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Presence and frequency distribution of transposable elements in
Botrytis cinerea from strawberry in Beijing

Zhang Jia, Zhang Xiaoge, Zhang Can, Zhang Guozhen
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China Agricultural University, Beijing 100193, China)

Abstract This study was conducted primarily to investigate the presence and frequency distribution of the trans-
posable elements Boty and Flipper in populations of Botrytis cinerea from 12 strawberry gardens in Beijing. A total
of 60 isolates were collected from diseased strawberry fruits during 2012—2013, and the presence of transposable
elements was analyzed by specific PCR. The results showed that there were three types ( transposa. Boty and
Flipper) of transposable elements. The transposa type isolates carrying both elements were predominant with fre-
quency of 63.3%, and both Boty type and Flipper type isolates were present with low frequencies of 28.3% and
8.4% , respectively, while vacuma type isolate was not detected in this study. The pathogenicity analysis of 18
isolates selected from three types demonstrated that Boty type isolates showed the highest pathogenicity to straw-
berry leaves, with the larger lesion size than Flipper type and transposa type isolates. The relationship between
transposon types and pathogenicity of B. cinerea is needed to study. Detection of transposable elements provides
the bases for further study of genetic diversity and variation in B. cinerea .
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e b, HLAE EL R R R AH R i o3 A A AL 5 DL
ANTR] o DT ZE T AR (B S Y R B AR . HE K
iz A 2 FhELET Boty #l Flipper, %681
AT KA Z R — R B
JEIX PR JAE - R A EE 55 15 T S0 G A 26 6 TR AR 1)
O3 AERTF RN AR R B DR R B T
P, Boty & —ANHA Z T DL, 43 SO0 J A % 1t
BAFERH IS, B AL 596 bp MR OR i AL
Jpgt) . Flipper Je fif [ 5k 1 J5% il 5 R 4 i [X 1) —
BAf AJFH) K EE N 1 842 bp, W] GE S ith— Fh % 1
Mt . Flipper 15 ) %4 46 55 P 2H v i) 50 AL 0 31 20
AN DUBCARSET

FLTE 1997 4, Giraud %55 AR 4 I 26 160 D o S
P4 2 B AF L RS JE T Boty 1 Flipper., ¥k H ¥4
Pl A A 7 XA 4 b ) KA A A0 2 28 B trans-
posa B ([F]A}5 4 Boty A Flipper %% 1) Fll vacu-
ma B CRE A Boty 1 Flipper H AT —FP45 4 F)
FHMEA TR Wk R & A Boty $6 1. TEREE K
TIUAEH, SEE 6 ] A iS5 AR AR AR T 1A
WA AR e 2R R, H O AR 4R 5% e Boty #1
Flipper f47JC ., — Mol KA 45465 0 4 FhE8Y, [
transposa % Boty Y ( LA %% it 7 Boty) | Flipper
QG 8T Flipper) Fl vacuma B, H 452571 i)
PR IIT o L 9140 S ] o JHL vl 7 5 [0 g 2 A1
transposa TRV BRIAR S 500 5 BEAR 1Y) 83. 320167, 9%,
THAR 3 FPEHY ) BB LU 285 /0 s A6 A I 8 L
B AR A KA 2 16 LA transposa B TA
B G R, L BORE 1 KA A f D trans posa T\
50 %0 LA b s R Bk A S R b i KA A A DA vacu-
ma B 5 R

TR K 25 95 T JRE 1 R B F ST AR .k
FECURI T AL 100 BRR A AN R AR 3K R A A
G E T R AL A AE 4 R TH R : transposa
4 Boty B Flipper FAF vacuma R, R 43 5 K
62%.11%.23% 1 4%, BHEE NEN 6 4 13
AR TR s T 100 BRKHE A, KB
43 3 2 stransposa B Boty BIFN Flipper B, FH
H Bory BIF HR i 2, RGN BEIA Y 61. 0%, E AT
I A UL ] PN O T T4 DR B R 7 O - 2R B 4

UTAESR AU T X R ) e J st e A A AR AR 2
FE O HOGIR Z R K, ELR R AR e g K. Bt
ARSI KR A AR T A R A BRFRATUE

5 BURE KR R AN ] TR PR AE TR v 2 25 L AR AL A
HO LS55 1 I AR N R R R S IR A BT
WATEZR . AR SR T 2012—2013 4
MAESTHILIX 12 A i el SR B8 1Y) 503 K B0 T FS) 5
JET- ST I I Mt 1A R TR R 14 2 e 1 28 7 A5 5
T IR Z 1B A B 5 T o 2 6 1) 8t A% 22
P Keg A2 A2 S AL 4R R A 4

1 RS

1.1 #htEkk

VAR IR FE RN 1 (Botrytis cinerea) ; 2012 4
2013 AEMALHTHT 5 X ELAY 12 BRI R 42
R IRA A S 5 T 4 PR TS
R PB4 ST B EFE 1 60 Bk, ST
2012 4F 18 #2013 4 42 $R (3R D

F1 2012—2013 FALRMR REMNES
REBFRERKER
Table 1 Tested isolates of Botrytis cinerea collected from

12 strawberry gardens in Beijing from 2012 to 2013

REXE WSS OREHS . FEHETAH
Collecting Isolate Collecting IO Transposon
district number site Year type
EFIX BJ12 SAGR XA 2012 transposa
Clormegaints BI13 CAsE 2012 Flipper
BJ14 T EEA 2012 transposa
BJ15 AR XA 2012 Flipper
BJ16 AR X AT 2012 Flipper
QJl ZERT 2013 Flipper
QJ2 ZHF 2013 transposa
QJ3 2 ) 2013 Boty
QJ4 ZERH 2013 transposa
QJ5 ZRY 2013 Flipper
XS1 M AH 2013 transposa
XS2 MFFH 2013 Flipper
XS3 MFFH 2013 transposa
XS4 pUS 2% 2013 Boty
TRY1 K 2013 Boty
TRY?2 BN 2013 transposa
TRY3 K 2013 transposa
TRY4 K 2013 transposa
TRY5 N 2013 transposa
WDY1 T3 s ] 2013 Flipper
WDY?2 ik 2013 Flipper
WDY3 T s el 2013 Flipper
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ZE3R 1 Table 1(Continued)

FREXE RS CREMS o FEETRAE
5 . 5 . KAL)
Collecting Isolate Collecting Transposon
.. . Year
district number site type
TN X RZY1 it 1F el 2013 transposa
Tongzhou RZY?2 45 1F ] 2013 Flipper
RZY3 Fi 1 el 2013 transposa
RZY4 Fi 1 el 2013 transposa
RZY5 it 1F el 2013 Flipper
Y JE AR
BJ17 - 2013 spos
Haidian J 2 b L transposa
A |
BJ18 e KRS 2013 Flipper
Jem A AE .
BJ19 e bR SR 2013 transposa
o B #n¥i v
LGS1 e KK B8 2013 transposa
. Jeam AR
LGS2 g b ERL 2013 transposa
. BV v
LGS3 e KK BB 2013 transposa
e st gRApEL )
LGS4 X 2013 Fl
S BB whber
. Je iRt
LGS5 2 b g 2013 transposa
SJT1 by &4 2013 Flipper
SJT2 bin o4 2013 transposa
SJT3 IR 2013 transposa
=
BJ20 ;uﬁﬁ[ﬂm 2012 transposa
— ALl o
BJ21 A 2012 transposa
|
BJ22 %Eiﬁi]m 2012 transposa
Bl X BJ1 =871 2012 transposa
Fangshan BJ8 =871 2012 transposa
BJ10 2] 2012 Flipper
BJ 11 B 2012 transposa
FS1 By 2013 Flipper
FS2 By 2013 Flipper
FS3 =871 2013 transposa
FS4 =871 2013 transposa
FS5 B 2013 transposa
FS6 =871 2013 Boty
FS7 B 2013 transposa
FS8 B 2013 transposa
BJ2 B A Y] 2012 transposa
BJ3 s A Y] 2012 transposa
BJ4 B A 2012 transposa
BJ5 E A TA] 2012 transposa
BJ6 B AT 2012 transposa
BJ7 B A ] 2012 transposa
M,
j(%lz QYD Halh 2013 Boty
Daxing
&3t Total 60

1.2 ExFE

PDA ¥ 3 L D488 200 g, #i &0 20 g,
BE K 20 g, 7% 7K 1 000 mL,

1.3 EFZH DNA gYREL

W53 B 2 Ak 1 TR R TR Bl A K I B EE 4K PDA
Pk b 20 CRRREEEFE 3 d R R 2214, R ] CTAB
EUVAREUR 2244 DNA,

1.4 ESRERERETFREMEN

TER A H A b, K U 5% )8 F Boty 1) PCR 514
1 LTR98(5'-AGCCTGTAGAATCACCAACG-3")
1 LTR728 (5'-CGGTATTTCTGGTTGGCA-3"),
PGP/ 648 bpt Kl - Flipper (1)
PCR 8|41} F300(5-GCACAAAACCTACAGAA-
GA-3") 1 F1500 (5'-ATTCGTTTCTTGGACTG-
TA-3D 4 K/N A1 250 bp!®l,

PCR WK Z N 25 42X Tag PCR Mix(Aidlab)
12.5 pls 10 pmol/L B RS 9145 1 pl A5idi 50 ng.

)T Boty 1) PCR #3482 /5 4+ 95 C Hil Az
PE 3 min; 94 CAPE 40 s,60. 3'CIR K 40 5,72 C ZEff
1 min(40 MG 5 72 CLEH 10 min,

5 )%F Flipper (1) PCR ¥ 34 #2595 C il
A5 3 min; 94 CARE 40 s,58 CIR K 40 5,72 C ZEff
1. 5 min(40 PMEH) ; 72 CHEM 10 min,

I 10 pL PCR 8472 WdEA T 120 B Mk 1 vl
VK IR S BE G0 5 TEBE I AR AL T AR 1 45
S IR
1.5 BumAHE

AN [ 2J6 Y 5 A - 1 T ok b B AL 2 BB 18 R
(transposa B 9 #f; Flipper T 6 £f; Boty B 3 ££)
WATEOR I E . R B AR B AR A 4, 5
BERn A ZLE0 . ARTE PDA BiFR5E | 20 CRRIE 4%
PR3 3 d K EAR 5 mm FTFLEsAE VR 2%
FTICEDE . IO B A R iR A e i 7
WU 22T A T HFp T a4k . DL PDA 555758
X BE B R TR PR T A 4R 3 I L R 4R 2
NEYE, KRR R BT 20 C BRI AR T PR
BE:3%,72 h Jg 28 ORI e B AR
2 HEREHMH
2.1 EERERENEETEE

F§E e~ Boty F1 Flipper BR5 L5 1 W6 b

FRAVFE 4] DNA #5417 PCR ¥ 3 )5 .79 2|19 Boty b Bt
K )iy 648 bp, Flipper H B A 1 250 bp(E 1),
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transposa Boty Flipper

1 2 3 4 5 6

Boty

2000

Flipper
1000

M: DL2 000 marker; 1~2: transposa®fl, @ ARZY 1F1BJ1; 3~4:
Boty#, HikkHA QIVHIFS6; 5~6: Flipper), BikkAQISHISITI

M: DL2 000 marker; 1-2: transposa genotype, isolate RZY land BJ1
3-4: Boty genotype. isolate QJ1 and FS6; 5-6: Flipper genotype,
isolate QJ5 and SJT1

B 1 REEMREEF PCR 318747 HY 5 BB ik il
Fig. 1 Electrophoresis of PCR amplicon of
Botrytis cinerea transposon genotype

FRAE PCR 438 25 5L, Ik 5t b DX R0 A K 895 1 A
TEAE 3 FiiL FE 2588 . trans posa B ([RI}E74 Flipper A1
Boty) . Boty BI( J A Boty) fil Flipper HI( R Flipper),
2.2 AREEFEENESKREFREMSAOLEER

XF 60 A KB TR  ARES -1 PCR 945 51 3%
., transposa BRI ARIL 38 Fk, o5 HEF R AY 63.3%0,
Flipper BIGERE 17 ¥k, 5 AKX FERE1)28. 3%0, Boty FIH
B 5 Bk 8. 4%, KA vacuma FIRIFR (B 2)

1001

HIRKE 2L/ %
Percentage of isolates
B D (e
F—S—=

353
(=
T

1 .

Flipper Boty
BT R

Transposon types

B2 2FFRREFHESREREEKAISESE

Fig. 2 Percentage of Botrytis cinerea isolates

transposa vacuma

carrying different transposons

2.3 FEREARAREEFLAUESERERELN
baiidiatl]

SIHTACEET 5 A DXEUAE KA R Y e JAE -2 AR
ST 7 Lo e 5 b i X R A Ol — 2, B AR
EOF GE EVE AR I X R trans posa T TR B
%, Flipper BIRZ , Boty B | H R i /b (H&
DX TR AR Y 2 JAE - 2R AU A — 0 25 S L DX T O
X AL 19 ¥k, 394 2 Fp2EAL, B transposa BRI FLip per
AL R EIA Bory B, BAFIX A ILIX AL 40 Bk, 3H
3 FpZEAY, BV transposa . Flipper F1 Boty, K 24X [ H

4|

WA 1Rk, A—FER1, B Bory BI(E 3,36 1),

[ Boty [ Flipper[ transposa

1001

o®©
(=]
T

[=N)
S
T

WRE S/ %

Percentage of isolates

S
(=
T

o3
(=
T

B M e Bl
X & District
B3 WS AREREEETFEEN
EERERARKIABSE
Fig. 3 Proportion of Botrytis cinerea isolates carrying

different transposons from 5 districts in Beijing

2.4 AEAEEFREMNEKRNESHFNERN
PEE 18 BREAMENT HAE I ¥ Bt . AN
PRAR B0 148 25 5% i BE ELARAE 13. 0~26. 8 mmZ.
) EOREAS [ % A2 20 70 1 Ak T 80 BE R /N, 2 3
Boty BYRERS EFRBEE AR T E KT transposa T
R AL KT Flipper R HERARE G 2),

®2 TREBEFRENKEHEEKNBR LR
Table 2 Comparison of pathogenicity of Botrytis cinerea

isolates carrying different transposons

Wtkgis  FREFRA RIEER/mm FHETH EAA/mm
Number of  Transposon Lesion Average lesion

isolate type diameter diameter
BJ14 transposa 16. 3 17.7 b
BJ22 transposa 16. 8
BJ3 transposa 13.0
BJ-4 transposa 15.2
FS-3 transposa 20. 8

LGS5 transposa 26. 8

SJT-2 transposa 16. 8

TRY-2 transposa 17.0

TRY-3 transposa 16. 2
BJ13 Flipper 21.4 19. 6 ab
FS1 Flipper 15. 4
QJ-1 Flipper 2.2

SJT-1 Flipper 17.8

WDY-3 Flipper 24.1
XS-2 Flipper 16. 9
QJ-3 Boty 26. 1 24.9 a
QYD Boty 24, 4
XS4 Boty 24.3

1) #4 Duncan 434, [5150 80 405 f5 A 18] /N 5 5 B 2 7 B4 (8] 0 W
EMZEF (a=0.05),
According to Duncan analysis, data followed by the same letters
in the same column mean no significant difference at 0. 05 level.
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ARG R AL T 5 A~ X EL A 60 Bk A K
B0 TR PR - 2R R A TR, e R IR 3 A i -2k
B, transposa . Boty 1 Flipper, H transposa %)
FERRIT 5 Bl £ .35 63. 3%, X 5idb& A A
F BRI AR R LA trans posa B i 2 ()4 1B —
O ARABISE T, Boty BB HL R AL
1M Flipper AR B AR Ho AT WAL 4 B Kl
3 vacuma B, Fofh— S5 58 56 T I BE 9 1A % e ¥
FRIHGE D - trans posa TYFHREIY FL335 5 2] T R4
(1 65276 LA Lo AN 7656 R4 e Wt Xk 5 TEAE
R AT RGBT 234 BRI A A
W, trans posa BRI KE 5 83. 3% &) FFI i 109 Bk IK
G, ransposa BIE R 5 67. 9% s vacuma BITH
Bl 9. 206, AR TR MR Boty BUaX Flipper 50,
a5 ) 209 KR IK A 2516, trans posa B, vacuma B
1 Boty RYBARIT 5 43 He 3 B0 62. 704 (14, 4 0 F
23506 TERAL A A W 457 MR A A
transposa BT KR 7 48 K 2 8, HRJ&2 Bory 14,
vacuma BIGEREEED AT K IR Fli p per BINT

AWFFEXTAC 5T BT E L B LR 2%
5 A DX HEARE A B 7 18 T R A e 2R R AT 1A
AN HT BB R IX FOR B 1 AT RS HAth 4
AN DX S e - 2R R AL s SRS I — 3%, H 4%
X Z ] A 25 57, B XA B L X R A 3 F
W JRET- 2R AL, Gl M XN UE X A transposa BUFI
Flipper B, KR IA Bory B, ARG EMEE " 19 1F
GEGEIR I ) 7] 6 5% e 1 % DR B 3 A1 A B 114 S
P AVLIR TR Flipper B, B PU )1 H 78 AT
IR Boty B4, 1 5 6 B B #E K trans posa Y,
ol 0L, E N KBS P vacuma BV RR B & 45
DIV ECRAEAEN o ASTRFEAEAL ST 5 A DX R K
TN B T AFAE vacuma FAG FtE— 260

Xof b T A K i T e e 1 R L 5 Ui ) 43
M1 & B - trans posa I B AR X B AE B9 BOW 15055 . 1M
Boty BIPRR B J1 B8R . HERE KB 96 T 1) 5 JE
KAV G HORG S S BAFAE IR R A FR i — 224
R RE R AT IR AT

TERFUARIS AL 22 B9 b o 5 A 1 1 10 BN R 0
R F A AR 5 [, 4% e 3 Sy 38 B AR 1)
AR TR AR OR A B T 0 A — B [E] P A

RESHST . T Ah, B e 1R — BBk Rk i JT 4 W]
DA A 135 PR A 1) B — 37 A » AT A L B 5 PR A v
(K537 A ALLE 5 DO - R e i 2 5
ARFHBERZ LA ) LR, Martinez 555 %
Bk E A A LR A A vacuma BB RR G A R
BB IRT transposa TURIRR . PEIRATHILES Rk
PR 1) D 2 PR T A R L TR A 8 /N
PR O BT VERE 2 DT AT AR 22 5T R
MR ORSER S R A READ R F RS
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