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Abstract: Fragaria X ananassa ‘Yuexin’ is a new strawberry cultivar selected by our group. The
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stem apex. The results showed that there were no significant differences between Yuexin and its mutant in
plant morphology, onset of blooming and fruit, onset of fruit ripening, average fruit weight and plant
yield, fruit shape and fruit flavor, etc. However, compared with Yuexin, the pricarp of its mutant was
brighter with higher L" and lower a’, greater H and less CIRG index, and the mutant had colorless pulp.
The total content of anthocyanin in the mutant was only 13.2% of Yuexin, of which the largest difference
was the content of geranium-3-O-glucoside (Pg3G), the content of Pg3G in the mutant was only 12.9% of
Yuexin. The expression levels of the structural genes FaF3H, FaCHS, FaDFR, FaANS, FaCHI and Fa3GT
involved in the anthocyanin synthesis pathway were significantly reduced in the mutant fruit, indicating
the possible direct factors that resulting in the lower levels of anthocyanin in the mutant. The expression
levels of the transcription factors FaMYBI10 and FaMYBI in Yuexin mutant were decreased significantly,
and the eigenvector absolute values of FaMYBI0 in several principal components were significantly higher
than other factors, which further proved that MYBI0 was one of the main regulating factors involved in
flavonoids/phenylpropanoids of anthocyanin pathway during strawberry maturation. KASP analysis using
leaf genomic DNA showed that there was no genotype differentiation between Yuexin and its mutant based
on 74 primer pairs amplification. The results in this study confirmed that the Yuexin mutant was
genetically stable, and the mutation caused the significant decrease in the expression of key genes involved
in the regulation of anthocyanin synthesis, resulting in decreasing of anthocyanin accumulation and
reducing fruit coloration.

Keywords: strawberry; tissue culture; somaclonal mutation; anthocyanin; fruit quality

%% (Fragaria * ananassa) HEr-HRHASFRMATE R CL 2N E&E, 2017) .
A2 A 3 A 5 H 36 R R Armin C. Braun T 1959 SEEMH B B R B, 5 & B2 R 4 20 £
AR RS S (Bairu etal., 2011) o B F0RIL, 7EFLARZH 5 I AR b BOAE AN FRR IR 5 S A0 2R,
Mo RARIMAR 5, MHCOVHER R R (BER &5, 2001; KT 4, 2006: #HMIH] %, 2010;
Bairu et al., 2011; Neelakandan & Wang, 2012; #IMY 2%, 2016) . HEEARFEA MmN, A1
SERRMRAE Z, G E R S RE SR A (Krishna etal., 2016) .

SRR R AR R IR AR 2, A MEARZRAL, KR A KT RIR R SR L. 4640
(RO EL S, ZHE5 S = AR I N CEALEE o] B 5 e ik S i L 3 BE T TG A 55 0% (Boxws et al., 2000) o
RGN AR i i SR RS A ARk, Nt FERRALR. BSAREE . RN T MR A AR A8
FEREVERIR e i, AT S DI ARG &R, AN S B BB it 2% . shfaWIsE (20100
TR, FAEHBE 2 33 DNA IR N, FIEABAR A R L2 A 3, fEHE]
TR B AC A RO IR m T, SR AR B S5 55T DNA AR /KPR
A S 2 (B B —E et . BMEEE (2012) BT ‘EF SR ARRDA S AR KA
FRFEF T, ORI W RARI R AL A Rm T S EOONE RN 13.7%, Mol S =5
mTEAER, MRV S E RS, FAMREENN, EERECEREE TR A YR E .

2015 FEARIRARAAAE 0y BAE ZEREGIARRE IR A 2 AL PR AR AR R I | AN SRS A8 vk
AR, ZHEZ R MELERIGEE, EERKHS. BN 8. R RSN G0y 5
K5, (BRI S R T A %, RRAE G KRR T 80y R ARERIERS.
YGRS AT H M 2 5, B 58 4P 2547 25 R R 57 7% PCR £ K (Semagn et al., 2014),
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B KASP (KompetitiveAllele-Specific PCR) H#H47 | 7 FAEW2E/K PR R, DA N B R ks J s A%
BRI 2 B .

IR

1.1 XXM R R ESZAYERERAE

R ERE N GARAR I FIAE T WL A A R B A E R AR A . 58T 2018—2019
BT, 2018 SERKEREHL . FFRIABHE B A8 1 50 Bk T 2018 £ERK A —2019 EF ATV
BERITE A F bR AL IR R A F G BT - 80 CBMIRUKAE - 17, Fl T [K 41 DNA
PR, REMARL (KEREL 35d, REFEHLL LM te) HTFAH SRR ERE
KoM, RREEA RIS s, —H LB E R R . B, RS, HAREMREY.
WEAEEET - 80 CHULEIKF A, FT HARIBFE 7.
1.2 BERFNERITE

4 Hshill 21+ (ADCI-60-C, db50) X sk fT a2 5E, 3T CIELab Bith R 453t
TEEEDN . I R B S AR IE AL BN 4 DNASFEDT AT E , SEBUR R = E
(L) . 48E%E (d) « WHEGZE ) H, BRENESHE, BREREKARLTTT, —50H
=, MSEROEER LT o M B E. MIE LRGSR Carrefio 28 (1995) W5 EHEAEM (H) .
A (C) . Pt (CIRG) o HFFhALFRIIE 20 S Fs2,
1.3 #EHSENESH

FIRE AT BE SO R, B 1 g MR, TN 5 mL 0.05%0) Eh— W EE i, BT 4 CEBREEMHT
#HL12h, 120001 - min™ 250 10 min, W BB UOUET FEIA 5 mL 0.05%1) 3 — F R 15 R
4 CHEHL6h, GHPIR B WER LEBRH 022 um A HUESHTENE, K30 CET, Kl
A 1 mL 1 mmol - L™ $hF— R IEAR S, 28 0.22 pm AL IERE I 38 J5 EAT 4675 1 & & HPLC &l (F
% %, 2017) o

14 RIBPRESRAS T

S [ A& ' (Total soluble solids, TSS) K FHF #1761 ATAGO N-50E (ATAGO,
HAD HEATIE . KA BRI 2 T il R (TA) SENE; PLERER (27488 0.067 2)
BEAT AT E PR B BT H L AR B EROE 3 K. REALERIN 10 AMIRSE . RSIHELH Sk H m RGO i
% (HPLC) #l%E (Qinetal., 2013) .

1.5 2 RNA RBEERRIEEESH

FSE RNA SRR I CTAB J773ETHH (Chang etal., 1993) , KllFAF&2ER)E, B 1 g
S5 RNA #4715 & Quantitative Real-time PCR (qRT-PCR, PrimeScript RT reagent Kit Perfect Real
Time, TaKaRa) . FrfH3I¥IWE 1, WS I18SrRNA. RIVEE 3 IKAEMFEL
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Table 1 Primers used in this study

o ERmE (5-39 g (5-39
# 4 Name Forward primer sequence Reverse primer sequence
CHS (#/KHEd& Rl Chalcone synthase 1-like) GGCTCACCGTCGAGACCG GGAGAAGATCACTCGAATCA
CHI (¥ /R 3% ¢ i 5 #4 Chalcone-flavonone GCCGGAAATGGGAAAGTG GCTCAGTTTCATGCCTTGAC
isomerase 1)
F3H (3l - 3 - #2/LEF Flavanone CCCTAAGGTGGCCTACAACCAAT CTTCTTGCAAATCTCAGCGC
3-hydroxylase)
DFR ( & ¥ iRL 5 5 Dihydroflavonol CACGATTCACGACATTGCGAAATT GAACTCAAACCCCATCTCTTTCAGCTT
4-reductase)
ANS (f£{5% 4 Bl Anthocyanidin synthase) GAAGTGCGTACCCAACTCCATCGT ACCTTCTCCTTGTTGACGAGCCC
3GT (K - 3 - O - Wik Hl L i CCTGGCGCATGGTTCAGT CGAGTTCCAACCGCAATGT
UDP glucose: flavonoid-3-O-glucosyltransferase)
MYBIO AGACGGCTTCATACGCAAAGA ATGAAGGTTCGTGGTCGAGG
MYBI GGTCTCATCAGCCGATTCTG GCAACTTGAGGATCAGCCAT
18S rRNA (FaRIB413) ACCGTTGATTCGCACAATTGGTCATCG TACTGCGGGTCGGCAATCGGACG

1.6 BN EBRREASN

K UMI FRic B HEAT FESERE St i 40t 58 2% s 27 (UMI-RNA-Seq)  (Shiroguchi et al.,
2012) , MF K PE15S0 (Illumina HiSeq 4000, HUMIEE) I AEMEARBB AR AT o RFMF R
EEE )5 AT IE E 5 19 2] valid data, ¥ valid data LEXSBIARYFI IS5 R A L, R H IR A E
S UMI R8T 45 R 22 B 5 RE, RIS BIFE AT BN 3R 0E 8 B i, BNk F R R
FPKM (Fragments Per Kilobase Million) J7iEFATARHEMALER . &E 3 MEWFEL .

1.7 KASP #rig#in

KH CTAB VEFREUFLZAEM: Fy ZE (A2 DNA . A UR B AH A ST 6 1) KASP Fnic AT 25 (K] 73 Y
Flll. PCR Nk 224 KASP Master mix 5 uL, KASP Primer mix 0.14 pL, #&f DNA 5 pL (20
ng - pL ™). PCR RN 1% 94 ‘C 15min; 94 'C 20s, 61 ~55 ‘C 60s, 10 4 Touch Down
TER (REMERBRAK 0.6 “C): 2% 94 C 20s, 55 C 60s, 26 MEFF. {852 6L ML
Kl PCR 724, 83 SNP Viewer B2 BRI 4040 -

1.8 HIEGIT A

i1t MK F SPSS 22.0 #H47 . SRH ¢ W IEHEAT 2 5 B YRR S o 6 R 3R IR 18 1) 3 14
TR SPSS 22.0 B FE4E—A 1 AT DRt AT o

2 RS0

21 e BEESHERTMERTES RIRALLR

ERESHELSR (R 2) SR, FEEMFZE TR el Fa A5 RAR R 1T 2k
s A B L AR TR TEP R B R E R, HANU KK IA B YR
AR, POMEHRIEIIAE 10 A 19, 20 H, RSURPMIE 11 A T, RIEKFRIALA35 d, T
WEZES. BRI LR, “ERIBLONE R, MREEA B B RN, Bl 5
HRAZRIIRNE . TR G S R AR, FETERIEYIAE IR & RN R thARIB R 82K
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Table 2 Comparison of plant and phenophase characters between Yuexin and Yuexin mutant

91T

LI S ol

FHtk i /om HEIS K /em W1 WM Pt SRR R/
1kt cm . ;
. Average plant Average number Inflorescence Oneset of Onset of Yield per Average fruit
Material . Leaf length x . . . .
height dth of flowers in the first stem length blooming ripening plant weight
wi
inflorescence
R 20.3 8.6 x7.7 14.0 23.0 10.19 11.22 415.9 14.7
Yuexin
BOREE 201 8.5x7.7 14.2 22.8 10.20 1123 410.6 14.6
Yuexin mutant
AETEETE % = e A 2 = SRR
Fe R R pok  TEEERI g mamaRc R% B %
. . . Total soluble Total acid
Material Fruit shape  Fruit color Flavor . Sucrose content  Glucose content  Fructose
solids content
content
L yNiaiki DI e AN it 12.2 1.36 1.93 2.00 0.58
Yuexin Short conical Light red Sweet
O RAR FIFHER R it 11.9 1.55 1.82 1.88 0.57
Yuexin mutant  Short conical Light red with light ~ Sweet
yellow

e MBHEZERA R

Note: The difference is not significant.

22 RIEBEEHRIHESTERARIETHSERETHER

MR ESER (B 1D, SatzEihn (B2, A SHTm, Rk CHEREE > 8o,
BIGAfR  f 2%, Bl tmi, 1 B0 MRt b HERAREE: HEH <50, H%
AR > GG, By EBFRTHRARE, GG CEEFETHRARME, WO
REEREE]: Bl BIOREE CIRG R&m T HRAZ K. RAMSKGES R, RERK
RAPRERERT B0, RAAFEG, W 8o RENLZE (B B2, A) .

‘i@‘ﬂ" ‘

“Yuexin’

L AR
“Yuexin’ mutant

i IS LR BRI

Flower Young fruit Color breaking fruit Mature fruit

1 ‘il EERARTHERIEGOLR

Fig. 1 Comparison of fruit coloring between ‘Yuexin’ strawberry and its mutant

AR ST S R B, RAEBRLOAEHFH SR 98 g - g FW, 4 L 1 13.2%:
FARGRA Ly REAEFH UL Pe3G (REZFEEK -3 - O - Hi&FEH (Pelargonidin-3-O-glucoside)



Yang Xiaofang, Zhang Zuying, Miao Lixiang, Zhang Yuchao, Shen Lan, Qin Qiaoping, Jiang Guihua.
Preliminary analysis on the molecular differences of fruit colouring between Yuexin strawberry and its somaclonal mutation.
2004 Acta Horticulturae Sinica, 2020, 47 (10): 1999 - 2008.

RNE, HEEFHTEM 85.7% ~ 87.8%; RAMR Pe3G S &N Ly 9 12.9%; PRI E
HOEM Pg3MG (RE2ZEZE -3 - 0 - W BEHi &M, Pelargonidin-3-O-glucoside chloride) 1 Cy3G
(REHE -3 - WAEPEL, Cyanidin 3-glucoside) , ZRMIEREZFEKT (K2, B) .

A B L Yuexin B
FLZEAEIK Yuexin mutant

W 8.0 Yuexin
O #MO%ETIE Yuexin mutant
90 1 s

(=N
(=}

EEH AR g' FW)
Anthocyanin content
(5]
[=1

BIEEH PgG Cy3G  Pg3MG  Hfth
Anthocyanin Others

B2 ‘@l EEMAERREENBRINEE (A) REFHEE (B) LR

Fig.2 Comparison of mature fruit chromaticity (A) and anthocyanin contents (B) in Yuexin strawberry and its mutant
*a=0.05; **a=0.01.

23 HEHERGWERIATERERRESH

WK 3 fizs, qQRT-PCR 73R B, £ H g2 451 3E K FaCHS. FaCHI. FaF3H. FaDFR. FaANS
M Fa3GT £ 07 RSEA R KY B E BN EE S T HRALAE: UMI-RNA-Seq 4515
qRT-PCR 45 BIEA—5, FaCHS. FaDFR. FaANS. FaCHI {EWi4HRE S (238 K P 25 ik 5 15 A
F. qRT-PCR 45 B E/RIEFH RGBT IR FaMYB10 R FaMYBI (38 IEAE PI4LRE S e 2% 2=
5, IM7E UMI-RNA-Seq &5 B FaMYBI 7 5 AR K K, FaMYB10 72 55t 5 £, RARE %
KT G .

W 8.0 Yuexin
O #MO%ETIE Yuexin mutant

gRT-PCR ’ UMI-RNA-Seq
0.0025 ¢ 350 ¢
T 300 | T
= 0.0020 | o 2
S 5 § 250 -
% & E
1 Z 00015 f S 2 200 ¢
® 5 g S I
Z 2 00010 [ 25 10
= 3 B3 00|
2 I =
0.0005 s —% 50
<
0 0
FaCHS ~ FaF3H FaANS — FaMYBI0 FaCHS — FaF3H FaANS — FaMYBI0
FaCHI ~ FaDFR  Fa3GT FadYBI FaCHI ~ FaDFR  Fa3GT FadYBI

3 ‘Edy ERNARESEETEESREERBANERNRE
Fig.3 [Expression of structural genes and regulatory genes involved in anthocyanin pathway in Yuexin strawberry and its mutant
*a=0.05; **a=0.01.
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X 2 R R IR R B AT b, 550 (B 4) TR, 7258 1 s+ (PC1) , FaMYBI0+ FaCHS
FRAE ) Lo B s, RN Fa3GT; 1855 2 i (PC2) , FaMYBI0 FEE A & 48 i B
HRN FaF3H M FaDFR; TE%5 3 X% (PC3) FaDFR 4axHE i, RN FaMYBI10, FHAhE
TREE ] R E IR

1.0 1.0
0.8 0.8 1
0.6 0.6 1 FaDF,
0.4 0.4
FaCHI
0.2 1 0.2
’ 2 “ : FaMYB Fa3GTFaF3H
= oo ] FaMYB A, ] FANSFaCHS
a.
0.4 1 0.4 1 /
.0.6 4 06 1 aMYBI10
08 1 FaMYBI0 08 1
-1.0 ——— e — -1.0 S—— S
-1.0-0.8-0.6 04-02 0 0.2 0.4 0.6 0.8 1.0 -1.0-0.8-0.6 04-02 0 0.2 0.4 0.6 0.8 1.0
PC1 PC1

4 HFETRERSHERRATNREENEMS AN

Fig. 4 PCA analysis of structural genes and regulatory genes involved in anthocyanin pathway

2.4 KASP ERF RIS

TN TR AR S, RESHTHIT R TH TS e A E R 74 X7 KASP Frid.
AWFFH, FIHIXE KASP Fricky e’ NIRRT R R o B0, 4581 (R 3) R, W
G A4 RS DAL 5 P 2 R B4 7,

®3 KASPIRIDE ‘@ EEMAEEZREETHRNER

Table3 KASP results from Yuexin strawberry and its mutant
KASP fhtr Rk KASP L REfE KASP Hib Rk KASP L RAER KASP L KRB

No. Yuexin Mutant  No. Yuexin Mutant No. Yuexin Mutant No. Yuexin Mutant No. Yuexin Mutant
216 TT TT 294 CG CG 347 GG GG 417 AG AG 456 AC AC
222 GG GG 298 TT TT 348 CcC CcC 421 AG AG 459 TC TC
236 AG AG 301 TC TC 351 GG GG 423 AT AT 461 TT TT
240 AT AT 307 AT AT 358 TC TC 424 TT TT 466 AC AC
246 TC TC 309 TC TC 364 TC TC 425 CG CG 469 AG AG
250 AA AA 312 TC TC 366 CG CG 427 AC AC 470 TC TC
252 CcC CcC 313 TC TC 367 CG CG 428 AG AG 472 TC TC
253 GG GG 315 AT AT 376 AG AG 438 AG AG 473 AG AG
257 GG GG 317 GG GG 381 AC AC 442 CG CG 474 CcC CcC
264 GG GG 319 AC AC 384 TT TT 443 AC AC 479 AC AC
269 TC TC 328 AT AT 387 TC TC 444 AC AC 481 TC TC
280 AT AT 331 GG GG 391 AG AG 447 AG AG 484 TC TC
288 AG AG 333 AT AT 393 TC TC 450 TG TG 488 TC TC
290 TC TC 342 AG AG 406 AG AG 451 AG AG 496 AC AC
292 TC TC 344 AC AC 415 TC TC 454 TC TC

3 g

AL AR A R AR, (B B RS RS FF AN S . AR 2015 SERBLT 1
AL R EBAE I el FARIGRARE, ZEZ MERIRE, HEMHRES. R, B
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e, HrE. B, KRS IYE G BB ER, MAERGTT, JMNREEERER, *
WLFAE, XA TR LB R R ST T BN SR gt 7 3 ARMRL . AR TR B by 7
GOy RN RARRTE R SLEPE, B R (EHE . MHRBE R R RIEE TN ZER, VIR
T HEE TR SRR R AR R . B i O R, BRG] R T IR A,
TG ARR e R R i MR R ik, B I5]. BIRES, GO BRIOIEA N A AN 44
B R, T H RAS R BRI AR R A B Ry AN AR Y B . RS B R AL
Rtz R EEER, AR AR FEE Pg3G, HIZE Cy3G. Pg3MG (Lopes da Silva
etal., 2007). AW, FEKRRLOEFHEELS WL B 13.2%, Pg3G. Cy3G. Pg3MG &%
EOE LT 1 12.9%. 22.2%F1 52.6%, X HHRMEE (2012) £ SERT FREH R RARAG R
WG REA 8, £F/ BREARKBRAEORT T EOCNE RN 13.7% (R 2%, 2012).
RSLO AR R AR RARRR R RW G, MY EEE AR EEAT SR,
MRS MR, KEMERIERETH, wH T2 A RKNEMARYE (phenylpropanoid
metabolism) IR & SR — N3, AR T R T RIS 5 35 2L [ R 4%
HER (W 2, 2014), EERIENHW B, FaF3H. FaCHS. FaDFR. FaANS. FaCHI Al Fa3GT
MRIEACHTE oty B RP BT, BRI RES, XM LEEESSEEHS
RRIVIRE, 1] R AR R SE AR T H K BT G MEEER . MYB B el 7
RN KIS IR 75, H48 FaMYBI. f\F§7F AtMYB3. AtMYB7. AtMYB32. AtMYB60. 3¢
R MdMYB6. ¥HERIGEH BrMYB4 5 CHGEZ 50 E R RN ARE (Bt 55, 2014). A5
ORI FaMYB10 A FaMYBI £ ‘0>’ BAERAE T RIE K- BE T, H FaMYBI0 7fE)LA 3
B3 HP R ARAGE ) 2 4 0 35 2 35 5, i3 — IR SR | MYBI0 & B dg plad B h A6 1 & i) 28 s R
RN EYBRAR EE R RF 22— (Medina-Puche et al., 2014; Pilletet al., 2015) . {H&,
KT FaMYB10 (RIEIKFEAT T X E a4, AR GBGy” RASARF %5 (1) DNA 751
170, Feal R G s IRl R s Mt FaEES, DRZERSEREFNEREKFRIRR.
SAETE B R VE SN A FRRANBE L. deAh, 1675 & uah F £ R (R 9 R 35 %2 MYB. bHLH.
W40 556 KT T R #4532 A R MBW 10 [F) 1 4%, Jobh R 3R AL T i — B (e 2f 4%,
2013; Schaart et al., 2013; KB %5, 2019) . Li %% (2013) FIHIEELS K 208 &L 4 1> miRNA
FIBTK AL HRE [ PR OR300 1) ) 2 1 S M AR B3 2 R, Hid miR169a 1l miR169d
FERE T A 05 FI, 1 miR535 A1 miR390 Fik Fifl. $AHBIZE (2010) KELLLEE T DNA
KPR AR S R R K. AP R, REFHSHIFEEE TS RSN K
BRELNRIA A B T ATEAEE HAR R ZRD, REEH AR, Bl HRERAAR RS H
HHRLE TR S5 miRNA F£iA/K P DNA AL KT 2L S0 FHRE AT .
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