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Abstract In order to study the degree of genetic variation of plant characters that derived from the Toyonoka strawberry seeds
treated by radiation mutation, we adopted 3 gradient doses of the gamma ray (60Co) to treat Toyonoka strawberry seeds irradiated by
60Co., screened suitable ISSR primers to detect irradiation mutant effects and analyzed genetic variation of the irradiated groups. The
results presented: (1) The selected 4 ISSR primers were used to analyze the genetic variation of irradiated strawberry; 4 ISSR primers
generated 31 DNA bands, in which 24 were polymorphic bands with the ratio of 79.14%; (2) The genetic similarity of three
irradiation groups was more than 96%, higher than that of the control with no irradiation treatment. The analysis results about Dst,
Gst and AMOVA among irradiation groups showed that genetic variation was mainly caused by irradiation. (3) Combined with the
clustering analysis of the genetic similarity coefficient, it showed that irradiation groups produced a larger genetic variation. The
analysis results of Shannon’s information index and Nei’s genetic diversity index demonstrated that the genetic diversity that treated
with high dosage irradiation was relatively high.

Keywords  Strawberry, 60 Co y-ray, Radiation mutation, ISSR marker, Genetic variation

MALR
ks H 91: 2016 4F 02 A 29 A EEZEMTET, WAL EMZE - NEE
B 2016 4204 7 02 H fh 7, SRR B A RIGERL, U TR
BARHH: 2016504 A 07 H 4 H LR SRR R (XU 5145, 2007), I3 4R 4T

HEWH: ARG REE TR AR E T ROpal g At
(KJ2015A217) F1 £ 1 I 6 % Bt £ 6 0 I (2015Fskats) o o/ VBFRASTHHOBISL, st 2 msill A2

SR B PR i B ELARAIE (B 7755, 2011; 1%, 2014). H

Copyright © 2016 BioPublisher 1048



! ST E R (ML), 2016 4E, 55 14 %, 55 1048-1054 7
/ Fenzi Zhiwu Yuzhong (Online), 2016, Vol.14, 1048-1054
http://biopublisher.cn/index.php/mpb

BT, TR B AR A AR AT ALK 2 SRR AR AR b
SEE AR b, SRR A2 LU 1K
P B DL ARG (K BB 5%, 2007a; 2007h).

S FARicAE 20 4D 80 FARYI K SRR
Fid, FFRRBME T AR FRE, B I BT 7L
X G IIAR B R RFAE (MR B 1SS, 2011). o ISSR
PRGN TG & T RERE B R A S, SRR IE B
FIF ISSR ARic#i AT BAE SR K R A TE & AT, A
VRN BREE G R RS I (TEF5 K, 2013).
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# 1ISSR 3155 Koy 18
Table 1 Sequences of ISSR primers and their amplification

BRI R, IR I AR T 2 A A LR A R
Ol NMRRARR IR, FHRM—8S%, &
PRI AT R B TR (T i R B SO

1E4R 57
11 EBRAR AR L T RO

JRiE R 4 2% ISSR S140% 3 M AR 1Y 19
AR AT, SR 31 A, LA
A EZBMFN 24 (G 1). 3 mBHHAR #BEZ
FEMEFRH(FR 2) R IR R 3 A 2 AR, 1
RZ o AL ZAEEREEOT DUR AR A A R
AR R AL 2

514 il TIC RN e ZAMHE %271 %5 (%)

Primer Sequences Total bands Polymorphic Percentage of
bands polymorphic

bands

824 (TC)sG 62.0 7 6 85.71

841 (AG)sY'T 62.0 6 5 83.33

854 (TC)R°G 56.9 10 6 60.00

864 (ATG)g 58.4 8 7 87.50

AN 31 24

Total

P15 7.75 6 79.14

Mean

:a:Y:T/C: b: R: AIG
Note: a: Y: T/C; b: R: A/IG

R 2 R AR A 2R T

Table 2 Statistical analysis of irrigation population genetic diversity

WEEME  AMEE NSRRI RE ARSI R Nei’s 1845 2 FEPE Shannon’s 15 B %L
Irrigation No. Observed number  Effective number of Nei’s (1973) gene Shannon’s information
population of alleles (Na) alleles (Ne) diversity (h) index (1)

1 20 1.680 040.4712%  1.442240.4019 0.250 430.208 5 0.368 940.292 8

2 20 1.820 0#0.388 1 1.496 440.356 9 0.290 040.181 7 0.433 140.250 3

3 20 1.820 0#0.388 1 1.499 540.356 1 0.290 930.184 1 0.433 330.253 9

4 2 1 1 0 0

S804 62 1.762 940.427 5 1.378 540.334 9 0.232630.1777 0.358 140.250 6

Total

VE: a: i 1 B bR 2

Note: a: Values behind with “+” are standard deviations

L2 WA IR ST
TR ERE AR RE R 2 FEVE I Nei 20 Wi (3K 3), 4
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Table 3 Nei’s analysis of genetic diversity of irrigation populations

FEURIALE AL PR BIL, ARURERE s, T IR 5 2
MEK@,ﬁUﬁfﬁﬁ MARIRRE IR G R IRER
(B D)FarE, 4 MEREHMARN 2 30 — U
T 3N RMAEEARIGREAA 53— SR IARER,
R IR R 2 MEIREE A RO —2K, R HE
SR A LGRETIERM R, 4 MR R
RERRIL T W R

JERE R AE 2R JERE N 1A 22 1 & JE R AL A FE 3 FE R
Total gene Gene diversity within The coefficient of gene Indicates gene
diversity (Ht) population (Hs) differentiation (Gst) flow (Nm)
FEMHE 0.264 4 0.207 8 0.2140 1.836 0
Mean
i 2 0.0338 0.0181
SD
* 47y TR AMOVA J#it
Table 4 Analysis of molecular variance (AMOVA) within/among irrigation populations
28 S AR H R Ti EH Sy i EH Fst P-value
Source of variation d.f. Sum of squares Variance Percentage
components of variation
2H ] 1 0.201 0.110 00 Va 20.6
Among groups
21 P L A ) 2 0.733 0.002 72 Vb 0.5
Among irrigation
populations
AEHEEEAR 58 24.000 0.421 05 Vc 78.9
within groups
AR 61 24.934 0.533 77 0.211 0.050
Within irrigation
populations

VE: Va: A2 445 Vb FR IR A AR R

Mo, Ve FEREEER N AR 2 )

Note: Va: Varinance components among groups; Vb: Varinance components among irrigation populations; Vc: Varinance components

within irrigation population

R 5 FR MR IR AR LR B (L =) S A B (R =)
Table 5 Nei’s genetic identity (Id) (above diagonal) and genetic
distance (D) (below diagonal) of 5 populations

1 2 3 4
1 falolala 0.963 6 0.9824 0.8835
2 0.0371 falalale 0.989 5 0.8192
3 0.017 8 0.0105 falalale 0.859 5

4 0.1239 0.1994 0.1514 alalale
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Kl 1 UPGMA 244 AR B A Y BR 2K
Figure 1 Dendrogram of tested strawberry clustered using UPGMA
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R 6 AR ECR RAEAR IR TR B A

Table 6 Number and distribution of haplotypes in populations

AR LIRS
Haplotype Irrigation populations
1 2 3 4
Hapl 10 5 8 2
Hap2 2 1
Hap3 3 1
Hap4 1 1
Hap5 1 1
Hap6 1 1
Hap7 1 1
Hap8 1 1
Hap9 1 1
Hapl10 1 1 1
Hapll 1 1 1
Hap12 2 1 1
Hap13 1
Hapl4 1
Hap15 1
Hapl16
Hapl7 1
Hap18 1
Hap19 1
Hap1
— Hap2
e Hapn1
Hap4
Hap9
Hap10
] _______{::j Hapls
] Hapl6
| Hapl3
| Hap14
B Hap12
Hap8
Hap6
Hap3
Hap19
Hap7
. . . : i Hapl8
0.59 0.69 0.79 0.88 0.98

P 2 BT Nei 8L FE 2519 19 A5 ALE) UPGMA 2K
Figure 2 UPGMA dendrogram illustrating relationship of
19 haplotypes
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21 BB AE KBS R MR

1675 WA NI AR5 o ISSR Fric e
RO R 2 A5, IE N AR HoE g R RIS
AR (RS, 2009). AHEFIRE 4 4N I1ISSR 514
XPAS [FFR B AR A A A AT I3, JL3R45 31 A4
M, Hrp 24 NN EMEN, ZEMAALERRN
79.14%, AR REACI S ek 2 AR R, AR
THRRMIER . 1E 62 M FLE 19 MRAEEL,
MF 6 TLLE H, RZ B A A —/MEAR, R
ARG T AR AR WF T4 SR AT LI B2
Rk B AR —E S %

XPERIRAL B 3 NIRRT 7, T
Shannon #8 % (1) V34184 0.358 140.250 6 A1 Nei $5
HistfE 2 P (He) FH4ME M 0.232 6 +£0.177 7, KB
AbER 5 B FE IR AL 2R IR . AHXTT S, AR
BEZRM L, FIEER, BEZANEE. W&
AEAE A EERORE, Fla) R E AR 5 L
AT, AEXRUE, FIEEA, BENEZ,

WAEAR R ITI, SsE ZAEPE(HE) A 0.264 4,
AR FEREAR P ) 6 R 2 2P (Hs) o 0.207 8, Nei F7 %L
RN R R AR B] (19 3804% 704k R E(Gst) v 0.214 0,
i AMOVA 72 or 21.1% %28 i e T
TEIRTEIRIE], 7 78.9%fF7E THR IR, 0.5%K
AEVEAR BB, 20.6% K A TEALN], X se gl A
F B 3R A EE 5 4R IR R s AL AR S 2 Bk
IR, HAMARECR, X s AR 57 3=
B AR I SR K. Wright DA FE (] 36 K137 (Nm)
KT 1, MEg R FIER; R2EHNT 1,
) 2 B 5 PR AL (NIm) BRCA 38t 4% 23 40 119 32 22 R A
(Wright, 1990). #&MEHEARNFIZEERA 1.836, K
T 1, RUREGE IR ACE S e IR A 3 B
iR bu i

3 /N HE A 3 R R A 1 T A AR o
T IS AT AR . SRR 2 v
FIERBRAL RS, )5 ARG =R
BERARZR, Ba 50T IRAESR . RFMERERIER
WK, FLARFE S (104 T bz 2 o L R B A
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Ak, 3 MEIRAL LS (R AR R ik, R
LB AL o R ARG, BN AL 20 57 3 BRI TR
Mo WIRETE L, HARMRIRAC B A e R
Jl— SRR B AR AR 5, (B IR A ] gt
PRES AR AR LURU/ING, W HTIX 4 N R ARSI
S AIET] DA & — AR AR

2.2 MriERR b AR BRI F P AT

AR R 30~80 Gy FIEM v HFLL4RIE 5
ANV SRR ) R AR, AR R A AT TR
Fi, GERRW, H& SRR R M R
TN AR A (R A R, 2007), Tk ERZELEDIEFE
R RITCARTCE R, BT v SRR )
R A BRI e . SRR,
AR SRR 2R R Y 10~20 Gy (TR &5
2 2007a), 5K EEEE L) 20~100 Gy S LR 4R I kb B =R
FIRE RS FEE MR . XI55 R R KA
SRR AE KRR B AW, F&5LE8BEH
BZ0N 55 Gy (FK £ 5245, 2007b). M ASHIF 58 5 Fh
THHMTREE, IR TR, R K
HEGE L.

ZOPNTAT AL, 62 DMFEARILSF 19 Mfr Y,
iy 18 ANNEEIR S I, e 17E &4
WA A, R A R AL B BT 3R A5 1) S A
T, KGR UPGMA BHRE, WUERHRS
(078 S EL R I SR BUAE A, IR B B AR T
BRI 2 RE I, XS B R i 2 R
AR, I HGEAT IR AR VY, FEE A Mo
WSH, AT UAVENREG I ERM R B T4
B A R 2 AT AR PR A AT DO R R
FPE—DATERAE M F B, AT DME N AR IR & AT
fifiide T

3MELE L
3.1 PR MR

RIS T R T BT R BT AR, AT
£ 60 Gy. 100 Gy 1150 Gy 3 MFI& (1) v 545 (60C0)
BTG, BT, LR 60 M (FEAFIE 20
I EERTE R =AM E IR, DIHORRIM R, R4k
H R B PR 2 O SO IR 7). EAERE S
HEATACER,  FEEU R AR AT SR S
TR ARE A R T AT, R T e PE R T 48
H, rRIC G LRV E T UK E N, ARSI, A
IR, Wy R RE-20 C VKA A
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Table 7 Samples of Strawberry used in this study

ETAs) LIEGEHR N GRS

No. Populations Numbers

1 60Gy 5 £k i 20
60Gy-ray irradiation

2 100Gy 444 g 20
100Gy-ray irradiation

3 150Gy 5t £ i 20
100Gy-ray irradiation

4 PREECY SRR 2

No irradiation

3.2 DNA #2H

B A 4 DNA SRR A & 42 B
DNA. #7665 v (Thermo Nano Drop 2000)
K ¥k B ¥y #E 100-300 mg/uL G R, 4l
0D260/0D280 I EL{E 34T 1.7~2.0 Z[H], 0.7%3%
JIE B B FEL VKA I DNA R/NF s 8, wT T
ISSR 43 #r. FBEik % 50 mg/ul, -20C fRA7 % H
(Nie et al., 2014).

3.3 PCR ¥ ¥4 & 5| Wik

A PCR PR R4 : SRR 20 uL,
£ 10=PCR Buffer (7 Mg®") 2.0 uL. DNA Hi#f
(50 mg/uL) 1 pL. dNTP (2.5 umol/L) 1.6 pL. 5%
(10 pmol/L) 1.2 L. Tag DNA FAT#(2.5 U/uL) 0.4 uL,
i ddH,0 13.8 pL.

P IGFET (RS, 2009; FRoKEE4E, 2007): 94°C
AR 5 min; 94°CAEYE 40's, Bk 60 s GEKIRFERE
S E), T2°CHEM 1.5 min, 3t 35 MEH: &)a
72°CIEfH 7 min. PCR ¥ #47f BIO-RAD T100TM
Thermal Cycler PCR 1% F5¢. HIkZ&AF: 1.5%[1)5
SRR HIK(LOXTAE, 100V)/ 5, #1kZ.0E(EB)
Yty B A7 (Mchandrika et al., 2010). DNA F BEid it
2 1544 % %5 (Alpha Innotech) 4410 3% .

34 BT 5 b HE

ISSR Hi vk i 4% Weising (1) 771264 415 555
WAL “17 « EAID “07, AN 071 JERE —
JCEE T 2 &1 (Nie et al., 2012). ] POPGENE
v1.32 FRAR AL ER LT () EIRE R AT AR O b T
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B2 AL E /3R (PPB). Nei” s K2 B (He)-

Shannon” s {5 2 ¥8%(1). XJL1EJ£1¢¥QI§ﬁ(Na) H
ROEEALFE R (Ne) . BRI A Z MY, 28

AL AU(Np) JERE AL ZAEPE(HS) & 5 A f) st
e T (Gst). ZEF(Nm). Al Nei’ s BHLFE
(D). %A Arlequin 3.1 74T AMOVA 73, it
S TR], R [B) S e SRR AR N (a5 4% 22 R
MR 4 i IR AR & PR 5 Y st AR PR B, H B
NTSYS-pc version 2.1 X UPGMA H#1TH K04
(Nie etal., 2012; 2014),

1E& STk

S AATE TR AT E, st dim
504 WIS MBSO TR
FIEIATITRICT TR ARBEG BT

DURE i AR IR AL T

o

AW HZRE &SRB RR S E AT H
(mmwMNW@mﬁmiﬁﬂﬂﬁmmw%m
J15) LR % .
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