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Abstract Anthocyanin is the main color substance of strawberry fruit, and leucoanthocyanidin dioxygenase
(LDOX) is a key enzyme in anthocyanin synthesis pathway. In order to explore the effect of LDOX gene on the
synthesis of anthocyanin in strawberry, the overexpression and silencing vector of the LDOX gene of ‘Falandi’
strawberry were constructed. This study successfully cloned the CDS sequence (1 152 bp) and interference
fragment (468 bp) of LDOX gene in ‘Falandi’ strawberry, and successfully used the plant expression vector

pRI101-An-EGFP and interference vector pK7GWIWG2(II) to construct overexpression vector and silencing
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vector, and we also analyzed the bioinformatics of LDOX gene sequences. After Agrobacterium-mediated
transient transformation, green fluorescent protein can be observed, indicating the overexpression vector and
silencing vector have been successfully transfected into strawberry fruit. The results of QRCR validation shows,
the expression of LDOX gene in overexpressed strawberries and silenced fruits increased by 3.7 times and
decreased by 70% comparing to the control fruits, respectively, indicating the overexpression and silence of
LDOX gene were successful. This study lays a foundation for further exploring the functional properties of LDOX
gene.
Keywords Strawberry, Anthocyanin, Overexpression and silencing, LDOX

%1% (Fragaria xananassa Duch. ))& # #0k} 5 8 2 F AR A Y, I B (. &<RE. 1R
BT RIS 773 5 SR i i R 32 AAITH # % (Manganaris et al., 2014; Giampieri et al., 2015) A A5 H F
BTG RYR, A OUER S RO ) (5, IR S s b A (Kalt et al., 1999).

MO R R BHRARRES, ZRNAUNEETE RN T AR b, Lo iR
In%A B (leucoanthocyanidin dioxygenase, LDOX)/& 4 (4 2 H AE W) & USRS AR o 1) R, MG (b (LR 3
A OB R4 (Kayesh et al., 2013; Xu et al., 2014; Z5/N2%%4 2016). Carbone Z5(2009)7EHF 7T H A AR &
B LDOX [RIE /KSR I LDOX 76 RS L M h A%, JR SOZWin . TKIRAH(2013) BT
FAER NG AN, LDOX F= B ) 2k 5 b S AR LS ) RGBTt e, 7E /NG RIS KPR, A4
R RIS e, HARIABAR S R RS h e R 1 A R RF o X /MIF 70 45 SR 22 57 7 R

TR PR AR 20 SR R, IR, LDOX B 7E R AL (A R H I & ud 2 o

PrE G E B, WAL Sy, AR IUX — 5. Abrahams 25(2003)7E B FE I ¢ h ) (o AL R
KIL LDOX J& tH TDSA JE K w1y, X AL T 2= 6 LR B 2 K 2L, Rosati %5(1999)%F bt LDOX
FEDTESE AL . fEH . (R PRk, S HAEZG R AL (L R & B2 T LDOX &
BRIIZRIEFTE. Shi 5%(2015)H] RT-PCR f& RACE $iAR 7 [ 24 K 22 ) LDOX £:[Al, el & Bl LDOX Y
FiB KPR AL b T B OAE 26 152 % .Nakamura %5(2006)3# i RNA -3 1 77 14065185 55 L DOX
HpRIE, BEHESREBRAEN A, DX Ui, LDOX R N1 (R 1 & BUs
KU OB, KA R Ry B . DN, 3640 LDOX JE IR () Th i X BF 78 525 46 6 R & sl
T A B .

AARIG N ELREAL (L3RBT 1 R, T RAT B A 5 (B R B R B R B TR R, i R 59T
ERA IR AR T O EE L ) LDOX, [ I Bl 4 € 84 50 ¢ )6 2R 1A BT 36 A (EGFP) Al qRT-PCR #3477 ik 6
Mo Fit—BARTT LDOX FE K 7E HEAE A6 0 3% 15 & AR b ) £ F S Ak 4t
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18R 540
1.1 LDOX ZEHE 75 5FF B

DA RT-PCR (X773 54 L SE A 10 B BB et ik R, H IR IR S T (6 B 7k
No ZFIAE, LDOX Z: K CDS FF 415 FH 5K /N 5 1152 bp. 468 bp, 5 HLEKEE R —B(& 1).

1 LDOX H ¥ v Beffd 1

7E: A: LDOX [ CDS J7 41 (#547™ #4; M: DL2000 DNA marker; 1: LDOX %K CDS 4= )5 41; B: LDOX 2 [A RNAi J B (4 44; M:
DL2000 DNA marker; 1: LDOX %[5 Tt F Bt

Figure 1 The PCR amplification of target fragment

Note: A: Amplification of CDS sequence of LDOX gene; M: DL2000 DNA marker; 1: The full CDS sequence of gene LDOX; B:
Amplification of RNAI fragment of LDOX gene; M: DL2000 DNA marker; 1: The interference fragment of LDOX gene

1.2 LDOX H X #4=%(E B0

FREI P AS 20 <k 224t ” BiRE LDOX & (Rl 4 fith () 2 B /R /7 41, % H 8 1 4544 S BRALPEAR AT 04T
LR, LDOX 241 /741 4wfidh 383 NG HLMR , AHXS 7> T 5204 42.86 kD, 55 Hi i1 P1 2128 5.48. Xf LDOX
HE B T REE BTN, KL LDOX I H B R4 & 40.99%F o B2 /i€ (alpha helix). 18.02%F)
FE{H5E (extended stand). 9.66%[1) B ¥ ffi(beta turn). 31.33% I TEHN 3 #H (random coil). TR LDOX X 4
MR =45 (B 2), BTG XN EABEEREN o BTG, B0 81T MeEss
t, DR B A,

2 LDOX i F i) = 4= 45 K Tl

Figure 2 Three-dimensional structure prediction of LDOX
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1.3 LDOX it FiE F A M 2

XTiERE T OeLDOX A1) T #i ik T-OeLDOX 5 3#RiA 4k pRI1101-An-EGFP HI BRI/ Sal T A1 EcoR 1
BEATXUEGEY, 23 0 ISR N B8/ e B B R v B /0 i BRI N A LB DDA s i H AR B, KO BOA DT
JE N BAR (B 3A). KRR R B B2E R R B B D) 47 B ZIA BA pRI101-An-EGFP 18 ##4) B 4 304k
pRI-OeLDOX, ¥4t KWAF i DHSa, FHIRFRL, [FREXEFY] 5 PCR 364F, MUY SN PIH 1152 bp A
Figktt, PCR RSINREY M i H B %, R Rk B @ il (K 3B).

3 Hk S AL EAA A XU B

VE: A: T-OeLDOX 5 pRI101-An-EGFP [ E§H] 52 57; M: DL10000 DNA marker; 1: T-OeLDOX EE 4 #4; 2: T-OeLDOX E 4
HAARWEEY); 3: pRI101-An-EGFP; 4: pRI101-An-EGFP X/ 1J]; B: pRI-OeLDOX 2 #44 1 0 B V) 3641F; M: DL10000 DNA
marker; 1: pRI101-An-EGFP; 2: pRI-OeLDOX H ZH#14; 3: pRI-OeLDOX 4 %44 3 g 1]

Figure 3 The double digestion of the vector and recombinant vector

Note: A: Double enzyme digestion reaction between T-OeLDOX and pRI101-An-EGFP; M: DL10000 DNA marker; 1: The
recombinant vector of T-OeLDOX; 2: The double digestion of recombinant vector of T-OeLDOX; 3: pRI101-An-EGFP; 4: The
double digestion of pRI101-An-EGFP; B: Identification of pRI-OeLDOX recombinant vectors by double enzymatic digestion; M:
DL10000 DNA marker; 1: pRI101-An-EGFP; 2: The recombinant vector of pRI-OeLDOX; 3: The double digestion of recombinant
vector pRI-OeLDOX

1.4 LDOX Fit &k

e 1547 80 H R BLS T-Vector pMD™ 19 4%, 132 T-LDOXi B A &4k, H A YIEE BamH I A1 Xho [
VXU YT) B2 87, B WA 2 /s BE, TR XU ) pENTR 1A, [BICK FrBE. Rl pENTR 1A _EAE7E 3 /> BamH |
BEUIAL RIS 1A Xho 1 BgDIAL 3, PRITTAE XA D) JE 3R DIEI T 4 A DNA B, Herp A v Bof /o 700
bp Ziti, RMm7ERIKEIHFES, 56 190 bp 7245 Fr BUE K E R EIR(E 4A; K 4B). 15 H 1EREE
FZ b pENTR 1A J5, #AG RIS BRI XURG VI 30E,  BED) S B 3 B IR D (8] 4C). TR #EAT LR
[, BPRLKE H R S ik Hik pKIGWIWG2D(I)ER:A4 i pK7-LDOXi HAH#HAk . K HAHER ccdB
A0 DHSo (A K, 1 FH0 A BE LR N A B B e 1 cedB, A1 B 44K ) LD b DHS o IR 7EMH:
MBRPUER EAEK ERATEEV)RAER, HRIEHBA S H AP EH 24 BamH [ 75, R HE
MM EH 3 A Xho I s, MR EH 14 Xho T A7 ei, #UERE Xho [ AT BB D) SAIEBE A 21
2 Xho | V), EABMAYIH 3 A DNA FrB  REAADNHIME— Lt B HIKE RS TUI(A 4D).
PCR for Ut e 4485 HAH N A R B, R W A R B
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4 T XU U] B BE 5 EEZH B U U1 i

T A: T-LDOXi B Z AR W) K ¥; M: DL10000 DNA marker; 1: T-LDOXi B4 H/4; 2: T-LDOXi HHHAXEYI; B:
pENTR 1A HIXUEFY] /2 )8 ; M: DL10000 DNA marker; 1: pENTR 1A; 2: pENTR 1A X{#]; C: pET-LDOXi FIXX B E6AE; M:
DL10000 DNA marker; 1: pET-LDOXi B4 #%; 2: pET-LDOXi 5 £H 4 i4 XE); D: pK7-LDOXi  2H 44 [ SR 1) 9641F; M:
DL15000 DNA marker; 1: pPK7GWIWG2D(II); 2: pK7GWIWG2D(I) ¥ ]; 3: pK7-LDOXi FE L AK; 2: pK7-LDOXi FE 2 # A
)

Figure 4 The double digestion of the vector and recombinant vector

Note: A: Double enzymatic digestion of T-LDOXi recombinant vector; M: DL10000 DNA marker; 1: The recombinant vector of
T-LDOXi; 2: The double digestion of recombinant vector T-LDOXi; B: Double enzyme digestion of pENTR 1A; M: DL10000 DNA
marker; 1: pENTR 1A; 2: The double digestion of pENTR 1A; C: Double enzyme digestion of pET-LDOXi; M: DL10000 DNA
marker; 1: The recombinant vector of pET-LDOXi; 2: The double digestion of recombinant vector pET-LDOXi; D: Identification of
pK7-LDOXi recombinant vector by single enzyme digestion, M: DL15000 DNA marker; 1: pK7GWIWG2D(1I); 2: The single
digestion of pK7GWIWG2D(II); 3: The recombinant vector of pK7-LDOXi; 4: The single digestion of recombinant vector
pK7-LDOXi

1.5 EGFP Kyl

AT BB EE, AT LATERE Y LDOX b 381k 15 I BR B AR ) 5% (1 4 S R 1) 4 6256 Y i
(1, UEE E R Ol AT B A 5 07 U et N AR SRS b B s LDOX i ik 5T BRE i 1 2
RS G AS (AR R ST BRI I B L AT DAY A SR B MATE AR e, T B R HE
TSR B RL B S, FH b H ) P R A R T T — 2B it 7L (] 5).

A B C
5 g RSL 1 EGFP W<
VE: Ar Bt LDOX i FRIB AR BR: RS B: BITEXT I C: Fe gt LDOX T BR 3k 1y B SR sk
Figure 5 Observation of EGFP in strawberries
Note: A: Strawberry fruit transfected by LDOX overexpression vector; B: Negative control; C: Strawberry fruit transfected by LDOX

silencing vector
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1.6 %t & PCR R

X G LDOX i 355 AT BR A 1) B g B Sz DA S 2 A IR SEEAT qPCR BaiiE KB, LDOX PRI
B Y UURBUAR B R L P IRC T 70%, FE8 Geid IR BRI R L PN 1 3.7 £, RVIRFE R 5L
RIAKFE ey, R RS T #E— B I 7.

5.0
4.0
3.0
2.0 -
1.0

ol [1 wn

Control RNAIi OE
A3

Treatment

i IS I L
Relative expression

6 LDOX ZE[A (5% ) %€ £ PCR ik
Figure 6 The qPCR verification of gene LDOX

2 vHig

FERIUER 5 PRI b 2 4 F AR 2 08 P PRI AL B, TS IE . ORI RS b, AR — 5
R ThedltE . ARIGh el 17 VA2 R LDOX KE[H, FF iy 1 B SR fi o 8 & i 2%
HEELDH LDOX HUUTER Hid b ik, itk — B U0 Ho 8 (32 H AR O S e 2 A 418

TEACHT B e Yo R SR SE M TR SE S T, AT H R e Sk AR REAT T BO BRI, iR 241 e AP T 1)
ODso0 7E 0.6~0.8 Z [BIF4T, F£H M404 K577 3E(F 20 o/L/IERE & 0.2 mol/L/ Z. Bk T & B & iF B AR 1 7k . i
TERAT 1 % FH S A 7T (Hoffmann et al., 2011; Aragiiez et al., 2013; Medina-Puche et al., 2015)3R &£ 77 A& AT
B ) ODgoo 214 0.8, FEHBCER ] MS B FRIEIUT T HBUF B G BOR s R IR(2014)FRIE HI A AT i ) ODeoo
YN 1.2 Jik, FYSBIUSR A MES Bl AT A FHAL X — D RAR G E N, MRS 5 %Y
M PR Rk SRR . R, 7 TSR P AR AR B e e 2 1, U B e AR B B R AR
J A e R , AR T AT > f— 2R

B FLHE M (LacZ). M AR LB I(CAT). SRS E A (GFP). LIt E I (RFP)SF M5
DRl T2 F 4R 75 S5 [H (Koo et al., 2007). ASiRES BT A AR 75 55 EGFP 2R B [ S (a0 e B 1, 9o
FERKET GFP, B 5 TWEMMAL. TEKR, GFP HTHFArid DA B LG, FAE% %0158
TARMREEE ‘Hawaii 4 mSRURALHCARS, 5B GFP SORTHIEFH MMM . 2= KA 5520138 ik & A 3
T GFP JE[REEAL R 2R 3R 15 TR FE R . 5252014 FIF GFP AL T AFF 1 A 5 (1% Fef 2%
5040 58 L T5 1

)
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RNA TP A I A G54 75 B0 5 301 NIl A S i) B2 B TR R RNA B [ A Je S5 e 7 — A 2K
J71%(Smith et al.,, 2000). “EEVI——iEH" VA, “EBHEFIHIL” %, Gateway FEARZME RNA FHRILH
H TR CEIESE, 2011) . ABFFUAEH] Gateway B LDOX £KI ) RNA TPk, #HAEMRME. K
R SOk TR RGBT H AR B BR ], T PUEA pKTGWIWG2D( /) &4 EGFP, B 5 Tt AT 1k
RSP -

£ T LDOX F:P 40 M RIA BRI R, PR A 453 2 i BH M B e SRS AT S — B ORI AT, 4R
FAF g N R S e R S B, (B R E AU REEIE B (B L, 8, A% RIEBUTT
S, HEIME B LDOX J PR 7E 46t 3R HARH HEAE T B4
3MRL 5 T
31K R

BIGA Ry “IEA M Fap RS, SR A WHCE BT R B A R i . RSERWOE R % 4
o] 206 5, TRARAL B R G i A7 T80 C UK A .

3.2 5|1 ¥¥eit

ARSI O VA RAEIR SN A sl B, SRS A B TP LDOXE A Bt 514 .
I3 FIAE i s 4H R JE (R 4 5 N gene32347-v1.0-hybrid.vl.1, 4K 1 152 bp, FEKEGG K NCBIJEHHEB N
To 4 3 XU AU (leucoanthocyanidin dioxygenase) o FAT T4 I T4 2 ik 258 2 A4 A IR 2 A4 (1 L DOXEE ]
Fr B il i 44 9 OeL DOXAILDOXi o fEAE I RIAHARIS , 735l fELDOXHE H| L T i i LA VA i Sal T A
EcoR 1 ; FEMJ T PLE AN, 70 7EFE R B F 30 LB U4z siBamH I fiXho I . JyfRIEFR LB 4A
pRI101-An-EGFP FEGFPIERIL, TEW TSI bR P o 4B+ FEIFAT %O E EPCRIR NI, LA
GAPDH (J:[A% 3% 5 XM_004309993. 2)fF N S 3 [H, 735l 11 LDOX 5 GAPDHIqPCR I #5146 Al

WA A T AT S K.
R 1 LDOXZR AR Z J ¢ Y 7€ SEPCRIGIE T H 51 #1771

Table 1 Primer sequence for LDOX vector construction and qPCR Verification

ElEZEAY S 5I(5-3")

Primer Primer sequence (5'-3")

OelLDOX-F GTCGACATGGTGACTGCTGCATCCGT
OeLDOX-R GAATTCATTAGTTGAGATGAGAGCAGCTTCT
LDOXi-F GGATCCCACTTGGCTTGGGATTAG

LDOXi-R CTCGAGTGAACAGTTTGTGCTGGAT
LDOX-qPCR-F GCTCGTCAACAAGGAGAAGG

LDOX-gPCR-R TGTGCTGGATATGCTCGAAG

GAPDH-qPCR-F CCCATGTTCGTTGTTGGTGT

GAPDH-gqPCR-R AGTGCACGGTGGTCATAAGA
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3.3 HIERE M 5 5T

TR HLAE R SE ) RNA, Al H 50 & R 47 J5 Sfe 5k 9 cDNA, Ff LA cDNA JBURY 3 H 2K B [
i LA Pfu i & Taq B 38 B 6 B, WP B0 54 Taq By 343 2000 K BOEE: T HARUMET R — B E
SN KR ek E AR, Pfu i PCR 4644: 95°C 3 min; 95°C 155, 58°C 15s, 72°C 695, 30 cycles;
72°C 5min; Taq @ PCR 4f4: 94°C 5min; 94°C 30s, 58°C 30s, 72°C 695, 30cycles; 72°C 5 min.
PR YUER AR, W L AE ) [R] % 28 s. Pfufif PCR /A &: JCHi/K 11 pL, 10xPfu Buffer 4 uL, LR
51%1%% 1 uL, A 1 pL, dNTP 1.6 L, Pfufi§ 0.4 L. Taq ## PCR A %&: JH/K 13.3 uL, 10xEx Taq Buffer
2uL, ER5I4% 1L, B 1 uL, dNTP 1.6 uL, Ex TaqO.1 pL. #3458 6)a SO R B 19 B, #4518
WO Bk B4 T AR, FEE NPS W, ExPASy M. Phyre2 P3G X LDOX FE K W15 82415 B
BEATEL T o
3.4 I RIE R UUBRER AR H 2

Tk AR BARNE e (Bl U)—— ) B I L R v B OeLDOX 4% T #iA K4 Bl T-OeLDOX
HBAR, ABUEF N DHSa, fE20N T 5 3R PUMEARC_L IR0t B % s 9% )Rk 47 PCR B0, fhifg HAHA. H Sal
[ F1 EcoR I A YIEEX Y] T-OeLDOX, [FIS/INFy B [AII) XU YR 1A 4 A& pRI101-An-EGFP, [RISCR F B .
i T4 DNA &M T 16 Cid BOERE A 1Y Be 5 R IL K, FA KRBT, R R 85 21 08 R s b
i BORLHFEXUAE Y] 5 PCR BRIk

DUBRE AR (Gateway FA): K EIWEIR LDOXI FBodk T #E ik T-LDOXi EAHH A&, HiK
AT B AT B 7% PCR B00E. HEEmRiFH BamH I 1 Xho I 7EXUEGFD) R BRI/ B, RIS REN T T30k
PENTR 1A WEGVIECK B, H T4 DNA EHFGESAR RN B p pET-LDOXi, #Ab KT . e
PET-LDOXi B4 A5 5 H %4 pkTGWMWG2D( //)#E4T LR [ i, Ak DHSa, T W8 K HiEmR Lo
WEPATER %, JFREAT PCR SREUIRALE
3.5 RITE KB # 4 5 GFP K 2RO

BRI 1S RIB ARG TR RFT B GV3101, FRRH E R 2 5 PR B & RE B 35 9%, LB
B FREERIMA 50 mg/L 1R IR &= (T IREBAB W ER). 25 mg/L IFIAEFLL K& 50 mg/L MR ER,
180 r/min. 28 CH % i B 577 % ODgoo M 0.6~0.8. JiF 5 000 r/min B0 6 min, 72 [id, F M404 B2 56 (&
20g/L BERE S 0.2 mol/L LM T A ) 78 73 S AR o e Y RS RN I B RS AT 1 mL T iR 5 4% e R
MBS A BRI AT BV, VES BT 10 d SRR R R S, JF T AR E A O B SZX16 T
M5 EGFP, 4556 55 2H 3 {4 1157 BBl e Je s A SR S
3.6 qQRT-PCR WiFEFFREE

MR ) LDOX PRIk 23k YiBR Ao R SR 4R BUEL RNA, JF sy cDNA. Lt 2
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2% Takara 22 ) SYBR®premix Ex TaqTMII(TIli RNaseH Plus)iji B 17 25 7% qPCR & M: Hold: 95°C, 30
s: 40 cycles: 95°C, 5s; 60°C, 30s. LA%iZE GAPDH HFENN S, DA% (A A3 5L s it 35k R g ik B Ayt
M, IR 27 B LDOX JE R A ik

A pRI101-An-EGFP: MCS ] tNOS — 0elDOX (1152bp) [—

Sal T & EooR. 1 BB
Sal 1 & EcoR. 1 digestion

T4 DNA 4508
T4 DNA Ligase
PRI-OeLDOX: MCS! | oelDOY | Mcs2 [ tNOS
B pENTR 1A: | a1 | MCS1| Cwr | ccdB | MCS2 | al) | — LDOXi(468bp) [—
pK7GWIWG2D(ID): BamH 1 & Xho 1 Ba11
FET BamH 1 & Yho ] digestion
Rl | cedB | B2 |4 Inwon TiDNA BEE
Cor T4 DNA Ligase pET-LDOXi:
208 - a1 | cca | amy | intron a1 | MCSU | LDOXi | MCS2'| a2
| M&EF |
LR fafi
LE. reaction Sll=4n:
pEI-LDOX:: | M&EF | Ey-product:
atBl | MCSI® | LDOXi | MCSY' | atB2 | Intron Pl | cedB | a2
Cmr
NOS H aBl | MCS!' | IDOXi | MCSY' | auB2 [ introm
M&F
B 7 S ERE

T A I RIAEAE; B: TR
Figure 7 The construction of overexpression vector and RNAi vector

Note: A: The construction of overexpression vector; B: The construction of RNAi vector

3 Tk

rEm AT LR SIS AT N, IR B8 i, WICHIREI S, Zmbk. RIS 5 seia it
WL Rt B B2RIHE K EE LTI, f8eLiit, fdaodr, B3X5F58%. 2k
0 B 132 - R T e A ) SR

340
AHIE 5 EH B 55 R 5T R R 1T R0 E (4001-3111300901) % B .
SR
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