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International Seed Testing Association (ISTA) and
Seed Health Testing Methods of ISTA

Masatoshi SATO
National Center for Seeds and Seedlings, Japan

Abstract

Seed is a basic material for agricultural products and is required to be of high
quality in international active seed trading. The International Seed Testing
Association called ISTA founded in 1924 produces internationally agreed rules for
seed sampling and testing, accredits seed testing laboratories, and provides
international seed analysis certificates to facilitate seed trading nationally and
internationally and to also contribution to seed security.

ISTA

The vision of ISTA is “Uniformity in seed quality evaluation worldwide’.
Currently its membership consists of 81 countries/distinct economies and 221 member
laboratories around the world (August, 2015). 136 of the ISTA Member Laboratories
are accredited by ISTA and entitled to issue ISTA International Seed Analysis
Certificate. ISTA is managed and directed by an Executive Committee (ECOM),
comprising of a President, Vice-President and 9 Members-at-large selected in the
Annual Ordinary Meeting. The finances and administration of the association is
managed by the ISTA Secretariat, Secretary General with 11 staff members, based in
Switzerland. There are 17 Technical Committees (TCOMS) which are responsible for
the development of new methodology for seed testing in ISTA called ‘ISTA
International Rules for Seed Testing (ISTA Rules)’. TCOMs include Bulking and
Sampling, Germination, Purity, Tetrazolium and Seed Health etc. and are made up of
approximately 400 energetic members who work in seed testing laboratory, University,
research institute or seed company. TCOMs organize Workshop to provide techniques
to people involved in seed testing area, and also carry out Proficiency Test to evaluate
laboratory’s performance.
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ISTA Accreditation Programme

ISTA has a unique accreditation system specific to seed testing based on
ISO/UEC 17025 Standard, called ‘ISTA Accreditation Standard’. Laboratories which
try to get ISTA accreditation should make a quality assurance system fulfilling the
requirements of the ISTA Accreditation Standard and show evidence showing their
technical performances. The laboratories accredited by ISTA are authorized to issue
ISTA Certificate describing a result of testing which is carried out in accordance with
ISTA Rules. In this programme, the accredited laboratory should have an on-site audit
every 3 years. The ISTA Accreditation is recognized internationally, and the
Certificate is used internationally as one of the indispensable documents for seed
trading.

Seed Health Testing Methods in ISTA Rules

Seed Health Committee, one of the ISTA TCOMs, is responsible to establish
seed health testing method, and there are 30 testing methods in ISTA Rules. In general,
seed testing methods are required following characteristics such as 1) high specificity
and sensitivity for pathogen, 2) simplicity and quick, 3) cost performance and 4)
repeatability and reproducibility. General testing methods for fungi, bacteria and
viruses are described as follows.

Blotter method is usually used as a practical test. Seeds are placed on moistened
filter papers which are set in Petri dish, and kept in a certain temperature with
alternating 12 hr periods of darkness and near ultraviolet light for optimal days.
Fungal pathogen is identified morphologically with stereo-microscope. There are
some modifications called freeze-blotter and 2,4-D blotter test.

In testing for bacteria pathogens, a combination of seed washing and
semi-selective media is used. Seed sample is added into sterile solution and shaked,
and the solution is plated on media and then examined on the sample plates for the
presence of target bacterial colonies. For identification, pathogenicity test using young
host plant is carried out. Identification by PCR method can be an option instead of

pathogenicity test for some bacterial pathogens.
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In testing for virus, ELISA method and Bioassay are used. ELISA method is the
most sensitive within serological assay and can be applied to viruses in cucurbits and
pea. Bioassay is performed by sap inoculation to indicator plant and is used for

Tobamoviruses on tomato.

Information of ISTA

ISTA is seeking people who is interested in joining ISTA activities. We would
like to invite all of you to visit following websites of ISTA.
« ISTA URL.: http://www.seedtest.org/en/home.html
« ISTA Video: http://adobe.ly/1RjH6gN
« ISTA Seed Health Testing Methods:
http://seedtest.org/en/seed-health-methods-_content---1--1452.html

- Social network: Lined in

Keyword : ISTA, seed trade, accreditation, seed health test
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1 (grow-out trials, GOTs ; grow out test, GOT) e -5 » 5 B ¥ v ¥ 7
BEHRAIT  RF @Y 232 o rEGOT > 03 5 X430 F BRE » TR
RLBEFAL - AIF A TEEIREI O FRRAPEF ZFERBE LS
TERAPREFEH AR > A FEEF LR B E R L T PR ik
23 o A2 WP RS FEIER A GFE TSRO RIAF R E

»LO

TP SR ) SNUNER L S

.:J.

A =
P

ERARETIAMFFLATRY > EFERDER LT - c FERFEHNRE
AR REARERY DT SFRE ¥ FRIRA%RET & 4+ € 5 (International
Seed Testing Association, ISTA) #7137 e+ # 7 54 th T2 PR ITE ML
ﬁoayﬁsﬁ@ﬁ—@ﬁzﬁé(mﬁ+)»%u&%mai£%\¢ﬁw—
ROBFCRANZIFURL IR RS A SRR & R
MR F & Pk~ Baw e - B F T AR grow-out test (GOT) = ;% »
EEEASRE T Ry Rk LB FRH P R B AR (off-type) >
B’»'ig'Fl?fé—? B B R cGOTHPIZ N F B R P T F et 4 TFAR
EoR AR AAHRE YV EEAF EREU 0 F F @ S A5 Tt Bl
PR iiT; SER LG AP HITENAE > 2 E 2 S AT HRRT T
é?&’ﬂté+m%ﬁﬁMM&iﬁ%§°i £ v A ik
(molecular markers) ¥ 53 &z ~ kBB o472 1 8 > S BEL I {EAN
{48 (marker-assisted selection, MAS)Z_ % o &< ¥ AL§ BT E N H BT
SE R FERE S HHRE T 0 BEDNAS F EEE TR SN ERER AL

e
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FIfe 3 MRS e B PRELFEF ABSBHRBRZL 2Y 0 1R
A LREERYASL SR RS B mE

fr#t R 4Epe (isozyme) B fEF ¥R FT

Ff’ﬁﬂﬁﬁgiﬁ‘é FhAZETLT EFEF 3R THE BB
AZEM v IR AR B a1 B &I b REpE S A
I 1% 5 3828 F] (marker gene) > i& {7 il & %5 & & 47 - Tanksley % Jones (1981)
B 445 SofE+ FpE % & f5 (Alcohol dehydrogenase, ADH) 1% ADH % 31+
f#3% ( polymorphic zymogram) aﬁﬁ NEAcF 2 B3k FLF A+ ¥ Rtk T2
* oo Arus %4 (1982) FHE -~ FE C EWMES L F O E B (2R
PR R TERR § OBRLEEE (Phospho—glucomutase PGM) % miphd § # 2 1%
% (Phospho glucoisomerase, PGI) » 147 » i&fp H %% 7 AL Bl > RIEFHAS B

o 2 (1995) 7 41* PGl = B ffsens 5 Bl o 75 § e fhe Ea - i
fooxt RARpe @ PR AT A R AP TR AR i R FIE BB R R
(genetic diversity) # it » H ikl R ipfs o 47scH 5 A7 > g2 = 2 8
WO(RI1 >~ B2) ke Fd At RHEARCE R Pofk B (isozyme zymogram)
E B (RI3) BFRARAEE M Flt U e s B AR B
Eilv\’f‘rfﬁ 0 F ﬁf‘@—f’i Pﬁa]”*# AR T RF SODNAK = 2 A+ sl
B4 2] 5 FAB S i

DNA k =k 2_ & 3 {h3k
Kary Mullis ** 1983 & 3% 1 en® & f5 2 12 4% F & (polymerase chain reaction, PCR) #

i rUkcR AR &2 DNA (17 % R4 > 0 PCR #/ié — B W@ g 4 5 R
k- FRI-FRRCREEFAEATSELIY TN EE 1993 EHLE S

2 k% o DNA k= ehh 3 4 3 ppe FIRAFAFI A SN 378 BREDPEE
# 5"} N Q%T,‘w- — &'}Jﬁ'##%;b’; EE‘*‘LH!:% l”ﬁ':}%—l ﬁ"—‘ 4#7’/\)%1-’1']@“755 "/%'E] 1,5_"_% )
b%/L'FR r% #"m;llﬂ ﬁ-/’?\’ffr wi"\i Im«f}{jlgﬁﬂ"i_‘; ﬁ$, ,g '

SRR AT A RAET S DNA ~F fafire 7 P g8 5 A B (random
amplified polymophic DNA, RAPD) 4 47 #jiv ~ ficfirk %38 (microsatellite markers) 4
¥~ H P Hpe § Al 453% (single nucleotide polymorphisms, SNPs) % e
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B1. 4 #s(Capsicum spp.)fe < 4 % (A), 2 HF, (B)s% § ¢HELK o
[®= : 1:C. annuum (P859), 2:C. annuum (P1717), 3:C. annuum (P852), 4:C. annuum
(P1657), 5: C. annuum (P1740), 6:C. annuum (P1514), 7:C. chinense (P1697), 8:C. annuum

(P709).]

®2. & 5 (C.annuum) 2 F PGl # & 4555 4 Rl¥ -

[B7 : 1~164 %% ; 1: P859(Bl— 1);2: PI717(®l— 2);3: P852(B— 3); 4: P1675(H)
— 4);5: 1717 x P852 (Bl- 2x3); 6: P1717 x P1657 (- 2x4); 7: P1717 x P1740 (-
2x5); 8: P1657 x P852 (- 4x3); 9: P1740(® - 5); 10: P859 (- 1); 11: P852(® - 3);
12: P1675(%8]— 4); 13: P1740 x P859 (B®]—- 5x1); 14: P1740 x P852 (@] —- 5x3); 15: P1740
x P1657 (B- 5x4); 16: P852 x 859 (Bl - 3x1) ° ]
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3. & 4 (C. annuum)z. + ~ ¢~ 2
T = PRX I 5 B HEAEE Bl
[Bl+: ABC, A% 5+ ~? T ifh
& 374 & 5 1:C. annuum (P859), 2:C. annuum
(P1717), 3:C. annuum (P852), 4:C. annuum
(P1657), 5: C. annuum (P1740), 6:C. annuum
(P1514), 7:C. chinense (P1697), 8:C. annuum
(P709).]

- MR G AR (RAPD) A F R WY MR 2R

1990 William® # # * §HEh Tug 2,513 B A4 2 1 4 ¥ & (arbitrary primer
polymerase chain reaction , AP - PCR) > & * 151 3 % % 51 3 (random primer) °
S10B P A 5 o (S fL A ITHAT S TR HH AR (random amplified
polymophic DNA, RAPD) » if * *t A Flied A 2 2 f2 A ehs 24 > & T A Fle
AT FEE A 4 A A o RAPDEASFHEM » BiThdaE 2 5 F R A #H
¥o5% > Crockett® 4 (2000) % /& * RAPDA 17i& 74 FF i+ “ R %> & &%
WABE T IR E e 2 B RS L E e o Ibi (2003) £ 4
RAPDR& T 5 Aafe &+ B R 2 # 2 o Liu® 4 (2007) FI&* RAPD#:&(T
SRIRAMBT BARBRIZ T

SO MR RRERET RS R 2R

Fipa R = ek %38 (microsatellite markers) % 2 RAPDF 8 % B siPCRHLIIF2
- o ftfF A DNAF 7 7 i # 3 Tautz %+ (1984) #RE P A FenfiFlla b 5 al~6B i H
peei@ A 7€ i (short tandem repeat) ; if % & 4 Condit® Hubbell (1991) tti4 7k 5]
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os BRAEFOHE B L4 (simple sequence repeat, SSR) > Lagercrantz# 4 (1993)
i iz A 7| £ 4f & Mok DNA (microsatellite DNA )< iz 4 » microsatellite markers
RILE® ¥ (1) SHER F4 AT eRH > 4-McCouch® 4 (2002) 1 pbi¥ * ek
fio ik Fliead 4 Bl3¥ (genetic linkage map) ;5 Yi¥ 4 (2006) ' SSR¥R:&ZE 1 4 ¥ A
Fled g BEs Q) R* W ivFER - iR Ap e amid R 2
T FAEF Ro4rNeeraja F 4 (2007) 1% SSRELEH B4 7 = @l id K R AR &
fao(3) T4 BB B R A7 MM A 47 5 4oZhang® £ (2002) f1* SSRHE:E% iE
FREY DS BHRLBET - 4) REPBAL R EAE T 4rLovamn® £ (2007)
" microsatellite markers i& 7 4 F £ 32 A F T - ¥ Ida® +  (2008) & *
microsatellite markersi& (7 "R EF A+ S ARG € FHRHFL FIip 27288
(self-incompability, SI) +xff > @ & 24 bk 2 (sib) & p 2 f&+ (selfed seed)i®
d 30 4] % SSR-PCREAFRIIF K- b0 B RNt & Bl 22T LT R

L 7 1 H0F B SSR motif » 3T ALRIF A ANTR & D BATR TR 0 w2 ki
JE 8 #2 % SSREE& © Zietkiewicz % 4 (1994 ) # 1 SSR-anchored PCRAL » 4+ & 5% 4]
*Eﬁ4%%ﬂ£ﬂﬂmﬁ&@%fi*@iﬁﬁRiﬁﬁﬂ(—&§Mﬂ%€ﬁﬁﬁﬁ
Bl 7)) 3 EPH - T2 BABBERHRET] > GBI L R 9208 P F
B SPCRF 7 ¥ WA F e SSREHAITADNAT R B A5 B3 3R 531

FREBT AT P BY o 1995 % Kantety £ 4 4L 0 5 E A L4 B
(inter-simple-sequence- repeat , ISSR) 4 47 » &~ % 1 * [SSR-PCR#% 3 17 7 3| 2438 > 1%
AL A BBRBER2Z A47 e FIGISSR-PCR? Z R ABERAZE 2 L | ivh P e T E »
TP EFEF RIS SIS R FEE 4 PISSRAIF K B A RAPDAI G 0 F BE AR
F OBt S A H 8 ¥ RAPDAHF » 7 % 5 - fiid F @1 E o Leroy & A
(2001) 7 fi* ISSR-PCRA 17 iF 5 {oi 3 lw ad & % B 2 HL

ZCEPHERSAEFRRET N EAHAR 2 R

¥ & 7 3] 12 (single nucleotide polymorphisms, SNPs) & ip A ]2 DNA F
ﬂﬂﬂ%ﬁ@ﬁﬁmmATCG)ﬁ%ﬁawﬁﬁzﬂﬁﬂm%%m@&ﬂaﬁ
TR T A (- )R F%E % (coding region)HH &k A R 0 i fL cSNP ()
LB R E g AR X & 5 AT % F e pSNP  (peripheral SNP) fr ik ¥ e
iSNP (intronic SNP) o — 4% ¢SNPs e fie > » e 12yt i2 (7 @ 4 47 & B2 o
£ 3 =+ & & ° F & cSNPs (synonymous cSNPs) # 4 2 Hag ;L% £ 7 }’z?%fﬁﬁﬁ
Feong AR 7] 0 i 2hk & cSNPs (non-synonymous cSNPs) =¥ & £ % B | 2
Tz g ARAE 20 22 39 FRIF BB Fra - Ler
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iR AR 2. 2 F 35 SNP 4 b A Flle s # R id > kfsg £ B T308 4 4F
B X5 & 50~300 4k A% (bp) - B SNP > V4% Bl ® B £ > Fp 4
B L AT- A 3 2% (Lander 1996) ¢ 7f§_ ENE RO ’Fﬁ‘%—é@ PMEFATFETAH
o~ Bt §p ¥ (microarray) F HEE-# F B IR 0 BRERU L IFRILE AP
T ed@ic 4 > i SNP g * ¢ £ P A Fle i /8 (genomic selection) P 1% o
P SiH X %A (next generation sequencing)eir SNP A 47 > ¥ 7 & e fr M
FREE A ST MRIEHT > SR S 2k o

H- BBy FASTRES T IR Baa S efdRs
&ﬁ$@9ﬁ°§ﬁka§AU%@%ﬁﬂ#@ﬁ@m@ﬂmmwiﬁﬁ—
7 2 5 AR 7] (cleaved amplified polymorphic sequences, CAPS) 4 73
o * raE ?]“*;{*)fpﬁg? il B 4 B > T A5 PCR-RFLP - CAPS # 4 %51+
1 PCR A 4 3 & "M 7 fecns $7 s > ¥ R4 2 SNP 0 % 4|1 - CAPS
T TRARSPE ARSI RERT 3203 R EFULRE B
A A EEE E P % o Inoue & Nishio (2004) % f1* EST-CAPS 3% iT 5 J%
TF PSRBT - WREFEA T A8 p B3 > JIr AFep F
A FHSNP AT > KRR Y CAPS 5350 7 ({07 b (T4 S % 2
SRR

a

.La,

DNA A 3 {5352 & B H L5 B iRl B2

cAHE - R FEEAG A AN () HEFTFF-FA AR Q) i
,fumfn-agw Hi¥ Q) TFEPEF-FHMEE S AR A 2w AMriom

NI EETAERS P DR S ﬁ”{%‘;iﬁ ms % @ 5en grow-out test
xmﬂEﬁ+é&%ﬂo@%ﬁ§ﬁﬁ&ﬁ?%ﬁ%%%’9@%%F%ﬁ¢%
FEZ R BEFEDNSEDNA »F R B ELERHRMAT TE G R (0
f@[’ia—ar i TREE) AFLABHARKR T cREBSET B R F A
3 B R S DNA s e ¥ ¢ HURi B SRPM PR BT 7 S ER > 7%
Bt A R T S F (T e

- “RAPD {Ri&a* * H#2 & AR fET B RGP

FH A (FHEfoakis) RSB AR A 470 f 580 B RAPD # #3513 &% )
17 1 RAPD 4 5 ik BAAR AL 2323 » 2 2 RBELT o
T3 S BRI F ERIAT SRR (B 4) ¥ & HE ER%KT
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TG AR 2R 5E (2003 &) SR8 (2004 £ ) mE T fERAY
RS ANTFET]* RAPD 4 F {354 17 > £ 17 24 B % 4142 RAPD {35 > v * 3%
Py fhz #w (B 5)o v RAPD #3840 *r e fdie Bl L HFB LR T E LR
MR ZHE<EF (22200B 12 F) &5 > BFH P 347 R 2L MR
BeOS AARIE S S RIS FI B RZRR T R R ERE T HE
S BEE I BN 2RI BT I HE s VR A H A2 B o

1000 bp

500 bp

200 bp

P10 F1-1 p1.2

Bl4. RAPDE:5 (OPAG14-250) i * »+45¢ # s (360):h Fifa+ & & fg;
A B o [BF B EEEMI~10% 322 2 23605 & ; PI~10% f22 2 & ch) zk ;
Fi-1~105 &Rl 5 HEEsET 5 R f A4k o )

3000 bp
2000 bp
1500 bp

1000 bp

500 bp

300 bp

B15. RAPD#%::5 (OPC12220OPE04) Ju* »vd A4 R65 ~ S BT8R A a2
TARE - [B7  REmILL 2w 2ot o5l 2 R75L 3 5Au 5t
£ B 6%L i%%’iﬁﬂﬂ AALRA;6T8auARAEE L6V £ LTRGBS
B HE T L #T Y DNAREY & - ]
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*SSRFRRET W E e Fi AT B RER

h# (Capsicum)z — & % &£ 2 S i > Eavfle A FEiFF2 - > 83
oA %&"%frg{, joo kg 2010 # FAO 2 2 #4p 5t 22 R H B2 e
e 185 F B M RO RA AR FHF 60%11 T o éfﬁ'ﬁ‘}fiﬁviﬁ E A
i feik s 55 5 A4 (Capsicum annuum) ® 52 ¢ A E 7 AR SN
32 0B R BAEOEEIR P VIURFESAS TS - i'SSE:i‘wfé_’
FULHE R EL AR s 3 E R HRATF 0 F ;fé—+ g
L0 ) FEA AR AT P 222 AR A 1 s
FBorEH AT PR 08% 1 b o E el A A Feh7 4R A
FR FAEREAMRZ T REFHREIFALF ISR B T
PRAFEFNFR s S AT A REZ Bp1 T L4p 1993 £i55
AP AR I00BM Y e 23R KARFo AR &% ~ Bk At
A ﬁé']tt;}%‘ v 32> 150 B2 b e DNA % A4 4 5+ 4535 (SSR ~ ISSR ~ RAPD
markers) > 2 ¢ 12 SSR 2 ISSR & fafkfek fhis2 S8 i F e WP HAER
ko i@ i\i—‘gﬁ_ﬁ?&’ﬁ 53]} SSR 513 v - H A ERAMBT A
Bz t&iRl (B16~W7)-

Iy

N

»

*“)— m

i

SSR AR 3 F A - K3 fE2 KR
OONEEEEF T L 19568 R R TR LR FERRS T T S
LE R HES o mFF A ;&;J:—%{‘f@ ﬁ§0m1968_&%)~f§g2‘€:"\;
s

Zogrr I ERe T ‘*iéﬁﬁ“ P orhend ARfE & FRPF L p
dF R (Ae i R E A AR F R AT A (Aol ER R )
RV AT E ‘”ﬁ*%é%«i@fﬁ]ﬁ%ﬁ“%%%ﬁ%‘J%%éﬁ%”’**‘
2003# E2004 % > fpdr IS B ARA IS EAE-E2F S CSR-FH

o pow ST AT %ﬁ«ﬁﬁ‘fff’%\'wﬁ_’ PRERE S BT
g - K ST o
Fd A FHFRM M@ S RKRPIE K BFETES EST-SSR 4+ 1%
WoORPEAMRZ R T E 2o SSRIER20 o L A B R RIRIZ
)% o F L CAAT SR A A4 DNA ¥:24 22 ugE sy (7
%) g E + EF (20mg)iE 7 SSR-PCR 4 4734 » ek & i 2. #w e s (B 8) »
TE N F RS TS R R EERE ) F07 2010 E HUNES RN 1 REEFE
.dz B OF ﬁ'* HERRRIZ T o X I gt £ A F}A\'*ﬁ-wm#f?{r R |
Eé‘ﬂ BREYEEZHES -‘*%@* frw SSR fhiss @ A B M A il B
o8 e (ia)i) TRz HF I KT (B9)

4y
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300 bp

200 bp

150 bp

B16. SSRAEEL * »+ 444 #lx (360) chF fE+F ¥ B FE 2 T AR -
[B7 &R E1~05 322 2 83605 & 5 11~205 f22 2 & h & 5 21~305 &
BlF g § ¢ HElT 2 mRanBR ik PE2BEHES ]

M @: Linel ~ 10 4 Linell ~ 18 Individual F, plant 1 ~ 18 M
300 bp

200 bp

150 bp

M Individual F, plant 19 ~ 54 M

M Individual F, plant 55 ~ 90 M

i ———— e e B R Rl B i

M Individual F; plant 91 ~ 120 M

Bl 7. §1* SSR #35 (AVRDC-PP83) it {7 4 #5No. 5’ ¢hie 2 6+ & & 2_ & ip
(B 7 465 A 5 1~10 5 322 f8No. 5% % (Q); 11~18 % g2 fieh< () Fipl3+120
BF e § ¢ Beln 2 mpehB A4 TEMBF S - ]
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300 bp

& 200 bp

150 bp

8. SSRILEE* *vd AR A2 FT o[RBT @ 2BHZHRAT 8 AFE T o >
P~1~20mg+ F A DNAZ B~ it > 7 38 (FPCRA 17 5 + B 5 2 3 5 f8.5SSR-PCRA 17 %
ST AR 144§, 5~82 44, 9~121 = 610, 13~16F & ; 51 % : WMM330 - ]

WmM227 WM246 WM263

DM DF DPYM YF YP MMMF MFDM DF DPYM YFYP MM MFMPDM DF DR YM YFYPMM MFMP

WM227 WM246 WM263
DM DF DA YM YF YP MM MF MP

DM DF DF YM YF YP MM MF MF

6%PAGE

DM DF DP| YM YF YPMM MF MP

6%PAGE

6% PAGE

WM120
DM DF DP YM YF YP MM MF MP

6% PAGE)

B 9.3 Ba ARl et b il h &~ W12 6 B SSR 384 7 2 B3 o
[B : % &DF; YF; MF $2 2 #& > DM, DP; YM, YP; MM, MP4~ %] & e < fafx fa * #
* XA F ko R AR A B L 3% Metaphor Agarose & 6% (polyacrylamide gel
electrophoresis, f§ #PAGE) - 61 & 3t & SSR3!+ =4 % 2 WM227, WM246, WM263,
WM330, WM381, and WM120]
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r ~ CAPS i35 i E FifdF ¥ AR 2 &R

EEmEAL RLEF s Lo BLRRRL S RATF L - AR EET
BHPEEG FHI2RPERERZLF R FAFE P A TR EE FEA
L AR (e A AR ARE) S P e - R AR
142-00 #ﬁ}i EHATA R 3R~ o hfomE - R fEF 0 Flasfid
TG 2 B A A AEFRFRPR G TR B RERKRRY S E
N "ﬁxf\—"}{ﬁ%-‘{p\ DR AR BRER T TR BERS T L
o AREBH AR BT R E 95%~98% 11 T H o ARFEST - A (90%) 9T R
F 153 Bt o

FINR LAY BT mEHEMAT K B FF% 71 * NCBI (National Center
for Biotechnology Information) —+ 5 f=#!+% & ESTs (expressed sequence tags) F i

BX3% - 1513 5 i2{7 EST-CAPS ~ 47 > érE e a2 3 A fF 2. co-dominant

AR TH P SAMRERITZ R oREGIHAELS YT TEZ T
FHER AT Omg) 454 3~4 = H% 5 (20mg) i E DNA X B3 jF (B 10) -
i1t 1 CAPS-PCR # 4772 ¥ & 2 3 gk = A+ MR RRL (T (W] 11)°
TP BERERS S B 3 CAPS R8s P ¥ 2 IS Bt je SR fAF
B o AR BHRP 2 REFHEAEF  RETRE FI AT SR &R
2 A1 G B EEER AR FUBER D AR ELF o

i

#

7 DNA A5 e BET e 4 5 BB (D 258 BB WA

TR ZEE HF R LR Q) A RREEE Y T RFES SR
;Jam’i v uE A 3) #HE B Ls F &5 (co-dominance
marker) > F * At FEBB HF AT SR FAFA  FuEEF ARIAEF ML
BRLET LG GOT R i pf ~ 2B R ARARF H 4 R 5fd
HEEE %454 o 2 DNA & F 4535 (RAPD ~ SSR ~ ISSR 2 %2 SNP %) 1 % pF
P2 12 4pfilsal1 2 3B hGOT 3 N F &4 X 44 & &5 DNA
A F AT R BIR S TR A F T A PR RP BRSO
7520 mg o $HEF ARG ] S ROy R T L SF R GOT chit Bk & o
L EF B WL D ho
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M B0 21 82 B2 B4 27 B B0 DO D] 02 03 D4 D5 05 9

T LT LI LT

Bt

B 10. EmEH £ FAWS)I* Ep 3 (9 3mg: +F) f483 285y
e+ E (9 20mg> =) > FP2 DNA T AH °

1500 bp
1000 bp

500 bp

Bl11~ CAPSHR A * 0 EEp £F 6+ 2 LA SR F2 2 T ARE (O F

CAPS1E:4 5 C440- Dpnll ; = Bl 5 C440- Bell) -
CERR T ~2;§£<$§WSW’J4 k5 3~4% A EWSHY A 5 5~12% I FEF,

o 13~185 Wl N B Atk o BEFA A 5 iRl 0 B AR ACAPSHE RS o ¥ o ]

34 <t

Lo 2m? 21995 ko R a3 | 7 311 DNA 38 & i S E

\pt c Y B EFE LALGEY o
2. Arus, P, S. D. Tanksley, T. J. Orton, and R. A. Jones. 1982. Electrophoretic

variation as a tool for determining seed purity and for breeding hybrid varieties

of Brassica oleracea. Euphytica 31: 417-428.
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NIRRT

v ATE 3 E
By @A RE S LFE-2 R EEY <

# &

EANKBERALT - EARPFFAREETHEL FT 2 - FpT £
RELHRFDD NFiomET 52 - & RAsFRBE A TR E 2 > R3F 5 1%
PripA R REE AR W - RS RN P ER
(marker-assisted selection, MAS) 3 & > i ﬁ:}?ﬁ AL FF o AGILEAN SR
i MAS 2 8 o3 fR&ehdkif > T8 - H r0§ a5 b+ 3t dum MAS R 'R
mhﬂﬁ%mﬁ&ﬂ%°ﬂééﬂ@ﬂﬁﬂ;%@’%%E$W€94%%@§
LR ETER AT AT ] 2 PELT o WA F MAS i e ok e

ML Fup v AR A REE P ER(MAS) ~ facm - A T iRes s BB R
#& F1& (QTL)

4

|
<=

=
P

L4247 Efwpps MA %D awéwﬁi A W T A F AR
FF o4 TR i T LGS ERNE A S BB ER S kB
FEFL LGS RAFTFERERARNED EXIER- NP ELERFF R
AR R R FN AR T RALEY BRI ALER LS o
A TERESEFIERIAD AT BRAED LR BT U
% /% (Tanksley and McCouch, 1997) » @ a5 A58 ~ 2 2 w2 7T A E#7 |
A A G A AF LI T ERE R R A T ﬁifm-'}?ir'r'
B e AT 5 A & iIf & WAl (phenotype) k& 17 ¥ BIEHL 0 AR T
WRlx - SRR SRR EE-FAFTE Y SRR S FEE R
X F F R T o R ERA FERR R Fup T BT & FREY X BE K
Fuptientgpl > Sl AT R AR URRTEF 1 FRAERY > A ERHGE
ERFEERRBEA SRR FEY Y AAFREER I BEER .
AR PR RFS B ARG %R AR LA T O
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Fho FlBRUR T AL AR 4 gulfe 3T E ke SRR AR
e B oo Ul Ap B cnA 3 Jfﬂ,%_gg eiaE 3R A R R4 24 E 4 (marker-assisted
selection, MAS) i B~ (% i ko= 58 fe i 7 Fips 8 - 15 kL H + R P
< A ERMS T2 - o Flt B o Fun MAS AR chdR 2 S A AP IR S
B E R GeR e et F A ER S A B IRE B PRN 4 B up MAS
2R 24+ HR3E 0 X E s b B dum MAS g i

MAS sk 32

e o 3 TRADTE LY 4 F Hg A B E L F RIS & T i 4 Bl
(linkage map)+r A 148 & (genomics) & F 3 12 Zg F1 Al endE iR KT R T
(Jiang 2013) - H ¢ & 3 {384 24 E $5(marker-assisted selection, MAS)* i 5 » +

iy B4 7 fd(marker-assisted breeding, MAB) 94| * % 3 f&z&(molecular marker)
kPl EE T AR F 5 8 A F1F(idea genotype)ihH hiE (7iE 3 o MAS
BRI T AP 2 AT A 5 A F EREE et v 5§ (marker-assisted
backcrossing, MABC) ~ 4 + #3853 B4 #31% iE 48 (marker-assisted recurrent selection,
MARS) ~ & 3 254 24 2L F]3a & (marker-assisted gene pyramiding, MAGP) 12 % &
7] i 42 (genomic selectuion, GS) ¥ (;¥-inif 1FiE 425 % Jiang, 2013) % - 7 w5 !
WoR— 5 MAS > 38 {72 A -iE = 3R L 8 B & Fupm A R R 7 F g s iRk
(;%—sz; (o A R)RIEHL FERET T EEEAT L SRS ER R
ST 801 4 ] (phenotype) 5 E iRy 0 B S RAFjeand B E B TS
i ﬁi@ T LA ER I F 2 AMASY R &3 2RMATE
RHmag s Rt kAT E A FIA(DNA) > 2R 1T L ER R éitﬁ?i‘f* e

2 QR S8 ot Ry ﬁﬂ‘% FE b MAS ¥ 07 %t 5P (7 DNA 6:E F
Bphfdsm Flad c £ F2 A4 K 0 AT RRERT
MAS ¢ * X B Ao + 4387 A FRR TS B TR T B R BT iR E R
sk A AR B S ek MAS B AT fre s F 5 MAS A 47 7 »2\@; %
B ERERARFNNESNE B BmET R XFF U MAS ¥
- Rt AT R it A R R R R Y B o B sk
TR X5 MAST e & B 'ﬁﬁ%iiﬂﬁrﬁﬁﬁﬂﬂ Frald e w2 A
F)3 4 (Ragimekulaetal., 2013) - i7# k£ H A F 2225 < A4 £ % > MAS ¢
B LT T G > MAS LB N efEfE S SRR B SEAR R
LB R R R TR TR AT b fok Bk s g e s
DNA ~ 37 ¢4k %14 & % (Foolad and Panthee, 2012) -
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MAS & * ene 3 3%

ARG A BT R - EDNA R * RGBT Rt iR
+en g Al (polymorphism) o gt & 3 HRgE A S S dL AR MAS # % 2w §
A B T A A (8 B )R KRR T B A S R 4 (1
B)ARE o B iR Rad 2 H o SRRt *v?%’n‘;}lis MAS & IR o A
#t auf.(!’aé B e A G 2w 0§ AR B m{%; 5% - B DNA >
T - A AFAEL pRBLFEIRORRT A Z A F - AT A
+ t&2&(functional marker)” » & #5241 P ot A Fle 427 > P71z RE DNA

B7lkztal3d > 75 MAS @ % ek 3483k R F]L3F 5 P ’]‘*ﬂr‘ﬁ—ﬁ*ﬁf@fﬁiﬁ\ﬂ%
AME 7 0 &g dE functional marker #icp b 5 F Z A FARRL B4 P R
A Tl A (I M)A SR - R 2 A SRR S St HRRG g
doR FI R (M) A 4745 P18 B RPup A Tl B s TRk e S ikfﬂ Lz
AR BRHEE R 2 0 F RS RFLP > e B BEE R ALPE R W 2
MAS » 7]t MAS # * & F &35 % 5= PCR-based marker 4c i & a4 F {53540
RAPD(Random Amplified Polymorphic DNA) -~ AFLP(Amplified Fragment Length
Polymorphism) ~ SSR(Single Sequence Repeats) - SCAR(sequence characterized
amplified region) ~ CAPS(cleaved amplified polymorphic sequence)f= SNP(single
nucleotide polymorphism)% - # ¢ RAPD 2 AFLP & F]|# €41 & = i{ 7 e
i * g = i 0 RFLP(Restriction Fragment Length Polymorphism)—- & < % #& 3%
% SCAR & CAPS 121 »> MAS i¢ * o

& 2t MAS &4 = 38 f”*’lﬁ*’ﬁfﬂ#’@'f“*zé Bf%ﬁiéf-*’sﬁ%iﬂ%
ded AR AR S D Heid o BAFHE S DNA FORE K~ £ 2
2L R REL S AMEE BT a2 IR A B R R F dookfes
HicE o FL AR BFTREF I AP AFF AT LA AL DR & b S
pp,t,?};mi/»\*'jg;’ AHITERFIER T2 2 ATFIMHEER == F B

HEPAF A H b AT M ATHE > @ MAS ¥ #* ehs 3 {2k &

B i
{5 i -

AT E R 2 MAS (i 75

Pav MAS L Fensfdx 2 55 8 % 5d A p¥dad o F 2 Fih )
AR F A~ BB e s 1wk e BSA(bulk segregant analysis)z# % £
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gz AFEEFI2011E L NF 28 5 R RES Y Y MAS (g
CAF AP TN AR AL TR A Do FUERY A SRR
Bepj A FAFRTRRFIENE RSSO BT A ST A T AR
FOBART LG ¢ Z R R TR AT - 2 g PELFRERF IHFIOE
SRR T T SRR OB S BHGRS RR S REY A& 5
faz2 TR fREEE) A TN QTL T iz s 45 (4r A F1 A1 8 & A chdg T
Bk ~f 5 Ond A eI s dRaE PRk d g R AmR) -
T2 AT QTL A s % ¥~ J vl BREFLEHFREBZH QTIL L 5 £
)L R TR(EAF AR EFE R ) N B P IEF]SD

BRI A FOFTH KT A F HRIE2 B s (Kumpatla et al., 2012) -

#ui MAS %

Paf A fER* MAS 7 B P BACBIRP s L f A f ¥R LT
SRl NN »ﬁublgwqu\gl MAS ¥ = > A FfF A ¥52 oREY fﬁm,&mfﬁ ’
R FCEHGE AT % MASe jig 4 27 ¢ s S REp M ah g {1 =
Poid 7 v 4eip) MAS Bt Al 4 g E e R B F T A 50 o 11 2009 # ¢ ;;L,m
L 1% i#95 2900 & 42 MAS 4aR¢ - 2 ¢ Pioneer 3 890 i# ~ Monsanto498 # >
@ Syngenta 5 83 i* (Greenpeace International, 2014) » izt F 41 A8 1 MAS = 5 %
BIEA S B G aBe ¥ - 2 g 1335 2014 E FALEE S P o SRR Y
MAS 7 2 {8t 58 & LR cni®dh S fd#icid 136 B o B ¢ A& AfLiEF k4o
Bo% o 2K 2 0 i MAS S ik 50% 0 A ﬂ\y}ﬂi heniEge Pl aefe 2 5
i rENEE s PEY 2 S B TRl MAS Fup SRk S ok
(Greenpeace International, 2014) = j¢_t i T2 7 5 136 B MAS ¥ 4/ S/ 7 &
%7 86 BALUE S B REP B MOTES L BE R R LTI FUR A
FlR o M daves b0 2014 & 5 0L RS A LR MAS Fups s 8 B o @ 4
BB mRFESLRT CARERS L npup A TR 17 B (Table 1,
van Ooijen et al., 2007){-4z 6 60 ¥ (Table 2, Foolad, 2007) - & ** & -3y A T
G4 5 HRikamTh 0 Arens % (2010)5 & § £ 47 b fdop T A S ke
s & d24a Verticillium &2 Vel 2 Ve2 A F -~ FLTOMV 7 Tm2 2 Tm2% 4 7]
FALH 2. Mil-2 & Flfedu Fusarium 2_ | 3 12 2 Flag 42 o 5 4R35 B 7 F
FHRFEFATINELLER oA EH R LRI, 117 2L 2 3 Rk

Gk B BT 9BWRIEL A T BB PR A WAL TR R - R0 2 AT
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A SRR TR B TR T R A S R SRR 10 R

TMV &3 fy ihs + a4 b i o

F— S PR A MAS T 2R SRR hiES

{40 3046 Fulb & il F A () =

< ¢ 6 5 83 2000-2010

2% 9 9 100 2004-2013

HHE 6 6 100 2010-2012

R 1 1 100 2013

EA 2 0 0 2008-2009

=4 2 2 100 2003-2013
IR § 1 1 100 2005

Fe ot 61 31 50 2000-2013

% ¥ 4 4 100 2012

* 2 4 4 100 2005-2010

4 9 8 89 2002-2013

) & 31 15 48 2006-2013

Bt g iedum MAS Ghb] 5 > S AR 3 ¢ B e HEICE AR AR R
S RECEE A EE S N RS R S R DR TV o
BRmE o ef A fEe o7 e bFRY LS HREE T 2 g MAS(Foolad and
Panthee, 2012) » i/ f§ i 4™ 15 2L » d E f] Fusarium oxysporum f. sp. lycopersici
(Fol) i & 2 & 40 % /¥ s (fusarium wilt) (548 5 & 1% BB 2 Ficihe £ 34
FRAZEEFEP e B AT AL L 2% 1-3 & w4ftrace 1 race 2 %
race 3 F it 1 2 -2 =% 11544 -1 2 13123 % 7T5.4¢ 481 %
1-2 i * drfusarium % % s 5 fE0 4t race 3 B R A AR * 1-3 2 i
grifh THEZBEAFT ST AFTENFRY S AT R B2 TR
PR RRF A e TR 27 p o B ORs

# = > Bt & ) Phytophthora infestans s = 2 8t % J5 (late blight) ¢ 227 4 §
3w S. pimpinellifolium # 3% 3] et AL F1 & » ¢ 42 Ph-1, Ph-2 2 Ph-3 % » & %] %_
% 710495 4 4 #8F > H P B 5 35 Flyurace Toe= > & Ph-1 A F] A »
Fuld fxpprace Ty 2 AL (8 KPP ¥ - BINLEEAFIPh-2, 7 k¥ g
% >#Ferace Ty 2 & 2 o gt ek & S, pimpinellifolium L3708 # 35 3] &1 Ph-3 5 %4
R AL %] s e H Ul Ph-2 45 > 72 7 i s 28 Ph-1 e Ph-2 ¢4 5120)
a2 T ORI s 4 2 8 0Ph-3 ¢ AREREFEP B A NBS-LRR 36
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TAf -0 F i e A P R F o # e (Zhang et al, 2014) o gt b o BT 3 . BT AL
5 }}is 7 % 4tk S, pimpinellifolium L3708 ¢ - *2% TR B Ph-3 %R T
s AP I P AT o S RATFRNA T fEL RALPh-3 it e d
Ph-2 4 Ph-3 B &4 4P 4 & 2R chd 32 46 o 2 {4 > A7end o[ faE )
B/ Fﬁf-ﬁﬁﬁvﬂ FEL S facf R B &% 12 5 1054 5 M plATnin
MAFE - ¥i5d QTL = =447 > &% 4 & S. habrochaites LA2999 » #5 7| ¥
WS- Beand AT A 0 Sd TP E T SR EEOIT R R % (near
isogenic lines, NILs) » e %1% 2 F &P k2 @4 b (2> F B i2- H { Hiwe iz
oz g} 3t (linkage drag)d svie— HAER o 20t BRBH ISR L Fic S,
habrochaites LAL1777 z_ =z =% # ¢ $H 37 B 2 »cdett QTLs» ¥ Jhp S.
habrochaites BGH6902 %+ f| = > F|4g i 29 B QTLs » iz QTL ZixA 74
7 AeFak A R AL TR @ L A e defe Rl L QTL R Y A
MAS > » B 5o §eprie2 - o

% 3o% % Jp(verticillium wilt) < % 4 Verticillium dahliae = V. albo-atyum i
Fenpedop d oo 5d AR R &S lycopersicum 45 B % 9 5LA 4 M A Bl g
Fip A FIA Vel 2 Ve2» # ¢ Vel ¥ v 4 V. dahlia race 1 {= V. albo-atyum » ¥ if
% Vel A7 4Ew > FREKBB N wed e LRy > £LAF
leucine-rich repeat & 4~ fui4 2k #] 3~v (Fradin et al., 2009) - ¥ - * & > race 2 f| ¢
TR “rﬁ F 3 Ve firm i o 48 Hpu gl A e 0 BT
Mtk o B oA & S, lycopersicum f& ¢ 45 T ¥turace 2 cd 4 4 S+ HR3E 2 pow
MAS Ji& * 1+ Rl Ve 2 sk Bk 2 4 F ki s 4 i o
B av i fﬁ'riﬁi%hr)ﬁa(bacterial spot) > 2 & d Xanthomonas euvesicatoria

B

\u

B4

(race T1), X. vesicatoria (race Ty), X. perforans (races Ts, T4 and Ts) f= X. gardneri
(race Tp) & i3 = g o4& ¥trace T = Bk p Hawaii 7998 2 et 2 ] & Rx-1, Rx-2
2 RX-3AL T 12 % 5844 8 > e @A ez RFLP & F 38— &
EFRLF FAMME > A E 3 MAS e (8 k1 S R Hawaii 7998
T EER-RX-3 Tz ¥ B 7 CAPS & 3 357 * 3t MAS ¥tdwrace Ty o
b gr_#a:}?r,—vfﬁfﬁz Hawaii 7998 & S. pimpinellifolium Pl 128216 35 3| 7 ¥t race Ts
2 fupt T A Rx-4> 3t % 11854 4 48> H g4 2. SSR ¥ SNP 5+ * > MAS
Fofe gtdrace Ty #0 S. pennellii Fuft 2L %] Xv-4 chi= % P 3 P Fx o £ Jﬁ > d R
A S tgm]tbféjs’z 4 S. lycopersicum var. cerasiforme Pl 114490 # # 3.+ 12
Wiis 4@ 87 QTL iz 33t % 11 504 ¢ $8¥ o races Ty, Ty, Ts,
and Ty2. 252 QTL > ¥ — F =% ¥4 4trace T, 53 % 11 5fc% 3524 ¢ f2
QTLS(PVE 5 29.4%% 4.8%) > fe iz QTLS i 4 » + R84 7% it B * *t MAS »
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§oaviisa 8% :},;xai (Tomato Spotted Wilt Virus, TSWV) it 2L F] & 1 3
A2 B AT B AE R+ % RST S peruvianum o H ¢ Swh L F] AL ®_i 3
$ OB I M T mARE 0 B W TSWV & B 4F chdnft 2 7] o 32 28
o AT ATA 2 2 TSWV 4 4k § 5o PR SW-5 4k e 2 daft > 2 Sw-b A 3 fR3ke
LR MAS. ¥ - B g T § v 44\5&—@@4;};& fao% ,L%#;’;ﬁ*
(Tomato Yellow Leaf Curl Virus, TYLCV) » H it & %] Tyl, Ty2, Ty3, Ty-4, Ty-5,
Ty-6 A2 =% 6-11-6~3~4 2% % 105.4 ¢ 48+ » & F 577 R3FE 3 MAS -
gtk QTL =77 35 ) % B i 4p B QTL(Huton et al., 2012, 2013; Foolad and
Panthee, 2012) -

gtk s BB AR A root-knot nematode(RKN):/,;‘a T2 Mi-1 A F R 7 RS
DB ATBARS 0 BB BT 3 MAS gt s F R AR LAY R 2T
RHEFT LR MI-L 2 Fu > &y oh A~ B e gz P A F A (Mi-2 2 Mi-9)4%
Fh o GEREAFAHI RBRAAH2ZE- PRSP FETEAFN IR
B R R A RIS R R H oo gtk B4 functional marker
% -Jung % (2015) % F #-< E 7 Tyl Ph3 2 Ve ¥ = B $J5 24 FI3K 3+ = functional
markers > H ¢ Tyl 2 Ve { = # %+ = HRM(high resolution melt) » + #&5:F & &
#5-Bi B SNP e 45 > € g > MAS § % Pig i{ o

B>t MAS 3 fp ol 2 7 A e+ > Prasanna % (2015) % 4-43 4 z‘?:}%fﬁ)ﬁa
Fenfir R F R Ty-2 2 Ty-3:8(7dafp > P 30 HifHond o 5% Fmu Ty-2 2
Ty-3 4 F R B E T Fs 2 Fe2 >4 5 Ty-2 & R FHERISR 2 H
Pk 4 %:}%iﬁﬁrsi (TOLCBV, ToLCNDV) ; # 5 Ty-3 ¢ B8R & 4129 47 chdm
foom Ty-3 8 FHR ARt L £ gths Ty-3RFHEFFES 3 Ty-2 2
BRI APE o € 4eas 2 TYLCV 2 fld > B om sty Ty-2 o Ty-3 7 123 4e i
£ - Robbins (201) f1* Ph-3 fv Sw-5 e + {fi6 8 F = # EH N LB A FA e
£ 2_ = TSWV frfﬁ?if}ﬁa e oo gtk Bt 3 MAS ¥ 2 B B fdde Sw-b &
Ph-3 &+ &35 MAS ¥ & % % Plum Regal + # ; Ph-2 22 Ph-3 & & {&£35 MAS
& ¢ % Mountain Merit f= Mountain Magic (Greenpeace International, 2014) -
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P MAS 6 Teefpe i

3 B FEE2 R Fli % > 12 Clavibacter michiganensis subp.michiganensis
(Cmm)sldeng 3ot f o Fp & b 2 3R s SR Bl g R fF g 125 & B
EFEA R P Havi A B AR T R R BT fiE
A2 BR R RAFEE R Sk T % 5 o il F‘P%g% Ry
fis MAS 26 ¢ 38 51 > fe § & Fridedilt @ 5 B - R A Bl Do R R
FH A pE mm? WET M MAS $%3 B A A T4 2 ¢ wr?ﬁ,ﬁ* ) T A
A B 5L 0 g .0 F 5 ¥ #(Foolad and Panthee, 2012) -

@A e B s R E MAS A o X 5 AT F A Fum A TS
ROAROR & Fled @A ek o F A BF ARBATEB 6§ www_ﬁ
¥z Fubt R R R R4 38 ) 6 & — 4 (race specific) » Flt R it 4 H - 4 12 0)
o e BpREFAFMKITE G A AR - AT MAS L RREL - ¥ -
S RS RE S B QTL 47 PR S S B 2 3] 8 o
e A e F ;ﬁﬁ%}ﬁs Ralstonia solanacearum 3!4= % i0% /’%.‘Iﬁa 5 Fdup AL
Flig @ PR A TR e i EIE o A4 TYLCV m#af’;qwﬁé%ﬁuﬂ‘ € 1% i
R ,-v((FOOlad 2012) - Flpt F AR F R EE L Al @R E
- AT QTL 4] > 3= Rt @4~ F H3x g # €57 MAS 477 * |2 - MAS
PF A B AR A A B EE (5 AT d R QTL LA 745
Plzo A FfRsss F2La 0T MR A QTL » ¥ v % 2 FlE > 5% - B R 7]
H 32z QTL 2 i 2 A~ F Ei&d 4 7 4538 T i AIEHE A E 0 B B R T
L QTL & iz g4~ **f—r’*’ﬁ EHL - B *“*ﬁ EHEPET L F L QTL -
it MAS e % =2 28 QTL @4 4 3 R A v %3P & F Al
TN E o?a?\z:g'z&»n\QTL@ﬁ;i/w\ﬂkﬂi—;t" MAS 427 § @4 2 ¥ 7 2
Moks — A A o % PR e BRR Tl F MR EH - A Fli ] i A T
MAS + o ¥ - % g > T 2LH - Fupl LTl 40 2. 2 3 38397 = TR+ 2 MAS
B LRIHEE AT AEEDLRIE BB BRAEELF B 10 RE
Proofe v frb s ER L AL 0 T4 ;&MAS F# P 5 mEHp '”?En”’

FF 2B Fip MAS (5% A 3 8 B4 £ IR U > i 5 F R for Rt
MAS 3352545 - B5 AR T R v%*‘l/EJ,aé ) 1»; FIHA A FEg e
MAS # E & + #2 F](Foolad and Panthee, 2012) - o R RF IR A R

@26 0 f de e F 1 s Bk (bacterial spot) 5 ) 0 2 :}fﬁ/ﬁz ‘p%]"%’:c‘.ii% fLiek s ¥
iR H - NS BAL AAEE KRAERY R IR RR AR 4
HhHRFERE T AR 2 LA T2 &2 5 HR8E 7 MAS -
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2o MOTEUE MAS fr g fRdt i £ B F A Bop R F RS RS g
e A FEEALAGHRE AN N ATEEHE F L - PO R 47 R
Prit L 5 Al B AR S B R AR B ATIAR S E 0 BF 7 FIop R A b
FEERHAMATIF BT R SRRk

i

B

B ﬁ;c—a::fga MAS S5 b+ iz » 3+ s A d 2 e THRT
oo EERFEAN Y %ﬂﬁ)ﬁﬁfﬁii S R L B ey ;_’é‘n“% Et=E
f:ﬁ MARTIEISEE - AT By b A AR B AT BT R
A7 i‘L MRAEAPRE 0§58 MAS &7 R g 7 fa 2 g ek((Ragimekula et al.,
2013) - 2>t o $F A Lo R Fd B AF R AR T o e 7 MAS l&f EA A
FRESRRFEERN RELERREAGOETd SREF AL TR A
WP AR R A E R E B A MAS & A& o BREFERA T IREE P R A T
1.7@&gn53}§|1£ g B o A FEp 5 TR R E B R hE A
WP AS F L AR R TR %bsfa‘&ibfm‘ﬂ EEIUR
MAS o gt #h > 3T & K F3F 5 (T2 7 2 AFIMES o & B* AT Lol
Bl g A Tk 3 fRiE S & L e Peid o 0 SNP 5 A BV F R fE B (NGS) ek
F1%8 1% $5(Genomic selection, GS)c+% B » & MAS i& » 3 il & A + i M4 E R
PFEN o B2 AR o ed P a'*#ﬁfﬁévlﬁkﬁ WA+ e MAS 3 3 3 4
g R0 T LY FA Kk MAS #- IPF S e o
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F # i AFlez /R gt *—:';\;#;,ﬁﬁj
SNP Av\-'é--f%.ga

Ak
Megat g RES

PO

AT e 2 BEATRA 8 R PR AR YT NE R TAA IS B
BEYRRBRFN X E SNP &4 F e ¥ kRl o F e T3 ehe F)] -
Bd A E LA AAF TR i £ R i AT AR ) LG
Freom e kA ETHEFTED ARFLDRIREG R i % 4 e
SNP & Ffhiee h2hp FA & AALH M AFeT R BRI X Fmmp b
ey TR F AR S i A

i}

Mgkt A3 e s X APEEA G ATIERE E

E2

&+ el B4 T fE (marker-assisted selection) & 41% DNAA + &3 Hojie >
AR £ A E R EROP RR R S R S P Rk A '—]Bf TR g
AR b £ R TG i E 0 3 3 5 fAE K e»ed (Collard and Mackill
2008) © g — ¥R A TR T BERPF] S A4 FG T o ¢ GHRA L
AR ARG R B B AT AR A H R EH b
oo 5 BB B A FIAE R eE L

RiFLEF ey ﬁéiggﬁ% LA ol BERE TR ¢ (DR

PR R 0 T 5 S ﬁmg‘ﬂv@b; )itz 7 ,f;ﬁ_my— BREA - T
ﬁﬁafﬁﬁ*@ﬁ@.%%%ﬁ Wﬂ(a¢+ﬂwmﬁﬂ’*@ﬁiuﬁ?
FABIA - L RRAET - BRAZ BorE RS Al (DNA

polymorphism) iz % » ¥ - B & B % ;_T*ﬁfy; % A ,bt_m,:ﬁ_ N I
gk TR & E 4¢%ﬁm@#ﬁﬁ3]ﬂmw ERR e
SRWE LI AR K o Aa o F R 0 e s T R TR
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it é@-“l" SRS R 0 fEA imiﬁ%\ > {%’gv} >
AT ERE G R G A F R i T
o BEA BRIRAN2AFIMEERTTA P HE S ]
o A TR SR A | P IR B i 0 B D AT ﬁ‘rxéo\—f e o

ek B EFET RO AT A AFIMEREF] VLG @ A F R kA&
AT AHE G EARDD R B G AM cE R AT R R R g RA
Al T AR e /pfgy B+ £l - PrH e % 2542 (single nucleotide
polymorphism, SNP) 4 &+ {h3z » &7 5 I3 £ 7 A F s 2+ E faH SNP
b+ ke e

AT A SR T R TA R T RE RO AT R
Bl o HEOFRIEHBTMELS LA AP AT ELART R
(reduced representation library) ~ ¢ * Illumina £ AP TA L Sf2R 1 E F
AT - FITH BT LRITF GHEF A 2014) PP RIZES A 2 fe
REFES PHRA L EHY E BRI SA T e N RV 22 LA
FRE R PP R AR ERTRA PRI F 502 AT
e 5% &0 o w T it AT e BN L2 ARER PR A T AL
¥ %‘% d #ic#8 Stacks (http://catchenlab.life.illinois.edu/stacks/)’ EFPRRA P4 AR
Bawt$ 50 A BRADH A Fe2 BFL G SNP g T& AT
HieiBhod W H I AF iR F U EFRUGpE S AR M AL RIUBER
RO S0 2 B e 1 A )2 A AT B dp de o orrd i 1 A TR RUB B R UE
BT R F A2 SNP A F iz 4 i P?F?ii—’{i%li—li/’}:* e B A A
et BB aA T o f§ i A Fe T B s B Bt AT T AR
TREBEAOTRE R L L R Fla G A Pamwﬁa:m&z AR
% RADseq (Restriction-site Associated DNA sequencing) (Baird et al. 2008) » & {
1% 7 GBS (Genotyping By Sequencing) (Elshire et al. 2011) ~ MSG (Multiplexed
Shotgun Genotyping) (Andolfatto et al. 2011) ~ ¥ SLAF-seq (Specific Locus
Amplified Fragment sequencing) (Sun etal. 2013) Z i o 2 T LEFS » A5 {8
Fenhi 5l RADseq » i fh o $H3 & jimd 202§ BABSE F 7 p {7 (05F » o
R & feAr~ T if*uf“ﬁ?ﬁ AT AR EER S T ot

i e
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-~ Fﬁ'hglﬂieJ W] B ﬁ‘*msé'*

A Tl L R e B R A AR 5 ] 0 2 Pstl U
¥ & tﬂJ ViEAEE o B - BFEL CTGCAG #2f B 7 @ iz k5| il d e I
TIE R G 1/(4% 0 E 4096bp - o FUHIEE 2L L fER 90 Bk
Ao pawt 5 RHESEEE T (90x2)/4096 =4.4% H> A FIR e @A 7| o
FE & D e UG EE 0 4 SDfl i & - MyEn CCTGCAGG #ipa /7] 2 > 4
TR e R B e 0 B M 0 0.275% ©

AP Efg T T AR by R B g TR T AL
AR UG o fi R d BT U HE s L 4 4 F (euchromatin) & R 4 4
B (heterochromatin) o ¥ % ¢ B 2 AFIARFEOTHE L4 3 ¢ 7 Ait - o
B B pE o 4 mﬁf@w FiRgd Wik (d@fe) - F2 > Bqd FiAmi
BABOERE - AF 7 AT > BRBE PRI A T Ay i 7
POEHE T AR v UREE o AT R AT @ AT e R R
EF A PR RFLEHRIAHIIPA IR EMe Y B dle
FGHEF R S KR o Pstl & EcoRI #RA¥ ¥ 4L * ot ? fL it SrR ehr e
fis > @ Lo & FlenSbfl P4 e A7 s o

= BER SR PP AT
@Fiﬂ@*%*ﬁﬁﬁ%’ﬁigﬁﬁﬁW%{f%@ﬁ”ﬁﬁiﬁﬁ&

g2 DA E Y R FMREEAL BAaL APRRETAE DTS
[llumina Hiseq 2000 7t T AL & & &>~ @ Illumina P TA & ¥+ =7 F
B’t’ﬁ;ﬁf‘ &—L 1.5 1131,4,1_']'{_‘,5 }irﬁ’@v}*ﬁf;}% 7| > . u—,—;fr}tﬁ' w5 7] ﬁ-fi

- 1 T B 7|3 B~ | (sequencing read) » i PP AEF L A TR A4 5 Uik
BB A adgig = — B A Feadg AR SI50T 0 - BAEIE BT R
F (R CHfER - X)? A 4EE " Poisson 5 4 kigll » BB FFEEL
zf?;é.jfﬁ- B AN B E e V- R REER S T E R
B Bk A AR P R E - %l 5 99% (K95%) » BT B 5 Bk
z%_\?‘r}tﬁ? FFBREFNTOHEP? ok L 8- #HF BT llumina PfE 25
ST REFSF (HiHFLs2ZZ) B HEPR T :EFE% it A F e p ek
B AN PR E = P 599% P E R F BagABE SR E
Tiozfei 2 d Poisson % A Feha N f ()=e x A A 0 Ak T F Bk A
MEF|FEREFNDTHOIEOANETEF B AREFF R F a=tdco R g T((=3)
>099 FFoAL S E 9 NREFFTFAE S A T 5 450MDb -~ %4
R d WAL R A T2 Potl RYIpe W ivfp A H AT e T AR 5
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B> Pstl FUH|pEE B A S B4 900 Mb 2 A FIRE I R edicB 5 9x 10°)
4096 =22x 10° > & & B\ LFI 7 e QIO S A 4 - B A A B o et o
PREE - BROPREAELFI T (22x10)x2x9 = 3.96x 10° & & 73
Boo BB - o PRAPREHAFEIAF R PR Y [llumina
100bp single read 17 538 > » i&{;ﬁﬁ B AR P R L ir"‘,% Py
g > £ & 51004k 2 B 7 o

FE-BRRADAIEIT AP Ef A A R4S R
F]7] BE IR 4% . (missing value) o #t b 0 B A& 3 A TR L R AL S AT
Gt ERER KB oA AR BA DRI BEKD A L it s T rGAEN
Ak F1345 K 5 (genotype imputation) > F PF € AL * KA & 4 LR hieE o
RAR e Rk cna R A @ A 22 TR 2k (inbred line) & E R E i

%2 (double haploid) -

S IR APRRERIAZL P HRFAL2ATFIRES ) B RER EKP

fivAFeTRPEpT BaEg s Ak TR AT ETARE L
P BRI R - R RRL hE P p S (barcode) o a1 Bt
BAEF F BHATEROTABEERE - A - ¥ Tllumina ShEA & 2
L ERH BRI AR R AOTA S T PGS AR AP
TG e B B 7@ P~ (sequencing read) E_BTVR- Bk E o U - ?fﬂmq% k]
To¥- B2ATIMEL 450Mb- & % Pstl U HAN AT eb A 7R
BP0 3.96x 10° B B A B> 4 Buvd 99% i g @ I A aA 3 e A
F14) o A/ > — % Illumina Hiseq 2000 {5 T 5 & *# X7 A4 T > 100x
10° @ A 73 B> Flt i AT R ARE AR X BRL AT 1% 10
25 B * e ik 5 o

d 35 B Illumina TA &% Y494 2 chd A kB S F B p £ F T
o A TRz 2 A Fe ) @ THCAFEE 2 AT e < | ant
bl g AEHER T ATIELARE AP AR E DR REED o T RS
AT e ) TR RN REE A E A3 NCBI FHRE» TH
AT 2 A TR e ] o ] BBt A T e R R R R OTE
* L FE o

FREBBRRRARAF R LA EfE T RS RIERAG AT LA R
TR R R FRA R SN B 8 R P A TR o R TG B 7
o U FAFLHUTTARE AR BERER LS F R TLR 0 A

EXAFIE RH P P AL TR G A RO o KA 0 B

—

fa
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PLlirx AREEREL EERIEL c ZAHR Lok SR P - Uk
Boplv St REANTIT AR EE PRS0 SRS Lk S
A G AR LE T RBHRR AT L Sl -

i

W

‘hh

*—‘ﬁ . Thomson Reuters = & #7i& ¥ o754 < T E Web of Science * %
HiCAF TR R E A TR ip T TR REHFT] 30 & -
Yt s B ATMESY B AL 0 2 1TE 0 £ dEed fideT e
(Arbelaez et al. 2015; Begum et al. 2015; Liu et al. 2015; Xu et al. 2015)~ = & (Liet
al. 2014; Iquira et al. 2015; Sonah et al. 2015) ~ 4 3= (Chen et al. 2014;
Viquez-Zamora et al. 2014) ~ & & (Wei etal. 2014) ~ # % (Gardner et al. 2014) -
% 5f (Lietal 2015a) ~ 4 7= (Wang et al. 2015) » FH# 2 (Kujuretal. 2015) ~ AEiF
# % (Chenetal.2015)~ 1 (Zhangetal.2015)~ £ % {2 (Pootakham et al. 2015) -
MR niT G AT ST B A FFAlF 1) & (Talukder etal. 2014; Li et al.
2015b; Li et al. 2015¢; Lin et al. 2015) ~ = ¥ (Honsdorf et al. 2014; Liu et al.
2014)~ 5 &2 2 ¢ % (Hegarty et al. 2013; Pfender & Slabaugh 2013) ~ 2 f5 &
(Russell et al. 2014) ~ & /& (Lambel et al. 2014) ~ 2 (Wu et al. 2014) ~ & Fr
(Kundu et aI.2015) N R (Zhu etal.2015)« 1 b FT T AR A 5 Bl ¢ Aifa
EHF LD G EER A AR o N gt - AR BT T A TR TR Hreha
AITEF BF sbs\: AHEPF T ﬁé'&’* XF’“’?A\—J- 2o e HL g o

34 g

I 3P iz ~ % L~ vk - 2014 o & * " fis i BEHR € 2 Pl T R/ % 8 T AL
e e 2 A B T HE IR AT R B R RBE A P TR
11: 11-25 -
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ZOREFFETEHERRTE BT

AR TR T2 &k hp27 AT T F T 5 5 684 % SRk F Rl
-iﬁ%f“ﬁ%a+w3421%1ﬂ%umg12@@@quagg%UL9%yma
BT AT (R Z) oS s hp27 2 C2 8 Bl e bt % 48 Bie
ﬁmAHP@wﬂ%HB&4’%?Lmﬁﬁ%€H+£¢JBMCNEAQB
%2 M-CTA/E-AGC » AFLP 447 % @ * 6 2 EH ML 3513 2 o AFLP T AR5
LI-COR Saga generation 2 $x %81% i+ % 2|3 {5 -6 = Mse 1/ECOR1 F & {455 &
53 e 8 e {8 N R 24741 281 B B £ > < o] £ 3 25-660 bp o b 3 3
570-660 bp » # ¢ » 2 M-CAG/E-ACT # 3% % DNA * & #(73 %) » 1
M-CAT/E-AGC # 7% > DNA ¥ E#c(32 B) > 8 eHilerd 4 2 £ ¥ 355
281 B > ® & 5 AIMEF (R w) e A 47 8 AL ik ot 7 eh Jaccard A4p 21 Tl > AT
#2E g e3ah 1.00(% 7).

KIEA S TR FLAES hELA e trd T AT 0 L RJIF BT 305 kS
3‘4¥*+@27£®¢0wnwbﬁﬁ&mﬁﬁ\iﬁgaﬁﬁgJaazm\
G AW CESIES CHERIEYELY FA KRB HT0TE A HREY
TLI-75 2 s fed G0 d ~ o8I DRI CAFREGS AR ELI VLY
10.2-105 24 ~ & FH 15-16 242 ~ & F 4% e s £ 2 - K7 e 5 F7) 0 #
PREEMERA R TR L R(R)

FZ s R fEF B R RS RSk hp27 TS T S 2L B

W PR feds g 7 ¥
Preservation period Pollen germination (%)
fresh 68.4+1.0a
1 week 69.8+0.9a
2 weeks 69.5+0.9a
1 month 68.1+1.2a
2 months 71.3t1.1a
3 months 70.2+0.6a
6 months 69.9+0.9a

12 months 71.9+1.1a
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*In A to H: Samples were collected from hybrids produced by pollen cryopreserved for 0
week (A), 1 week (B), 2 week (C), 1 month (D), 2 month (E), 3 month (F), 6 month (G) and
12 month (H), respectively, four PCR replicates.
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*In A to H: Samples were collected from hybrids produced by pollen cryopreserved for 0
week(A), 1 week (B), 2 week (C), 1 month (D), 2 month (E), 3 month (F), 6 month (G) and
12 month (H), respectively, four PCR replicates.
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fow L AFLP A IEE R B b PER SRS R - AERE S
DNA ¥ 4 25

515 4t REN B S AR T
Mse 1/Eco R1 No. of total / polymorphic fragments K
Primer pair i 1% 2% 1®* 2®B* 3®B' 6B 12 % ° Total
Mse 1/Eco R1  fresh 1week 2week 1month 2month 3 month 6 month 12 month

CAA/AGG 48/0 48/0 48/0  48/0  48/0  48/0  48/0 48/0 384/0
CAC/ACG 37/0 37/0 37/0 37/0 37/0 37/0 37/0 37/0 296/0
CAG/ACT 73/0 73/0 73/0  73/0 73/0 73/0 73/0 73/0 584/0
CAT/ACG 32/0 32/0 32/0  32/0 32/0 32/0 32/0 32/0 256/0
CTA/AGC 54/0 54/0 54/0  54/0  54/0  54/0  54/0 54/0 432/0
CTC/IACG 37/0 37/0 37/0 37/0 37/0 37/0 37/0 37/0 296/0

Total

281/0  281/0 281/0 281/0 281/0 281/0 281/0 281/0  2248/0

’The fragments were obtained from hybrids produced by pollen cryopreserved for different period.

23 SRR B3 RS e - MR 2 Jaccard Ap 2

VERE -3

PeREtR T e La®m 2% 1B 2@ 31 6@y 127
Sampled plants  fresh  1week 2week 1month 2month 3month 6month 12 month

fresh 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00

1 week 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00

2 weeks 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00

1 month 1.00 1.00 1.00 1.00 100 100 1.00 1.00

2 months 1.00 1.00 1.00 1.00 100 100 1.00 1.00

3 months 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00

6 months 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00

12 months 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00

?The sampled hybrids were produced by pollen cryopreserved for different period.
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BF R PR GLERES 2 BRI - KT R

ks A R F R
LR GRSERS Cryopreserved period
Pollen viability
and plant R 154 25 8 1 21 3@ 6 i * 12 i *
characteristics fresh 1 week 2 week 1 month  2month 3 month 6 month 12 month
T T 5 (%) 68.4 70.2 71.3 69.8 70.9 71.5 72.1 71.9
5 F A g kg4 RE 4 AR AR 4 AR g R

+ %+ -] (cm) 29x1.0 29x1.0 2.8x1.0 27x10 28x10 28x10 29x1.0 27x1.0

HHRG - HERI- BRI - KBRS * IR - RUANE W SUN SR ST
X i am o Ap B Ap -EF g - R -Ed A HdAm
2 2] 2] g F AR F AR oA B
& ¥4 ¥4 ¥4 ¥4 ¥4 ¥4 ¥4 ¥4
¥ & & & & & & % d & & & & & & % d
R NEAE S Y ¢ R ¢ R ¢ R ¢ R ¢ORA ¢ORA ¢ORA ¢
&% (cm) 72 72 75 74 70 72 71 75
& % (cm) 71 71 75 73 72 73 72 75
S %4 44 44 54 %4 %4 44 %4
AR K %4 X% 4 X% 4 %4 %4 %4 X% 4 %4
SR K i d o d o d o d b d B d i d i d
% & (cm) 10.4 10.4 10.2 10.3 10.3 10.4 10.2 10.5
% % (cm) 1.6 1.6 1.6 15 1.6 1.5 1.6 1.6
(52 5 ) >4 LAY >4 w3 &7A &2 &2 24
(1 ) R R M m= W Ry @ M

“The hybrids were crossed by female line (line C) and male line ( line hp27 ) after different periods of

liquid nitrogen storage of male line’s pollen
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ERGEF FRRVEES BT
(=) FPhHFRFEDHREF B2 BT

SRR LSk hp27 > b F T FE R F A Ui = P TR (7 AT
B2 R FFTRI TR T 2RSS od - > BHREEHT > APk RS
BT L E R ERES S 788% PR A E R THIES (603%)% §

ER R 2 A QMN@om;?fiﬁﬁlﬁﬁ’kﬁuéiﬁkiw%%
450821 % MERNAE L TRIES (624 W)E L ERJTIEH 2% 4 (316
%)o@ SR F Ryl 'liéfu;aifu#’%%w % 0.376 mm > B & § >t AL
F k2 0321mm 2 § % k20 0.300 mm e

R EEENIRS 27 AT R B TR R T 2R
R RREE RETR
PR Fresh pollen Cryopreserved pollen ¥
Seasonof  fREHT S TR A FREL TRETS TEREE (BRI
pollen Pollen Pollen tube Pollen tube Pollen Pollen tube Pollen tube
harvested  germination length width germination length width
(%) (mm) (mm) (%) (mm) (mm)
spring 78.8+3.53" 0.370+0.010a  0.014+0.006a 82.1+3.3a 0.376+0.008a  0.014+0.006a
summer 29.5+5.1¢c 0.290+0.009c  0.013+0.007a 31.6+4.5¢ 0.300+0.009b  0.014+0.007a
fall 60.3+4.2b 0.302+0.008b  0.014+0.005a 62.4+4.1b 0.321+0.009b  0.014+0.007a

z Pollen was harvested in spring(4/25),summer(7/22)and fall(10/30), respectively.

YPollen was cryopreserved in liquid nitrogen for 1 week.

*Means within column followed by the same letter(s) are not significantly different by Fisher’s
protected LSD test (P<0.05).

(Z) R d ReHE TR ATP 4 £ 22 B

VISR Sk NPT 2 ATHEZ R L F B LIF TR TSR EF T PEATP 4
RS E R A N o BRI R M o ATE TR BRK R A A E 15 4
gapEarip| 18 2. ATP 5 £ 6.69x10™° mM > P aE B+ 2 © 2uT % > @ 45 A 4k
Rk EFLR K #F 192x1010 MM TR SR EF R LSRR ER R
1% 45 2 60 A 4apEorip @2 ATP 7 £ 5.30x10 mM 2 5.29x10°mM > p 28

BH B L o
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A& hp27 AT 2 R G F BE TR R AL ATP 2 4 2

I

ATP 4 &8 Y
BAPRE ATP content (x10™° mM)
Cultured period THE TR il P SN D
Fresh pollen Pollen cryopreserved®
15 min 6.69+0.23a" 4.00+0.22b
30 min 2.71+0.29b 3.72+0.24c
45 min 1.92+0.25c¢ 5.30+0.21a
60 min 2.47+0.26b 5.29+0.24a

% Pollen cryopreserved in liquid nitrogen for 1 week
Y Pollen cultured in liquid medium for 15, 30, 45 and 60 min, respectively, and measured for its ATP
synthesis content.
*Means within column followed by the same letter(s) are not significantly different by Fisher’s
protected LSD test (P<0.05).
(Z) ChREF TRt 2B P2 B
ﬁ\fﬁn",f hp27 FTEEE AL E R L EH R FER N ﬂd:"g‘ﬁﬁi’ﬁ
EAT IR TR EERE Y P2 S5 s BB 5% B 604 ‘{:7}; 4
BUELZT o fifRiods 5 e~ B = 3V (Rl B5A) ~ fEEE Bk R4 (R 5B) -
FrE k(B SC)ERAEF T 1 2R (B OD)2ZEa L8 > nAgigr B
BB TERT o A 2 758 2 g 4o 6A 2 F 6B p 2w BAH
4oRl 6C 2 B 6D > ¥ m P AT L R o S BE 7 G HEid 4ol 6E -

N D44 x30k 3.0

% » 4000 2 (C) ~

N D45 x40k 20um

NL D44 x40k  20um

B 5 #Hf TS Rk
SLIR IR SRR T A
B %234 6000
2 (A) ~ 7 EEm ég,}#w ,
30000 i (B) ~ 7 #

-

i ik 3

#13 T=# > 4000 &% (D) -



Ry LY

I~

7T BB R IR T kAT P o R AT T8 0 4000 B
(A)~ =B R ik § %5 754 2 4000 2 (B) ~ 378 7o fm% - 10000 & (C) ~ i i § 1%
W% T s > 10000 (D) ~ e R 47 & Ha (E) > 78 E (T, tectum) ~ 4k 4 (C,
columella) ~ & & (F, foot layer) ~ *} E=p & (ED, endexine) ~ pr £%(1, intin), 30000 % -

o

-l

b G R AT - B ViRE REFE? CEPLFTFo- AT o
Al aniods 2 atEc ik 1 (desiccation-tolerance ) » & & ek o SR T BT8R
2 i FR T R EERF LTI 2R oA WL G A RIES
g EE o F A e SR R 0 W20 R A -196TC R AL F P B (AR MO

~
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%1 (Stushnoff, 1991 )« d EZ F 4> B FE T H 3P Mlﬂ =4oga
T DN A ST A2 F Y E(R 1A) FIAATEREL TR E S B
AR MR R TR > UL H RS H A ¢%Qﬁ%ﬁ?ﬁ

i AT AF

PAEPE S FR B 2 TR PR PREEL - B 4 CahigiT
ERET S MR AR A FT S g 2 VAR 22 T

i%%*%ﬁw%wﬁ viTmilpz iy o 220 T iRfsd T o g 12
FioPed io i 2 HS B3 BT F T FHBNETLARE LR (&

=) ET A 5\:_?_ SR 12F 2 Tk e o AR A ¥ R BB BRI
s

FRETFRHIFTEARESIR > HpN-20 CE2REF F3 482 128
2R T A RIGAPIT 0 T RITRTE R (B 2) 0 A I MR R AR MR R 2
T HRFEFTFHI SR A 12% 0 ek - R IR PR LT H
SR ERARFLBE 25 MR E

TR EF Tl FEREWIEMAERZERS I o fRRERY F R
RSN R 0 R A A RS B e %E’(.&m?é%«‘ (Tisserat et al.,
1983) » i ¥ MER-RBE P NE R 2w B 2 2 ;8 (Crisp and Grout, 1984;
Rajasekharan et al., 1994; Tandon et al., 2007) = A% 5 & #4550 & if 2. w R if
o X ANBC AR B %M F B Rk et B2 k8 ¥ 5 & 735 %-75.4
Yoz FFF »v% BAATE T 2. 703% Lt R alF LR FREHEREEE
FRLEF ) BRI BEERBIFTSITAMBETLARFLAE A HE XSRS
Bk FNRTH R R E(R D 1) Fr Gz ARV R N R R 2
FdZ o it- U D-ESF-GAIE ) BE5FHRETH v R AILS 2 543
THEEZHRBIRIOGEFATE TR GRE LR ST AEFLE oD R F S
PRI BT IR e (RS m’&%ﬁﬁmﬁ%ﬁaﬁﬁﬁ?%?
Hem 2 13U BREPER 2L 28 F L v RAJE  REKKFLH
JIvK a2 S5 FHRET 2R L LZEAA LA DPHBEHREENFLE > 7
PR R N R 2 T o d P Ao ?':ﬂ‘i% R éa? Fgis o Jl* P2 R 2
PEREF R PR oAtk T 3 eREETREISATI RS A
FH T FEATE TR APITZ P o gt %ﬂ?ﬁ;'? BMsz 545550+
M2 BLRF I Rl F i B me BE2 P2 BT D aJdR (8 308 ATH
ok 1T 02(B 5 Aol 6) o b7t A T 2o B IR L RGO w R fR 2 N T R4E e b
REM S AR S o FAE N REE TGRSR UDEAIELH
[P 222 PRArERe "FRTPHLEIRLEF FrriEE #F7 5KA
ZRG o I ERFF00) L LETRHREF FirRRT L5k E

{

N~

D4
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- HIFHREF BT R ETALZ TR ?’”’J‘iﬁﬂ 2ZRG A A
PREDPHERFERAAEL T mhLF T2 FT AL EFT %
BTt FELET 2 FREFTSLEHRFTFI IR LB RREIZS O F
ME2ARZE2ZERT M AR T ERTL T, +;‘§‘z B F Fgis o BMmMEE
BETFRENIELTR IR, AR 3 AFATIFERE G RS T E
Ko B ?4537‘ R >+ extracellular ATP(eATP) #4148 4 4 & 2_ 3% 4&(Demidchik
et al., 2003; Jeter et al., 2004 ) - H @ =7 ATP ¢ B2 5 =4 & ¥ (Steinebrunner et
al., 2003; Wolf et al., 2007) & 325k ¥ 1 WATH 2R B §F 5 OB >0 RME £ AN
FYPE ATP 24 X Bo37@ ik e % 15 A 4152 4 2 £ 5 3% (6.69%x10"° mM)
BRH B R JERIT A B AT R 2 R W 0 Fet - Banz ATP
AN EARFOLEXCAETE ARLEF R AL AHPFEAITHTRL 2 E
ﬁm?ﬁﬂﬁgﬁﬁﬁﬁgg’%ﬁﬁﬁﬁ‘ﬂ4ﬁ7ﬁ%%f’ﬂ“p%&$
S FRBBA NI IT A 4 Hp2. ATP 24 1K S fr4p (8 » £ &b
B o452 60 A 4EPFA X BB F (4 B4 5.30x1010mM 2 5.29x10-° mM) - %
LTk T A 1S 30 A SRR b 1—- AL F FF2 o3 3045 2 60 &
$BpF2 ATP 2 & & 393 30378 =45 4 (% = )-Roux fr Steinebrunner (2007) i 5
i gk RFERIPN CeATP MER S AAESF 2 & 0 0 iER M EMZ kRS
g %4 £ 7 4] - Bernard % 4 (2011) %= 3 RIEE 7w 7 £ 19 % R % 78(ENT1-RNAI)
ZTERET N eATP 2 2 T a K FETERRE WAL ER > T I
eATP 7z & 2 %ﬁ%ﬁﬁ%ﬁ%@iﬁﬁ%w%@ 3w A F 2 RF e
TRETREREF Fatta tRaFd e oI A R FREREF R,

RATC A3t e P2 fe - REREF AR 2 BT

A g Md JE R A A 2 ET W fi+ 2 ERP AR R AMEP AR
FTREBZLAB(RS) FILTEF R i\f*iﬁ?n‘«"ii.’%ﬁ_r}a‘? Fr- EREE AR
feR - Rt fmm R R LS RS L A ER)
BoFie- HIFEHRE 3&%@@@% tz §25 FIAFLP L E 3 B & - |+
3 g Bz (Powell etal., 1996; Vos et al., 1995) » & 3E5 14 b 2 i (7 & 47 > %
2 & DNA #-9 (bulk DNA template)z. * 3% (Yu and Pauls, 1993) » #- % B H $kezk
e DNA Z 82 &1 H i 5 PCR F & eficics DNA» £ 12 6 % Mse 1/Eco R1
EREmEsIFeeFe 2 B4 T ARI(E 348 T Fara
;%%Lﬁ“’?ﬂﬁﬁ@%ywu%%4@nq RE BT EA AL 2 EF
EF B S RAPD £ > A=t @ 6 EAEHMEE S —?.E'_i'—é_i 281 B ix ¥ >
FCA 2 2 WER TR MERZ B R A & H]ET EREECE MR e
TR 2 8B %R ILF 2 Jaccard 4p i.l‘b}é‘_l’fiﬁ:i:’!,—,\ 1.00(% 1) > gt 7*
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B R E Rh s T AR H Gl 2 R+ 4 & £ (2003)
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j{‘ﬁ] 4_$]9,T}‘ﬂ99‘§<g—r“§ ﬁpﬁiél&]:}n}:l—— Iﬁﬁ:—r”—"‘rﬁﬁi?‘:;}’;:\iﬁﬁl
2‘13_} R UL PEREES R TR FT F 20 CTEREF B 12 38

mEEMR S RS RJJLERG 2 H %f@—‘kﬁt& fé—a-)’}bw; <Fam B *ﬁl,rg;;:, 5

FITLREMBFF LG - F ”ﬁ%%tﬁi’ﬂ@ﬂ%%ﬁwﬁlﬁqﬁﬁw
RoTRERS R ETF o P FETAIEL T RE AR EF R
* 23 ;“a'ﬁié SR TN R eI LR J%E&Féﬁf R £ e
FiEd 223 SRR EF a2 v o st o fu,ﬂf:mf,& BERN LY

2 FEFoOEFHRETEARBTRAEREF B RAHES 2k F

=l
I Ep 2 RFEEA 2 QBB R T ATREY RF I RRITER
SRR F BRar o R PYEFE T AR AL 2R

P
(s

34 g

1. 2275 3R% ~ 3 % 22003 5 4% 754 chdg 1UR %% o FEFF 30:
683-686 -

2. Amarech, C. 2007. Bulk genomic DNA PCR analysis- A rapid method to
estimate genetic relatedness among heterogeneous Lecerne (Medicago sativa L.)
cultivars. Cytologia 72: 363-368.

3. Bajaj, Y. P. S. 1979. Technology and prospects of cryopreservation of germplasm.
Euphytica 28: 267-285.

4. Barnabas, B. and G. Kovacs. 1997. Storage of pollen, p. 293-314. In: K.R.
Shivanna and V. K. Sawhney(eds.). Pollen biotechnology for crop production
and improvement. Cambridge, UK.

5. Bernard, C., M. Traub, H. H. Kunz, S. Hach, O. trentmann, and T. Mohlmann.
2011. Equilibrative nucleoside transporter 1(ENT1) is critical for pollen
germination and vegetative growth in Arabidopsis. J. Exp. Bot. 62: 4627-4637.

6. Boughediri, L. and N. Bounaga. 1987. In vitro germination of date pollen and its



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

R Y R 61

relation to fruit set. Date Palm J. 5: 120-127.

Brewbaker, J. L. and B. H. Kwack. 1963. The essential role of calcium in pollen
germination and pollen tube growth. Amer. J. Bet. 50: 859-865.

Chinnusamy, V., J. Zhu, and J.-K. Zhu. Cold stress regulation of gene expression
in plants. Trends Plant Sci. 12: 444-451.

Crisp, P. and B. W. W. Grout. 1984. Storage of Broccoli pollen in liquid nitrogen.
Euphytica 33: 819-823.

Demidchik, V., C. Nichols, M. Oliynyk, A. Dark, B. J. Glover, and J. M. Davies.
2003. Is ATP a signaling agent in plants? Plant physiol. 133: 456-461.

Doyle, J. J. and J. L. Doyle. 1987. A rapid DNA isolation procedure for small
quantities of fresh leaf tissue. Phytochem. Bull. 19: 11-15.

Engelmann, F. 2004. Plant cryopreservation: process and prospects. In Vitro Cell
Dev. Biol. Plant 40: 427-433.

Gibbs, R. A. 1990. DNA amplification by polymerase chain reation. Anal. Chem.
62: 1201-1214.

Hanna, W. W. 1994. Pollen storage in frostless and conventional frostforming
freezers. Crop Sci. 34: 1681-1682.

Hanna, W. W. and L. E. Towill. 1995. Long-term pollen storage. Plant Breed.
Rev. 13: 197-207.

Haunold, A. and P. C. Standwood. 1985. Long-term preservation of hop pollen
in liquid nitrogen. Crop Science 25:194-196.

Hecker, R. J., P. C. Stanwood, and C. A. Soulis. 1986. Storage of sugarbeet
pollen. Euphytica 35: 777-783.

Imani, Ali, K. Barzegar, S. Piripireivatlou, and S. H. Masomi. 2011. Storage of
apple pollen and in vitro germination. Afri. J. Agri. Res. 6: 624-629.

Jeter, C. R, W. Tang, E. Henaff, T. Butterfield, and S. J. Roux. 2004. Evidence of
a novel cell signaling role for extracellular adenosine triposphates and
diphosphates in Arabidopsis. The Plant Cell 16: 2652-2664.

Kartha, K. K., N. Leung, B. Baudet-Lapreirie, and F. Constabel. 1982.
Cryopreservation of periwinkle, Catharanthus roseus cells culture in vitro. Plant
Cell Rep. 1: 135-138.

Kidwell, K. K., D. F. Austin, and T. C. Osborn. 1994. RFLP evaluation of nine
Medicago accessions representing the original germplasm sources for North
American alfalfa cultivars. Crop Sci. 34: 230-236.



62 fhw A EFBATAETFNE LT

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Kozlowski, T. T. and S. G. Pallardy. 2002. Acclimation and adaptive responses
of woody plants to environmental stresses. Bot. Rev. 68(2): 270-334.

Lutz, C. 2010. Cell physiology of plants growing in cold environment.
Protoplasma 244: 53-73.

Matsumoto T., K. Mochida, H. Itamura, and A. Sakai. 2001. Cryopreservation of
persimmon (Diospyros kaki Thunb.) by vitrification of dormant shoot tips. Plant
Cell Rep. 20: 398-402.

Ouellet, F. 2007. Cold acclimation and freezing tolerance in plants. Encycl. life
Sci. John Wiley & Sons, Ltd. <http://www.els.net/>.

Powell, W., M. Morgante, C. Andre, M. Hanafae, J. Vogel, S. Tingey, and A.
Rafalski. The comparison of RFLP, RAPD, and SSR (microsatellite) markers for
germplasm analysis. Mol. Breed. 2: 225-238.

Rajasekharan, P. E., T. M. Rao, T. Janakiram, and S. Ganeshan. 1994. Freeze
preservation of gladiolus pollen. Euphytica 80: 105-1009.

Reed, B. M., J. Denoma, J. Luo, Y. Chang, and L. Towill. 1998.
Cryopreservation and long-term storage of pear germplasm. In Vitro Cell. &
Devel. Biol. Plant 34: 256-260.

Rodriguez-Riano, T. and A. Dafni. 2000. A new procedure to assess pollen
viability. Sex. Plant Reprod. 12: 241-244.

Roux, S. J. and 1. Steinebrunner. 2007. Extracellular ATP: an unexpected role
as a signaler in plants. Trends in Plant Science 12: 522-527.

Shivanna, K. R., H. F. Linkens, and M. Cresti. 1991. Pollen viability and pollen
vigor. Theor. Appl. Gen. 81: 38-42.

Sparks, D., and I. E. Yates. 2002. Pecan pollen stored over a decade retains
viability. HortScience 37: 176-177.

Steinebrunner 1., J.Wu, Y. Sun, A.Corbett, and S. J. Roux. 2003 Disruption of
apyrases inhibits pollen tube-specific monosaccharide transporter in Arabidopsis.
Plant Physiol. 131: 1638-1647.

Stushnoff, C. 1991. Cryopreservation of fruit crop genetic resources -
implications for maintenance and diversity during conservation. HortScience 26:
518-522.

Tandon, R., R. Chaudhury, and K. R. Shivanna. 2007. Cryopreservation of oil
palm pollen. Curr. Sci. 92: 182-183.

Tisserat, B., J. M. Ulrich, and B. J. Finkle. 1983. Survival of Phoenix pollen



37.

38.

39.

40.

41.

R R 63

grains under cryogenic conditions. Crop Sci. 23: 254-256.

Vos. P, R. Hogers, M. Bleeker, T. van de Lee, M. Hornes, A. Ferijters, J. Pot, J.
Peleman, M Kuiper, and M. Zabeau. 1995. AFLP: a review technique for DNA
fingerprintering. Nucleic Acids Res. 18: 6531-6535.

Wolf, C., M. Hennig, D. Romanovicz, and 1. Steinebrunner. 2007.
Developmental defects and seedling lethality in apyrase AtAPY1 and AtAPY2
double knockout mutants. Plant Mol. Biol. 64: 657-672.

Yu, K. and K. P. Pauls. 1993. Rapid estimation of genetic relatedness among
heterogeneous populations of alfalfa by random amplification of bulk genomic
DNA samples. CIP Program Rep. 1997-1998: 303-310.

Zietkiewics, E., A. Ralfalski, and D. Labuda. 1994. Genome fingerprinting by
simple sequence repeat (SSR)-anchored polymerase chain reaction amplification.
Genomics 20: 176-183.

resistance in walnut (Juglans regia L.). BMC Genomics 16: 614.



65

PR B -E 2

A F AR
TeRRFRAS LA FIFLEPHE

~ N

¥ 2

2013 & 23feni 8 S oAl BB 720 BE A~ REFF LS E £
i 25% 0 F A G ff %R E 54 o FOP 2 2007 & i #8(EC) No 834/2007 i*
TP WERL R T - R RN AL FOFFIERG PR EZE
# (National Organic Program Standard) % 205.204 i~ *T4E X & e 5 5 >
£ 5 ﬁﬁﬁ—k F KRR F R A o BT fog BT R ABES —127}5 0
PE- H WA AT R AR R T EE0E ) B o STOVE (Seed
Treatment for Organic Vegetable production)* & & 8+ & 3 /f 3%
0.01% » #7143 4 Fa ifci FELR o SAMAST 73 R RAREIT R F &
ARSI RERF ST LA EREEE F TR %#wfé—? FRAA ¥Ry B o

Mk § L% B3 - 5

FTREAFA- BRI SARE -BHAL TR REN T EFREEL LA
geend A 25N Ay %ﬁiyﬂ*”?ﬁtfﬁ—aiﬁ&ﬁ "‘“Vf)»)‘ﬁ?f’- 2P RES
BERE PRRZ CPARAE -FARFE AR EL - FRAR
fEF kRS G- BB ERERBRANME AP AR A R THE L
@?]fi’ﬁﬁg%?wé?%&ﬂ T3 WHEBH AL AT SR Lo

o A EEF A ER NG o
FB T20014# AR & K F2004E FF 0 R R AT ERLR Y BE
+ o 2 F7 # R %2 %% (National Organic Program Standard) % 205.204 % 2. _
REMEF AT % AEZHEFEF BB AT RAGEE R RIS 2Ll
s N o 2005 FE G B L RSP en B2 Aot 1 A 2A10E
(IFOAM NORMS for ORGANIC PRODUCTION and PROCESSING, 4.1 Choice of
Crops and Varieties)* % 7 #$4'32 & # * 3 A+ & FTH » AR = 53 W%



66 fhw A ¥ E ARSI E &

Bl B8 53 S RRG BRI # PR SRR AP ETET ] R
ERpE A R PHG T R E AR R BB R R
WE A B FEA I b b R e AR A £ 0
BRI SR EEFWRAEY WA DL E N L g2 2
;4§'J’ﬁ§ﬁ“’q;\‘mﬂf& & FeLiE o

2004 & B B £405 5 (IFOAM) ~ R #h 2% (FAO ) % M™%

’fé:"ﬁflﬁﬁéi?‘i%??%fﬁ%?— EFfWEF LR ek TRLFWAEFIPELTE
oo 2B FBRFAT] PRS0 %ﬁiﬁiiéﬁﬁéﬁﬁ#?ﬁﬁg
= > 3 “f—'%" ﬁ&,fé—a-)’ﬂ} %‘L,ur‘]fg;\j\ ﬁgg %1”;,4 ,*}%fé—-)-m'ﬁ

T
¥ 1&

FWEFERLG WS

R R Er01991# #4084 18 B 2 Regulation (EEC) N0.2092/91 » 4% %
LR WEF  LRZEIFEFREFIFT Y BAFS > @S RERET
S AR 2R R BRRAHET BT Yﬂt“ﬁ’xg’v?ZOOlﬁlﬁ 3]
2004 P /7 w iz BT T F A o BB % +720074 i #(EC) No 834/2007
% TP PRk N0.2092/91 > No 834/200772 % 12i% » 2R 2 5 R & 8 * 50 - (1 #
FWEFRR ANA FehfEd 0 FEFAEDER TS RBATEY G HFE
;ﬁ4m#%%40$y>@iw§$%?%?ﬂﬁ$%§%iﬂﬁ%ﬁ?%ﬁ
+§r? AR AT H AP TRERT b B P R 7312004 % pF R w«;ﬁﬁ,; (S

WA WRET2003 82 2 £ B WG WA FTAE BEETF ET BES
¥R Op 2005 & 1% 4= e 5 15 R RF LK d %,Hé oM R
(www.europa.eu.int/comm/agricuIture/qual/organic/seeds/index en.htm) "FT' o
BOFTHEETPGFRAITEL R ERY DA > TN RF B R
FZRR ) FEEFREETF AT WY IFEIFT)]&M/’P. MBEENIER %
WLIERT G AT o T 2004 E PR Y L F v FE X B R

T R EE @A o 1 JIPE 2005 B P R OB AN E B RS T o 2
ﬁ]fxﬁq—%&ﬁ%ﬁ%% TP el FE ¥ (TH 2B AL > $302007 & 3 4975 ¢ 5
ol BAEF NF T 45 (ECO_PB,2007) - 2 182 A1 HE+
FUE A RFARRAER . ARFE PR AL R AEAF 27 TR RO AT o

% W7 ¥ B ¥ 1% % (National Organic Program Standard) % 205.204 % 3. 2_}
AERBEG PR FARZEER G PR AT I RALE S RILS



BT W fa~ o E4RE 67

B ARET N d N ERZLEHRT A EFWEIL L AT Ho
PR ERYG 8% R R KRFE DT AT (Dillon, 2007) - & Reiten
( # MOregon-based % f&+ = 7= 3 fr R #5320 ) i ¥ NG F B4 o
3 A2iE1% 0 F1E F B2 A S A SR FIWE o BT AER
PR BB R AT G TS Ao DIEE R
FHERGBES ERTHEE 5 24 EREF T 515 ¢ (ASTA)*2004
EHEF WHAF 24 7 #7(Organic Material Review Instltute ' OMRI) e 5 & £
Bz - BPRREDEERET Y O BEI SEFTHRE o R L EREE

RF RG #3+ % (National Organic Program, NOP);2 R 5% % 2 > i&m fEgg F R E
TR ER oy o A 2011 E B P2 R 0 2006 + Rk 0N RS2 0 op
Hiwea M3 ﬁﬁwwg_ﬂfr'ff(a P FE-B LA TEREAPES RS A2
V- BEAE A ﬂ{ﬁ_za@%’ﬁﬁwmamy%ﬁ+’xﬁ kA

2AKT T2 £+ 2B F A EFI2008 £ £ KA %k 3F (02007 B K
Foitwik 45 PRIx(Appropriate Technology Transfer for Rural Areas: ATTRA)Z 4= £1] =
¥ - B FAHE - 2008# 4 #4865 HE (Organic Seed Alliance, OSA) 7 B 4 3k + £]
- B23BF AT BRFFE e g (S TR
FH o F 3 4@14&; L i3 ¥ B % (California Certified Organic Farmers >
CCOF) » - B2OBF WAF HRFATHE > TL LG P2 o BT
d OSA_mF ﬁ&iﬁ_—l 1 i¥-] 2 (OSA’s Organic Seed Working Group)t= 2% » &-%+73 %
BF s L AT S 387 eie OSAD] ffi+ 1 iv ] e i b % %
BERERE > T HREDE AT PE ﬁﬁﬁ ( Association of Official Seed
Certifying Agencies, AOSCA) - Ir £ = "5 #4a+ #%2 % (Organic Seed Finder)" 4
i\_h(www.organicseedfinder.org) e BRRG AT TR EED SE R —*F]’ﬂfr'fE‘a
FERF2 - HEF: AhE R BHAF THREH T A20122107 & N fd o 3% F
FEE SRR A SRES R B M L R TR A FHEE T A
+F R AT o

2005# W% 5 R ¥ My oy 2 2 foe 1 ARZ410E (IFOAM
NORMS for ORGANIC PRODUCTION and PROCESSING, 4.1 Choice of Crops
and Varieties)#&”‘ FEERLRY PRI AFTH o EERT 2 AEERY
TRLFIRRG BEE2Z2DET o 3 WA (v) AL B wE 12007 &
W iF(EC) No 834/2007: Rz » 1.7 435 & fig * a0 — (% 5 {8 e K47
4 A mﬁ—r C2HARA AT - RRASE FRFIL 35 ES TR
AT F A BARFE FPFIL A S0 R T BB Dy PR oy R
FRATHREERERT - Y G PTG 2 BRI (- )FBRFEFRT AT

\\\?{r



68 fhu A %4 EAEEFT§ BT

MEREBEE R BERT R REF ()R FBRE AS “ié.’rﬁﬁiﬁb’(i)

BFMEZER M &2 B 43 B F%#fé+*fil"é‘£ B3R
RERERLAF PR FOAA FISE 57 BEROSE 7 UG ﬁ&%/fm
7 ¥ - Groot et al (2005)3% ¢ 45 1 » Wit § Lig G W o IR EFRET P
BF G TR ()G REF A FATHO L T g sy
Fehmgho Q) F L2 A m;fé—r R BT A o (3)F £ B
IRE TS LA EROAET () BLARIVRLN) FTR
BAFEE R L P ST AR T REREREFRY G RE
3 R SPREF S nTFER o

AT AR

2013 & >3hent 88 ekl HE 720 3 & > 2011 & 23pend 58 Sie
HoRLD H-E 628 £ A3 2008 & Apdit 250% S K o @ @A G Sfrdr S HH 4
H R4 2-6%(GRAIN, 2008) - 23+ H£3 5 f#+ ZiFEH e > d 1999 &
11,000,000 2 “F ¥| 7 2013 & © it 43,100,000 2*F » 14 & N 3 4 #iF 4 B > 4o b

1% 5 @ mp (IFOAM)fe R+ 2 3 (ISF)e *+ 2004 £ 7 1 &3+ {1 %8
TRE-F TR%Z AT 6K, P R LT BRREE > 7 LG AT R

I EBNEAR -

<Al d 27 L BA T ek B AEF 0 bldod 25(Dupont) -7 18 2
F S 0 2 RS o 7 BB Limagrain 2 2 B> k57 A 0 AR KWS 2
PEEE AR Fy REF R Bayer 2 P Fl g £ BT A RehlE 0 T
d PG B Hild § s+ 2 7 {o 2 B M&M Mars § 48+ o 7 > o BARE 4 &
£ % (GRAIN, 2008 ) - BB &+ ~ Blm g " 4e » § B3 & hiFs]» B iE i
B2 AR EBAF AT D FP T EERBES mﬁr&%@qg P
7 Enza = 414 B F fenF o F ié_yﬁﬁm,jcﬁ—fof oh e R A
Bejo and Rijk Zwaan % 8 & *F 2 2 » B4 F #4875 (GRAIN, 2008)o Vel az
Wagening +~ E4cim 3 ¢ w2 BR 3 B B2 o+ HL 4z (CGroot et al,
2005) c F W F AT 2P AP N RER S M) R AT A
¥ig & o8B o 29 EnzaZaden § M p 5 Vitalis 55 2 2 & 22> 1994 & » F_
FRF-FEFLIPEEFTE LA FRHLF ST BEF 2P o

3BT 2 AR A ¥ v o fR%]EL - Lammerts van Bueren (2002)#% 1 7
A2 Ae H- BALEFE (D)FZFBEEFIHTF L TG ﬁﬁ;}é+ﬂ B

)y



BT fE~+ % E48% 69

AR BRBT R o (AT DFEL 0 FIL AL R R B o
WAEF sk o (3)F WA BT EIIEE NTFEL  § BET HAD
fE e ahipdl AR A BA BT L RFHILL > TR gk
h%@ﬁﬁ{oﬂ%BMW%@ﬁ—hu Wi gHEA FILIEA A2 A
(weevil larvae) & £ > 7 . F HBEF > 12-77% -

1395 FIBL and IFOAM (2015) # 3 4 % % > 2013 4 23kt - < § 4 &9 3
BEGERCAR - ZR P RS EBRE ST L B oL
%L 02011 # F AR B2 T BT § R E g (T4 (40%) 0 B Sk B4R E
1 (35%) ~ i AL 545 (8%) ~ v I ¥4+ (5%) ~ FEE (T4 (4%) % H 5 (8%) - 2 R
3 BEL TG ﬁ% ' 1195 FAO(2010) se3t % ik 3 4 & 2. 0.4%(2,500,000 = &
/700,000,000 2F) > H ¢ 2 RE B § #3524 2K 9 0.6%(370,000 \“E)
ﬂﬁﬁﬁwwﬁm+$%9WLWﬂﬁ%5?V@U”Whﬁ+ﬁ*’ EERTF
1 #2378 120 /3 > A+ 0343 2~ 78 o7 37 Ry
26,676 ~ 5 o] R R F 0BT GE A 24 Ao 45 SHE NS
94268 5% FWEBEI N QLR ELBOR SR ERELBLTY
7% 150Kg #&+ > & & 7+ 40 ~ > TEMAF F W 6,000 ~ 0 Fli s AT s
BRI ARFRILREY 5 BB/ TUERIERERF ) BB IS FRRER
FWBREF I QLR ERB2 6B s ARG AR E R F BT
CHEE G W AT 2 ARG T S TR

Vb R G M EEAE G M 1945 FAO010) 53 g kA A2 0.4%
(240,000 =*%/6,000,000 ~'E) > H*¥ F WAL~ F WEE2L AR 37 20,000
NEOARGHEH REEE N LR TG AR Y L B

SRR PEFELETTAIFY O AERNTWIREY lERE L 24
A EEfAF N F £ 170 ~ > 25 5V 5 THRIEBOx4em o 31 & SR E S E AT
*HN2BIA AT EFRAER EBATNELI0 R ITESHE TR

e
FrO4448 2o FRERBIF T OIREALROR - SR ARSI EY
2ENFE K REF > EBET FEE R A (500~2500 DR T
% 7 HREE 100x10cm » 7% &+ % * 5500~27,500 % o F A ¢ EF LG
PRIFATNGOFEHG TR FEAEFTFEHCRE o FE L EF G
WRERENFEE > F LB § AT FFS &< Flptdofe _u;;:‘a‘;;):/]ﬁa{rgg
5 ;Mw R RS RS R R B
345 Dillon(2007)4; 1 % B * 3 %#f;é_—ré_f‘_a‘aﬂ%ﬁ_fﬁ* WRFHH 0 95 F
8} B BT T > REF 2005 £ RS B L BB Y
FWAA I AR AL RLFPLBER Y FRBEFATH > BARL

= 4.¢ ) N



70 fEu A LB FAREAT ¢ LA

M ARG WA P B F RIF o 1995 2014 E4c £ 4 G B&IE A AP
Badtdn 0 A3 ¢ 3 F ¥ ($28,000,000) ~ f 7 F 4£($30,000 000); MY er
($20,000,000)+ = 314 - H A Fa B EG 7 + 8 FHE & 4 EE A
($9,100,000) ~ p {+ 7 44($11,600,000) % pi-% i v ($7, 700,000)‘.?3 i 36.4% @ 2 %
FBF P EHABE > BT A LT EAR

} B BT

7 48+ 7 B (Organic Seed Alliance) #_% B - B 7 frRk ¥ ﬁvﬁ&ﬁ’ P
AERLEFFEFIORBFTROGEEFEfoF LI (o hif o AT BP0 6
AW TRRG WA (2008) R R L ¢ dpd 0 TR G A E SR P
FERATAEVY AMEEAL LR R ERAAZ T PRI ERENT 0B
SR FG E 0 e BN GER S T AR A 2T AR LIRS
FF 2 #3037 NOP(National Organic Program Standard) 282 & f4é48 7 4%
B AR LS T A ERT BT AE D AN E

BrfE S fop WRF PERAPMI F AT ® R BES A
FRWRZIPERE AP RZEY LR o R & Bl g B0 i

Flp AT RAI - KRG PRET R B DR R 4 0 & E R HSTOVE(Seed
Treatment for Organic Vegetable production)* { #cR%_ > & K7 RS E RS A
M30.01% » 1 G Ay B2 oA g3 )]% 2> g & (Gall,
2005) - fed 2v 4 AFF R EArL @2 RGO W R ROk "ﬁi‘a*ﬁc » A H =
EEFALDLEIRE R ¢ FF s REYRIHRME FIL 7 UEHIRE o
AR BAEF IR TIRES > d e RESR AT ﬁﬁﬁéﬁ%‘ﬂé@(walker,
2003) -

R R RN PGB REET R TUREB R £
£ TR BT (2),);ko Pl AF kehis 4 o Q)F BT ML E R
Ffieinz B HERFREFIFREL CHY S BB EFBRELER SR
(LFp% mﬁwz’mmyMf—“wﬁé’mwm%ﬂruné
FWRZP I2ARF AR B FTHFTE A LFPLE R RN BRLE
?:‘é”%fz%”ﬁﬁﬁ%féi“iﬁ%ﬁi?ﬁﬁ%%ma’s&’Tﬂ%xﬁé B3 s T
I R2a? B> L THE L DM 7 #rrsLammerts van Bueren® 4
(2007) %>+ 5 %;&ﬁé#%ﬂum P2 LW ap R E U I E G L A i
SR ER IR 2T ERHBRE AP DTS A &R RSP



BT fa~+ % E4g% 71

10 B R P HRR A G 8 N2 GE 2 ArT el B4E o 0t Wiethaler ¥ 4
(2000) &+ 47 i v AERF DL E 3 p AT 4 o 28 B BIEE
402333 @ 51 Z g - #710 FiIBL DOSSLER (2001)4, 214 & 7 #8433 e
BALLERE M FE2 2% 20/mp Al R By my > i al s
fTrRBFEERET AL SATRT AMITE ASF I AR EE > T
AT BER OSSR BREE- Hﬁ*ﬁfﬁﬁﬂaﬁﬁ’b
BF 2P feT ATAF B L3 88 chg-a(Colley, 2011) 5 i3kt BB E 4 E A
i oo ba b L‘Kﬂf;\liﬁ*#r ke & Udrdey 4 £ o AR E F B R kA &
LA B S P AR AT RAT A g A H g iR A %%{/E"ﬁnb#mﬁﬁ%\
T 46 o Grube (2007)3F 4 1 i 4 ARP B @ T ITL SR
AR LR &ﬁ;fr;ér—m RGP EATREERD IR ufpE S
it et 12 7k 5 ok 17 (Ceccarelli and Grando 2007 ; Dawson et al., 2008) -

"WZ—

_,_.

i

W

EAG R L g B 4001986 £ 0 F B G AR E RS > 020148 ¢
59922 +F » 104 & £ & 5205% v okfEAriEE R A A 0 4 RE R o kfei
ARV FTARY FEENEPEFEL L B &R 0 7]
g+ E2f e g oo e .i’ﬁ W2 A2 ERY P FIRZEPE UL S K
WS AL

%ﬁ+*ﬁ%n' WRFLF - SHF RETRBAA § AR
FAAE S AP AR F R oD Y SBEF T AR G e T AT
ﬁ’ﬂmﬁfwﬁibWAr& TN TAUIEE SR R o R = S 3
AR OPE 3 2 B fd > AW R ERAS FIHEER Y o L BHEB F R EH
FEBEoEF &0 B4 PRSP 'F#” BREAAFBTRE
ELACTIEIRUE IR %fi'f“iﬂfra%j%%? ML > PTG 8T A4 * OP 548 frmass
selectionsZ 4 enfr & L 8 » ¥ ¥ A~ %f@ﬁﬂﬁg‘?%&” Wi FpFd 96 £7
16 P T BEASE F LA SRETESE o LA S T

BWRASL ZHRFEALE 2 "5 23002 = - 'F# e S e o
FTALETIHHEFT PRIEZ FICERFEREBI I PBIRIANEE T
BREETERET R E8ER-

4.¢

S
S ~é\-\
—=\

E&«
!



72

faw A EF BEATAEEFE LT

34 2 e

Boelt, B. 2003. Organic Forage Seed production. Loch, Donald (Eds).
Proceedings of the 5™ International Herbage Seed Conference, Gatton, Australia,
2003, “Herbage Seeds in the New Millenium-New Market, New Products, New
Opportunities, pp. 43-47.

Ceccarelli, S. and S. Grando. 2007. Decentralized-participatory plant breeding:
an example of demand driven research. Euphytica 155: 349-360.

3. Colley, M. 2011. Plant Breeding for Organic Systems. Organic Seed Alliance

10.

11.

12.

13.

14.

Dawson, J. C., K. Murphy, and S. S. Jones. 2008. Decentralized selection and
participatory approaches in plant breeding for low-input systems. Euphytica.
160:143.

Dillon, M. 2007. Organic Seed Alliance, personal communication, 2007.
ECO_PB, 2007. Newsletter on organic seeds and plant breeding.

FiBL and IFOAM. 2013. The world of organic agriculture statistics and
emerging trends 2013. 340p.

FiBL Dossier. 2001. An evaluation for organic plant breeding. Plant Breeding
Techniques No.2. 1% edition.

Gail, Z. 2005. Organic seed propagation: current status and problems in Europe.
http://eco-pb.org/09envirfood organicseedpropagation.pdf.

Groot, S., R. Bulk van den, J. Burg van der, H. Jalink, C. Langerak, J. Wolf van
der. 2005. Production of Organic Seeds: Status, Challenges and Prospects. Seed
Info 28. www.icarda.org/News/Seed%Info/Seedinfo_28/ResearchNotes_28htm
Grube, R. 2007. Breeding for organic and sustainable systems: One size does not
fit all. HortScience 42: 813.

Lammerts van Bueren, E. 2002. Organic plant breeding and propagation: concept
and strategies. Ph. D. Thesis Wagening University. Louis Bolk Institute,
Driebergen, P. 210.

Lammerts van Bueren, E. T., K.-P. Wilbois, and H. @stergard. 2007. European
perspectives of organic plant breeding and seed production in a genomics era.
JARTS, 89: 101-120.

Marie-Eve Levert Canada Organic Trade Association. 2014. The Market for
Organic & Ecological seed in Canada, Trends and opportunities. 66p.

Walker, C. 2003. Seeds of survival // Organicnz, Vol. 62, No. 6, pp. 11
www.organicnz.pl.net



73

f8+ # % (Seed Coating)# s %

‘5"

f’TF(Pm% ?i gﬁﬁ By L

7

‘\N

¥ 2

5 4 & (coating)Hirds >t 1930 £ R B ER - B AR/ L 0 2
1960 # & 5 Pl R odh A1 A AmFE > DA R AFER® o p e

PP ERS ARG £ RO ASTHEN P RRAEAT BT o i L
B fpt VRS BT o BT 4k 2 OISR 0 R R AL T AL R TR
PEE R L2 u%*ﬂ’?m@ _w\xwm*v*ﬁm*ﬁm' CHF A AR B

BFEMEAFLE O BERAFRLEEUCE R BB B AT v RS
IR S IR o R S %%\W%@%E’%ﬁ4g$i’¥ﬂﬁﬁﬁ
F2ppd HA O VERSAEREDOR G LE AT AL RASEHT RIS
g g P e xéﬁﬂ‘@i—'--;fwfi\é,,sr\“"*\é}? By H 2
fo 2 RORAES 0 A RiE- HAFHKA P EE S 2 PR R ET o IR e 0

PPz BGER P i PEE R G WA I H AT PyT u E i
BEA I VH SRS B EREBLERNFT R FED FES o

E- S RO R S A

E2

WTERFIREF G X2 A B PR g RELPFYF 5711 DEHR
AAF SRR I RS ARG m#m4aw*’ﬁ&?ﬁ%£’*
R Frer PRt LA+ S R ka5 R R g 7w R
HIHhBG e FEF T UL L BERE T AGE 4 o T B AT
AL R {ﬁ;"ff RRCEEFI R FHLTA 2 oo B+ T LA AN
# (priming) 2 > 112 B2 2 RPRHP a3 2 (seed coating) k2 Hjisize
ROZVEERCEYZE P 3 ARRY RL DG FEFRAF oo F
TR AFERA TR IR T L P EF IR R RES G RS H
BRpfl ik~ AR ZFE - FRAIAEZ 2T LEFF AT 2T



74 fEw A EFE AR E L

R - R FEE A P R B TH AR | kA A R
A EATE > UiEH s 20128 F i £ LISEHH RN
EhlIEeg . tr D 01088 £ ~ e v 5% 248 £ A4zt o
WL o BT AR ILAIEE ¢ K A Al R AEIR
SRR A AT AT B o T TR B R 2 B e
FWEBIFET AR 8 { AE5 LTI 1 Je A2 A
BRAFGF ST B 2 R P E A REY -

8+ 2 FAE B

B P2 T 1930 & R4S R 0 boA 8 T IUEE S 0 2 R 1940
£ R TR sk (seed pelleting ) HaFerd= 48 > 3 1960 & 5 FURM B ondf 784
R e FE > TiRpragm £ * (Glen, 1991 ; Grellier et al., 1999) » 2 {
AR CERZ2REFEEL R AB IR P DRI EFES R
oo AL 1963 Ep AN ot & RAT AT hpe o 1981 £ p A B 4eAT
B EFNE -G R NoE R B F P s B E T B L RRY
FEaH AR EM > TAPBI A BRI F TR RAA RN AR
FEfE* %k EFRB - FIEJAS B PHRERY > 1984 £p A0
AR EAT S FEEFAF BT F I R T o

PR A R 1976 & BApie TR ERT 2 AT AT T 0 1980 & 5 d ¢
REE~FFREAEwA @2 H> 21995 e uand 2@+ 4R o # L4 1000 3
Fono 1995 AR R E T 1R E BAS BB RNE R AR
o dEd T o 3] 2000 £ B iE 42 Bk o

8+ # 2 (seed coating) B H w3 B 3 4 © -,»3 L4834 AiEY 0 £
BT sz - 0 A RIAFEF SR o ARG AR B F T T B
(Copeland and McDonald, 2001) » L 2 # 3 4¢ 7f &3 e B E R R ERICF
Fo AL LT FEE A

fim

Rl S N ) Y

fa+ 2 (seedcoating) .4 BB ~ b1 B RRE 1 FpF P R

AT S T4 b oo @ AR A3 0 T fESF 1 ¥ (seed industy) j o R4 1 e



78+ # % (Seed Coating) B i 3 75

R ¥V A 548 % (seed encrustment ) ~ 5% (seed film coating ) & 4 (seed

pelleting)) % &+ B(Seed granule) ¥ = #& #f 3] (Tyron, 1994) o 4 if 4T :

1. 8+ 4 % (seed encrustment) JdZ @ 1 * H R HALEFFEF ¢ 125 2 Ry
B KA A ) o de t S F R AT (B 1) o 4R RGN F A R 4 »
AR RFAH - FRB 2 ENEHERLELET o

2. %% (seed film coating ) /ad® @ Mo dR H AR R TN 0 7 AR R~ GRS
FE2 15 - EREPRBREILES o HEPAREF (R 2) e P hn
R }%@“’Bﬁg]*ﬁ&m AR R G B LG ERH S FLERBE @
wwaAm@ﬁowﬁaﬂ* LT T Y N R P S

P?F%«’]‘ﬁ—’\w‘f'] P B A fE S 2 R BB ER S B IR (] 3) o

3. r‘éffi (seed pelleting ) fdZ @ pt HAF 1940 & A3 2 WF E » B A2 ? &) ~
B~ AR RPIE T A S o Aot BB ‘TC;,“’: TENEE SR LE
P b Hp SRR AT o ARF R LR AIEE T (Bl 4) 0 R G
Fodt - Rk o T AR Y de o RRFbcd P2 O AR E TR F A

IV

B 3. g?%ﬁ";‘éﬁl@ A FF'}—F‘J gy S V”'Jrr't"'%:é_
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1% it Ft
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R

B4 foF s Agt(t M §E  TH:ED

4. f8+ B (Seed granule) : S & T A+ HFHFT LR - R SR AF 5 BT 0TS
A EFHE B R RS- B LA -
BRERY AR FAAILT A - A B g1 0 T FIES R
AT EE PN BRI REE I PR A AT 3 H 6T AT R
ViE 2 b R R T { o

sk 5
X

o+ B Jpenfp ¥

AP AP RIFIALRFER LSBT F LA B ER 1R
@ﬂﬁ??*%ﬁ%ﬁﬂ’ﬂ Gt 2 ALY de n AL TR 2 K3 6

FEMAYET GRS I,%Mff % igit 4 £ (Rhodes and Nangju, 1979 ;
Sllcock and Smith, 1982 ; Watkins et al., 1996; Otto and Sommer, 2002 ; Bardin et
al.,2004); ¥ VR BT LB 250 T A 2ot giE
TG 2 F T AR T pF @ (Berdahl and Barker, 1980 ; Thomson
etal, 1983 ; Yamauchi and Chuong, 1995 ; Copeland and McDonald, 2001) » #* *%
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TEECE Y b

AmPpAfEF PP i e PAF T2 PRI ATN TR EES DL H B
G xR F Rt 0 T RIEF A R R IR A
CERZPEBD FIB AR Z R B2 EARE  FELIEIRE &
A ETET i o A P AFH R I HET NI E A LB A o
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4. BipAt~PFE 020050 FA G- EARE TR oA EFE 391:34-39
Bardin, S. D., H. C. Huang, and J. R. Moyer. 2004. Control of Pythium
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6. Berdahl, J. D. and R. E. Barker. 1980. Germination and emergence of Russian
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pellet modification on spiral root formation of tobacco seedlings. Vol. 33, No. 2.
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Due to council directive 2002/89/EC amending directive 2000/29 EU
regulates the following information has to appear exactly on the
phytosanitary certificate.

Tomato seeds ( Lycopersicon lycopersicum )

Consignment complies with Annex IV part A, part 1 of EC Plant Health
Directive 2000/29/EC:

Article 48.

Seeds of Lycopersicon lycopersicum ( L. ) Karsten ex Farw. have been
obtained by means of an appropriate acid extraction or an equivalent
method approved in accordance with the procedure laid down in Article
18.

Article 48.b

No symptoms of diseases of the following harmful organisms;
Clavibacter michiganensis ssp. michiganensis (Smith) Dauvis et al.,
Xanthomonas campestris pv. vesicatoria (Doidge) Dye,

Potato spindle tuber viroid

have been observed on the plants at the place of production during their
complete cycle of vegetation.

Consignment complies EC Plant Health Directive 2004/200/EC Annex
1b.

Seeds of Lycopersicon lycopersicum ( L. ) Karsten ex Farw. have been
obtained by means of an appropriate acid extraction method and no
symptoms of Pepino mosaic virus have been observed at the place of
production during their complete cycle of vegetation.

B pF > Good seed and plant practice (GSPP) &% § ick 5 $:48 > ¥ &

Eﬁﬁ?fgiﬁ?{ﬂ%%ghoE*GWP{%@;$M?’@fﬁ#ﬁ
FOTEIIRR LR A B 2 3L o GSPP g B e S E 2
BrAKEYL L BESREFLAEEY -

GSPP 4B S mpE M FREZREAXFHE > FF FicwFLEF R
(Clavibacter michiganensis ssp. michiganensis) vz 4 » 22K 3% p “7fxBrnd & Jp
FHBE T > 2 o B P anhfpgpand 2 i il A ALY i F K7 LD
AE ~ode s A J\(Flg 1) Bt A2 ERNM o BEF 2 7 i o
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GSPP p # @B (Fig. 23) > TR 52 hfpdicf+ F 5 W
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Potential sources of contamination fromthe environmentincludingbirds...

.| vellow

/ area

Potential sources of contamination fromthe means of production
as propagation materials. people. material. water = "4 threats.

Redlock = always a physical separation Yellow area = controlled area
Green lock = risk analysis of activities in Black lines= fence to preventunauthorized
relation to the four threaths access.

Figure 1: Model of the GSPP principle

&k http:/lwww.gspp.eu/
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Growing of fruit




Scope of GSPP initiative

Breeding
|

v

Seed production

}

Extraction etc.

!

Selling

Plant raising — sowing

not in the scope of GSPP

Plant raising — plant stage
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©GSPP

GSPP

Growing

not (yet) in the scope of GSPP

Fig. 3. GSPP ¢ 7 2 # [ (% ik http://www.gspp.eu/)

Tablel. p =+ = jE GSPP

WwE o F (KR http://www.gspp.eu/)

O 7 M e gk R 42 2 PP
Adams Enterprises LTD. Thailand 5 3-10 29/01/10 25/02/13
Agris S.A. Greece 1 17-18 26/06/14
Antufen Seeds Ltda Chile 2 3-10  13/12/10 05/12/13
Axia Vegetable Seeds bv Netherlands 1 1-16  24/11/14
Bakker Seed Productions BV  Netherlands 1 5 11/10/10 04/11/13
Beekenkamp Plants B.V. Netherlands 1 17-18 31/01/12 31/01/15

France 1 1-16 25/05/11 08/04/15
HM.Clause S.A. _ 29/05/13

Spain 1 3-10 18/03/10 28/04/15
Enza Zaden Beheer BY Netherl_ands 4 1-16 01/05/10 31/10/13

Tanzania 1 1-8 15/06/11 15/06/14
Gautier Semences SAS France 3 1-16 26/07/10 12/06/13
Germains Seed Technology Netherlands 2 11-12  11/02/13
Hazera Seeds Ltd. Israel 2 1-16 12/12/12 03/12/14
(HTFhZ E‘Z‘iﬂi‘:{;’:{;‘:‘;’ SA Guatemala 1 38  25/05/11 01/05/14
Hishtil LTD Israél 1 3-4 24/01/12 25/01/15
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O 7 M7e  FE #F F A 3% B ¥
Incotec Europe B.V. Netherlands 1 11 21/02/12 21/02/15
| Dalat) Agricultural
nova ( Dalat) Agricultural oo 1 310  01/09/10 24/02/14
Co., Itd.

International Nursery Morocco 1 17-18 10/04/14
Maraseed Ltda Chile 1 3-10 21/12/10 03/12/13
Meshek Napso Ali LTD Israel 5-7 11/12/11 04/05/15
Meshek Yafe Arie and Oded

Israel 1 5-7 13/05/14
Ltd.
M to Veaetable Seed Netherlands 4 1-16 02/12/10 07/04/14

ONSANto VEgetabie Seeds i once 1 38 23/07/10 11/03/14
Division (brands: De Ruiter

.. . Peru 1 3-8 26/02/10 11/12/12
and Seminis); Seminis Inc. Mexi 1 38 13/04/11_28/10/14
California, USA €Xico -

Guatemala 1 3-8 22/05/11 22/05/14
Netherlands 3 1-16 19/05/11 04/07/14
Nunhems Netherlands BV -
Israél 1 2,4-8 21/12/10 19/02/14
Piga SA Peru 1 3-10 06/05/10 10/12/12
Natucultura SA Peru 2  3-10 03/05/10 05/12/12
Natural Power Seed BV Netherlands 1  11-12 19/03/15
Plantenkwekerij Valstar BV~ Netherlands 1 17-18 03/01/12 03/01/15
-4
.. .. Netherlands 1 34, 01/12/11 13/11/14
Plantenkwekerij Vreugdenhil 17-18
BV 3-4,
Netherlands 1 01/12/11 13/11/14
17-18
Netherlands 5 1-16 07/04/10 06/06/13
France 1 P os0si11 25005014
Rijk Zwaan Zaadteelt & 13-16
Zaadhandel B.V. Mexico 1 3-8 01/08/10 12/03/14
Spain 1 F0* ogi0312 2600315
P 13-16
France 1 1-16 29/07/10 02/07/13
th 1-
i\?‘:ca ! 138,14 211112
Sakata Vegetables Europe 3.10
SAS Thailand 2 ' 18/02/11 27/02/14
13-14
United
nite 1 916  11/03/15

States
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2 & Hie #2 & [ A2 3z B ¥
Netherlands 2 1-16 06/05/11 22/05/14
3-10,
France 1 13-16 28/06/10 18/06/14
3-10
i 1 ' 25/01/11 29/11/1
Spain 13-16 5/01/ 9/11/13
Syngenta Seeds BV United
yng nite 1 816  03/08/12
States
Kenya 1 3-8 30/10/10 09/12/13
-1
Morocco 1 3-10, 25/05/11 03/10/14
13-16
Israel 1 1-2,8-16 07/01/13
Tokita Seed Co Ltd Japan 3 1-16 31/01/11 30/01/14
Tomatech R&D (Israel) Ltd.  Israel 2 1-16 16/05/14
Top Seeds 2010 LTD. Israel 1 1-16 12/05/14
1-2,
Vilmorin SA France 1 16/03/12 05/03/15

8-16
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Clavibacter michiganensis

Symptoms Of Cmm OGSPP g Dintribution Maps of Quarantine Pests for Europe

Maticamal n ecoed S mhonad Fex £
- o[-

v | [ o myuereon

Disinfection of hands and feet OGSPP

Disinfection of hands AEE Registration and distribution of
clean clothes JGSPP
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Grafting OGSPP

d

Grafted plants OGSPP
-

Harvest OGSPP

Harvested fruit for seed Disinfection matt for transport
production OGSPP  trollies ©GsPP

Extraction of seed (small scale)  ©GSPP GSPP: cost of accreditation OGSPP

= Annual fee to Foundation for 2011
- Dependent on size of company
- Between € 750,-- and € 10.000,-- per year

Class Nr. of employees Tariff [€)

s 125 750

M 26-100 2.500
L 101-500 5.000
XL >500 10.000

* Audit fees
- Approx. € 950,-- per auditor per audit day
- Approx. € 475,-- per auditor per travel day
Cost of travelling and accommodation of auditor

Fig. 4. st ifh gl ~ 8 2 % 3# &2 GSPPi§ 3 4 A indz
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