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Abstract: [ObjectivelCloning and functional verification of a new crucial regulator gene in strawberry
auxin biosynthesis.[Methods]The FaYUC!] for fruit enlargement was isolated from the ‘Jiuxiang’ cul-
tivated strawberry (Fragariaxananassa ‘Jiuxiang”) by using RT-PCR (reverse transcription PCR), and
then the function of FaYUCI! in strawberry fruit was analyzed by VIGS (virus-induced gene silencing)
technology to complete our investigation. The total RNA of the strawberry fruit was extracted by CTAB
(Hexadecyl trimethyl ammonium Bromide). Specific primers were designed according to the homolo-
gous gene sequences of F. vesca for PCR amplification. After the PCR products were verified by se-
quencing, they were then compared with the YUC gene family members, and according to the compari-
son results, specific areas were selected close to the 57 end of FaYUCI1 to design the interference prim-
ers, using the plasmid with FaYUC]1 full-sequence as the template for amplification. Then the products
were integrated into the virus RNA plasmid pTRV2, in order to obtain a pTRV2-dYUC1! virus induced
gene silencing carrier. The infection vector pTRV2-dYUC!I was constructed and transformed into the
Agrobacterium strain GV3101. The resultant Agrobacterium was microinjected into the strawberry fruit
to induce gene silencing. 34 days after infection, an analysis was done of each index of the virus in-
duced gene silencing strawberries. The expression of FaYUC1I was analyzed using qRT-PCR (Quantita-
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tive Real-time PCR), the content of the free IAA in the strawberry achenes (seeds) was detected by GC-
MS, and the phenotypic changes of the strawberry fruits infected by pTRV2-YUC!I were analyzed, and
then compared with the percentage increase of the longitudinal and traverse diameters of the strawberry
fruits. [Results]Compared with wild type strawberry fruits, the expression of fruits with the treatment
of the pTRV2 empty vector was 1.13, while the expression of fruits with the pTRV2-YUCI11 infection
were 0.18 and 0.44. The results of qRT-PCR showed that, the FaYUC1I decreased in transcript accumu-
lation levels with different degrees in the strawberry fruits infected with pTRV2-YUC!1. The content of
the free IAA in the strawberry achenes (seeds) was detected by GC-MS, the results showed that, com-
pared with the group that were treated with the pTRV2 empty vector (515.2 ng- g''), it significantly de-
creased in the fruits infected by pTRV2-YUCII (64.86 ng- g, 307.19 ng- g'"), which indicated that Fa-
YUCII is a significant regulator for IAA accumulation. Phenotypic change analysis of the strawberry
fruits at 34 days after infection showed that there were mildly sunken at the top of the fruits that were
treated with pTRV2 empty vector, but it did not affect fruit enlargement and its morphology, while the
fruits infected by pTRV2-YUC!1 were significantly suppressed, with some of the fruits enlargement of
inhibition being minor (RiYUC11-3), but part of the fruits were severely inhibited (RiYUC11-2), with
little change showing after 34 days growth, with some still being in the small green fruit stage. Further-
more, by analyzing the percentage increase of longitudinal and traverse diameters of the strawberry
fruits found, compared with the wild type fruits, there was a significant decrease in the fruits infected by
pTRV2-YUCII. This indicates that FaYUC1I regulates the increase of longitudinal and traverse diame-
ters of strawberry fruits. [Conclusion] The lack of FaYUCII led to free IAA content in strawberry
achenes (seeds) and the percentage increase of the longitudinal and traverse diameters of strawberry
fruits were reduced, and at the same time, this influenced the fruit enlargement and normal growth. It in-
dicated that FaYUCI1 plays a significantly important role in the regulation of strawberry fruit size. This
provides good application prospects in the regulatory functions of strawberry fruit size and has great sig-
nificance in the development of molecular markers for functional SNP and large strawberry fruit breed-
ing.
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DNA &0 B X EEMHEAREFRA A
A 5w B3 pUCT]-T T H _Rifg 4 TAY TREA R A
Al s BRGIPE D) B OROE R A R AR
GV3101- 0 % g 24955 %5 4044 pTRV1 A1 pTRV2 H I8
K2R T SR I . PCR 5190 B A T A
THRARAFEGHRGEED.
1.2 753k
12.1 ¥ZRNA®IRI A CDNA % 1 894 % K
e R CTAB VAR HU A A B R S 1 RNA,
1% () B G A &L HL VK 45 & Nanodrop 2000(Thermo
Scientific, Wilmington, USA) & #ll] RNA ] i & Flik
& REFESERTHCNT RNA 1) DNA BT AL, Wik A
A% :RNA 6 uL, 10xbuffer 1 uL, DNase [ 1 pulL,

1 REFAS

Table 1 Primers used in the test

5194 Primer name  5147/741(5”-3") Primer sequences(5’~3")

18S-F ACCGTTGATTCGCACAATTGGTCATCG
18S-R TACTGCGGGTCGGCAATCGGACG
FaYUCI11-F AAAATGGAGAACAATGTGTTTGGGA

FaYUCII-R GGACTAGACCTCTCTTGCAGCAT
FaYUCI11-Ri-F TTCTGCTCTCTGCCGATGAT
FaYUCII-Ri-R CTCCAGTCGCAATTACCAAG
FaYUCI1I-RT-F GGAAAGGTGAAAAGGGCGT
FaYUCII-RT-R GACCTCTCTTGCAGCATTAC

FaYUC3-RT-F AGATGTGTTGGTTGTCGGATCAG
FaYUC3-RT-R GGGCTTGACCATTGTGTTCCTT
FaYUC4-RT-F CCACGCTTCTGAGTACAAGTCTG
FaYUC4-RT-R CAATGCTGCCGAGTATCAACCA
FaYUC5-RT-F AGAGTTGCCTGGAATAGAGACCT
FaYUC5-RT-R TACCATCCCAAGCCGAACAAGT
FaYUC6-RT-F CCGTCTCCACCTTCACCTTCA
FaYUC6-RT-R TCATTGTTCATCGCCTTCACCAC
FaYUC7-RT-F CTGAACCGCCTCAATATCTCCAA
FaYUC7-RT-R TGACAAGGACACACCATTTACCC
FaYUCI10-RT-F TGGCTTGCTGACAAGATATTGCT
FaYUCI0-RT-R TGAAGGAACATTGCTGCGATACC
TRV2-F TTACGACGAACCAAGGGAGTACTAC
TRV2-R AGTCACAATTAGCCCTATTTAGATGT

RNase Inhibitor 0.5 pL, RNase free water 2.5 pL.
37 ‘CJ¥:30 min, 65 C M 10 mine S 5ERUGLE |
IR AR 2 W\ ANTP Al Oligo-dT 4% 2 pL, M-MLV 1
uL, 5xbuffer 8 uL, RNase free water £k & /& 7 %2 40
nL, ¥E%57,42 C 3% 60 min, 65 ‘C <V 10 min. —20 C
TA7EH o

122 FaYUCIHH 2K AR 2 5%5 % ZHAE
WA AR B BE DR 20 7 4145 2. AR 3R A5 R R
FEEFHME R, Wi PCR 514« iF 1 51 Fa-
YUC1IF M 519 FaYUCIIR (£1). PCR 41
K Z A :cDNA 2 pl, 10xbuffer 5 pL, dANTP (2.5
mmol L) 2 uL, H R E Tug B 0.5 uL , b RS54
(10 pm ol L™ 1 pL, ddH 0 M E KA ZE 50 ul, 7
IYiR%). PCR RMFERF:94 C 2min, 94 C 30 s,
58 °C 30 5,72 C 2 m in, 30 RAGFR , 72 ‘C L& IEAH 10
min, 4 ‘CLRAF. PCR =4 i 4lifh f5 3% 45 v 1 3|
pU Cm -T #fk b, 4= WA KA B D H 5a, #k
H B 5 B ) P 36 IE

123 FaYUC KA B & XA X o4 EHA
BB G AR S A RS, AR R
ST P B CRE O ) 20 5 ORI PR R )
58, 7 B R d T AR R . il e s
RT-PCR 4 #T FaYUC Z2 1t 5 R (1) 2R 15 45 50 (51 9 L
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124 mAEHFABRRKVIGS) &Ry HE &
D %55 v B DD, AR AH " BEAEY U C SRR
TR HI L &5 R, e BUSE T 57 i 1) 5k IR RS e (X
Wit T 51 ¥ FaYUCIIR iF 1 FaYUCIIR iR (£
Do DLATIRTGHE 7 45 K 6 PR 1) R R AR, 1 T
WOlYIEAT PCR 91, #3145 0 BE DX v B e v
FpUCm -T #fk b, SR & H FaYUCIT B [K v Bt
B pUCm T KL Pst 1 Al Bamt 1 XUV, 8 i 14
B 2HR R DN Fr Bk N AR [ 20 & il 170 9 1Y) pB SK -
in# ik . 25, BIXH Pst 1 flSal 1 BV EA Fa-
YUCTI HE PR Fr BRI pU Cm -T UKL, K1) F (R R
BB A A EL AL 3N F Nsi 1 A1 Sal T 26PE4011)
A 1A HAREE K 7 B pB SK —in 84k, &% )5 15
B EH 24 FaYUCT1 55K v B ¥ =1 20 5 v pB SK —in—
dY UC 11, Hdr 24~y yuct 2B By A e, Bop
B 1AW A TRRIT. &3t 2 YAk 4 5 41 5 7% 3
pB SK —in # AR 1 N & F 17 51 W o, B 5 48 Kpn 1 Al
Sac 1 MG Y) B4 i 8 RN A 2 J5U R pTRV 2, 15 3
pTRV 2-dYUCI1 5 8 15 5 5= R T BR A

125 VIGS ¥ & 693k F HEIUAF HE/NER
R . BEH BEARERVIGS Rk # 4 DL &=
pTRV 1 M pTRV 2 84K GV 3101 AR AT B 43 Al T
EH0mg L' Kan10mg L' Riff150mg L' Gen
)5 mL YEP }5 55, 28 Cid i 5%, B H %18
1:50 I ELEep 75 34597 2L (YEP, &7F 10 mmol- L'
MES.20 umol<€"AS.50mg €. " Kan.10m g €' R if
MB50mg L Gen)rr, 28 CHEEH EREIOD Ny
0.670.8),5 000 rm in" 250> 10 m in, YW HE K. FH
fRY G h (10 mm ol L' M ES. 100 um ol L' AS.
10mmol L' M gCL)HE 2 EA, T EHOD H N
1.271.5,28 CHtE 3 h e FH PR A R, AR5
¥ & 4 pTRV1 [ GV3101 B W 5 & & pTRV2-
dYUCII K1 GV 3101 R AAFALL 9 1 1R A, 48
TR S 7 VA TR A B BN SR ST N, 455 1) 30
BRiR 25728 °C, SRR 8 A AUz G

12.6 VIGS ¥H65%5 = 4 A $EHCE A4 BF0 i3 5t
995 B JRL UG 25 B AR L K A FaYUCTT s 55 S DU ER
AR FAE RSB RN A, R HBENL G AT I %
A cDNA. 2% Jia 552 0 5 A 22055 B RNA2 F
5 51%) TRV2-F A1 TRV2-R (& D347 RT-PCR X .,
YER TR R YA RS . PCR AT MMk

.

1.2.7 pTRV2-YUCII A BB LR o547 EHIU A
R /NGR (BEAR 10~12 mm) RE& AR 4 100
ul & pTRV2-YUCII 5 R JUER #4411 GV3101 &
FFBTR A B R I v A 2% e 1) 7 sy N B B IR
S, Ab TR 34 d S R B AR G I A SR SR B A A
75 B I B RS AT e A b 1 — i
E RLMEAT, I TT 55 i B AR AT B A 2R S
RN HEAT LU B RSl 1 G RO I TAA
T EZE GC-MSEIGE , M ER ) 71
AEFREE SIS SN E « M pTRV2-YUC 1 2 [H
DU R JESL )50, AT BRf FaYUC11 BE R (E
BRSO B R R

2 ER55H

2.1 EE FaYUCII &K EFAFFIRIKE

DABT AR B A A HEAE IR 52 cDNA AR , AR 45
AR ARE R [ YRR R P 21 % vk 51 4, AT PCR 9™
1Ky 48 P ) T B B pUCM-T 34k L, 225 1 7%
PCR. JF R B U] % 5E Ji5 » 3% g4 R SE R 2, A1
DNAMAN #4557 45 SR EAT HEAfR A . S 4
BE, BRI TR S FaYUCH %= K- DNA 51, %
ZF A CAR A % GenBank (& 3% 5 : 1X417083.1)
2.2 YUCCA ERFHURE

FIFH MEGA 5 8565 9 AN 35 B % YUCCA %=
R K W 9 B A2 5% YUCCA BRI 5 11 AN LR
IF YUCCA BRI K5 Bt 5 th (1 2 B R 7 B 1k 47 4%
BT M B (B 1D o BRI (8 7 R s 3 A
IIAE R — A SRR R, A A R e )
I FE R T/ B AT BE SR BL. Mtk B rT &
XL YUCCA HE R B0 Wi Kk, 1% B X oy
TR AR b B YUCCA 2 R 5 AR i3
B )& AN B #E 3 A, HoR FaYUCH 5
FvYUCII R ALEE A 100% , H. 5 805 IF 4¢YUCI0
A I RHABUEE
23 FaYUCKIEEFEFEER D

N T WIH FaYUCT] % IRITE B¢ v (AR 34 Rk
BRAL, 3z 2 58 B RT-PCR %3 ¥ FaYUC K Ji 3L R ()
TR AFIE (B 2) o FaYUCS3 1 i 3 5 52 () i1
Rk, A KB G AN RIA s FaYUCY {E 5%
FFhFRILEFC 387G R IE , T 7E A B s R
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Fig. 1 Phylogenetic tree of plant YUCCA
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B T A 2 A FaYUCTT &R Fr B i 2 28 5 ki pBSK-
in-dYUCII, Hrp 24 YUCTT #E I 7 By T #f I, H.
R LA NS T AT, dE— P Kpn T
Sac 1 XK V) pBSK-in-dYUCII 41 i ki , ¥ Fa-
YUCTI FE IR v BRI B Iv) S 23 ) o e 2 MR 2 i 20
B pTRV2 [ 2x35S J& 3 ¥ J5 o 55 CP &1 1 1 i, 3k
3 pTRV2-dYUC11 SR T ER AR (] 3)
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GR. Green fruit pulp; WR. White fruit pulp; TR. White and red fruit pulp; RR. Red fruit pulp; GA. Green fruit seeds; WA. White fruit seeds; TA.
White and red fruit seeds; RA. Red fruit seeds; M. Receptacle of mature flower (without seeds).

2 YUCCA EREEFEMARIHHFEE RT-PCR FTEDH
Fig. 2 Semi-quantitative RT-PCR analysis of YUCCA transcript level in different fruit stages from strawberry
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Fig. 3 The construction of pTRV2-dYUC11I recombinant
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51 P 34T RT-PCR 4 48 , F 4 38 7= ¥ 3F 47 oL 3K 4G
Mo S5 R, Wi 8 SR AR EAR A FaYUC (7) 5 41955
BEER R AR G 1 R LS Re 1 HA O R S A
AR B RE R ek B 1% (B4 . T
I A ST, BB G B IR e T B RS

M 1 2 3

500 bp
250 bp

M. DL2000 Marker; 1. % 4= B0 B A B R 55 2. A3 B AR SE R 7
B ) TRV RATHEVEN IR RS 3. RiYUCLHT B bRk R UTER E Ak
BRATHEE N I R

M. DL2000 Marker; 1. Wild type fruit; 2. The fruit with treatment of
pTRV2 empty vector; 3. The fruit with treatment of RiYUC!! infection.

B4 EERIHREREHBEHRMN
Fig. 4 The detection of TRV in strawberry fruits
2.6 qRT-PCR#&M VIGS R
AT DRI 5 T AR R TR R B %
it FaYUCIL 5 5 51905 5 1E 17 51 %) FaYUC11-RT-F
MBI 514 FaYUC1I-RT-R (& 1), 3 i 52} 58l 5

CK1 RiYUCII-2

# RT-PCR H{ARAE 43 17K P BRI SR SEH FaYUCTI
FEH VTR AR . a5 SRR, UAEAT ] kb3 1 2R
SEH FaYUCTI ERIE &N 1, 1F A3 5 pTRV2 25 %
A AL B R SR SR IA BN 113 (CK D, 17 55 R T B SR
SEH FaYUCTH B 3RIE 8453 718 0.18 10,44 (14 5),
Wi W FH EL T AN O ] A B B33 v 525 T 0 B o bt
AT B8 SRS, TR B FaYUC L B 515 S
DUER R AR AT B (1) RS2 FaYUCTT 5 R 55 72 )
FRACE KA T AFFREE R T R

14
1.2 +
1.0 +

0.8 r
0.6 -

0.4 | ’{—‘
0.2 +
0.0 Ij
CKl1 RiYUCII-2  RiYUCII-3
IR ) Storage time/d

CK1. pTRV2 =¥ # 1A &b 2 g X} J& 41 5 RiYUCII-2. RiYUCII-3.
pTRV2-YUC!I {244t 3 . R,

CKI1. The control group with treatment of pTRV2 empty vector; Ri-

YUCI11-2, RiYUCII-3. The fruits with pTRV2- YUC!! infection. The

same below.

BEls EHRI FaYUCIH EEH) qRT-PCR 534

Fig. 5 Quantitative RT-PCR analysis of the
FaYUCI11 gene in strawberry fruits
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FEATEAS o TV SF 2 2EL 5 75 AR A AT AT ) s R S
i K W 5 32 4], EL v 0 SRS K P B2 R 4
HCBUR T (RIYUCTI-3) , T 3 43 SR S ) 32 3] 77 56 41)
il (RIYUCII-2), 223 1 A H AR L3 224E,
TIIRAE T/ R B (B 6)

AN R IE R
Relative expression

RiYUC11-3

Bl 6 FRBHIAE pTRV2-YUCI] RREEERS 34d FERAEMTWK
Fig. 6 Phenotypic changes of strawberry fruits after 34 days post infection by pTRV2-YUC11
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Fig. 7 Increase of longitudinal and traverse diameter of

strawberry fruits

N T B FaYUCTT ZE R0 ER I 72 75 %) B 2R
SEHAE KRS EM R AR, 12 H GC-MS %44
I %of 5 5 B 175 6 DRI R 1) o SR S (O
FOHTHIAA & &, 4557 EW, 5 A pTRV2 T #ifk
A FRZH AR EE 0 #55 § FaYUC LT TER 1) 5%
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