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Identification of interspecific hybrids derived from Fragaria X ananassa

x F. viridis by morphological features and SSR markers

SHI Fangfang'’, WANG Quan®, ZHAO Mizhen", WANG Jing', GUAN Ling'

("Institute of Horticulture, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, Jiangsu, China;*The Center of Popularization of Agri-
cultural Technology of the 12th Division of Xinjiang Production and Construction Corps, Urumgqi 830088, Xinjiang , China)

Abstract: [ Objective ] To identify the interspecific hybrids derived from Fragaria X ananassa Duch. X F.
viridis Duch. and to analyze the genetic relationships between these hybrids and their parents by using the
morphological characteristics and SSR markers. [ Methods ] Thirty F, progenies were obtained from an inter-
species cross of ‘Ningyu’ (Fragaria X ananassa) X Fragaria viridis. According to descriptors and data
standard for strawberry (Fragaria spp.), the main botanical characteristics including the plant traits, leaf
traits, floral traits and stolon traits were investigated of the F; progenies and their parents. The genomic
DNAs of leaves were extracted by rapid genomic DNA extraction Reagent kit of BioTeke Corporation, and
the quality and concentration of genomic DNA were detected by 1% agarose gel electrophoresis. In this
study, 40 pairs of SSR primers were randomly selected. The PCR reaction cycling profile was 94 °C for 4
min followed by 35 cycles at 94 °C for 30 s, 55 C for 45 s, 72 °C for 60 s, and a final extension at 72 °C for
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5 min. PCR amplifications were conducted in a final volume of 25 pL containing 50 ng template DNA,
PCR buffer mix, 0.4 wL. DNA Tag polymeraseand and 0.4 pwmol - L' of each primer. The genetic diversity
analysis was performed on a 6% denaturing polyacrylamide gel electrophoresis for strip analysis. Gels
were stained with silver staining. The polymorphisms of the materials of the parents were analyzed by the
40 pairs of SSR primers. The discrepant primers were selected to identify the hybrids of the offspring. The
clear specific bands possessing genes of male parent were used to identify the hybrids. The matrix was ob-
tained by the statistical data on the amplification chart, which was analyzed by using the ntsys—pc soft-
ware. The similarity data were analyzed by the Dice coefficient and UPGMA cluster. [ Results] The vigor
of F\ generation was stronger than that of the male parent, but similar to the female parent according to the
investigation and analysis of the main morphological characteristics of parents and F, generation. The off-
springs had some heterosis based on the cacullation of the mid—parent heterosis of the quantitative traits.
The 20 pairs of primers selected could distinguish the parents, of which 12 pairs of primers were used to
identify the hybrids in the 30 progenies. The results showed that the offsprings possessed the same frag-
ment as their male parent. All the F, individuals were the interspecific hybrids between the Fragaria X
ananassa X Fragaria viridis. At the same time, some offsprings showed variation for the appearance of new
bands or the disappearance of some bands. The genetic relationship between the parents and the off-
springs was further analyzed. According to the results of morphology and UPGMA cluster analysis, the off-
springs could be divided into three groups. The first group (group I) contained 5 materials including the fe-
male parent ‘Ningyu’. The second group (Group II) consisted of 7 materials including the male parent
Fragaria viridis. The remaining 20 offsprings belonged to the third group, accounting for 2/3 of the propor-
tion of offspring. [ Conclusion ] This study confirmed that the individuals of hybrid progeny of the cultivated
strawberry and the wild strawberry were true hybrids by morphological features and SSR analysis. 12 pairs
of SSR primers could be effectively used for identifying the hybrids derived from ( Fragaria X ananassa
Duch.) X Fragaria viridis. The primers EMFvi109, EMFvi108, EMFvi025, EMFvi072, EMFvi146, EMF-
vil33, EMFvi092 and other ones could be used as important primers in the study of the classification of
wild strawberry and cultivated strawberry. The analysis of the morphological characteristics showed that
the descendants had some heterosis. Six of the offspring were gathered together with Fragaria viridis by
the cluster analysis.

Key words: Fragaria viridis Duch.; F. X ananassa Duch.; SSR molecular marker; Morphological charac-

teristics ; Hybrid identification
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Table 1 Character survey
TR nf £ =
Plant posture Leaf Flower Stolon
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Character ~ Height of plant,

length of leaf and width of leaf

plant posture

Leaf shape, petiole hair, length of petiole,

i AEAIE )

Ledicel hair, position of inflorescence

Branch habit of stolon, stolon
color and stolon hair
relative to foliage, flower size, position

of stamen and pollen vitality
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Table 2 Heterosis performance of hybrid F, generation

5iH P K Rk RS

lt‘ Plant Length of  Length of ~ Width of
e height/cm petiole/cm  leaf/cm leaf/cm

A 8.70 5.80 5.90 5.30

Female parent

WA 4.60 4.90 3.80 2.80

Male parent

FME 7.80 5.59 5.34 4.36

Average value of F,

progenies

HoR(E 6.65 5.35 4.85 4.05

Average value of parent

HoR 17.30 4.50 10.10 7.70

Mid parent heterosis

T R S= (R, B R D /25 E]X 100,

Note: Mid- parent heterosis=[(Average value of progenies— Average

value of parents )/Average value of parents]x100.
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A MENEZRL) TR JRIUER 26 SO JFI0ER 4;B-D. AR T J5IUKR 34 WIEMTEE; B~C. 71 e 5 5t
PR 14 BHANES s HA~). 7 £ SRR JEARR 27 IR HE.

A. Leaf shape (from left to right): Ningyu, offspring 26, Fragaria viridis Duch., offspring 4; B=D. Pedicel hair of Fragaria viridis Duch., Ningyu, off-
spring 34; E=G. Petiole hair of Ningyu, Fragaria viridis Duch., offspring 14; H-J. Stolon hair of Ningyu, Fragaria viridis Duch., offspring 27.

B 1 FEAREBSERMENEERE

Fig. 1 Feature map of leaf shape and hair of parents and a part of offsprings

A~C. T E BOERE SR 1 RO IS D-F. T 1 SO SR 3 HERHE.
A-C. Pollen vitality of Ningyu, Fragaria viridis Duch., offspring 1; D=F. Flower feature of Ningyu, Fragaria viridis Duch., offspring 3.

B2 FEARBAYBRRIEMENRILFHE

Fig. 2 Pollen vitality and feature of flower of parents and a part of offsprings
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2000 bp

1000 bp
750 bp

500 bp
250 bp
100 bp

M. D2000 marker; 1~7. JEFZH DNA; 8~14. 5| M Bl 4674 o
M: D2000 marker; 1-7. Genomic DNA; 8—14. Verification strip of primer.

B3 FBoHEEEZE DNA R 5|¥B kG

Fig. 3 Electrophoresis analysis of partial genomic DNA and synthetic primer
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Table 3 The SSR primers of 12 pairs for identification of

hybrid progeny
EIEUE e b E4 S ikl
Primer code Primer name Primer sequence
P4 EMFvi109.Forward CTGCAACTTGTTTCCCGTTATT
EMFvil09.Reverse AATTGCAGCAGTAGCAGCAG
P5 EMFviO18.Forward CAAACATGGAAGGAAAAGAAGG
EMFvi018.Reverse GTCAGAGAGACCCATCTGAACC
P6 EMFvil08.Forward GGACCCCAAAACATTGAATAAA

EMFvil08.Reverse GAAGAGGGGAGGAGCAATAAAT

p7 EMFvi025F TTGTGATCTCGTAGAAGGAGCA
EMFvi025R GGGTTCCGTGAAACTAAACTTG

P8 EMFvil46F ACGAAAAACAGCATACACATCG
EMFvil46R TACCGCCCCTTAAGTTTGAGTA

P10 EMFvi072F AGGTCTTCAATCACACTCCGAT
EMFvi072R TATTTCCCACACTCCGAAACAT

P11 EMFvil33F ATGCAGCTCAGAGAAAGGGTAG
EMFvil33R AGTTGGGAAGAGGGAAGAAAAG

P19 EMFvi092 F ACAGAGGGAATGAGATTCAAGA
EMFvi092R GACTGATGTCTCAATCTGTGGC

P26 UFFa04G04F ACGAGGCCTTGTCTTCTTTGTA
UFFa04G04R GCTCCAGCTTTATTGTCTTGCT

P34 PBCESSRFXA10F GGAGCAAGGAAGCAAGGT
PBCESSRFXAI0R CCGTGGGAGAAGTTGAAG

P35 FAC-001F AAATCCTGTTCCTGCCAGTG
FAC-001R TGGTGACGTATTGGGTGATG

P39 SF-1BO7F GGAGAGACAGACCTCAAAGGTG
SF-1BO7R GAGGGGTTCTGTTTTTGACAAG

5.7.8.13.17.19.20~32 ¥£ 51 ¥ P5(243~269 bp) 1
FINTE 250 bp fhir BA A 2 H &IN50 &
InE|— iy 55 (2) B8R A, s 1.3~6.9. 12,
14~20.22.25.27.31.33 7£ 51 ¥ P4(255~331 bp)
FI R B AEAR 3 SR T A — 255 (3) B 1,
WG A8 2. 13 7E51 %) P5(243~269 bp) FH 2 B4 4
IACBEASRHIE 2571 Z A B B, T8 R T REAR R
ZAb B —5Hl .

24 ZMEE
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B, 8 Sy b S R BRSO SRR R I I .
SR T B A R W 2% A8 FE AR A e A B S IR
K FHHERR 2 % JE AR, MR 30 e AU 12 X5 5149
[ S, fiff A 25 AL LT Sk . 25 R 3R, 30
A JEARE S B AR A e 25 R LR 4 FIER 5,353
FFRIE A1 R B B B A LI 4 FNIEL S o

MR AT LA, RERhS1 Z 0] DL 11
ANPA b 258 JE AR 4 Fh B S , 5 Pt 2 4 e 2
136.7%; 2% 5 VAR E AR 2 X LA E5 1480 R
LR, Hodr R AR 7 RN 8 1 4 12 X 51 4 55 58 AR
Fofr, SCREZE R T8 4000 IE T RS AR 2P L, 3R
BT e ARGE 3 4 28 HAT ACARE , ACAS () SEFp R
e ASE] T 5% .

&4 12 %f SSR S|MEE R
Table 4 The SSR primers of 12 pairs for identifying hybrid

SR Z TR AR (B AR S )
Identification of hybrid progeny

5194

Pri 2od
rimer code (Contains specific bands of male parent)

P4 2,7,8,10,13,21,23,24,26,28,29,30,32
P5 5,7.8,13,17,19,20~32

P6 1,2,5,7,8,10,14,15,17,19,21~28,30,32
P7 7.8,10,20,23,24,26,28,29,30,32

P8 5,7.8,17,19,20,24~28,31,32

P10 2~8,12,13,17,19,20~24,28.,29,30,32,33
P11 2,5,7.8,10,13,17,19,20,21,24~32

P19 2,5,7.8,10,13,17,19,20~32

P26 1~33

P34 2,5,7,8,10,13,17,19,20,21,23~32

P35 1~21,23,25,27,29~33

P39 2,5,7,8,10,13,17,19,20,21,23~32
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Table 5 The hybrid identification primers of 30 progeny
BRI AR AR A BRI e
- ST ST AR EES )
ybrid Hybrid identification Hybrid Hybrid identification Hybrid L AT .
. . Hybrid identification primer
progeny primer progeny primer progeny
1 P6,P26,P35 12 P10,P26,P35 24 P4, P5, P6, P7, P8, P10, P11,
P19,P26,P34,P39
2 P4, P6, P10, P11, P19, P26, 13 P4, PS5, P10, P11, P19, P26, 25 pPs5, P6, P8, P11, P19, P26, P34,
P34,P35,P39 P34,P35,P39 P35,P39
3 P10,P26,P35 14 P6,P26,P35 26 P4, P5, P6, P7, P8, P11, P19,
P26,P34,P39
4 P10,P26,P35 15 P6,P26,P35 27 P5, P6, P8, P11, P19, P26, P34,
P35,P39
5 pP5,P6,P8,P10,P11,P19,P26,| 17 pP5,P6,P8,P10,P11,P19,P26,| 28 P4, P5, P6, P8, P10, P11, P19,
P34,P35,P39 P34,P35,P39 P26,P34,P39
6 P10,P26,P35 19 P5,P6,P8,P10,P11,P19,P26,| 29 P4, P5, P7, P10, P11, P19, P26,
P34,P35,P39 P34,P35,P39
7 AR5 20 P5,P7,P8,P10,P11,P19,P26, 30 P4, P5, P6, P7, P10, P11, P19,
All primers P34,P35,P39 P26,P34,P35,P39
8 ity 21 P4,P5,P6,P10,P11,P19,P26, 31 P5,P8,P11,P19, P26, P34, P35,
All primers P34,P35,P39 P39
9 P26,P35 22 P5,P6,P10,P19,P26 32 P4, P5, P6, P7, P8, P10, PI1,
P19,P26,P34,P35,P39
10 P4,P6,P7,P11,P19,P26,P34, 23 P4, P5, P6, P7, P10, P19, P26, 33 P10,P26,P35
P35,P39 P34,P35,P39
A B 3 4 6 7 8 9 10 12 14 15 19
M. 50 bp marker; A. 7 £ ; B. £ (05255 1~19. J540; 1.2 W@ hnanm
M. 50 bp marker; A. Ningyu; B. Fragaria viridis Duch.; 1-19. Offspring; 1, 2 showed superposition.
B4 P63IWE'TE (BX) FEES(XE)REHHERE SSR §18
Fig. 4 The SSR amplification of ‘Ningyu’ (female parent), Fragaria viridis Duch.
(male parent) and the part offsprings by the P6 primer
A B M 1 2 6 7 9 10 12 13 14 15 16 17 19 20 21 22 23 24 25 26

«—=250 bp

«<—200 bp

M. Marker; A. 7% ; B. 846, 5%5%;2,3,4,5,6,7,8,9,10,12,13,14,15,16,17,19,21,22,23,24,25.26 I
M. Marker; A. Ningyu; B. Fragaria viridis Duch.; 2,3,4,5,6,9,10,12,13,14,15,16,17,19,21,22,23,24,25,26 showed missing bands.

B 5 P10 5|43 13

RERFEBIER

Fig. 5 The SSR amplification of female parent, male parent and the part offsprings by the P10 primer

19 China Academic Journal Electronic Publishing House. All rights reserved.
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Mrat I AR — 5, s — UL X 6 R0 5 A &
SN RS Y (S R 1R /S e

TE NingYu

25
LR TET Fragaria viridis Duch.
3

4
6
9

‘ 12

33

0.51 0.63 0.75
HFLLZREL Coefficient

Bl 6 ET SSRIRCHRENT
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