ 1), MW IR AW
R Z M 20 uL, SYBR Premix Ex Tagll (2x) 10 pL,
PCR Forward Primer 0.8 pL, PCR Reverse Primer
0.8 pL, ROX Reference Dye II (50x) 0.4 pL,
cDNA2uL, ddH,06puL. SUW5&MA: TARH: 95 C,
30s; ZEME95 C, 5, Bk 52C, 30s, JEAH
72 °C, 30s, 340 DGR RE R AR R 1Y
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Tab. 1 Primers for real-time PCR

gene forward primer 1F [ 5] 4 reverse primer % [ 5] 4)
actin 5-TTCTCGGGTATTGCAGACCG-3' 5-TCTGCTGGAATGTGCTGAGG-3'
GA200x1 5'-GTATCGCCTAGCATCACTTACTC-3' 5'-TGGTCTGGGATATTGGGTTGG-3'
GA3ox1 5-TCCACATCCTATCCAACGG-3' 5'-GAGGCGATTCAACAAGACTAAC-3'
GA2ox1 5-AAATGGGAGGTTCAAGAGCG-3' 5'-CAAAGAAGGTCCAGCGAAGTAA-3’

BAFEAII M3 DN EY A EEMN 3 M EOREL .
SR REABRAH L, o R A O R 2k R P 2 47
BAXAEAL (AAC) AT HAR AL B . B ZAEIE
SRR 27 B,

2 HBRESH

2.1 BRME MR R I

WA 1R BRARR LIS R g e it
AR, BHIREMNERFAR, MR A5 400N, B
o ZERKBERIE AR AR . ) KT AR 0.
Je BAAE AR (AL IO IE 45 2

3 g

T a) ERHMIM; b) BYRHIER; o) 2 NIRRT RN, R
AEAER: . AT [ i

Note: a) healthy R. sativus; b) infected R. sativus; c) large area of R. sat-
ivus infected in the field. Sensitive plants show obvious phyllody, witches
broom and shortened internodes symptoms compared with healthy plants.

1 Z MEEMRHEEER R
Fig. 1 Symptoms of R. sativus phyllody disease in the field

2.2 B NMEARMEFARR R R E
BN A8 AL RO AR PR S DNA 28 8550 PCR
PrigiE, BRH 12 kb A MRS, K
5 PR R — B, 3R L felt B A R AR R B2 AKX
MEBAT Y08 HRe S 250, AT 0 20 0 I g Lk
TS A RRLIER . SRR B9 81 28 BioXm Ak B
JE A F) K /N R 1248 bp 1Y 16S rDNA JF 41, i it

BLAST 7EZE X, %)% 91 5 v 1 /N i A
1K (Neonotonia wightii little leaf, NeoWLL-YNym,
GenBank % 5% 5 . KJ735778) ¥ 5 A IV i 5 o
2 iPhyClassifier 75 £& 73 #1 , # Wi R AR 5
16St1I-A V. 41 (GenBank % 5% 5 : 1.33765) #H {11
P rr, ARLRBCH 0.98, A E %R E i
JRARG I o Bz AR R Ay 4 8 SRR
FJFEAK (Raphanus sativus phyllody, RsPh-YNym,
GenBank % 55 . MHI87866), 4 & It T+ 16S
rDNA MRS L BN, FIERIZRR 5 HAD 16811
WA R R — i fb s, Hrph X
516SrII-A £+ SEPN . SEPT #1PnWB-YNym
25 8 MRRI BIEIL— S (K1 2), K] RsPh-
YNym 45 16SrII-A V41 bk 3R 54 kAL OC R i,
LI RsPh-YNym & 16StII-A W 4H i 51, M5 38
AR R R RE KB AT RN &
¥k & Y5 Ca. Phytoplasma australasiae (GenBank %
k%5 Y10097) Fl Ca. Phytoplasmaaurantifolia (Gen-
Bank: &3R5 U15442) JE i — WAL (] 3).
T8 N RAETARNIE AR, AR A 5 A fo 2 A
PR 44 B DU AR SR T B S R AR A A
NE TAEEFRN Candidatus Phytoplasma aurantifolia.,
2.3 JREEER A OB R R SN 7 i I
i 3 Q-PCR (5 B ¢ 5 2 & PCR) M 5 2
N o B R A A AR T G B A R I
GA20ox1. GA3oxl Fl GA20x1 ) mRNA #H X} 7K
o faERE S EGRREAR Y C B AAC, [N 2 i
o SEFMMARLL, RIALEN . AR
FIRRZETBIY GA200x1 F1 GA3ox] FEH Fik K -4
A 34% Kl 22%, i GA20x1 1) £% 35 K N
56%, HRIFEAL (8 4). WIEHAERGHSN
WHEARHEI S NGRS, T 2R G420
oxI . GA3oxl Fl GA2ox1 F:RFiR, Hemin] G35k
P ARG 2R O BRAR, DA 25 | AR 7 ) 40 2
IANEE . B IRM
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Cowpea phyllody, CoVP-YNym (KC953001)
Sesame phyllody, SEPN (EF193357)

65 Black gram witches-broom (AB690304)
Parthenium weed witches-broom, ParVP-YNym (KC953002)

Neonotonia wightii little leaf, NeoWLL-YNym (KJ735778) 16Srll-A
Raphanus sativus phyllody, RsPh-YNym (MH187866)
Chinese pigeon pea witches-broom (AF028813)
Peanut witches-broom, PnWB (L33765)
Sweet potato witches-broom, SPWB (DQ452417) —
Alfalfa witches-broom, AIfWB (EF193360) :I L6SHLD
88 Australian tomato big bud, TBB (EF193359)
Lime witchesbroom, LWB (EF186828) 16Sr1l-B
Faba bean phyllody, FBP (EF193354) 16Sr1I-G
Crotalaria phyllody, CrP (EF193355) 16SrlI-F
68L] Cactus witches-broom (EU099556) :I 16St11-C
88 Cactus witches-broom YN23, CaWBYN23 (EU099568)
Italian alfalfa witchesbroom, IAWB (EF193356)
54E Picris echioides phyllody, PEP (Y16393) :I 16SrIl-E

Acholeplasma laidlawii (M23932)

2 ETE MEZMEREF 16Sr11 HEMIERFE TR 168 rDNA FIIHI ARG R B
Fig. 2 Phylogenetic tree based on 16S rDNA nucleotide sequences from R. sativus
phyllody and 16SrIlI phytoplasma strains
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A, RER G EUIRE THUR TR, R R
BAL (AY) F8 JE AR B R 5 AR AR R 3R 0 0 R AL
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87

97

99

80 Ca. Phytoplasma rubi (AY197648)
Ca. Phytoplasma vitis (F197642)

Ca. Phytoplasma ulmi (AY 197655)

Ca. Phytoplasma ziziphi (AB052876 )

Ca. Phytoplasma trifolii (AY390261)

Ca. Phytoplasma fraxini (AF092209)

Ca. Phytoplasma sudamericanum (GU292081)

Ca. Phytoplasma luffaerrnB (AF248956)

Ca. Phytoplasma malaysianum (EU498728)

Ca. Phytoplasma palmae (U18747)

Ca. Phytoplasma cynodontis (AJ550984)

Ca. Phytoplasma oryzae (B052873)
Ca. Phytoplasma castaneae (AB054986)
Ca. Phytoplasma pini (AJ632155)

Ca. Phytoplasma omanense (EF666051)
Ca. Phytoplasma phoenicium (AF515636)
Ca. Phytoplasma pruni (L04682)
[ Ca. Phytoplasma brasiliense (AF147708)

98

46
96

91
85

100

99

Ca. Phytoplasma aurantifolia (U15442)
98 Ca. Phytoplasma australasiae (Y10097)
98 Raphanus sativus phyllody, RsPh-YNym (MH187866)
Ca. Phytoplasma allocasuarinae (AY 135523)

100

a
Ca. Phytoplsama tamatricis (FJ432664)
Ca. Phytoplasma spartii (X92869)

— L
Ca. Phytoplasma rhamni (X76431)

Ca. Phytoplasma prunorum (AJ542544)

Ca. Phytoplasma mali (AJ542541)

Ca. Phytoplasma pyri (J542543)

Ca. Phytoplasma costaricanum (HQ225630)
Ca. Phytoplasma asteris (M30790)
Ca. Phytoplasma lycopersici (EF199549)
Ca. Phytoplasma hispanicum (AF248960)
Ca. Phytoplasma japonicum (AB010425)
Ca. Phytoplasma fragariae (DQ086423)
Ca. Phytoplasma americanum (DQ174122)
— Ca. Phytoplasma australiense (L76865)

Ca. Phytoplasma solani (AJ964960)
99 Ca. Phytoplasma caricae (AY725234)

98 Ca . Phytoplasma graminis (AY725228)

Acholeplasma laidlawii (M23932)

3 ETE NMEZMHERAF 38 MEER 16S rDNA FHIMENRZLER
Fig. 3 Phylogenetic tree based on 16S rDNA nucleotide sequences of R. sativus phyllody

Tab. 2

phytoplasma and 38 Candidatus phytoplasmas

®2 RERREXREBERRLIE

Gene expression of key enzyme genes in gibberellin pathway

actin {8 B/
actin healthy/infected

TiH

item

GA2ox1 18 /5
GA20x1 healthy/infected

GA3oxI & RE/I
GA30x1 healthy/infected

GA200x1 /2 5/
GA20x1 healthy/infected

G
AC,
AAC,

21.23/18.93

9 ~8AC,

35.29/34.57 31.52/31.38 31.11/29.63

14.06/15.64 10.29/12.45 9.87/10.70

1.58 2.16 0.83

0.33 0.22 0.56

B EE

R o s 2% A] UGS BE AR A R 2,
(ELH A 1 O 24 SR A I A g 3 BRI Y
ARER T R B S iR TR, B

MZFEAE R o MR A B b P IR R T A 25
R, EU BRI L 7 45 G HAHER —& T

A\ >

T RS AR ) S R R BRI TR



620 Py I )y N = 22

9535 %

—_
[\
1

Ju—
S

o
%0

AR FRIKAK
relative expression level
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GA200x1 GA300x1 GA2ox1

S

B4 2 NERFBRIER L GA200x1. GA3oxI Fn
GA20x1 HEXTRIKIKF
Fig. 4 The relative expression level of GA20ox1,
GA3ox1 and GA20x1 in gibberellin pathway of R.
sativus in the stem
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Ry JE R, ER AR R AR R 2 B T — 28R,
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BRI TfE . TENGU Jit v 28 ¥5 T A AR 2 6 1) /N
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