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Molecular identification of peanut witches’-broom phytoplasma
in Guangdong province
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(1. Plant Protection Research Institute, Guangdong Academy of Agricultural Sciences , Guangdong
Provincial Key Laboratory of High Technology for Plant Protection , Guangzhou 510640, China;
2. College of Plant Protection s South China Agricultural University, Guangzhou 510642, China)

Abstract In 2020, peanut plants exhibiting symptoms of witches’-broom and fewer leaves like phytoplasma
infection were found in fields in Suixi county, Zhanjiang city, Guangdong province. In this study, the pathogen
was identified using molecular detection technology. The 16S rRNA fragment (1 430 bp, GenBank acc. no.
MZ427281) and SecY gene fragment (1 709 bp, GenBank acc. no. MZ437794) of phytoplasma associated with
peanut witches’-broom in Guangdong province (PnWB-GDSX-2020) were amplified from total DNA of diseased
peanut leaves using phytoplasma universal primers of 16S rRNA and SecY gene. Sequence similarity and
phylogenetic analysis based on 16S rRNA sequence showed that PnWB-GDSX-2020 shared the highest similarity
and closest relationship with phytoplasmas from 16Sr [[ -A, 16Sr[[ -D and 16Sr [I -V subgroup. The iPhyClassifier
online virtual RFLP analysis on the 16S rRNA sequence showed that the virtual RFLP map of PnWB-GDSX-2020
was consistent with that of * Praxelis clematidea’ phyllody phytoplasma (GenBank acc. no. KY568717), the
reference strain from 16Sr [[ -V subgroup, with a similarity coefficient of 1. 00. Based on the 16S rRNA sequence
analysis results, PnWB-GDSX-2020 belonged to 16Sr [[ -V subgroup of phytoplasma. The SecY gene sequence of
PnWB-GDSX-2020 also had the highest similarity and the closest relationship with peanut witches’-broom

phytoplasma. This is the first study for determining the classification status of phytoplasma associated with peanut
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witches’-broom disease in Guangdong province. The results provide the scientific basis for diagnosis. detection,

prevention and control of this disease.

Key words peanut witches’-broom disease;

gene; sequence analysis
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Fig. 1 Symptoms of peanut witches’-broom disease in

fields in Guangdong province

LL2 EZRAWUERSE

FE 43 K 2H DNA $h #2385 & (EasyPure Plant
Genomic DNA Kit) #1 K #F & Escherichia coli T1
A B At 2 XS A YRR A BRA A
Premix Tag™ (Ex Tag™ Version 2. 0 plus dye) Fl
# ik pMD 19-T Il B AW TR CRIE) A RA A ;
BIEBE BE 1 1 R 77 £ (Gene] ET Gel Extraction
Kit) 1y H £ [# Thermo(FEER WO A R AN HEH & .
X-Gal, FEWE  BUOISHE AN AR B R B A= AR AR
R Bedn A BR A 7] s GoldView 4% R % kL 15 A
T SRk A ) TR AT RS 7D 5 HoA 8 L o3 A 4 1)
W E TN AR S A A A A R A R, T100™
Thermal cycler PCR 4% . Universal Hood IT %% & il %



48 4 5 4

VI REE ] ARAELE RO R A I 731 2 « 85 -

G5k 3 55 [ BIO-RAD 23 A ; fH )
M H BT EE X MM400 11 [ 72 [ Retsch (G4
NI

1.2 REH*E

12,1 AR DNA &R

BRI A A stk it 100 mg B T2 WERRY
2 mL BRSO R R AFEI A2 H Sh i A Y
GRS ARG R AR TR A) 2 min 247, BUH 5
2 FHURH [ BPAT AR IFEE , LA 1 200 YK/ min,
BFIE] R 90 s, AT 4R v i 235 o Ji T IR AR
2 A ¥ DNA #2 Bk 7 & (EasyPure Plant
Genomic DNA Kit) S W45 F 20 B AT & DNA 4l
2. DNA YU i T 50 pL ddH,O 1. F—20Cuk
G R g
1.2.2 16S rRNA ZF 8y #

AP A AR 16S rRNA LK (38 FH 519
P1/P7%%) [ R16mF2/R16mR1% , %f 14 I 55 £ 5
DNA 47 PCR # . HUEA Y 14 H 19 = Be K/ 5l
1.8 kb Fl 1.4 kb, RNAZR 25 pll: Rl AL & A
DNA 1 pLL(£ 20 ng) s Ex Tag™ Premix 12.5 pl.,
LRSI (10 pmol /1D 45 1 L, KEK 9.5 pl.
N REF: 95C AR 4 min; 95°C 1 min, 55C
1 min,72°C 2 min, 35 PE¥H; 72°C #Eff1 10 min,
10BN EE I HL A PCR 724
1.2.3 SecY HFH ¥

FIRY SRR A SecY DK 38 514 L15F1/
MapR1 £ SecYF2 (1) /Sec YR C [ )M, % 15 i 455
FEEL DNA #4750 PCR 8%, H B9 Jr Be R/ Ky
1.7 kb, PCR W&k F& 25 pL: f# M0 AF i 5 DNA
1 pL (£ 20 ng), Ex Tag™ Premix 12.5 uL, 5%
L15F1/MapR1 (10 pmol/L) £ 1 pl, K B 7K
9.5 pl. S B P 95C i 48k 4 ming 95C
1 min,48C 1 min,72C 2 min, 30 P{E¥ ;72 C %t
110 min, §i7t PCR T WAR 25 ul.4—% PCR
=¥ 1 pul. Ex Tag™ Premix 12.5 ul. 5] %)
SecYF2([])/SecYRLICI[) (10 pmol/I) 45 1 pl, K
WK 9.5 pl, OWFESF:95C FAEPE 4 min; 95°C
30 s,55C 1 min,72°C 90 s,35 PME¥; 72°C %k i
10 min, 120 BUIEHHEE RS LIk A PCR 7247,
L2.4 HEATELIF

K FH B W56 I [T 00357 5 (Gene JET Gel

Extraction Kit) [BIYit H 1) 2574 » 4% a4 PCR 7= 4
4% F] pMD-19T #ifk I, B AR AE: pMD-19T
1 pL.2 X solution T ¥ # & W 2% sh g 5 pL. A1k
DNA HIW R B 4 pL RS 16 16 CA4E T RN .
R AR e W AR A A T1 RS2 2540
Jif, 765 100 pg/ml Amp.40 pl./ml X-Gal ) LB [
TREE IR |, 37 CHIE R IR0 RSP AR BEHLIE
B3 AN R TE S 2 TAY TR K
A BR S w AT o
1.2.5 JrFlaH7

FIF DNAStar {1t SeqMan X1 & #5451 3 [
FPANHATORE o a AT 51 8 T 1% DNA 751178
GenBank %4 (http: / www. ncbi. nlm. nih. gov)
thiE T BLASTn $8 R, #fi i& & 15 A 5 AR Ok R 7
G 20K 16S rRNA PR F By 471 3 o 4 J A4
L A8 iPhyClassifier Chttps: // plantpathol-
ogy. ba. ars. usda. gov/cgi-bin/resource/iphyclassi-
fier. cgi) T 5% AH ) & B M A 1 RFLP (Virtual
RELP) 437 i HAR SRR 2 . R IR 2k
Ay #r T2 MUSCLE Chttps: / www. ebi. ac. uk/
Tools/msa/muscle/) , %% fF 3% 15 i) 16S rRNA Fl
SecY K K41 5 T % 7 GenBank AR 3¢5 91 1T
— . R MEGA 6. 06 945335 (neighbor
joining s ND P 447 3t T 16S rRNA Fl SecY F:H 19
ARG VAR, bootstrap {HIXE N 1 000,

2 FHRE5HM

2.1 HEFEM PCR &R

MY 1 )54k 16S rRNA (38 514 P1/
P7.R16mF2/R16mR1 X} RE W) 7 7 164 A KR FF
HEAT PCR KEIN , 25 5 W% 5 | 0 BB AN 7 4009 A 11
DNA rfdy 38 1 5350 B i 5 B/ h— S 4545, B
PEXT B AR Y1 AT AT o B (] 2a.b) . i —20F)
Y54 SecY X5 A ) 514 L15F1/MapR1 Fl
SecYF2( [ ) /SecYRICII)XF 7 t64 AR R LA T
H3X PCR 74,5 /i AE 5. DNA s 48 i 5 i 1
H 1R B/ IN—3 R P 45l IR RT BE R
AR R B (B 200, R EEZE LRI CREE T R
B WL BB AR A A AR T AF e p A,
GRRAA N AR A AR R R (PnWB-GDSX-
2020),



¢« 86

4.9 4 47 2022

1.8 kb

1.4 kb

100
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a: PCR products of 16S rRNA by P1/P7; b: PCR products of 16S rRNA by
R16mF2/R16mR1; c: Nested PCR products of SecY. M: 2000/5000 bp
DNA Marker (TaKaRa); 1-7: Peanut witches’ - broom samlpes; 8: Healthy
sample (CK)

2 T4 MBRHE R EREE 16S rRNA SecY
E B PCR U 45 R
Fig. 2 PCR detection result of 16S rRNA and SecY genes of

phytoplasma in peanut witches’-broom samples
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Table 1 Identities of 16S rRNA gene sequence between PnWB-GDSX-2020 and other phytoplasmas

i HR ASLE - WK BEY gy
Phytoplasma disease Strain L) (re()gr'a;')hlcal GenBank Identity
subgroup origin accession no.

R FEASN  Praxelis clematidea phyllody Chengmail 16Sr[[-V A [V R KY568717 100. 00
S 4eAsH Cowpea phyllody GDHY 16Sr[[-V HE %R MW426146 100. 00
KEMK;  Soybean witches’-broom s3 16Sr -V HEEE MW393690 100. 00
NI Melochia corchori folia witches”-broom McWB-hnda 16Sr][-V o [ Vi g MZ353520 100. 00
KEMAK;  Soybean witches’-broom CH20SL01-1 16Sr ][ -V i E G MW680828 100. 00
R G MK  Crotalaria witches’-broom = 16Sr[[-A o [E HF R EF656454 100. 00
AR A Celosia argentea phyllody and witches’-broom Cal 16Sr[[-A o [ HF R KX426374 100. 00
— S KE Emilia sonchi folia witches’-broom Tl 16Sr]l-A alEs RN MT420682 100. 00
mf4EAs M Eggplant phyllody HZQZ1 16Sr[[-D FrE A MHG667642 100. 00
PRI A AL Desmodium ovali folium witches’-broom Hainan-Chengmai0Ol 16Sr[[-A o = VR MK956144 100. 00
H 2 A Sweet potato witches’-broom WPWB 16Sr[[-A HE &G DQ452417 100. 00
BRI G MNE  Cajanus scarabaeoides witches’-broom CaSWB-YNym3 16Sr][-A EalEspaN] MF193350 99. 93
A F;  Peanut witches’-broom PnWB-YNym 16Sr[[ -A FrE = JX871467 99. 93
A F;  Peanut witches’-broom PnWB-Hnsy2005 16Sr1[-A o [ Vi g JN681274 99. 93
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Phytoplasma disease Strain . Identity
subgroup accession no.
WM Peanut witches’-broom PnWB-Hnl 16Sr[[-A o [ HF R GU113148 99. 93
WHEMA;  Peanut witches’-broom = 16Sr[[-A hE & 1.33765 99. 86
8 BAEMEAR  Crossandra in fundibuli formis phytoplasma KL1 16Sr [l -D E MT707242 99. 84
KAEZL N Geranium little leaf Ir-GrLLL3 16Sr[[-D Gaal] MT187639 99. 84
LAABIEETH  Potato purple top PTT-SA 16Sr ][ -X YOREERTR( MH423498 99. 77
FMi#4L  Tomato yellows TP1-2 16Sr[[-A HE =R 1X162603 99. 72
FHMA Acid lime witch’s-broom Oman-LW23 16Sr [ -B [om] KX602312 98. 89
fageie72snt  Cotton phyllody CoP 16Sr ][ -F FEGEER  JQ868439 98. 67
R G MR, Crotalaria witches’-broom SQU-Se2 16Sr[[-W [ = KYS872740 98. 61
MAEEEIR  Citrus decline CaPaur_MR6 16Sr[[-B e KY990817 98. 56
MHEEIR  Citrus decline CaPaur_ML38 16Sr[[-C ER KY990820 98. 56
i ANFEME;  Cactus witches’-broom YN23 16Sr [l -G F[E =g EU099568 98. 39
BIERMFEAR  Picris hieracioides phytoplasma 56 Avg-07 16Sr[[-E FE IR Y. JE799094 98. 35
il AZEMA;  Cactus witches’-broom YN24 16Sr[[-H F1E = EU099569 98. 25
il AZEMA;  Cactus witches’-broom YNO7 16Sr [l -J F1E & EU099552 98. 11
i ANFEME;  Cactus witches’-broom YN28 16Sr [l -K ElEsPaN] EU099572 98.11
P AFEME;  Cactus witches’-broom YNO1 16Sr[l-L HE A EU099546 97.97
FLEANNZEAGJFAA  Opuntia ficus-indica phytoplasma CT3 16Sr1l -1 . J1Q181545 97.91
AL EALAEJEIR  Lethal yellowing phytoplasma Lyja 16SrV 3Em EF186822 90. 81
R L Aster yellows AY-WB 16Sr [ [ AY389828 89. 47

D “="FRBA B R AR

“—" indicates no specific strain name.

[ Tomato yellows phytoplasma (JX162603)16SrIl-A

Peanut witches’-broom phytoplasma (GU113148) 16Sr1l-A
Tephrosia witches’-broom phytoplasma (JN681272) 16Srll-A
Peanut witches’-broom phytoplasma (JX871467) 16Sr1l-A

Soybean witches’-broom phytoplasma (MW393690) 16Sr Il -V
Soybean witches’-broom phytoplasma (MW680828) 16Sr 11 -V

Peanut witches’-broom phytoplasma (MZ427281)

=)
<

Eggplant phyllody phytoplasma (MH667642) 16Sr1I-D
Cowpea phyllody phytoplasma (MW426146) 16Sr11-V
Crotalaria witches’-broom phytoplasma (EF656454) 16Sr1I-A
411 Peanut witches™broom phytoplasma (JN681274) 16Sr 1l -A
Tomato flower abnormality phytoplasma (AB741636) 16SrIl-A
Peanut witches’-broom phytoplasma (L33765) 16Sr1l-A

Geranium little leaf phytoplasma (MT187639) 16Sr1l-D

981" Potato purple top phytoplasma (MH423498) 16Sr I -X

— Picris hieracioides phytoplasma (JF799094) 16Sr 11 -E

Citrus decline phytoplasma (KY990817) 16Sr1I-B

Acid lime witches’-broom phytoplasma (KX602312) 16Srll-B
Citrus decline phytoplasma (KY990820) 16Sr 11 -C

Cotton phyllody phytoplasma (JQ868439) 16Sr Il -F

Cactus witches’-broom phytoplasma (EU099569) 16Sr Il -H
Cactus witches’-broom phytoplasma (EU099568) 16Sr 11 -G
Opuntia ficus-indica phytoplasma (JQ181545) 16Sr1I -1
Cactus witches’-broom phytoplasma (EU099552)16Sr 11 -J
Cactus witches’-broom phytoplasma (EU099572)16Sr 11 -K

_E Aster yellows phytoplasma (AY389828) 16Sr 1

89 Lethal yellowing phytoplasma (EF186822) 16Sr IV
Candidatus Liberibacter asiaticus (DQ432005)

——
0.01

Melochia corchorifolia witches’-broom phytoplasma (MZ353520)16SrI1-V
Crossandra infundibuliformis phytoplasma (MT707242) 16SrII-D

Sweet potato witches’-broom phytoplasma (DQ452417) 16Sr 1l -A

M Praxelis clematidea phyllody phytoplasma (KY568717)16Sr11-V

Desmodium ovalifolium witches’-broom phytoplasma (MK956144)16Sr 1l -A

Cajanus scarabaeoides witches’-broom phytoplasma (MF193350) 16Sr11-A

Emilia sonchifolia witches’-broom phytoplasma (MT420682) 16Sr 1l -A

Crotalaria witches’-broom phytoplasma (KY872740) 16SrIl-W

Cactus witches’-broom phytoplasma (EU09%46) 16Sr1l-L

Celosia argentea phyllody and witches-broom phytoplasma (KX426374) 16Sr11-A

B3 PnWB-GDSX-2020 5Hfth 36 NMEFAERRKRET 16S rRNA EF F 89 R Gt
Fig. 3 Phylogenetic tree constructed based on 16S rRNA gene sequences of PnWB-GDSX-2020 and 36 other phytoplasmas
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(GenBank # 5% 5. Ul5442) ) — & &, N
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Phytoplasma australasiae”’ f#J A 3¢ & £k ; PnWB-GD-
SX-2020 16S rRNA JF41 F Beit) 17 FER il ¥ 4 DI it
L RFLP E 3% 5 16Sr 1-V W41 1 2 B bk &
¢ Praxelis phyllody phytoplasma
(GenBank %5¢5 : KY568717) Y] &l 1% — 3k (R
23 1.00), 7] PnWB-GDSX-2020 J& T 16Sr -V
WA R 5
2.5 SecY EEF TS

I 48 SecY B A 519, T KRB E
FEAERAE B DNA H PCR ™ AR % P R B,
F/N K1 709 bp (GenBank #3558 MZ437794)
HrPi% A BRI 318 — 1580 nt N 58 4% SecY 3 [

clematidea ’

JPH . Gt 420 AN E IR . BLASTn 5 R R, 5
W BOA B — SRR P 91134 2k 16Sr 11 41 1 51 /Y
Sec Y K ¥ 4, i — 2 Al 172 £ 47t T A
MUSCLE %t PnWB-GDSX-2020 [#j Sec Y 3£ [H 5
GenBank %1 ## %2 Chttps: / www. ncbi. nlm. nih.
gov/genbank/) #H 3¢ J7 5 HE AT 1 R — B 43T
4E8 (32 2) %8, PnWB-GDSX-2020 5 € 38 1Y
16Sr Il 411 Sec Y 5&HAZ AT R )T 51— B 1€ 98 %
b HpE5kadhEam PEEE BN 15
AREEARIY Sec Y 3 AT IR — Bk 98.83%
~99. 82 % 5 i 5 Ho A IV 20 4 JEAA B Sec Y 3 [ 4%
TR 5 — B RAR, Hop 5 16Sr [ F1 16SrV 4H
R TR (R — S0 43 591 R 64. 05 %0 F0 69. 74 %,
— 2k MEGA 6. 06 281k, f5## 7 PnWB-
GDSX-2020 Sec Y 5 GenBank $#5 fiF Hf 17 4~
RN ARG KB W 458 (K D BR, PnWB-GD-
SX-2020 5 16Sr 11 41 i 1l J5 4K bk R R — 4
KAF RS K R AT 5 16Sr [ A 16SrV 41 A9
MIFIR G RiT,

&2 PnWB-GDSX-2020 5 H A& R H) Sec Y EEF 51— 1E"

Table 2 Identities of Sec Y gene sequences between PnWB-GDSX-2020 and other phytoplasmas
MR e R SR sy
Phytoplasma disease Strain Group origin accession 1o, Identity
PERESEAEAS T Cauliflower phyllody CauPh-YNyml  16Srll TE =R K(953012 99. 82
FAE 2 Tomato big bud TBBP-YNym 16Srll S HES ) K(953016 99. 77
AR Cowpea phyllody CoVP-YNym 16Srll HE =T KC953013 99. 77
G Cajanus scarabaeoides witches’-broom CaSWB-YNym?2 16Sr I FE = MF314449 99. 71
HIRAG ML Parthenium weed witches’-broom ParWWB-YNym2  16Srll W =T KU958720 99. 71
FE 2 Tomato big bud TBB-Mal 16Sr ([ 21057 KT970080 99. 71
ZXODRMEE  Ipomoea aquatica witches’-broom WSWB-YNym 16Sr T HE A KJ735783 99. 71
BHEMRL  Cichorium intybus witches’-broom ChWB-YNym 16Sr [l i E = KJ735775 99. 71
KEWMIFEMA  Catharanthus roseus phytoplasma CR-ND 16Sr [[ El MT423388 99. 65
PRRAEAEN:  Sesamum phyllody SP-AP 16Sr [T 153 MT423386 99. 65
JEWE G 4875 Chickpea phyllody CPP-M3 16Sr [I ERE MT423385 99. 65
WHEMAE;  Peanut witches’-broom PnWB-YNym 16Sr ] F1[E = JX871468 99. 65
LI JEAR  Coreopsis grandi flora phytoplasma PHP2 16Sr [ 5153 MW071220 99. 65
WM Peanut witches’-broom = 16Sr[[ i E E GU004331 99. 65
FmE 2 Tomato big bud TBB-PUN2 16Sr [ EflJE KT970079 98. 83
AL E AL JEIR  Lethal yellowing phytoplasma EY1 16SrV *H GU004330 69. 74
Fagwifk  Aster yellows BB 16Sr [ S [EH AY803178 64. 05

D — R EA BAR R R AR

— indicates no specific strain name.
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L Peanut witches’-broom (MZ437794)

Peanut witches™-broom phytoplasma (JX871468) 16Sr I

Ipomoea aquatica witches’-broom phytoplasma (KJ735783) 16Sr I
Cichorium intybus witches’-broom phytoplasma (KJ735775) 16Sr I

50 Tomato big bud phytoplasma (KC953016) 16Sr I

Peanut witches’-broom phytoplasma (GU004331) 16Sr I
Cauliflower phyllody phytoplasma (KC953012) 16Sr I

52! Cowpea phyllody phytoplasma (KC953013) 16Sr II

99

—
0.1

Parthenium weed witches-broom phytoplasma (KU958720) 16Sr I
Cajanus scarabaeoides witches’-broom phytoplasma (MF314449) 16Sr 11
Tomato big bud phytoplasma (KT970080) 16Sr I
~ Tomato big bud phytoplasma (KT970079) 16Sr II

Catharanthus roseus phytoplasma (MT423388) 16Sr I

Sesamum phyllody phytoplasma (MT423386) 16Sr I

Chickpea phyllody phytoplasma (MT423385) 16Sr II

Coreopsis grandiflora phytoplasma (MW071220) 16Sr I
Lethalyellowing phytoplasma (GU004330) 16Sr V
Aster yellows phytoplasma (AY803178) 16Sr [

El 4 PnWB-GDSX-2020 5HAth 17 MERERRKRE T SecY EEF IR RFEH LR
Fig. 4 Phylogenetic tree constructed based on SecY gene sequences of PnWB-GDSX-2020 and 17 other phytoplasmas
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