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Cloning and sequencing of 16S rDNA gene of the phytoplasma
of apricot chlorotic leaf roll in Xinjiang
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Abstract By using Nested-PCR, the 16S rDNA of phytoplasma of apricot chlorotic leaf roll (ACLR) in diseased
sample from Luntai region in Xinjiang was amplified by the universal primer pairs, then a phytoplasma-specific
1. 2 kb fragment were amplified by nested-PCR. The 16S rDNA gene was cloned by polymerase chain reaction
from samples of ACLR, they were then sequenced. The result of sequencing showed that the ACLR strains from
Xinjiang consists of 1 248 bp in 16S rDNA gene. The similarity and phylogenetic analysis showed that the six
ACLR isolates sequenced from Luntai region are closely related to each other, displaying 99.8% —100% nucleo-
tide sequence similarity, and the six isolates shared approximately 98.2% identity with 16SrV group, the results
of blast showed that the genetic distance of six isolates was closely to the 16Sr V-B subgroup, which shared the
highest similarity (99.4% —99.6%) with the strains of prunus avium virescence phytoplasma (MF848965) from
Shandong and jujube witches’-broom phytoplasma (EU999737) from Shandong. Furthermore, virtual RFLP anal-
ysis showed that the phytoplasma belonged to a new subgroup within the elm yellows group(16SrV ), the most
similar was the reference pattern of the 16Sr group V , subgroup B (GenBank accession: AB05287), with a simi-
larity coefficient of 0.94. This study reports 16S rDNA sequences of ACLR phytoplasmas and classified phytoplas-
ma of ACLR in Xinjiang for the first time, it provides the base for early diagnosis and detection.
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H R 5 g SR e S A SRR 2 — o TR A DAY 1 D
AR L PR T R A B I JHORR G T AR
PR E S (KD ZH . AR M (apri-
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b ™ B LR R AR I ZH ) AT T
HLBE UL 2% ) 25 0 7 T B R el 28 D 4R T B
2007 AEASCEAE IR R AR B B A B v &
T A B A I AL R, AR R I
PRERBESL ARLL, B e o L R 2 Akt v K
o] b R ORTIR, T R R NIR 22 R T R
R FEH 4~5 a PIRERRIE T, 38 1 H 58 WL 52 1 o2 5 |
AR 55 A R A 0 PR S A AT AR

AW T 2016 —2018 4EJELE 3 EXPHERIE &
B FErEih BA WA A i R A IS L TR A, K
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UMY SRS BT . O TN AR B kSR R e 42
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S Lee S MRIEHIFAR 16S rDNA J741 %31
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R16F2n/R16R2 g Pl 51 4 %, R16mE2: 5-CATG-
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A5 P 5 5 A8 B AR 16Sr 4541 Hh i AR e M A DR AR 1Y
16S rDNA J5 51 i 17 #% 2 [7] 95 14 b #¢, F) H MEGA
5. OB By 4B 1% 1 (neighbor-joining) 4 & R 4L & H
B FER AR R AR 4 2 % 5 7 2k T H. iPhyClassifi-
er VRl pDRAW 32 3R {45785 R 4f IHl Dr A BT 558 0 15
YRR AR 16SrV 24 45 W41 2 % Bk & 16SrV-A
(AY197655)") 16Sr V-B (AB052876)1%) | 16Sr V-C
(AY197642)" 16SrV-D (AY197644)M [16SrV -
E (AY197650)"%1 [16SrV-F (AB689678)M) 16SrV-G
(AB052879)M°1 [ 16Sr V-H (KJ452547)M  16Sr V-1
(KR233473)1" /1% 16S rDNA J£%1 (R16F2n/R16R2
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3 g
a~c: AR IHE K d: R R A A

a-c: Plant of apricot chlorotic leaf roll; d: Healthy apricot

PR SET (K D

PR BOWEAT Alw 155 17 Ff BRI A U6 K2 011567
DI AR R 1 B B 22 A5 MR A 45 SR A 5E
HRER A AR AT SR S B M T AE 4 D 16Sr 4/ WE2H

2 HBRESW

2.1 HEFRFEMHHFERRI

5 R ARAT LU SR R AR el T R
BRI R DA 38 2 0 5 0 2 ok 1) L 380 4 B AT AR
I 2 TR 5 A D 2 BRE B R R SR S A K R
A ENWH R RAIHER b A 55 7 i
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1 HEREEEMHRER
Fig. 1 Symptom of apricot chlorotic leaf roll in Xinjiang

2.2 HEEHEREMERE 16S rDNA #3{ PCR #
HhiER
) FH AR T 4438 FH 51 4 % R16mEF2/R16mR2 %}
5 R A 5 IO AR AT B 7S A A B L DNA
H#EAT PCR ¥ 14, HL Uk 25 53 8 7 » 28 P00 s Ak L
DNA W] PA4 38 1 4529 1.5 kb iR S dE A B L i
A5 BB L3 A5 I o R R R A AR A AR R K R ik 2
I R 34 R B S e (] 20 . E— 2 UAS
M 1 2 3 4 5

2.0 kb

1.0 kb

2.0 kb

1.0 kb

B 2R A A BR 5 — 48 PCR =90 B4 A1 Y
5194 R16F2n/R16R2 #EAT55 4 PCR 473,
ZERYHE LY 1. 2 kb BYRE S R B R A
LIS AL 8 3 R ] 4 25 A At T AL R A
K AR B H BURR vk 260 (18] 2b) . SRR
BR L B S 10t B A R S T DABE DU B b 7 3
P55 H AR R BOR/NEAT B9 25 . BE L R
FAAERE AR

a: S —EPCRYHY; b: 45 —RPCRYH; M: DL2000 Marker; 1~2: SEUIA RRAR MR AE s 3: AORURIAE ;4 ARG 50 25 ELA R (K B 4k )
a: First round PCR amplification; b: Second round PCR amplification; M: DL2000 Marker; 1-2: Samples of suspected ACLR; 3: Sample of jujube

witches’ broom; 4: Sample of healthy apricot; 5: Negative control (ddH,0)

B2 FHRLZBMHERME 16S rDNA £3{ PCR #1548
Fig.2 Nested PCR amplification of 16S rDNA from apricot chlorotic leaf roll phytoplasma
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2.3 ERHBRERSHERE 16S rDNA FERHIF 51504

BEAILZEH 6 DAY RRSRAS A 1Y S G PCR 4
By T I Ak ek SR ERUTORL, 28 PCR I
VI fa B s A T . 45 SRR, A6 A~
FREH ARSI BOR/INE S 1248 bp, GH-C &t
45,91 % ~45. 99 % JF AR 16S rDNA JEpH G+C
B (4590 ~49%) , fir 4 & ACLR-XJ01 ~ ACLR-
XJ06, 5 5] A (MH587702~MHS87707)

[l LA 2 R 3R W L A B A R 2 45 il AR
ARG EGRE 16S rDNA LK K BoAZ 1 R 3 51 T I i

29 MRS F] 99. 8% ~100%, A JE A 16Sr
AR A AR e e 2 R 3 B L A5 AR a3 e TR
iR #49 ACLR-XJ01~ACLR-XJ06 5 7 {4
16SrV 4 A% 5% AL Mk 3] 97. 6% A I, &5 16Sr
V-B W41 1) P00 AR R AR 1L AR 1L 4 85 9 BST
(EU999737) , G Ak 2% AL AR A4 11 AR 43 25 9 SCV-
JN-2013(MF848965) #H Ll PE 5 =5 » 247 15 F] 99. 496 ~
99. 6%, Hr BSI fil SCV-IN-2013 5 ACLR-X]J01~
ACLR-XJ04 {0 5 ML 25, 5 ACLR-XJ05 #iI
ACLR-XJ06 5 8 sl 255 .

x1 5168 r FHRRMERME 16S rDNA EFH 5 BB % B EIRE LB
Table 1 Comparison of nucleotide of 16S rDNA fragment from typical phytoplasma of 16Sr groups

W 4 ) BRI/ ¢
165 group and AR ot Nednte
subgroup A TR S i e accession no. similarity
16Sr [-D 35 AL Aster yellows (PaWB) AY265206 90. 0~90. 1
16Sr [-F MR sxAE M Apricot chlorotic leaf roll (ACLR-AY) AY265211 90. 0~90. 1
M pB sk Apricot chlorotic leaf roll (ACLR) X68338 90. 2~90. 4
16Srll T84 B Peanut witches” broom (PnWB) 1.33765 88.7~89. 8
16Srll 7475 X Ji Western X disease (WX) DQ350774 93.3~94. 4
16SrIV ] Al $5E# fk Coconut lethal yellowing (CLY) U18747 94.8~95.0
16SrV-A it 1k Elm yellows (EY1) AY197655 98.5~98. 7
Hit 5 1L Elm yellows (EY-125) AY197656 98.5~98. 7
16SrV -B KUK Jujube witches’ broom (JWB-G1) AB052876 99.3~99.5
WP Jujube witches” broom (BS1) EU999737 99. 4~99. 6
KUK Jujube witches’ broom (ZY1) EU999740 99.3~99.5
ARJE Jujube witches” broom (Hebei) GU184183 99. 2~99. 4
TPk SE 4L Prunus avium virescence (SCV-JN-2013) MF848965 99. 4~99. 6
16SrV -C #1244 1k Flavescence dorée (FD-C) AY197645 98.5~98.7
#2444k Flavescence dorée (FD70) AY197643 98.2~98. 4
AL Alder yellows (ALY882) AY197642 98. 4~98. 6
16SrV-D %5 4: 11k Flavescence dorée (FD-D) AY197644 98.2~98. 4
16SrV-E B4 F%AK Rubus stunt (RuS) AY197648 98.2~98.5
2414k Rubus stunt (RuSR19) AY197651 98.2~98.5
16SrV-F Balanites witches” broom (BltWB) AB689678 97.8~98. 1
16SrV -G AKJE Jujube witches” broom (JWB-Ko) AB052879 97.6~97. 8
16SrV-H i PH A AL Bischofia polycarpa witches’ broom (PaWB-JX) KJ452547 98.8~99.0
16SrV-1I MR M Blackberry witches” broom (BlackPort) KR233473 98.3~98. 6
16SrV[-A LA M\ 9 Potato witches” broom (PWB) DQ256089 96. 6~96. 7
16Sr\[-A et 4k Ash yellows (AshY) 1L33759 96. 2
16Sril-A 22 JKMY Loofah witches’ broom (LIWB) 133764 95. 6~95. 8
16Sr[X-A Y+ & A Pigeon pea witches” broom (PPBW) 1.33735 93.8~94.0
16SrX -A SESR AL Apple proliferation (SPAR701) AJ430067 89. 1~89. 3
16SrX -A RN AZ 25 ¥ 1 European stone fruit yellows phytoplasma (ESFY-G2) AJ542545 90. 7~90. 9
16SrX[-A JKFE # %% Rice yellows dwarf (RYD-]) D12581 94, 5~94. 7
16SrX[-A fE kAl A& Stolbur (Van D3) MF576263 88.3~88.5
16Sr X [I-A PR FE A LEAE Mexican periwinkle virescence (MPV) AF248960 89.3~89.5
16Sr X IV-A A HERBES B M Berrnuda grass white leaf (BGWL) Y16388 92.9~93.2
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2.4 RS REM RFLP 547

AT AT 6 A5 HR R A B A4 5t
B 16S rDNA J¥ 511 5 GenBank Hr & 24 A1 (19 3 43
16Sr HARFRMATFUA 16S rDNA JEH P17 LA,
FIFH MEGA 5. 0 #4121 3 1% (neighbor-joining) 44
BAZKEW. Rebw R (B 3), st
A R AR R 43 259 ACLR-XJ01~ACLR-XJ06 5
16Sr V21 4 021 AR AR A4 Bl 53 SR AE ] — Ak 43
ke b JEF 16Sr VALt . [R5 16SrV-B 445
PR R MRS R B s RAE—A B b (H Sl 2R

82

92

N PR ARRARTEL P R R 58 iPhyCla-
ssifier X 6 > B gt -l A BT i) B9 ) AT 1
L RELP 7347 - 25 3R B AT 4R 15 1 AR J5UA 16S
rDNA LR R B IR 7 Be K EE Z S AR T B
ARy 16Sr /WA, Hrp5 165r V-B WA - Y
(GenBank %355 : AB052876) ) F (B P 8% 5 » AR 10
RO 0. 94 FERRATEN VIEE BstU 1 H1 Rsa 1)
DI EAFTE BT R 22 5, DR O 2R 5 4 I A BT 5 4
Ao B A5 A 2 A AL DA BT 55 00 B ) T REJR T 16Sr
VAL — A H AL
¢ | ® ACLR-XJO05 (MH587706)
@ ACLR-XJ06 (MH587707)
@ ACLR-XJ02 (MH587703)
@ ACLR-XJ03 (MH587705)
@ ACLR-XJO01 (MH587702)
@ ACLR-XJ04 (MH587704)
Jujube witches’ broom phytoplasma Hebei (GU184183) 16Sr V-B
Jujube witches’ broom phytoplasma BS1 (EU999737) 16Sr V-B

Jujube witches’ broom phytoplasma JWB-G1 (AB052876) 16Sr V -B
Prunus avium virescence phytoplasma SCV-JN-2013 (MF848965) 16Sr V-B

594 [ Jujube witches’ broom phytoplasma ZY1 (EU999740) 16Sr V-B
— Jujube witches’ broom phytoplasma (AB052879) 16Sr V-G
— Bischofia polycarpa witches’ broom phytoplasma PaWB-JX (KJ452547) 16Sr V-H
Ca. Phytoplasma balanitae BItWB (AB689678) 16SrV -F
Elm yellows phytoplasma EY1 (AY197655) 16SrV-A
Elm yellows phytoplasma EY-125 (AY197656) 16SrV-A
50| Portuguese blackberry phytoplasma BlackPort (KR233473) 16SrV -1
55|{—Rubus stunt phytoplasma RuSR19 (AY197651) 16SrV-E
83 ||~ Rubus stunt phytoplasma RuS (AY197648) 16SrV-E

42

100

51

Flavescencedoree phytoplasma FD70 (AY197643) 16Sr V-C

Flavescencedoree phytoplasma FD-C (AY197645) 16SrV-C
75 | Alder yellows phytoplasma ALY 882 (AY197642) 16SrV-C
Flavescencedoree phytoplasma FD-D (AY197644) 16Sr V-D
<|i—Potato witches’ broom phytoplasma PWB (DQ256089) 16SrVI
Ca. Phytoplasma fraxini AshY5 (AF105316) 16Sr VII-A
Ca. Phytoplasma luffae (AF248956) 16Sr VII-A
Coconut lethal yellowing phytoplasma CLV (U18747) 16SrIV-A
Ca. Phytoplasma oryzae RYD-J (D12581) 16Sr XI-A
Ca. Phytoplasma cynodontis (Y16388) 16Sr X IV
Pigeon pea witches’ broom phytoplasma PPWBja (EF186825) 16SrIX-A
Western X phytoplasma (DQ350774) 16SrIII-A
2 Peanut witches’ broom phytoplasma (L33765) 16Srll -A

66

97

Ca. Phytoplasma mali (AJ430067) 16SrX -A
95 100 Ca. Phytoplasma prunorum ESFY-G2 (AJ542545) 16SrX -B
85_|j Ca. Phytoplasma solani (MF576263) 16Sr XII-A
Ca. Phytoplasma hispanicum (AF248960) 16Sr X III-A
100 Aster yellows phytoplasma PaWB (AY265206) 16Sr [-D

100 Aster yellows phytoplasma ACLR-AY (AY265211) 16Sr [-F
100 ‘Apricot leaf roll phytoplasma ACLR (X68338) 16Sr [-F

Acholeplasma palmae (L33734)

—
0.02

Bacillus subtilis DSM10 (AJ276351)

55N A GenBank B3 5 BN AHI AR AR AR R SRR TR KA 2% R B SR

GenBank accession numbers are in the parentheses. The boldfaces are tested strains for 16S rDNA sequencing. Bar means 0.02 substitutions per nucleotide

3 RAMBEEMENIETREEHERE 16S rDNA RELHH

Fig.3 Neighbor-joining dendrogram based on 16S rDNA sequences of the phytoplasma of apricot chlorotic leaf roll in Xinjiang
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MRFCHR IR A 285 Hh BP0 58 BT K 7 199 3= ' DL ¢
T RO S 1 W 0] 1-) DLW i o7 < e e Y )
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URR A A A 25 Al R RS 775l S XoF T b Ak AR i T
I X AR I A e 55 1 e it DX XU D
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o AARERA I B 2007 4 5 UCTE T 98 L LK
CNE R LA N A R AT RRAWY K,
3 AT B 1 i 28 S B A T R I R 45 R SR AT
AR ERR AR . ABER AT S PCR §74 )7
GV 53T TRV LB 43 A2 )2 O 1 0 A R 4 4
AR R A BT iR o3 B D R A T o0 AR T S L AR A T
16S rDNA 2315 B - MWK E o T H 40 28
HbASE Sy S ST BT A AR A A I AR PR 12 W R A
DR PR S

AR E PR _E X ACLR B9 R A T4 75 £
Bl R g ya 55 7 T e TN /D R AR BuAs T — e i
JRHON R AN [ 5T iR T A R R e E AR
AL AEAS FE BTG (19 ACLR g A0 4573 S VA [A]
M Z R IR, g v+ HOH L FORIE (RS A
[ & A2 1 ACLR 9% J 9 58 58 ok 16Sr X -B 7 2HH52
BRI PR EE R A 1 ACLR g It g %8 7€ O 16SrI-F OIF.
A AR A ACLR 5 Sk %5 5 o 16SHT-C
41, AW I, ACLR i Ji 5 32 S ARG
{& Capple proliferation phytoplasma,16Sr X -A) . %l
B M JF & (pear decline phytoplasma, 16Sr X -C)
T2 3 B AL A JF A (aster yellow phytoplasma, 16Sr
1 -A) BA I DNA JFF]L P FIAHLEE A 98. 624
~99. 1%, 22 53FBA7FE 16S rDNA 25 16~19 i/ 45,
ARG 1] 44 455 R 3 A AL AR U 3 SR A A i
PRASTE A S 4 B o 5| L 98 75 R 25 45 g
MR JRAARAE R G40 25 BN IHF 16SrV 41, Bk n]
DL A5 B R 22 AR AR e 5 R ARMBL A RE AR i
B A AR 2 i R T R I A A AN [R] 53 2 b 7
MR A R EAFTEIR & R R A TR ik — 2D K
DIUESE

P AR 53 2 %5 8 FE 2k T H iPhyClassifier 7E4H
JEAARE A Sk 2R o3 BT th AR BNz N T A
WEFEHRI T2 T3 ¥ 0t B899 A5 WA AR b A B AR 1Y 16S
rDNA J#51 #£47 RFLP 73 #r. K 3L 16S rDNA %&£ [
F BB a1 D B 2 S PEAR TR F A ©EE T
(9 16Sr 41/ WA S H KA, Hp 5 16SrV-B L.

204y B (GenBank %55 AB052876) i A Ik %
= FHLRECH 0. 94 CREL R <20, 97 FERGZ A R
T A2 B AR A 16Sr W20, A Ik 3 ) A< i
FERRAF AT AR 8 4 R A BT 98 4 5 W) )8 T 16Sr
VAR — B4 . @it X 16S rDNA 41 [F] 957k
KRG KT IIHT - e IR R A A B 98 0 2 4
55 16Sr V-B WV 20 119 25000 HE DRI L 2R 0 i Ak AR
PSR DA L L 2R J3 B MRS 2 06 RARAE L P F AH B
K 99. 4%0~99. 6%, | ZA 8 MIEAAAEESR, H
TER— 240 /ING 32 1 TEAY T KA B RAR B AN ]
BRARE 225 BEERFIAR DR AB T 5N
FRIKEE 16S rDNA 75X AR SEAT 732 %
SEAFAE™ B (1) JR BRAE R L, o b B2 0k — A5 5 A%
R S Gp) HEMR R FEEH Gu ) B R
(SecY) 4545 16S rDNA HAT 358 K AR 5314 1) 32k PR 5 [X.
BRI N 00 T8 B I B IR A
T B R R AR 58 40 2 -5 AR DR AR )
ARG RN K25 53, AR AR SOm ALl A
G5 A R SRS G (1 Bl 1 B S .
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