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L5 [Vigna unguiculata (L.) Walp.]
RO RHRIL G —F AR HY) - RS
SR HES R 4 B ol BERILE
(biflora group) » R =
group) ~ UL E (sesquipedalis group) J&
textilis group o =i F ER S B RILE
(L.) Walp. spp.
sesquipedalis (L.) Verdc.] » JRUEREIE -
MERE - HRARERE - o2 i
T iR 0 i SEEYs o HEEER 4 ~9
H » HE R E A REE T E G RILE 4
Rima =FHRE - EASZENER G
X o IRBRBEHREERMEYE - 8 5 £2
BRI G R Fy 826~979 NEH - E
SRR P R 5PN ~ e ~ AL - Tk
Wb SR - Hrp bR R s e
157 2BERERE 55~60% ° FEmE R
~oE s FRILGHFERAR 9,807
~11,794 AWf - &EEHE I T B E R
55~60% - H fij 28 T s UL F R F
23.16) 51 52 1 3 R (powdery mildew) ~
#8595 (southern blight) ~ 35 (angular
leaf spot) * KJEJN (anthracnose) » FJE IR
(stem rot) ~ HEMJE (Sooty blotch; leaf
spot) ~ ZE K (Fusarium wilt) ~ $% %
(rust) ~ JEHR (Choanephora wet rot) ~ &
" (Phytophthora stem rot) ~ JKFEIK (virus
disease)... 5 o

2015 FAMFEE

(unguiculata

[Vigna unguiculata

FEREMMR KA

S0 B SR DU E R R REL Gtk - 3%
FH & A f i Ak 2 BTERS 3510 ~ ZER R
E e b H B NERE . HaPRE
EHRMMES A - RBSOREE - & FAE
2006 FEMBL A RIS HEY HE SR
ERIR RS 20 SRR IR L — B
HIAE 2012 SEEREE®”  mmHE MR R4
ZEFIE B AR TR BEEPE - A7
Je e

HYE GRS (phytoplasma) J—FEEE
AT Y ERE R Y ST I EE ~ TRk
M A A A LAY - Hon] R E EAEY)
3t 700 FELLE®Y » FEAR SR ERE
TV EENAE - R ER L ~ B85k
b~ BRI~ FERAE RBERR ~ 20~ 3
Frig b RS - Doi AR 1967
FLEEAETHEMBBIEERERE
5~ SRR ZEHE - A RIS B 2R A
9 SE M A YRR BB U o A SR
f71E » W R HBEE  (mycoplasma-like
organisms, MLO)'® - H % 1994 4F
Schneider % AMREAPFRFME ~ WEE %y 1
FERMKEREA EXam A BEYEE
ma 7, Jf A 2004 4E F International

Research  Programme on

aul

Comparative
Mycoplasmology (IRPCM) Phytoplasma/
Spiroplasma Working Team - Phytoplasma
Taxonomy Working Group B EHEH4 R
‘Candidatus Phytoplasma’ 0o M EYIE
EHGEE DAL RS - R E P
RE AR PR AL R T T 0 JE L E - BRI
RGP B AR R TR
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HELE - F—FYr e S EEYIEE
HE R & R - A R B B e Pt iy
PEEAEIL - R iy o3 8817 iz — 2
PECY o EHE] 1998 4F Lee % ARBIHEYIE
BEHSHY 16S rRNA ERXF5 K F2nR2 ¥
IR B L PRI BE 3R Fr BR R 2 A1
(restriction fragment length polymorphism,
RFLP) {ERs > REMKIE - #E 2016 F
1k HEHYE B ER A& 33 6 E
s 12937

i 22 1 B S A ) TR e T
fE—BRARFETER ~ BRI ~ KINEETHA
TERGZEN ~ fCAEREERS ~ MRINREE ~ |
HIEIEN - WHEEER - HHAEER R
o~ RFEEZERN - HE I ZER IR
KAt &% FEALGE ~ RS R ERF
(WAOTIID o A oy B 2R 2L 2 ot T R T
SAEER EALIE Z BUR R 7 G SRE H 168
rRNA R - FF 5 — 25 o0 A i Bl H A
B2 R B L e B R ARG AHBA 1

PR T 1

— ~ FEYIERAS SR R i o520 A Al A
2015 4 7 HAEMRER KPR H &

DU RIICHEKRZEHESRELR Eh#

4~ TR L R R HEk
B E BRI - BHYIEE#ERTS |
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AL - PREE[R]— & o FE R B IE
HAEMR > Wk RERERAREFR 4C vk
A o [RIEEH 5 SRR = B e W S 1 s 5
7 A SR E R IR BT R A I
SESE 3 PEEALET 10 WARAHE -

= gE T EI BB

IHUE R R UL S AE A8 B b 2 BEM A
o DUBRELZ I Ay 7 S DB SGES T
BE S E B A ¢ Ll 2.5% R
(glutaraldehyde) Jz 1% P45 EEE (osmium
tetroxide) 17 % [ % - DANEAR SR
K WETTRI R AL - AR LU
) BETT U 0 Rt DB R S 19 Sl
(uranyl acetate) Jz 0.2% faifs g fly &8 B L
k- BN LB E T R
(JEM-1010, JEOL, Japan) #{%% -

=~ {aE DNA FENKEHEKRES
Pl aeh B g JEE A T

HYUFE S FE R A B 28 B0 S TR B L ik o2 B
RH AR CLPS RS TR B R mi % - YJHL 100 mg
FHREEASHOARELS » ACA0A ImL SCPAP
¥R ETUR  (0.1% disodium succinate, 0.1%
trisodium citrate, 0.15% K,;HPO4, 0.1%
KH,POy4, 0.02 M sodium ascorbate, and 5%
acid-washed insoluble polyvinylpyrolidone,
pH7.0) LTS - P A R A% B A
FLXH#E DNA #ifbiB & (GeneMark, Tai-
chung, Taiwan) ZZHUFEY#E & DNA -+ #li
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{LFrfs DNA ERELFIOR -20C UkAE - fF
TR EEE N E -

DItV o B B8 B e 51 % PL/PT
(5’-AAGAGTTTGATCCTGGCTCAGGATT-
3°/5’-CGTCCTTCATCGGCTCTT-3") #fE
UL SRR AH AR T 20 — R S R S S
(GO0 o H oty P S B I R MR Ry 20 L >
s 1S REREER (10 mM Tris-HC,
pH 9.0, 50 mM KCl, 0.01% gelatin, 1.5 mM
MgCly, 0.1% Triton X-100) ~ 250 uM [
dNTPs » 0.5 pM HJ5[F ~ 0.8 Units HY
ProTag™ DNA  Polymerase (Protech
Technology Enterprise Co. Ltd., Taipei,
Taiwan) J¢ 20 ng ZL[K#8 DNA o B4 E
B FER IR B 1155 2L 94°C KKE 30 sec »
Z%MEIT 94°C 2 min~ 55°C 1 min ~ 72°C
90 sec > 35 {ETEER - REHET 727C
o B — KRG WHE B N e TS )
Wik 10 f5%% - F¥LL R16F2n / R16R2 (5°-
GAAACGACTGCTAAGACTGG-3’/5’-
TGACGGGCGGTGTGTACAAACCCCg-
3)) ST KB A ESK FE  (nested
polymerase chain reaction) » H /715 K i8R 5
REL BafiAHIE] - DAFSE] F2nR2 FEHIFrEk -

% ZEY L 1% agarose (1 %
TAE buffer) ZFEJk7MHT (100V) » LA 1
Kb DNA ladder H3 RTU (GeneDireX Inc.
5348 Vegas Dr. Las Vegas City, Nevada
89108, USA.) TERMLERIZEEY) - IIRLIR
{LCE g liER - I RUAHRC % -

KRG BEE S FEFTRS 16S RNA f7
FI B LR - RS R Bk E WA

7 min

VIR DLE B E P #  (Applied
Biosystems 3730x] DNA Analyzer, Thermo
Fisher Scientific Inc., USA) #/TERF °
SEFEFT1SZ 16S rDNA FEFI3%ZE NCBI
(National Center for Biotechnology Infor-
mation » SE BB K AV RHELE R 1 0)
#J BLAST (Basic Local Alignment Search
Tool) HETTFFHILLES -

VY ~ BB PR RS

S EIH 16S rDNA 551 Bl 2 3% A
GenBank (EKIJH) ZANFEERFIIHET
tewg - REEM2ENEYEEEE R
& 0 9 AR EBISMNE AT G I EHY EE fe
B SR B 17 A JRK B H b FF 32 HL B R A A
16S rRNA stz A EHkR (F—) 5L
Acholeplasma laidlawii (GenBank accession
: FJ655561) 2 16S rDNA FF¥I{E
Ry HMEE - BT A FFFILL BioEdit 7.0.9.0 i
(Ibis Biosciences, Carlsbad, CA, USA) #X
B ClustalW'? » 31T % % 51 EL B i B B
52— P50 - FHLL DNA FHI53HT
# % Molecular Evolution Genetic Analysis
(MEGA) version 7.0"” ZH Jukes cantorr
= - FHE I B R - DU K
LARF: (Maximum Likelihood) 751248 &4
G TREHRE - L 1000 REEIUEZ
bootstrap replications B DA B F7 15 e fR 1t
N B3 DI S A 7= NGl
RBENE -

number
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Table 1. Phytoplasma strains from different 16Sr groups and corresponding 16S rDNA sequence

Genbank accession numbers

RFLP Genbank

subgroup Strain Hosts Accession Reference
classification No.

ND? Cowpea bud proliferation phytoplasma, CwND Vigna unguiculata HM449952 20
I-A Tomato big bud, BB tomato L33760 6
I-B Oenothera phytoplasma 86-7 Oenothera hookeri ~ M30790 27
I-A Vigna phyllody strain VU-6 Vigna sesquipedalis  KU170532 o
1I-A Vigna phyllody strain VU-1 Vigna sesquipedalis  KU170533 ’
1I-A Vigna phyllody strain VU-4 Vigna sesquipedalis  KU170534 ’
II-A Vigna phyllody strain VU-3 Vigna sesquipedalis  KU170535 :
II-A Long beam phyllody phytoplasma Vigna sesquipedalis  AB690306 34
1I-A Sweet potato little leaf phytoplasma strain V4 Vigna sesquipedalis Q067649 30
1I-A Cowpea phyllody phytoplasma, CowP-YNym Vigna unguiculata KC953001 :
II-A Peanut witches’-broom, PnWB peanut L33765 33
II-B Witches’-broom of lime, WBDL lime U15442 6
1I-D Vigna unguiculata flat stem phytoplasma Vigna unguiculata KY439870 :
1I-S Western peach X-disease, WX peach L04682 38
V-A ‘Ca. Phytoplasma ulmi’ elm AY 197655 35
V-B ‘Ca. Phytoplasma ziziphi’ strain JWB-G1 jujube AB052876 35
VI Vigna unguiculata virescence phytoplasma, Nazarlou 182 Vigna unguiculata KC633092 :
VI Vigna unguiculata virescence phytoplasma, Sabestar 182-Sa  Vigna unguiculata KC633093 ’
VI Vigna unguiculata virescence phytoplasma, Tabriz-172 Vigna unguiculata KC633094 :
VI-A ‘Ca. Phytoplasma trifolii’ Trifolium hybridum — AY390261 35
VII-A ‘Ca. Phytoplasma fraxini’ Fraxinus spp. AF092209 35
VII-A Ash yellows, AshY ash X68339 6
IX-D Almond witches' -broom, strain A4 almond AF515636 35
X-A ‘Ca. Phytoplasma mali’ apple AJ542541 35
X-C ‘Ca. Phytoplasma pyri’ Pyrus communis AJ542543 35
X-D ‘Ca. Phytoplasma spartii’ Spartium junceum X92869 35
X-F ‘Ca. Phytoplasma prunorum’ Peach AJ542544 35
XI-A ‘Ca. Phytoplasma oryzae’ rice AB052873 35
XII-A Stolbur, STOL peper X76427 29
XII-A Stolbur phytoplasma, STOL#11 periwinkle AF248959 11
XIV-A ‘Ca. Phytoplasma aurantifolia’, CW01 Vigna unguiculata LT558768 ’

") This 16S rDNA gene was analyzed in this study.

? ND. The fragment of 16S rRNA was too short to be analyzed with iPhyclassifier.
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i~ HEHYIE B R Z 16SIRNA 438

% B3t Fr§ 2 16StDNA - 7 51 g A
iPhyclassifier #ERG » #Yu5 & B &R Y
R R < HETT 16SIDNA AL -
ATEHAZEEFFYAMHIFIE (identities) « 75
FEEIEE SR 97.5% » RIZRTREL B PR R =X
B R FHBH B PR o iPhyclassifier fF355JR ]
S EE 17 MEREIRESR (4lul, BamHI,
Bfal, BstUl (Thal), Dral, EcoRIl, Haelll,
Hhal, Hinfl, Hpal, Hpall, Kpnl, Mbol
(Sau3Al), Msel, Rsal, Sspl and Taql) FAH:
F2nR2 WS IHEITREYI(E A CY - A
SR R HOo A F =
2Nxy / (Nx+Ny) » LA X kY fifEA[EHY
Y EE R Bk 17 RIS
B (Nx S Ny) BRI Y EE i
Frit B IR YT A Be B (Vxy) LB - 15
FIFEIREL (similarity coefficient, F) » 3K
TE R oy BRI Y o FHBUREA R B R
0.98 » mJ i By [A] —md B 5 FEAHIUGREBUNR
0.85 » HIERERAIFIRE -

SRS

— ~INEFZRLE - B
2015 4F 7 AREMERAAIS 2%

BRIL TRtk 2B B - B #

4~ ERE(CHWEENERE (B
—) » BEYEE AT 5 LR B

S

PR [ B FL AT e - R A R L
A B - TR A R B AR 4% o
TRt 2T R - BRIk ZAERs
AR B E BRI - FER PR A
B o [FAFER B RBRRIGH - BT R A i
GPIEE 10 BmRILGHE - FRBEIRE
TR - BTk 2016 4k 2017 50 BIH5E
FRRARLRTT SRR IEA B RRILE
FEZRTEAL IR » DL PI/PT BES(IMER [ 7%
HETT 505 Wi B D MR e 8 T 1L V) B R IR
G o FCE M A 2 H K DR o P I W o2 9
FHAERE 4~5% » HIERIRE Ok E
BRI 5 TR R R
RE 50% iR IS RSP 5 o AT S B A1
& -

i

SR (6 TR

= ghEN

i

l

RILE R BRATER LR ZE
DAz T A Bl 5 - n] DL E i
B A EE A A EY R B R A
(B =) » HEBRR/DAR —HZIPRE - i
R BT R o e i M U S A P B
BEAFAE »

=~ FE R A E

FIHEYEE RS 7% P1/PT
HETHE - RBEHEEBRIE - B YR
Y E RS2 16S-23S tDNA FF51] - FrE:
K/NKTRs 1.8 Kb o SR FH = (A ReR A
B A0S AT A THET AR/ NY DNA B o
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B— BERRRRIDASIEIESHREL BEREuELERECHRBRE/NEE -
Fig. 1. A Vigna sesquipedalisa plant infected by phytoplasma in Yunlin county. Systemic symp-

toms included leaf yellowing, witches’-broom, proliferation of small leaves, and

phyllody.

Bl — - RIDEBPEMHEARES T REBERRE (F158) <EHEE -
Fig. 2. Micrograph of pleomorphic phytoplasma cells (red arrow) found in the sieve tubes of

vascular tissue from infected Vigna sesquipedalisa plants.
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T 2 SR AL o o2 A AN U 3 10 S A o
V) o FH—RBEHEE K EFTS 2 EYR
10 5% %% - FFLLR16F2n / R16R2 5T
FHETHAB S EHEE N IE - 155 F2nR2
Pyl (B=) -

PY ~ 16S rDNA E 7 Mg R R
¥

B E N HE S X E RT3 2 16S-23S
DNA FEGEITE @ K 4 HERLFY
&# B L 8 £ NCBI (KU170532-
KU170535) » A BLAST fEuLHEST Y
P HE S B LB & BOH A R BN

(Celosia argentea phyllody and witches'-
broom, KX426374) ~ ZEFIT 5595 (pear
decline-Taiwan, EF193157) ~ &H it 28 21k
hE (Corchorus
KX645865) ~ {E M SZ R EEHR  (cauliflower
phyllody, KC953000) - ¥ 1t 4 #% % K
(peanut witches'-broom, JX871467) AR
% %E JH  (pigeon pea witches'-broom,
AB741637)... FHHYIEE & R 751
[R5 99.76% o

Dl ke B AN L G YR B B R R K
B ZF FHEYEEGERL 168 F5 B
EIT L Y LS - BB -
% P DU R UK 5 A B8 1% B (R R IR

aestuans  phyllody,

B = - DUEMMS| T P1/PT (£B) K RI6F2n/R16R2 B|F¥ (AE) ETEIISERE
{LEEABC EXNBAEEHRIERA M & 1Kb DNA ladder ; D1-D3 & @R ERK
ZEMERA s HI-H2 REBEBERIERER P h—BREERZEHRAE N A
EEEFKE B4 o

Fig. 3. Results of nested polymerase chain reaction of the total DNAs extracted from

symptomatic and healthy Vigna sesquipedalisa tissue using primer pairs P1/7 (Left) and
R16F2n/R16R2 (Right). M: 1Kb DNA ladder; lane D1-D3: diseased tissues of V.

sesquipedalisa; lane H1-H2: healthy tissues of V. sesquipedalisa; P: diseased tissues of

Glycine tomentella; N: ddH,0.
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(Trifolium  hybridum) W) P TS
16SrVI ; M ELERYREJE L — I HE =
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7 65 By bootstrap B °
Fig. 4. A Maximum likelihood tree (based on 16s TDNA gene sequences) which illustrates the

relationship between phytoplasma strains found on Vigna sesquipedalisa in Taiwan and

in other countries and other hosts. Probability values were determined using bootstrap

analyses with 1000 re-samplings; probability values greater than 65% are shown above

the internal branches.
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Y —35 DL F2nR2 & [ FE 31 Fr B R
iPhyclassifier #HuGEHEITIRHIBER R
RIS SR VTS FI2K H =8~ Al
fa] ~ o RN TS A ) B I R
JEXHARIRT 16SrI1-B REEE B AR LR 8L
By 0.88 > AEFERY 16SrIl FEEFAY 16Srll-
A TEEE (BRACAERIERERE) (B 7)) 5 2K
H 7 BARY S AE 1) 8 1 B R R B Rk L B
Wil R ER B 16SIVI ZERE 5 2KH
ENEE B =851 S B8 e B R R o JE A
16Sr1 ~ 16SrII-D Fz 16SrXIV-A Z 4535 -

KU170532

---kU170533

BT - AIA iPhyclassifie Afuhst¥ =&

RIIGHRBEASENGRIEXR » ¥
Dig#gtEaER  hEFTHEENE R Z
— © 2015 FREMBRAKME E XFHE
LG IEZRBELIE - IRBE MERFREIR
DR MAEZEREL - MR T,
ELIE5E R i 5 R T il » 15 5 LAEE -5
RS E S MR A AR - SRR M AR
EENEHEYEEREL  BE—PDE
KEEHEME N EEE R EREY S
B B o B BAREHIR ] e BRI R B
RELSIMESHHGR  MREREER
ST B2 BEALIE B R B ok i fe) ~ PR
EIEE B BN o T 5 65 Bt S A v A B AR R TR
EEE (16SrII-A) ©

SO TERREEALAE (&£ ~ ) A 16Srll-A & : 3%

TEAFEEREE (F) 16SIRNA 2 F2nR2 @GR 17 BREIBEFBRERELM

B -

Fig. 5. Virtual RFLP patterns of the F2nR2 region of the 16STRNA gene from phytoplasma
strains KU170532 (left) and KU170533 (center) found on Vigna sesquipedalisa and from

the 16SrlI-A subgroup phytoplasma strain L33765 (right) of peanut witches’-broom.

Patterns were generated by 17 restriction enzymes (Alul, BamHI, Bfal, BstUI, Dral,
EcoRI, Haelll, Hhal, Hinfl, Hpal, Hpall, Kpnl, Sau3AIl, Msel, Rsal, Sspl, and Taql)

using the iPhyclassifier program.
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|dentification and Characterization of
Phyllody Phytoplasma Associated with
Vigna sesquipedalisin Taiwan

Che-Ming Chang', Fuh-Jyh Jan®, Chiou-Chu Su'’

Abstract

Chang, C. M., Jan, F. J., and Su, C. C. 2018. Identification and characterization of
phyllody phytoplasma associated with Vigna sesquipedalis in Taiwan. Taiwan
Pestic. Sci. 4:53-67.

In July 2015, Vigna sesquipedalis (cowpea plants) with phytoplasma-like symptoms
were found in Shuilin Township, Yunlin County in Taiwan. The systemic symptoms on
these plants included phyllody, witches’-broom, the proliferation of small leaves, and
leaf yellowing. Transmission electron microscopy, PCR detection, 16S rDNA sequence
analysis, and virtual restriction fragment length polymorphism (RFLP) were used to
identify the pathogen, which was determined to be phytoplasma. Micrographs revealed
pleomorphic phytoplasma particles in the sieve tubes of symptom V. sesquipedalisa.
Nested PCR assays with P1/P7 and R16F2n/R16R2 universal phytoplasma primers further
detected a 1.8 kb product and an 1.2 kb product. A phylogenetic tree using the maximum
likelihood method and virtual RFLP analysis with an iPhyClassifier based on 16S rDNA
both revealed that this cowpea phyllody phytoplasma belongs to 16SrII-A group.

Key words: Vigna unguiculata, phytoplasma, phyllody.
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