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SITHR . LA 43 ARG 248 SRR 7 A5 d@ AT S RO AR, SR T BRER  (transposon display,
TD) S G RE AT 2 BN G55 KB: 5 4 DNA #pE (DTM63. DTM58. Helitronl. Spem #
mPing2) 4 A it F (Linel. LTR-Gypsy3. LTR-Gypsy5 Hl Tes2) ] LRI His 28 5l M A% A 7] 2
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Identification the Citrus Bud Mutants by Transposon Display Technology
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Abstract: Based on the citrus genome information, this study developed a molecular technology
based on the transposon sequences to distinguish bud mutants in citrus. Transposon display (TD)
technology was used to investigate the transposon polymorphisms of 43 citrus bud mutant cultivars and 7
wild type citrus cultivars. The results showed that 5 DNA transposons (DTM63, DTMS58, Helitronl, Spem
and mPing2) and 4 retrotransposons (Linel, LTR-Gypsy3, LTR-Gypsy5 and Tcs2) could clearly identify
the differences between bud mutants. Robertson navel orange and its early-maturing cultivar Robertson 35
could be identified by DTM63, Spem and mPing2; mPing2 could identify 4 pairs of bud mutants as
following: Robertson navel orange and Robertson 35, Anliu and Hong Anliu, the common ponkan and
Qianyang seedless ponkan, red flesh and orange skin of Guanxi pummelo. DTH3, a DNA transposon,
was highly polymorphic among sweet oranges, and it could identify different bud mutants in sweet orange.
Therefore, TD is a type of noticeable and effective molecular marker technology in the identification of
citrus bud mutants.
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AR 2 AR R L AR S I TR YE R ML B IR MG AR R Z R 2, A
W I ToREUb . (GBI R RREFEAE R (R 45, WOKHFEE T G5 75 5
BF5Hr 5%, 19965 X7, 20065 FdRelE, 20065 SKECRIXSTEH, 20065 {THIF 5%, 2016).
LE AR HAT B R AP RSk, TR G 8. R, 7850 T /K7 LB R 2040 5 J50k f i )
FESEHARTEAT S NS ORFFH TS, 2013). SMTEIRSZ IR A K, i B2 e d Eas
L RS REX 2. DAL, $RBIZEASSE DNA B2 e fhRh S8l . ARy DU FLIA TR L T4
TR . TR R 53 AR T 280 28 SR — B ANATTESK I H bR o MRS 5045 15 50
Aty CIREBORIXSF B, 20060, HHTK 2 E05r AR i A GE 4 kG 2728 dt b

R TR — BRI AT AR MBS DNA P41, W R AEBRR, 48 N R B i a3 A
W, AR ERIEL, S5 ZEAR R IA 2 — (Slotkin & Martienssen, 2007; Le et al., 2015).
FIRS i MYB sk R i P RUBY &R LI copia-like sk a7, it s b plidt
B, ML T M S EE AR (Butelli etal., 2012). 244K, AN]SR B S A4 FITHLE]
AR, )Y AR AN A S P 6 8 DB A A AP A 22 5, Sl Bk 265 AN [) 28 7% ot e 1 44K i
(Pedersen & Zisoulis, 2016; Wicker et al., 2016). ¥ 3EZEF AL A KR TR IERITAT
RBIP FI SSAP bric WF 7T 5L i P st A A S Mk Y b4k CFE9E 4%, 2014; Jiang etal., 2015, 2016).
R R REi R (transposon display, TD) #f-Hi Va 55 (1998) a7, FRRFIHY H T 424 W138
fi & dTphl FKGFS DIECRN 3 7 S AE 9T . EHEK, TD HARAE Ry — s 2 7R e HoAth
AN . Casa %% (2000) FJJ] TD £ AWF5T MITE %8 1+ Heartbreaker 7 Kk B73 x Mol7
BHAXRZPHRIZAMERIT AKIRic. Macko 1l Grzebelus (2008) FET DcMaster #: fe iz TD +
ARIFOEAE N EFAPEHC 2 FE0E LA IS DI alifs . TD EORW ) V2 N Tk ig e 4% K
15¢3% (Kwon et al., 2005), /KFEM IR (Hirano et al., 2011), LN /KFE@EAG AR5
JEFER DL (Takagi et al., 2007) SEHF50H . HHGIERIAE S AR 2 (Xuetal,, 2013), 4
TD BARN TG 808 T CR2T, 2012 YR, 2016), {HN ] TD HoARR I T
AR 2572 R o 1 22 A MRl R WARTE o« R AR S M ARG 2528 b, A B 288 b (1) 4
THONSAE T — PP Fr i, R JE S DGR AR WL AT 5T 25 e LAl o

QY ViR SRS DARES

1.1 ##

50 R EAT R (G 1) v 37 4ok B AR B SR R R oL, 6 ok FwlEE, 6 ok
FE, 1R AVEPY . b 43 40 Dy 25 A8 iRl 7 A0 T Al R A XS e

F1 X8
Table1 The experimental materials in this study
[EEERLIES KAEHL T 1Y i it il
Material type Sampling site Germplasm type Number Cultivar
HIRS Citrus sinensis  Hh AV KRS EHZHHE  Selecta [ZF7F Bud mutation of Selecta 1 ARG RS Washington navel orange
Osbeck B oL National Center T (65 248 2 1fiL#% Blood orange
of Citrus Breeding, Flesh color mutation of sweet orange 30 AN FE Cara cara navel orange
Huazhong Agricultural RS R 2 2 AR 3 X 4> Summer-gold navel orange
University, Wuhan, China Late-maturing mutation of sweet orange 4 #4 Autumn-gold navel orange

5 Ptk /K Barnfield navel orange
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[ERERLIES PIgEs:1 Tt T %5 i
Material type Sampling site Germplasm type Number Cultivar
6 fifljfi /R Powell navel orange
7 fit#t Lanelate navel orange
18 k45 Valencia orange
I EF=PEZEAE Highly productive 8 Z&91 72-1 Fengjie 72-1
mutation of Washintong navel orange
Z2Y 72-1 WA ZEAR Late-maturing 9 Z5Mi 95-1 Fengwan 95-1
mutation of Fengjie 72-1
FlR H 3 ZEAE Barly-maturing 10 KA Changhong navel orange
mutation of sweet orange 11 & Seike navel orange
12 # /A Fukumoto navel orange
13 2 i ¥ Dream navel orange
14 Z1faf /X Newhall navel orange
16 b # Robertson navel orange
Wi L ZEAR Barly-maturing 17 Wi 35 45 Robertson 35 navel orange
mutation of Robertson navel orange
R4 E R T AR 19 255 % Midknight valencia orange
Seedless mutation of valencia orange
R4 B R 2 20 RHFE M Cutter valencia orange
Mutation of valencia orange 21 %1841 FF Rohde Red valencia orange
RS TC A% 25 22 B TCAZ K LR
Seedless mutation of sweet orange Qianyang Seedless Dahong
it B2 AR 23 Hi#% 101 Jincheng 101
Seedless mutation of sweet orange
R 0 5 Al Common cultivar of 28 M Anliu sweet orange
sweet orange 31 WA U AREIAS Hamlin sweet orange
IEAIEEPE 2E4F Flesh color mutation of 29 ZTHEA Hong Anliu sweet orange
Anliu sweet orange
YLVEEE M Ganzhou, 24 R ZFAS Early-maturing 15 1af /R34 Barly-maturing Newhall
Jiangxi mutation of Newhall navel orange navel orange
WF 16 Huaihua, A 24 PNARE S E L))
Hunan Common cultivar of sweet orange Dahong sweet orange (seedy)
NN 78S 25 RELHRE (DD
Seedless mutation of Dahong Dahong sweet orange (seedless)
WIEHATE Xiangxi, FH RS T i o 26 TR (ERD
Hunan Common cultivar of sweet orange Pushi sweet orange (seedy)
TR T 242 27 TR e
Seedless mutation of Pushi Pushi sweet orange (seedless)
I C. reticulata Herp RN KA NG AR S 32 W HEAT Ponkan
Blanco T 0 National Center Common cultivar of ponkan
of Citrus Breeding, MERT oA 22 33 PSP AT Qianyang seedless ponkan
Huazhong Agricultural Seedless mutation of ponkan
University, Wuhan, China
WIFFHIVE Xiangxi, G H7 3T 5 34 YHEMHT Luxi ponkan
Hunan Common cultivar of ponkan
M TCA% 2 A 35 WAPETCAZ MR Xiangxi seedless ponkan
Seedless mutation of ponkan
hh C. grandis #EEE N Zhangzhou, il RS Uy 36 IR M White flesh Guanxi
Osbeck Fujian Common cultivar of pummelo pummelo
A€ AR 37 N IER M Yellow flesh Guanxi
Flesh color mutation of pummelo pummelo
38 2L WIEVRE M Red flesh Guanxi
pummelo
39 LI RIE B AN Red albedo Guanxi
pummelo
40 P& IR 2 Al Orange skin Guanxi
pummelo
41 Z AR %M Sanhong Guanxi pummelo
WA C.ounshiv SR ANV 22 ARG N E M F 224 Early-maturing 42 [FFE 1 %5 Guoging 1
Marc T 0 National Center mutation of satsuma 43 [E B 2 %5 Guogqing 2
of Citrus Breeding, 44 [FEE 3 % Guogqing 3
Huazhong Agricultural 45 [E K 4 %5 Guogqing 4
University, Wuhan, China 46 [FIEE 5 5 Guogqing 5
47 HeRE Guangmingzao
48 F# 15 Nichinan 1
49 KIyEUE Oita Wase
M B FEZ A Flesh color 50 LI'F4L Yamasitabeni Wase

mutation of satsuma
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1.2 DNA BY#RENFA4EM

M DNA 2GR CTAB ¥ FH 1%ZE Iabi e ki Aa il DNA $2502 5 %, I+
UV-1601 A3 G BETHT I DNA ik BEFIZERE . DNA JEE T - 20 CIRAF%H
1.3 TD HARSEFEFEMBFTRMIPHZ SN

SIS FARFFE W 1 FroR, 1055 DNA BRUIRES:, Hily 8. B8y 1. ki o4 .

KM EcoR 1 #HATEEY . 12.5 pL BEYIAKZR: 2.5 pL 10x ZE0P, 0.3 uL EcoR 1 (10U - uL™),
50 uL DNA (100 ng - pL'™"), 4.7 uL ddH,0, 37 ‘CHEEY) 8 h &, “ERIVHUHE Tk b, SR ERE
FRIRG . 12.5 uL AR R 2.5 pL T4 ERREZE ML, 1.0 pL T4 48 (3U - uL™"), 1.0 pL EcoR |
%3k (5.0 pmol - L), 8.0 pL ddH,0. 1, EcoR I (33L514% %1 CTCGTAGACTGCGTACC
HI AATTGGTACGCAGTC, #:kE M) PCR ¥4 65 °C 10 min, 37 C 10 min, 25 C 10 min,
4 °C 25min. 16 CHERIIH. EHTHG - 20 TR,

P18, 10.0 uL KNVAKZR: 0.5 uL DNA (BEVIEEE), 0.5 uL HiF EmsIH%  (25ng-ul™h,
0.5 uL T4 514 (25ng - L"), 5.0 uL Dream7ag Mix, 3.5 uL ddH,O. KNFEFE: 94 °C 5 min,
94 C 30s, 55°C45s, 72°C90s, 28 M, 72 °C 5Smin, 4 °C 20 min. iy 8519455 W3 2.

Y. 10.0 uL RNAKFR: 0.5 uL DNA CH#5724)), 0.5 pL 39 IE R 514 (25 ng -y,
0.5 uL ¥ X514 (25ng- pL™"), 5.0 uL DreamZag Mix, 3.5 pL ddH,0. JVFEF: 94 °C 5 min,
94 ‘C 30s, 67 °C45s ( - 1.0 CAFEFA), 72 °C 1 min, 13 MG, 94 °C 30s, 55°C 45s, 72 °C 1 min,
20 MEER, 72 °C 5min, 4 °C 20 min. SEEAEDIYFHWE 2.

P HEJE M 5.0 L EREZEMIR (98%FHIERZ, 0.005% I AKH, 0.005% M), A
%357, 94 CARE S min JEZRUVE FUK EAEL. LAE, 80 W HE YK 1 h 247 (W R E /R AEE K
O3 AbD, ARG EYE. B, AR, A

FEHA
Genome ¢ EcoR 1 F§Y] EcoR 1 digestion
o HET T
_ Transposon L
v 3k Ligate adapter
&k TTTT _mEw | 3
Adapter Transposon Adapter

- TiFRASH
- Pre-amplification
reverse primer

-
ransposon
Wy ERI L

Pre-amplification

w
Pre-amplification | & K175 4

: Selective amplification
f d p
orward primer et reverse primer
Transposon
YIRS 14 > | ;
Selective amplification

forward primer
P FERT

Transopson

:

AL MBS TR R e H vk A S
Separated by polyacrylamide gel electrophoresis

1 TD #EAKE
Fig. 1 Technology flow chart of transposon display
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Table2 Transposons and their corresponding primer sequences

e T Wiy 514 Pre-amplification primer WY 519 Selective amplification primer
T EF [ EF (A7
ransposon
Forward Reverse Forward Reverse

DNA %P DTM63 GCTACAGACTGCAGCATC GACTGC AGATGTTTGTTACAGAAT GACTGCGT
DNA DTM58 TTTTAGTGATAGTGTATGGGTA  GTACCA AATTTTTTTGCTCAGGACAT ACCAATTC
transposon Helitronl TTCTGACCGCTCATCCTG ATTCA CTTGTTCCGTTCCTCGTA ATA

Spem CTGAGTAAGAGATTGATTGC CCGAAGTGCTACAAGTGG

mPing2 GACCTTTAGCCCAGTTGT AGCCTCGTATGACTTGAA

DTH3 GAGTTAATTTCTCCCTCT TTTGCCACATAGGTAAGC
I e T Linel CTCCACCTCAATGTAACTCT GTTGTCCATTCCCGTCAT
Retrotransposon ~ LTR-Gypsy3 TGGTGGTAGATGGAGTTAGA TGGTGGTAGATGGAGTTAGA

LTR-Gypsy5 ACAATCCCTGCTCCTGAACC ACTTCCGAGTAGCAACCACA

Tes2 AGGAGTCCAGTATCACTT TTCTGTCTTCGCCCGTGG

2 HiIR5 0

2.1 DNA ¥BETFEHIHEFTHEM

Wi TD FARB R 55 DUBE 2548 SR i 2 250k, WS 2848 SRRl 22 24 o L DNA
BT ik Y DTM63. DTMS58. Helitronl. Spem M1 mPing2 3X 5 /M s 1] ] -1~ % 591 2428 i
(K 2), DTM63 fig %l DYrib e ds (160 A& F G AP 35 %5 (17); DTMSS fig %503 i fithes
(26) M HIoAZ AR (27); Helitron1 fi %51 5732 FOA 0 1 T EE R BN (36) FITE N FEER % (37);
Spem FELEHIAM/RK (14) FIE AR (15) LSRR (16) FI'E 2SR B 35 5
(17); mPing2 %51t T LAUF JLALZEAS @ Fr: DR iiefs (160 Frg i\ A 25 35 5 (17D,

% i - Transposon DTM63 DTM58 Helitronl Spem mPing2
fhfh4R-5 Cultivar number 16 17 26 27 36 37 14 15 16 17 16 17 28 29 32 33 38 40

2 BEAMEFERME S DNAFET
st P 508 AR 2F AR SRR LR 1, bR H TR AR R TR) R SR B

Fig.2 Five DNA transposons that are effective in the identification of citrus bud mutants

The cultivar number indicated the corresponding bud mutants in Table 1. The arrows marked the polymorphisms between bud mutants.
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WSRO0 (28) FIZLHEHD (29), M@EMEF (32) FESPHILCAZAEM (33), DAL NIEERZEM (38) FIfs
F PR E A (40D,
22 RERHEETHTFTHRMES

MBS S B e R I G 4 S BRSO 2 AR N R ) 8% B - ——Linel . LTR-Gypsy3
LTR-Gypsy5 1 Tes2 (1# 3). Linel fE%5 ) HMMHT# (1) FHKLLFRE (10); LTR-Gypsy3 [AIFERE
UL R TR AN (38D ZLARFERE M (39) IR S FEIRE AN (40); LTR-GypsyS fe % B 4 (3)
FIHM AR S (4). F47 72-1 (8) N H M EAZEARZ2M 95-1 (9); Tes2 Re %MK HIEG AL
KLFHRE (24) FIE /DR ZEAS (25), MEAEA (32) RIS TR AR B H TC R (33). ¥R
NEHE (34) FIMITETCAZAEAT (35) I JLAL 248 fhpf.

% Transposon Linel LTR-Gypsy3 LTR-Gypsy3 Tes2

FhFH48S Cultivarnumber 1 10 38 39 40 3 4 8 9 25 24 32 33 34 35

B3 REEAMBFERME 4 PREREET
st R 5 6 I PR 2R AR S AT LR 1, B bR T AR R I (K 22 5y B

Fig. 3 Four retrotransposons that are effective in the identification of citrus bud mutants

The cultivar number indicated the corresponding bud mutants in Table 1. The arrows marked the polymorphisms between bud mutants.

2.3 FEFEHNFTmRIMEINE

B P M A AR SR 0 A PE (3R 3D, S IEREATRUES BHJCAZREATE, 2 i adh b6 A 2 Jit 35
FIX 2 AT RERE 2 B 2 ANBL R R4, 1 Spem. LTR-GypsyS. Tes2 & mPing2 iX 4 4
RS T LA RN S, PR G, feSn DN Frs D 35 SR %,
# DTM63. Spem #l mPing2; 1fj mPing2 BE%E M HR 20 DY B RE R 1) 2w Bl D5 35 5 %
MRG0 e A AR ES B TR REATE,  LA R 2T PR B IR B R R R B FR B2 Sl 4 4

24 HMEFTHIHPIFEEKIGEEF DTH3

DTH3 /2> DNA 8§68 1. DTH3 {E R 2722 it At b 2 A MEAR ey, 1 2 B 20728 i B
(42 ~50) AT Z&E (B 4), RN R 7 AE TR 2R A f rp LU RR R, T T3 2
iR 25 AR i Ff, - th m] B8 2 5 IR 28 A2 R (K 1o
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Table 3 Transposons and their effectiveness in the identification of bud mutants

B T BESE M R 2548 il T W

Transposon Bud mutants that can be distinguished Count

DTM63 WD BT AR i 35 %5 Robertson navel orange and Robertson 35 navel orange 1

Spem I fa K R A 7R L BATEAR SR s DI BE RS R JF 35 %5 Newhall navel orange and early-maturing of Newhall 2
navel orange, Robertson navel orange and Robertson 35 navel orange

LTR-Gypsy5 KRG £ 72-1 MM 95-1 2
Summer-gold navel orange and Autumn-gold navel orange, Fengjie 72-1 and Fengwan 95-1

Tes2 RETTRE RO R R LTI IR PRAL ) « 5 SEREAH FES BH G ARG ; 5 B REAFIA PG JC A% MEAT Dahong 3

sweet orange (seedy) and Dahong sweet orange (seedless) , pokan and Qianyang seedless ponkan, Luxi ponkan
and Xiangxi seedless ponkan

mPing2 BTG REAT B I5E 35 55 WERIRNZLIEAN; Tl R ARG B ANERTT s 20 PR S R B 3 R 4
Robertson navel orange and Robertson 35 navel orange, Anliu sweet orange and Hong Anliu sweet orange,
ponkan and Qianyang seedless ponkan, Red flesh Guanxi pummelo and Orange skin Guanxi pummelo

FHHER AR A B b

Bud mutants of sweet orange Bud mutants of satsuma

M23 456 7 8 911011121314151617 31181920 212223252426 27 30 28 29 42 43 44 45 46 47 48 49 50

200 bp

4 DTH3 EXEMERMH Y SHE
Fig. 4 The polymorphisms of DTH3 in different citrus cultivars
M: 100 bp marker.
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3 e

A b 38 6 1R S B AR b, T e RS0 20 A i RS 30t e Dl TRk, AT e 7 B
R EGA A HHTRGEAE TS SR A S, N AR R R AL BN AL, F W 2 AR TEVE A
R DX 4y ZFAR S A, e R R R SR AR E R 2 —, 12 ] TD AR FUA R % e 1 AE
R 2578 R b iR 2 38 P, MR 2 A8 ST — AN AF I DN o ASTRIG 70 M A 4 R R 4145 B )
FEAM b2 i 7 R (R 5 R RIS AR AN [R) 2 A b, Gl I o AT R AR R R IR 2 e, KR T L
SRR 2F A2 SR BRIC o A\ DNA B a7 rhgh it 5 Ay, MR B s e 1 gk e Y 4 AN ml DUAT 25
WG AN F I . AR (R SRARSE Z R MR IR 2 A8 A b, 3 W R % J8s 1 AT LU i
MR T2 ZF AR R, RIE TD AR — Mg A SO I MG 2828 al MK 2 ARG BoR, (EAR )
IV

MG I ZF AR A%, — ELR MR T0 P I A RORAE s o MRS AR A R b, AN TR] PR A e 1
(O3 BR BEAN ), 803 B 1) e I - ] e Dk 28 A% o ASBIE ST ) mPing2 3X AN JoE 1 RE %500 4 NAN A )
FARSRR A, DTH3 7ERME A2 2 A2 i At b 280w, #PT BN M 2 A8 AL BE v B 0 O0GTE
(R JRE -5 AT L2 AR A e T O R, B T EREERIE DA B S M 24 E, A e TR G
BR, U ST R L 1) L ACEE AR R BB 35 S 2 18], s BERE DTM63. Spem 1 mPing2 iX 3 4>
B P T HE TR, XA sy AT B AT AR S R PITHL BT R AR AR TE B T 35 5 I IR B R
TRIG T FHAA R o A7 2 2 A it A 0 7 ) B 2 20 b, fne 227 72-1 FH LR 2 ZF AR i B 2 1 95-1
T TR AL CAZ 2R AR . SR (P 2 AR 2L IS N A%, RE M S 2R AR A & () e, A 1T B2
SUERZFAR B, AE45 5 2 55 N BIAH G 2 AR PR T8 LB I 0F 9T v

B R JEAE )L A () B A %5, MG ZE PRI 41 TE (transposon element) % /& 20%5X
S RS, 2012) 0 Fe e~ v SRR A e v, i LR E 2, (EN e S0z $£/0 . Gao 45 (2009)
FIH TD BERLE ARG AR 2748 2 rh S HBOE I e 1, X424t 7 —Fi % . TD HORZ1E AFLP
FOARFEAM AR I —PBSH I 2 TR, ARERN I H X 0E 4% BT 741 (Vaetal., 1998).
%A B AU 2 FE 5 (Slotkin & Martienssen, 2007), [Klitb TD £ AR & (1 45F 5 M F1 58 e P
AT SSR AR B, AH 45 5 Fe PR ZHAR JEON % e REAT AR AR i 8, JFAE PCR T I M ik R 5, A1
B ASENE, W DTM63. TD FORFTHE AL 485 Fhnic s B, s ) A ik DR 21 b R ik oo
B o A UL, A R R R 2 AR R E K U (Yao et al., 2001; Kobayashi & Goto-
Yamamoto, 2004; Butelli etal., 2012), Xyl T TD $ARN H T 2822 i ol (1) 45 )4 SLB0R (1) AR
#¥o RFLP f R FZEIL T 70 7248, BBk, BT 3E%E: RAPD ORI ENL&
JH) 10 2 A EECER B 45, 1999), B MEALS M A£ 581 SSR M AFLP 4573 ARl B AR (Oliveira
et al., 2002; Dorji & Yapwattanaphun, 2015) 7EFHAR 278748 5 b — MOAR M = A2 2 28 1k, fE AT e
ARG AR SR 2. 5 Bk FhRid A, A4 RYIP R TD HORBEA 808 A
WG 2FAZ A, TD AR I FH 8 A R 420 242 it e 1K) 56 T FH e e 1 B BIF S 3 ARt 1 — 7 i R B i
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