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nigirOstneraPravitluC

Toyonoka napaJakonuraH × okimiH
Nyoho [Donner × (Harunoka × Donner)] × Reiko Japan
Tochiotome napaJenimonihcoT × 94 emuruK
Akihime napaJohoyN × esawonuK
Sachinoka Toyonoka × Aiberry Japan
Aiberry unp aJdehsilbu pan
Redpearl A napaJakonoyoT × yrrebi
Nou-Hime napaJohoyN × yrrebiA
Sanchiigo (Aiberry×Hokowase)-sa × Toyonoka-s Japan
Pistro (Akanekko × Aiberry) × (Rindamore × Toyonoka) Japan
Aistro [(Rindamore × Cruz) × Nyoho] × Reiko Japan
Beni hoppe A napaJakonihcaS × emihik
Keiki wase Asuka Wave × Akihime Japan
Kurume IH-1 Toyonoka × F. nilgerrensis (var. Yunnan), followed by diploidization Japan

ylatI6183 SUDM × ogaTaneseC
a -s = progeny of a self-crossed population.
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Marker Effect of improvement Investigation of
inheritance

PYDB-Hae  III(N)

CYT-Bsa B I(N)

tRNA-Bse G I

PYDA-Cfr 13 I
PYDA-Hae III

F3H2-Hpa  II(N)
F3H2-Dde  I(N)
DFR-Hin 6 I

MSR-Alu  I

PGPA-Acc  I(N)
PGPA-Rsa  I(N)

PGPB-Rsa  I

F3H-Nco  I(N)
F3H-Eam 1104 I(N)

AUB-Hin 6 I(N)

OLP-Dde  I

CTI2-Mbo  I(N)
CTI2-Bsh 1236 I(N)

APX-Mlu  I

APX2-Dra  I

APX3-Dra  I(N)

Done in next section.

Failed to be clarified.

F3H3-Acc  I(N)
CTI1-Hinf  I

APX4-Taq  I(N)
CHI-Pvu II

No effect.
( Because it was derived from
Chloroplast DNA)

Done in next section.

Clarified.
Appear to amplify more than two
alleles

Clarified.
Appear to be specific to single
disomic locus.
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Sachinoka-selfd Tochihime-self Nyoho-self Cesena-self

28:51:17(:0) 19:52:25(:0) 13:25:10(:0) 10:30:8(:0)

Disomicc AB, nn, nn, nn 1:2:1(:0) 0.24 0.49 0.80 0.21
An, Bn, nn, nn 3:9:3:1 0.01 0.03 0.17 0.31
AB, An, nn, nn 4:11:1(:0) 5.4E-06 1.2E-14 1.0E-04 1.1E-02
An, Bn, An, nn 15:45:3:1 4.9E-09 2.6E-21 1.4E-06 1.1E-03
An, Bn, An, Bn 15:225:15:1 4.8E-27 5.7E-24 1.8E-13 6.2E-07
AB, An, Bn, nn 1:14:1(:0) 1.9E-25 1.5E-22 5.3E-13 7.9E-07
AB, AB, nn, nn 1:14:1(:0) 1.9E-25 1.5E-22 5.3E-13 7.9E-07

Tetrasomicc ABnn, nn(,)nn 8:19:8:1 0.13 0.31 0.60 0.41
ABnn, An(,)nn 35:100:8:1 9.4E-07 1.2E-16 4.6E-05 0.01
ABnn, ABnn 80:1135:80:1 5.6E-25 4.4E-22 1.9E-12 2.5E-06
ABnn, AB, nn 1:14:1(:0) 1.9E-25 1.5E-22 5.3E-13 7.9E-07

Octosomicc ABnnnnnn 40:107:40:9 0.04 0.12 0.35 0.38
AABnnnnn 48:139:8:1 1.1E-10 1.6E-25 8.3E-08 2.0E-04
AABBnnnn 224:4451:224:1 2.0E-38 2.1E-34 3.7E-19 2.9E-10

c Segregation ratios of H:B higher than 20:1 are not considerd.
d “-self”  means the progeny of the self-crossed population.

Test results are presented by P -value. P -values above 0.05 are shown in bold.
a n= undetected chromosome. A and B are exchangeable.
b H=heterozygous genotype of A and B. N=null (no polymorphism detected).

Observed segregation in each population,
and P -values calculated by the test

MSR-Alu IInheritance
Parental

configuration of
heterozygotea

Expected
segregation ratio

(A:H:B:N)b
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Expected
(Sachinoka

×Tochiotome)
Disomic Tetrasomic Octosomic Disomic

AB, nn, nn, nn ABnn, nn(,)nn ABnnnnnn AB, nn, nn, nn
1:2:1(:0) 8:19:8:1 40:107:40:9 1:1 or 1:1:1:1

MSR-Alu  I Sachinoka-self H 28:51:17 0.24 0.13 0.04 -
Tochihime-self H 19:52:25 0.49 0.31 0.12 -

Nyoho-self H 13:25:10 0.8 0.6 0.35 -
Cesena-self H 10:30:8 0.21 0.41 0.38 -

APX-Mlu  I Sachinoka-self BC 31:38:27 0.11 0.01 5.0E-04 -
Tochihime-self AA 96 - - - -

Nyoho-self AB 11:24:13 0.92 0.59 0.31 -
Cesena-self AC 4:33:11 0.01 0.05 0.06 -

Sachinoka×Tochiotome BC×AA 50:46 - - - 0.68
APX3-Dra  I(N) Sachinoka-self H 28:44:24 0.61 0.11 0.02 -

Tochihime-self H 18:59:19 0.08 0.19 0.15 -
Nyoho-self A 48 - - - -
Cesena-self A 48 - - - -

APX4-Taq  I(N) Sachinoka-self H 16:47:33 0.05 0.01 2.0E-03 -
Tochihime-self B 96 - - - -

Nyoho-self H 16:22:10 0.4 0.21 0.08 -
Cesena-self H 11:20:17 0.24 0.1 0.03 -

Sachinoka×Tochiotome H×B 51:45 - - - 0.54
CHI-Pvu II Sachinoka-self H 22:46:28 0.63 0.16 0.03 -

Tochihime-self A 96 - - - -
Nyoho-self A 48 - - - -
Cesena-self A 48 - - - -

Sachinoka×Tochiotome H×A 42:54 - - - 0.22
F3H3-Acc  I(N) Sachinoka-self H 28:50:18 0.33 0.15 0.04 -

Tochihime-self H 17:51:28 0.24 0.13 0.04 -
Nyoho-self A 48 - - - -
Cesena-self H 18:19:11 0.13 0.05 0.01 -

Sachinoka×Tochiotome H×A 57:39 - - - 0.07
OLP-Dde  I Sachinoka-self H 23:55:18 0.28 0.3 0.15 -

Tochihime-self H 24:47:25 0.97 0.27 0.06 -
Nyoho-self H 9:27:12 0.57 0.6 0.43 -
Cesena-self H 16:26:6 0.11 0.11 0.06 -

PYDA-Hae III Sachinoka-self BC 17:51:28 0.24 0.13 0.04 -
Tochihime-self AB 28:46:22 0.63 0.16 0.03 -

Nyoho-self AC 10:29:9 0.35 0.54 0.46 -
Cesena-self BC 9:22:17 0.22 0.12 0.04 -

Sachinoka×Tochiotome BC×AB 25:22:24:25 - - - 0.97
Test results are presented by P -value. For genotypes, refer to Table 3.
a “-self”  means the progeny of the self-crossed population.

Segregation ratio of progeny's genotypes
and P -values calculated by the test

Marker Populationa
Genotype
of parents
used for

cross

Expected   (self-crossed population)

Observed
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Marker Amplified
locus

Appearance
Target of amplification,

considered from the
inheritance

APX-Mlu  I APX

APX3-Dra  I(N) APX3

APX4-Taq  I(N) APX4

CHI-Pvu II CHI

F3H3-Acc  I(N) F3H3

CTI1-Hinf  I CTI1

MSR-Alu  I MSR

AUB-Hin 6 I(N) AUB

PGPB-Rsa  I PGPB

OLP-Dde  I OLP

PYDA-Cfr 13 I

PYDA-Hae III

PYDB-Hae  III(N) PYDB

F3H-Nco  I(N)

F3H-Eam 1104 I(N)

CTI2-Mbo  I(N)

CTI2-Bsh 1236 I(N)

CYT-Bsa B I(N) CYT

PGPA-Acc  I(N)

PGPA-Rsa  I(N)

F3H2-Hpa  II(N)

F3H2-Dde  I(N)

DFR-Hin 6 I DFR

APX2-Dra  I APX2

tRNA-Bse G I tRNA Chloroplast DNA Chloroplast DNA

single disomic locus

specific to single
disomic locus

PYDA

F3H2

single disomic locus
+    allele independent

from it

almost all
homoeologous lociamplify almost all

homoeologous loci

amplify more than
two alleles

CTI2

PGPA

F3H
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Species Ploidy level Origin Sourcea  Accession No. 
F. × ananassa 8 Japan AFFRC Toyonoka
F. × ananassa 8 Japan AFFRC Tochiotome
F. × ananassa 8 Japan AFFRC Benihoppe
F. × ananassa 8 Italy AFFRC   Cesena
F. virginiana subsp. patypetala 8 U.S. NCGR CFRA 176
F. virginiana  subsp. glauca 8 U.S. NCGR CFRA 436
F. chiloensis 8 - Shizuoka, Japan -b

F. chiloensis 8 - Tochigi, Japan -
F. chiloensis subsp. c. forma. c. 8 Chile NCGR CFRA 1484
F. moschata 6 Russia NCGR CFRA 541
F. moschata 6 - EMR -
F. olientalis 4 China NCGR CFRA 1612
F. nipponica 2 - Tochigi, Japan -
F. nipponica 2 Japan IPK 98134-09.K
F. nipponica 2 Japan AFFRC -
F. pentaphylla 2 China NCGR CFRA 1198
F. pentaphylla 2 China IPK 94059-01.P 
F. pentaphylla 2 China IPK 99116-02.K 
F. vilidis 2 Germany IPK 92046-01.P 
F. vilidis 2 China IPK 96148-01.P 
F. nubicola 2 Pakistan IPK 94056-33.K 
F. vesca 2 - Shizuoka, Japan -
F. vesca subsp. vesca 2 Japan AFFRC -
F. vesca subsp. vesca 2 Probably U.K. EMR FDP805
F. vesca 2 - EMR FDP815
F. daltoniana 2 - EMR FDP001
F. iinumae 2 Japan NCGR CFRA1008
F. iinumae 2 Japan AFFRC -
F. nilgerensis 2 Yunnnan, China IPK 94056-12.K
F. nilgerensis 2 Hubei, China NCGR CFRA1610

b -: unknown

a EMR: East Malling Research, UK; AFFRC: National Institute for Vegetable Research, Japan; IPK:
Institute of Plant Genetics and Crop Plant Research, Fruit Gene-Bank, Dresden-Pillnita, Germany; NCGR:
National Clonal Germplasm Repository, Corvallis, USA
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Sa S S S S S S S S S S S Ma M S S M M S
F. × ananassa (4) 8×
F. virginiana (2) 8×
F. chiloensis (3) 8×
F. moschata (2) 6×
F. olientalis (1) 4×

F. nipponica (3) 2×
F. pentaphylla (3) 2×

F. vilidis (2) 2×
F. nubicola (1) 2×

F. vesca (4) 2×
F. daltoniana (1) 2×

F. iinumae  (2) 2×
F. nilgerensis (2) 2×

a S  Single locus in F. × ananassa,. M  Multilocus in F.  × ananassa .
b  indicates amplification of an intense band of the expected size,  indicates amplification of a weak band of the expected size,

 indicates amplification of an intense band of unexpected size.
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Criteria Appendix D Detection of Salmonella Cultivar identification Detection of DNA
polymorphism

Minimum number of
laboratories 10 10 10 10

Analyte levels 2 analyte levels
per matrix

High and low inoculation
level per material 125 cultivars 2 to 6 genotypes

per marker

6 samples
per level

6 samples
per level

6 samples
per cultivar

6 samples
per genotype

6 negative controls
per matrix 6 negative controls needless needless

Minimum number of
test samples

%	&���0����	&��	�������	���	�����'�� �����+�����'���	,&���+����	����


60025002setutitsnI hcraeseR

Aichi Agricultural Research Center Aa B
DCyrotarobaL smotsuC lartneC
EEretneC hcraeseR erutlucirgA larutceferP abihC
GFretneC hcraeseR larutlucirgA akoukuF

Fukushima Agricultural Technology Centre -b H
JIseitilicaF hcraeseR dna tnemirepxE larutlucirgA ufiG
LKseirotarobal hcraeseR dooF napaJ
-MretneC hcraeseR larutlucirgA larutceferP otomamuK

Mie Prefectural Science and Technology Promotion Center Agricultural Research Division N N
OOretneC hcraeseR erutlucitroH dna erutlucirgA larutceferP igayiM
-PnoitatS tnemirepxE larutlucirgA araN
QQsgnildeeS dna sdeeS rof retneC lanoitaN
RRnoitatS tnemirepxE larutlucirgA lautceferP igihcoT
TSnoitaroproC oibnoisiV

Total number 13 12
a  Capital letters represent the validation partners; that is, a change from A in 2005 to B in 2006 means a partner change within
the same laboratory.
b – represents non-participation in that year.
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TTa - - 0.36 - - - 1.00 - 0.39 0.42 0.39 0.89 0.78 0.45 - - 0.36 - - 0.01 0.72 0.72 -
125 0.64 0.00 - 0.02 0.46 0.05 - 0.59 - - - - - - 0.05 0.02 - 0.95 0.56 - - - -

SS 0.00 0.27 0.52 0.08 - 0.16 0.66 0.54 0.06 - 0.19 - - 0.44 - 0.47 - - 0.11 0.19 0.19 0.78
NN - - 0.20 - 0.83 0.76 - - - 0.75 0.95 0.65 - 0.91 - 0.35 - - 0.76 - 0.04 0.80
CC 0.41 - 0.05 - 0.52 - 0.17 0.48 0.29 - 0.32 0.36 0.25 - 0.41 0.22 - - 0.03 1.00 1.00 -
ST 0.02 0.61 0.82 0.01 - 0.24 0.22 0.24 0.17 0.59 0.05 0.11 - 0.04 - 0.65 0.37 0.37 0.77 0.67 0.30 0.68

SS 0.91 0.81 0.32 - 0.24 0.75 0.30 0.02 - 0.36 - - 0.38 - 0.47 - - 0.08 0.03 0.03 0.55
CC - 0.21 - 0.73 - 0.29 0.75 0.27 - 0.90 1.00 0.24 - 0.27 0.29 - - 0.47 0.46 0.46 -
ST 0.99 0.23 0.05 - 0.47 0.54 0.47 0.03 0.56 0.75 0.47 - 0.03 - 0.09 0.23 0.23 0.75 0.95 0.69 0.15

SS 0.17 0.09 - 0.40 0.39 0.35 0.96 - 0.44 - - 0.04 - 0.58 - - 0.97 0.87 0.87 0.20
TT - - - 0.94 - 0.75 0.52 0.37 0.27 0.92 0.49 - - 0.84 - - 0.39 0.87 0.87 -
ST 0.81 0.34 - 0.54 0.00 0.54 0.79 0.99 0.55 0.03 - 0.35 - 0.21 0.66 0.66 0.26 0.02 0.01 0.44
125 - - 0.14 - - - - - - - - - 0.20 - - - - - - -

SS 0.85 - 0.55 0.01 0.21 0.39 - 0.31 - - 0.08 - 0.06 - - 0.29 0.23 0.23 0.57
NN - 0.84 0.84 - - - 0.13 0.30 0.23 - 0.05 - 0.61 - - 0.31 - 0.04 0.54
CC - 0.30 - 0.50 0.71 0.62 - 0.84 0.81 0.06 - 0.62 0.87 - - 0.76 0.20 0.20 -
ST 0.34 - 0.08 0.31 0.08 0.05 0.30 0.95 0.76 - 0.28 - 0.20 0.13 0.13 0.75 0.19 0.41 0.31

SS - 0.40 0.94 0.62 0.90 - 0.53 - - 0.22 - 0.27 - - 0.01 0.12 0.12 0.61
ST - 0.53 1.00 0.53 0.10 0.32 0.71 0.06 - 0.35 - 0.09 0.68 0.68 0.78 0.03 0.02 0.10
125 0.54 - - - - - - - 0.60 - 0.07 - - - - - - -

NN 0.02 - - - 0.74 0.56 0.38 - 0.91 - 0.26 - - 1.00 - 0.72 0.09
CC - 0.08 0.00 0.18 - 0.80 0.56 0.11 - 0.05 0.82 - - 1.00 0.27 0.27 -
125 - - - - - - - - - - - 0.16 0.00 - - - -

SS 1.00 0.02 0.42 - 0.48 - - 0.66 - 0.74 - - 0.92 0.66 0.66 0.62
TT - 0.00 0.20 0.52 0.64 0.92 0.09 - - 0.15 - - 0.04 0.95 0.95 -
NN - - - 1.00 0.20 0.54 - 0.11 - 0.22 - - 0.73 - 0.05 0.90
ST 0.41 0.00 0.92 0.97 0.36 0.58 - 0.49 - 0.19 0.00 0.00 0.79 0.62 0.29 0.41
125 - - - - - - - - 0.71 - - - - - - -

SS 0.77 0.72 - 0.28 - - 1.00 - 0.16 - - 0.70 0.21 0.21 0.70
CC 0.09 0.10 - 0.04 0.07 0.43 - 0.70 0.65 - - 1.00 0.33 0.33 -
ST 0.41 0.30 0.48 0.03 0.10 - 0.68 - 0.39 0.35 0.35 0.92 0.04 0.84 0.10

SS 0.37 - 0.75 - - 0.88 - 0.17 - - 0.84 0.25 0.25 0.46
TT 0.72 0.60 0.94 0.93 0.55 - - 0.51 - - 0.36 0.26 0.26 -
CC 0.80 - 0.62 0.73 0.71 - 0.57 0.91 - - 0.29 0.52 0.52 -
ST 0.92 0.97 0.36 0.58 - 0.49 - 0.19 0.00 0.00 0.79 0.62 0.29 0.41

SS - 0.81 - - 0.85 - 0.00 - - 0.36 0.99 0.99 0.81
TT 0.05 0.67 0.83 0.85 - - 0.56 - - 0.24 0.52 0.52 -
CC - 0.36 0.52 0.60 - 0.83 0.98 - - 0.05 0.91 0.91 -
ST 0.04 0.67 0.25 - 0.23 - 0.37 0.88 0.88 0.32 0.81 0.65 0.84

TT 0.77 0.12 0.13 - - 0.01 - - 0.89 0.88 0.88 -
NN 0.35 0.24 - 0.82 - 0.28 - - 0.68 - 0.28 0.25
ST 0.87 0.95 - 0.44 - 0.07 0.98 0.98 0.17 0.12 0.27 0.80

SS - - 0.85 - 0.06 - - 0.21 0.92 0.92 0.97
TT 0.86 0.92 - - 0.33 - - 0.93 0.56 0.56 -
NN 0.96 - 0.40 - 0.70 - - 0.29 - 0.99 0.42
CC 0.08 1.00 - 0.51 0.31 - - 0.64 0.44 0.44 -
ST 0.12 - 0.50 - 0.52 0.37 0.37 0.33 0.17 0.40 0.11

TT 0.00 - - 0.11 - - 0.28 0.00 0.00 -
NN - 0.29 - 0.65 - - 0.04 - 0.00 0.97
CC 0.04 - 0.08 0.73 - - 0.34 0.00 0.00 -
ST - 0.58 - 0.25 0.33 0.33 0.96 0.00 0.51 0.21

TT - - 0.02 - - 0.04 0.32 0.32 -
CC - 0.12 0.49 - - 0.41 0.47 0.47 -
125 0.00 - - 0.01 0.52 - - - 0.28

SS - 0.92 - - 0.88 0.13 0.13 0.32
NN - 0.16 - - 0.47 - 0.34 0.89
ST - 0.68 0.65 0.65 0.25 0.62 0.15 0.41
125 0.00 - - - - - - -

CC 0.24 - - 0.83 0.77 0.77 -
125 - 0.99 0.33 - - - 0.47

SS - - 0.46 0.43 0.43 0.79
TT - - 0.45 0.11 0.11 -
NN - - 0.56 - 0.98 0.45
CC - - 0.38 0.98 0.98 -
ST 0.34 0.34 0.82 0.84 0.77 0.87
19 ST 0.00 0.71 0.85 0.74 0.48

20 ST 0.71 0.85 0.74 0.48
SS 0.08 0.08 0.08
TT 0.96 0.96 -
NN - 0.10 0.17
CC 0.41 0.41 -
ST 0.23 0.05 0.05

SS 0.00 0.82
TT 0.00
CC 0.00
ST 0.00 0.12

SS 0.82
NN 0.78
ST 0.54

14

24

Marker

17

18

21

23

16

3

4

10

11

12

13

Results deviating at P <0.05 are shaded in gray, and those deviating at P <0.001 are shaded in black. –, impossible
to test self-crossed population, or not tested in the p opulation of 125 cultivars.
a SS, progeny of ‘Sachinoka’ self-crossed population; TT, NN and CC, progeny of ‘Tochihime’, ‘Nyoho’ and
‘Cesena’ self-crossed populations, respecectively; ST, progeny of ‘Sachinoka’×‘Tochiotome’ population; 125, the
population shown in Table 11.

1

2

6

5

7

15

8

9
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Sachinoka Redpearl
1 20 2003. 1. 18 a - 1 19
2 4 2003. 1. 18 a Nyoho 0 4
3 15 2003. 1. 20 a Nyoho 2 13
4 17 2003. 1. 20 a Nyoho 11 6
5 15 2003. 1. 20 b - 13 2

447217latoT
a, b: Different two stores.

Result of analysesPackage Number of fruits Buy date Store Labelled cultivar

!�" ��#$����	��������	�����%&��'	���"��	�(�� 
�) �*����	���������	�����+���*���	� 

!�" ��,�$	�"	�����	��	�	%�	���������	���	���
��%&�� ����-��.���/���&	� 
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A
PX

-M
lu

 Ib

CH
I-

Pv
u 

IIb

F3
H

-N
co

 Ib

F3
H

-H
pa

 II
b

F3
H

-A
cc

 Ic

A
PX

2-
D

ra
 Ia

A
PX

2-
Ta

q 
Id

O
LP

-D
de

 Ia

tR
N

A
-B

se
G

 Ia

1 B X X A C X X A A Redpearl
2 B A X A C A A H X Sachinoka
3 B A X A C A A H X Sachinoka
4 B A X A C A A H X Sachinoka
5 B A X A C A A H X Sachinoka
6 B A X A C A A H X Sachinoka
7 B A X A C A A H X Sachinoka
8 B A X A C A A H X Sachinoka
9 B A X A C A A H X Sachinoka

10 B A X A C A A H X Sachinoka
11 B A X A C A A H X Sachinoka
12 B X X A C X X A A Redpearl
13 B A X A C A A H X Sachinoka
14 B A X A C A A H X Sachinoka
15 B A X A C A A H X Sachinoka

d APX2-Taq  I: Genotype 'A' is heterozygous, with 505- and 391-bp bands, and 'X' is homozygous, with a 505-bp band.

c F3H-Acc  I: Genotype 'C' is heterozygous, with 620-, 455-, 320- and 300-bp bands.

b For genotypes of APX-Mlu  I, CHI-Pvu  II, F3H-Nco  I and F3H-Hpa  II,  refer to lanes 5 and 7 in Figure 2.

Cultivar having identical
genotype to detected oneSample No.

Markers

a For genotypes of APX2-Dra  I, OLP-Dde  I and tRNA-BseG  I, refer to Table 3.
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