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DNA DNA
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ABSTRACT

Cryopreservation is not only considered to be the most effective way to long-term preservation of
wild plant germplasm resources,but also a highly efficient virus-free technology, “Cryotherapy”.In this
paper, we studied the procedure of Fragaria pentaphylla and “All-Star”strawberry shoot tips vitrification
cryopreservation, and “All-Star”’strawberry materials were infected theStrawberry mild yellow edge virus
(SMYEV), we detected virus-free rate after Cryotherapy. Then, we detected the genome sequences DNA
and analyzed the variation of DNA methylation level of samples between the treatment and the control.

The main results below:

1.The procedure of Fragaria pentaphylla shoot tips vitrification cryopreservation was

explorato-ry studied. The results showed that: the shoot tips were cryoacclimatized at a low temperature (4

) for 3 weeks; pre-cultured in the Pretreatment of solid culture medium (0.4 mol'L 'sucrose + 7 gL' agar +
MS, pH = 5.8) after 3 days; treated with liquid pretreatment medium (0.4 mol'L" sucrose + 2 molL™
glycerin +MS, pH = 5.8) for 30mins at room temperature and treated in PVS,(0.4 mol'L™ sucrose + 15%
(w/v) DMSO + 15% (w/v) ethylene glycol + 30% (w/v) glycerin + MS, pH= 5.8)at 0 for 60mins, the
surv-
ival rate was highest up to 79.7%. Regenerations differentiated normally.

2. Distinction of the best vitrification cryopreservation procedure between “All-Star”strawberry
and Fragaria pentaphylla were found that: the shoot tips of “All-Star”’strawberry were cryoacclimatized at a

low temperature (4 ) for 4 weeks; pre-cultured in the Pretreatment of solid culture mediumafter 3 days;
treated with liquid pretreatment medium for 30mins at room temperature and treated in PVS, at 0 for

60mins, the survival rate was highest up to 64.3%, different plant material have different cryopreservation
procedure. Then, SMYEV weredetected by RT-PCR technology ,wefound that virus-free rate was highest
up t095%.

3. The technique of amplified fragment length polymorphism (AFLP) was used to analyze the

genome sequences DNA of the treatments and controls, no variation of bands was found, which indicated



that there were no changes in the genomic DNA sequences of Fragaria pentaphyllaand
“All-Star”straw-berry after cryopreservation.

4. The methyl-sensitive amplified polymorphism (MSAP) markers techlologe was used to
analy-sis the variation of DNA methylation level of samples between the treatment and the control. The
results indicated that DNA methylation states of treatment materials reduced compared with controls, DNA
meth- ylation state ofFragariapentaphylla and “All-Star”’strawberrywerereduced6.73% and 3.83%.
Methyla- tion and demethylation of Fragaria pentaphylla DNA were5.70% and 12.43%,but, Methylation

and dime- thylation of “All-Star”’strawberry DNA were 8.61%and 12.44%.

KEY WORDS Fragaria pentaphylla, Fragaria ananassa Cryopreservation ,Cryotherapy,Virus-free ,

Genetic Stability



Abbreviations

AFLP Amplified fragment length polymorphism
APS Ammonium Persulfate
TEMED N,N,N’N,’-Tetramethylethylenediamine
CTAB Hexadecyl trimethyl ammonium Bromide
DMSO Dimethyl Sulphoxide
TBE Tris-HBO3-EDTA buffer Tris
LN Liquit nitrogen
MSAP Methylation sensitive amplified
polymorphism
MS Murashige and Skoog medium MS
dNTPs Deoxyribonucleoside triphosphates
PCR Polymerase chain reaction
RAPD Randomly amplified polymorphic DNA
RFLP Restriction fragment length polymorphism
Tris Tri(Hydroxymethyl) aminomethane
PVS, Plant Vitrification Solution
SMYEV Strawberry mild yellow edge virus
Gly Glycerol
SNP single nucleotide polymorphism

bp base pair
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2.1
2.1.1
(F.pentapylla)
RT-PCR
2.1.2
2mL
0.2mL 1.5mL
RNA DNA ( eppendorf
) PCR ( MJ Research ) 0.2mL
1.5mL
PCR ( MJ Research )
(Bio-Rad ) 02mL 1.5mL
2.1.3
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(Tris) (EDTA)

RNA GT
Taq
AFLP MSAP
EB TAE
TMED APS TBE

2.2

2.2.1

1.5 3.0cm
MS+6-BA 1.0mg-L" +IBA 0.1lmg-L™
MS+6-BA 0.5mg-L™" +IBA 0.1mg-L"
1.5 3.0cm
MS+6-BA 1.5mg-L"

+IBA 0.1mg-L™ MS+6-BA 0.5mg-L™" +IBA 0.1mg-L"

2.2.2

1)

25 d~30d

4 01 23 4 5

)
2~3 mm 0.4 mol-L™ +7 gL
+MS pH=5.8 0d 1d 2d 3d 4d

20 ImL

0.4 mol-L" +2 mol-L" +MS pH=5.8 20
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Omin 10min 20min 30min  40min

(3)PVS,
ImL 0
PVS, 0.4 mol'L" +15% (w/v) DMSO+15% (w/v) +30% (W/V)
+MS pH=5.8 0 Omin 20min
40 min 60 min 100 min PVS,
PVS,
1d 7d
14d
4)
40 2-3
1.0 mol'L™! +MS pH=5.8
3 30min Smin 10min 15min
1.0 mg'L"' 6-BA+0.1mg-L™ IBA+1.0 mg-L™' GA3+3%
+0.7%  +MS pH=5.8 (24+1)
7d 12 hd’ (24+1)
20d
= x100%
2.3
2.3.1 RNA
1 005 0.1g
2 1.5mL 0.6mL

3 2 mol/L NaAc 0.05 mL 0.3mL 0.3mL
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15 min.

4 4 12000r/min 15min
-20 lh
5 4 12000r/min 10min 0.6mLDEPC
0.3ml 0.3mL 5~10min
6 4 12000r/min 10min 1/10 3 mol/L
NaAc pH=5.2 2 -20 1h
7 4 120001/min 10 min RNA
DEPC 75% 2
8 RNA 2~5min 40 uL DEPC 6uL
RNA RNA -80
2.3.2
1 RNase 2ug  RNA 2uL

RNase-free ddeO 14.5uL

2 70 Smin 2min

4uL 5xM-MLV Buffer 1uL dNTPs 0.5puL RNasin 1uL M-MLV
3 25 10min 42 60min

4 95 Smin 4

5 luL PCR

2.3.3PCR

PCR 20 uL cDNA
SMYEV-s:5'-GCCCTCGGCTCAACCTGT-3'
SMYEV-a:5-GGCGGCGTGGACCTACTA-3' Product length:490 bp
PCR

18



2-1PCR
Table 2-1 Reaction system of amplification

pL
Template 1
dNTP ( 5 mmol/L) 2
10xPCR Buffer 2
(10 umol/L) 1
(10 pumol/L) 1
Tag (5U/ul) 0.35
RNase-free dH,O 12.65
20
2-2 PCR

Table 2-2 Reaction procedure of amplification

94 3 min
94 30 sec
55 30 sec 30
72 1 min goto 2
72 10 min
2.3.4
1.5% . 20min
2.4 DNA
2.4.1 DNA
CTAB DNA
1 0.1g
1.5ml 600 pL 2% 65 CTAB

2 CTAB EP 65 lh

19



3 400uL / 24:1 15min
10000r/min 15min
4 1.5mLEP 600uL
/ 24:1 2min
5 10000/min 15min
4 1/10 NaAc 3mol/L ImL
-20 1h
6 10000r/min 10min 75% 2-3
7 ddH,O TAE 50-100pL
8 DNA 6uL EB 1%
30 min ( 5 V/cm)
DNA DNA -20
2.4.2 AFLP
AFLP Hao [© (%]
(1) DNA EcoRI/Msel
2-3 37 4 h 65
2.5h
2-3 AFLP
Table 2-3 Components of double enzyme digestion system for AFLP
(uL)
10 2.0
EcoR (10 U/uL) 0.5
Mse (10 U/uL) 0.5
DNA(50ng/uL) 5.0
12.0
(2) 2-4 25 2.5h

20



2-4 AFLP
Table 2-4 Components of ligation for AFLP

pL
4.0
Mse (50 uMol/L) 1.0
EcoR (5uMol/L) 1.0
13.6
T4 (3 U/uL) 0.4
20
3) AFLP 94 30s 56 1min 72 1 min
20 PCR 10 AFLP
2-5
2-5 AFLP
Table 2-5 Reaction system of pre-amplification
puL
DNA 5.0
Mse (25 ng/uL) 2.0
EcoR (25 ng/uL) 2.0
MgCl12(50 mmol/L) 0.6
Tag DNA (5 U/uL) 0.08
dNTPs(2 mmol/L) 1.0
10 2.0
7.32
20.0
4) AFLP 2-8 PCR
“touch-down” 94 30
s 65 1min 72 1min 2 13 0.7 /
14 36 56

2-6

21



2-6 AFLP
Table 2-6 Reaction system of selection PCR amplification of AFLP

pL
DNA 2.0
EcoR (10 ng/puL) 2.0
Mse (50 ng/uL) 2.0
MgCl12(50 mmol/L) 0.6
Tag DNA (5 U/ ul) 0.2
dNTPs 2 mmol/L 2.0
10 2.0
9.2
20
6))
95%
2-3
0.5% SuL
1 mL 95% S5uL 1 mL
65mL (6%PAGE 40 puL
TEMED 400 uLAPS )
25 3h
(6)
IXTBE 80 W
30 min
2/3 buffer(0.005% 98% 0.005% )
94 3 min 6 min
8 uL
S55W 2-2.5h TBE
(7)

10 min

22



10 min

10s~20 s 15-30
min( 10s )
5-10 min
1790 mL+ 10 mL+ 200 mL
1790 mL+ 10 mL+ 200 mL+4 g
2000 mL
2000 mL +6 mL +40 g
2.4.3 MSAP
MSAP Cervera [* [9, 102]
37
4h AFLP
AFLP
2-TMSAP
Table 2-7 Components of double enzyme digestion system for MSAP
(D)
10 2.0
EcoR (10 U/uL) 0.5
Hap (H)Msp (M) (10 U/uL) 0.5
DNA(50ng/pL) 5.0

12.0

23



2-8

Table 2-8 Sequences of adapters and primers

Adapters and Primers Sequences
adapters
Msel-adapterl 5'-GACGATGAGTCCTGAG-3’
Msel-adapterll 5-TACTCAGGACTCAT-3’
EcoRI-adapterl] 5'-CTCGTAGACTGCGTACC-3’
EcoRI-adapterl] 5-AATTGGTACGCAGTC-3’
Hap - Mspl-adapterl 5'-GATCATGAGTCCTGCT-3’
Hap - Mspl-adapterll 5'-TCATGATCCTGCTCG-3’
Preselective primers
E-A 5'-GACTGCGTACCAATTCA-3’
M-C 5'-GATGAGTCCTGAGTAAC-3’
Hap -Mspl 5-ATCATGAGTCCTGCTCGG-3’
Selective primers
EcoR-AAC 5'-GACTGCGTACCAATTCAAC-3’
EcoR-AAG 5'-GACTGCGTACCAATTCAAG-3’
EcoR-ACA 5'-GACTGCGTACCAATTCACA-3’
EcoR-ACT 5'-GACTGCGTACCAATTCACT-3’
EcoR-AGG 5'-GACTGCGTACCAATTCAGG-3’
EcoR-ACC 5'-GACTGCGTACCAATTCACC-3’
Mse-CAA 5'-GACTGCGTACCAATTCACG-3’
Mse-CAC 5'-GATGAGTCCTGAGTAACAC-3’
Mse-CAG 5'-GATGAGTCCTGAGTAACAG-3’
Mse-CAT 5-GATGAGTCCTGAGTAACAT-3’
Mse-CCA 5'-GATGAGTCCTGAGTAACCA-3’
Hap -MspI-TCCA 5-ATCATGAGTCCTGCTCGGTCCA-3’
Hap -MspI-TCAA 5-ATCATGAGTCCTGCTCGGTCAA-3’

AFLP  MSAP



3.1
3.1.1
3-1 21d
51.9%
100
90 -
% 80 -
é' 70 -
= 60 -
[¢] 50 -
X 40 -
30 -
20 A
10 +
0 T T T T )
0 7 14 21 28 35
/d
Cold acclimation periods/d
3-1

Fig.3-1 The effect of cold acclimation periods on survival rate of cryopreserved

3.1.2

3d 61.5% 3
20min PVS, 60min 1d
3d

28d

25



100 +

80 -

60 -

9)el [BAIAINS

40 -

%

20 +

/d

Pre-culture periods/d
3-2
Fig.3-2 The effect of pre-culture periods on survival rate of cryopreserved

3.1.3

30min

79.7%

100 -
90 A
80 A
70 -
60 -
50 -
40 A
30 -
20 A
10 A
0 T T T 1

0 10 20 30 40
/min
Pretreatment periods/min

04, eI [BAIAINS

3-3
Fig.3-3 The effect of pretreatment periods on survival rate of cryopreserved

3.1.4 PVS;

PVS2 PVS,

PVS,
26



( 3-4) PVS,
60min
79.7% PVS,
PVS, PVS,

3-4PVS,

Fig.4 The effect of PVS, treatment periods on survival rate of cryopreserved

100 -+
80 -+

60 -

0/ 9)BI [BAIAINS

40

20 +

0 T T T 1
0 40 100

20 60 |
PVS2 / min
PVS, treatment periods /min

3.1.5

3-5

100 +

[0
o
1

%

dJeI [BATAINS
[e2)
o
1

D
o
1

N
o
1

0 T T 1
1 7 /d 14

Liquid nitrogen treatment periods/d
3-5

Fig.3-5 The effect of liquid nitrogen treatment periods on survival rate of cryopreserved



3.2 AFLP

AFLP
14 526 3-6
MIM2M1IM2 M1M2 M1M2
3-6 AFLP
Fig 3-6 Profiles of AFLP in Fragaria pentapylla between control and cryopreservation treatment
M1 AFLP M2 AFLP

Note Lane M1 is AFLP patterns of control, while Lane M2 is AFLP patterns of treatment.

3.3 MSAP
MSAP 5’-CCGG-3° Hap Msp
Hap 5-CCGG-37
Msp 5-CCGG-37
DNA  Hap

/EcoR (H) Msp /EcoR (M) 4

28



CCGG CCGG
CCGG III 2-7  MSAP
MSAP
DNA 3-1
DNA
3-1 DNA

Table 3-1 Effects of cryopreservation on the levels of genomic DNA methylation in Fragaria pentapylla

Types of amplified bands

CCGG
CCGG The CCGQG loci of methylated
The CCGG
loci of
non-methylate Half Hllet}.lylated Fully methylated
. oci .
Compariso d loci
n
%
% % %
T I . Ratio T HeI Ratio T IHeH Ratio Tatol Tatol mel';itollate
yIp % y? % YI; % amplifie  methylate d ba}rll ds
d bands d bands o
ratio %
CK 232 62.27 108 29.03 32 8.60 372 140 37.63
Controls
242 64.19 106 28.12 29 7.69 377 135 35.81
Treatments
=I+1+1 =IT +I1I = 11/
= 1/ = /

Note: Tatol amplified bands=I+II+III ; Tatol methylated bands=II+I1I;Fully methylated bands
ratio=Typelll/ Tatol amplified bands; Half methylated bands ratio=Typell/ Tatol amplified bands;
Tatol methylated bands ratio= Tatol methylated bands/ Tatol amplified bands.

29



HIMIH2M2HIM1H2M2
5

3-7
Fig 3-7.Profiles of MSAP in Fragaria pentapylla between control and cryopreservation treatment
H  Hpall/ EcoRI M Mspl/EcoRI H1 Ml MSAP
H2 M2 MSAP

Note H represent digestion with Hpall / EcoRI M represent digestion with Mspl / EcoRI. Lanes H1
and M1 are MSAP patterns of control ~ while Lanes H2 and M2 are those of treatment

12 DNA
[97] [103, 104]
12 ( 3-2) 2
3 A ) B ) Cc )
DNA CCGG A
Al A2 ( H M H M )
A3 A4 ( H M H M ) A
DNA Bl B2
B3 B4 B DNA B
DNA C
DNA D
DNA CCGG D Dl CCGG

D2 D3 CCGG

30



DNA CCGG 3-2
DNA CCGG (A )
11 DNA CCGG 5.70% 3-3
DNA CCGG B ) 24
DNA CCGG 12.43% 3-3
DNA CCGG 19.17%
DNA CCGG D 80.83%
3-3
DNA
3-2:
Table 3-2: Patterns of DNA methylation in cryopreservation and controls
Digestion Changes of methylation status Diversity between the Band
H M H Before treatment  After treatment controls and the treaments pattem
11 0 1 Cooe GGee 2 Al
L 110 Gl aaccaaee 3 A2
0 1 0 0 e Goce 5 A3
0 1 1 1 e cood 9 BI
0 0 0 1 Goee e 2 B3
0 0 1 1 Goee Cooe 5 B4
111 col Cooe 141 DI
0 1 0 1 e e 9 D3
H Hpall/EcoRI M Mspl/EcoRI c CcCc 1:

0:

Note: H represent digestion with Hpall / EcoRI; M represent digestion with Mspl / EcoRI; CandCC

represent methylated;



3-3 DNA
Table 3-3 Effects of cryopreservation on the Patterns of genomic DNA methylation in Fragaria pentapylla

Monomorphi
Tatol polymorphism bands sm
) bands
Compari- Methyla-
son ted A B C D
. . . Polymorp- . .
bands Type Ratio Type Ratio Type Ratio hi Ratio Type Ratio
ism
A % B % C % % D %
bands
CK
Controls
d 193 11 5.70 24 12.43 2 1.04 37 19.17 156 80.83
an
treatmen-
ts
=A+B+C+D =A+B+C =A+B + C/

= D/
Note:Methylated bands= A + B + C + D; Polymorphism bands= A+B+C; Tatol polymorphism bands
ratio= A+B + C/ Methylated Bands; Monomorphism bands ratio= TypeD/ Methylated Bands .
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Fig.4-2 The effect of pre-culture periods on survival rate of Cryotherapy
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4-7 SMYEV RT-PCR
Fig 4-7Virus detection results of segmental “All-Star” strawberry before Cryotherapytreatment
M  DL2000 1~6
Note: Lane M is the maker of DL.2000, lane 1~6 is segmental Virus detection results
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4-8: RT-PCR
Fig 4-8Virus detection results of segmental“All-Star”strawberry after Cryotherapy treatment
M  DL2000 1~32 33

Note Lane M is the maker of DL2000, Lane 1~32 provematerial virus-free after Cryotherapy,Lane
33 prove materialin fected virus
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Note: Lane M1 is AFLP patterns of control, while Lane M2 is AFLP patterns of treatment.
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4-1

DNA
Table 4-1 Effects of Cryotherapy on the levels of genomic DNA methylation in “All-star” Strawberry

Types of amplified bands

CCGG
CCGG The CCGG loci of methylated
The CCGQG loci
of Half methylated ~ Fully methylated
. non-methylated loci loci
Comparison
! v I % m v Tatol Tatol Tatogol
109, 100, 100,
Typel Ratio%  Typell Ratio% Typelll Ratio% amplified methylated methylated
bands bands bands ratio %
cK 272 85.12 152 31.73 55 11.48 479 207 43.22
Controls
292 88.02 148 30.39 47 9.65 487 195 40.04
Treatments
=I+1I+1II =II +III 111/
= 11/ = /

Note:Tatol amplified bands=I+II+I1I ; Tatol methylated bands=II+III;Fully methylated bands
ratio=Typelll/ Tatol amplified bands; Half methylated bands ratio=Typell/ Tatol amplified bands;
Tatol methylated bands ratio= Tatol methylated bands/ Tatol amplified bands.

4-10

HIM1H2M2HIM1H2M2

Fig4-10.Profiles of MSAP in “All-star” Strawberrybetween control and Cryotherapy treatment

H  Hpall / EcoRI
H2 M2

M Mspl/ EcoRI H1

MSAP

M1

MSAP

Note: H represent digestion with Hpall / EcoRI, M represent digestion with Mspl / EcoRI. Lanes H1
and M1 are MSAP patterns of control, while Lanes H2 and M2 are those of treatment

12

DNA
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4-2
Table 4-2 Patterns of DNA methylation in Cryotherapy and controls

Digestion Changes of methylation status  Diversity between
the Band

H M H M Before After controls and the pattem
treatment treatment treaments
CCGG CCGG

1 1 0 1 GGCC GGCC 6 Al
CCGG CCGGCCGG

o GGCC GGCCGGCC 2 A2
CCGG CCGG

0O 1 0 O GGCC GGCC 8 A3
CCGG
CCGG CCGG

1 0 0 O GGCC. GGCC 2 A4
GGCC
CCGG CCGG

0o 1 1 1 GGCC GGCC 10 Bl
CCGG CCGG CCGG

o1 g6ee Gaecaaec ? B2
CCGG CCGG

0 0 0 1 GGCC GGCC 3 B3
CCGG CCGG

0o 0 1 1 GGCC GGCC 4 B4
CCGG CCGG CCGG

o 10 GGCC GGCC GGCC 3 c
CCGG CCGG

1 1 1 1 GGCC GGCC 138 D1
CCGG
CCGG CCGG CCGG

o b0 56cc Geeeaaee 13 D2
GGCC
CCGG CCGG

0O 1 0 1 GGCC GGCC 11 D3

H Hpall/EcoRl M Mspl/EcoR1 Cc cCcC 1: 0:

Note H represent digestion with Hpall / EcoRI; M represent digestion with Mspl / EcoRI; CandCC
represent methylated;

DNA CCGG (A
18 DNA CCGG 8.61% 4-3
DNA CCGG B )
26 DNA CCGG 12.44% 4-3
DNA CCGG
22.49% DNA CCGG
D 77.51% 4-3

DNA
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DNA

4-3 DNA
Table 3-6 Effects of Cryotherapy on the Patterns of genomic DNA methylation in “All-star” Strawberry

. Monomorphism
Tatol polymorphism bands

bands
Methyl-
Comparison A B C D
ated
Type Ratio Type Ratio Type Rati- Polymorphism  Rati- Type
bands Ratio%
A % B % C 0% bands 0% D
CK
Controls 22.4
209 18 8.61 26 12.44 3 1.44 47 162 77.51
and 9
treatments
=A+B+C+D =A+B+C =A+B + C/
= D/

Note: Methylated bands= A + B + C + D; Polymorphism bands= A+B+C; Tatol polymorphism bands
ratio= A+B + C/ Methylated Bands; Monomorphism bands ratio= TypeD/ Methylated Bands .
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DNA 526
DNA 384
DNA Turner Muller
5.4
MSAP DNA
NDA CCGG NDA
DNA
DNA
5.70% DNA 12.43%
DNA 1.04% DNA
MSAP DNA
NDA CCGG
NDA DNA
DNA
DNA 8.61% 12.44%
DNA 1.44% DNA
(Humuluslupulus)
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