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SUMMARY

271 citrus genetic resources were introduced from abroad. 124 of them were registered in
the Center for Agricultural Genetic Resources of the RDA in June 2016. In addition, in
2016, 71 of them have also been requested to register with the Center and has now
received temporary IT numbers. Among the introduced genetic resources, mandarin was 95
followed by sweet orange(77). In order to encourage cultivation actively in Jeju, 24 lemons
was also introduced. Many literatures ware surveyed to collect informations of the
resources such as names, scientific name, origins, growth and fruit quality characteristics,
and photographs. Combining the literature surveys and our investigate results, we
published a book named {Citrus Variety}

The analysis of flavonoids and carotenoids was carried out using a liquid mass
chromatography (UPLC-MS/MS). Flavonoids were analyzed with 77 resources at coloring
start time and 77 at harvesting time in satsuma mandarin, and 76 at harvesting time in
other citrus resources. Carotenoids such as B-carotene and B-cryptoxanthin was analyzed
with 108 resources of sustuma mandarin and 87 of other mandarin at the harvest time.

Citrus scab, citrus canker and citrus melanose which cause important problems in citrus
cultivation in Jeju were investigated. Citrus scab and citrus canker were examined under
laboratory or greenhouse and open field conditions. Melanose was examined only under
open field. The scab and citrus canker test carried out by spraying on 72 and 77 resources
respectively. The survey of infection degree of citrus canker under open field was
conducted for 223 resources for 4 years. And field test of citrus scab and melanose were
221 and 220 respectively for 3 years.

We have established preliminary core collections of flavonoids, carotenoids, citrus scab,
citrus canker, melanose, and a comprehensive preliminary core collection that was
aggregated with all the results and their fruit characteristics. Core collections was built
using PowerCore 1.0, a core collection building program developed by RDA. For the core
collection of flavonoid, carotenoid, citrus scab, citrus canker and melanose were used 183,
195, 221, 223 and 220 resources respectively. For the core collection colligated the results of
flavonoids, carotenoids, scab, canker, melanose and fruit quality, 164 resources were used.

Citrus scab, citrus canker and citrus melanose which cause important problems in citrus
cultivation in Jeju were investigated. Citrus scab and citrus canker were examined under
laboratory or greenhouse and open field conditions. Melanose was examined only under
open field. The scab test carried out by spraying the selected concentration of 6.3 x 10°
conidia/ml on 72 resources. The pathogen of citrus canker were sprayed with the selected
concentration of 3.0 x 10" cfu/ml on 77 resources. The survey of infection degree of citrus
canker under open field was conducted for 223 resources for 4 years. And field test of

citrus scab and melanose were 221 and 220, respectively, for 3 years.
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Citrus canker caused by the bacterial pathogen, Xanthomonas citri pv. citri, is one of
economically important plant diseases in the citrus industry. Citrus canker significantly
affects the wvitality of citrus trees, causing leaves and fruit to drop prematurely. Although
the importance of the disease in citrus industry, molecular markers closely related to
resistance against citrus canker are not currently available. In this project, we developed
RAPD (random amplified polymorphic DNA) based SCAR (sequence characterized amplified
regions) markers and comparative genomics based SNP (single nucleotide polymorphism)
markers. In order to develop RAPD-SCAR markers, we performed comparative screening of
RAPD markers using resistant F; group and susceptible F; group, which are obtained from
the genetic crossing between Citrus hybrid 'Kiyomi’ and C. 1yo 'Miyauchiyokan’
(generously supplied by subproject No. 1 of project No. 1) and resulted in obtaining 4
candidate markers. We finally developed one RAPD-SCAR (SCAR-1) marker related to
canker resistance. SCAR-1 will be possibly used for early selection of canker resistance
lines from the genetic crosses using 'Kiyomi’ as a parental line. We also developed
molecular markers closely related to canker resistance from reference guided whole genome
sequencing (WGS) and comparative genomics approaches. To do this approaches, we
performed WGS and comparative genomics studies for canker resistance cultivars ('Kiyomi’
, C. platymamma, Citrus hybrid ’'Shiranuhi’) and resistant F; lines (originated from
'Kiyomi’ x 'Miyauchiyokan’), and susceptible cultivars (C. natsudaidai, 'Miyauchiyokan’, C.
natsudaidai  C. natsudaidai '"Whanggumhagyul’) and susceptible F; lines (originated from
'Kivomi’ x 'Miyauchiyokan’), and mined 642 SNPs showing polymorphism between
resistance group and susceptible group. From the SNP candidates, we finally selected 28
SNPs from CDS (coding sequence) of disease-related genes including #& genes. The
application of 28 SNPs to 14 of either resistant or susceptible cultivars and F; lines
showed that 2 SNPs were useful for the selection of resistant cultivars or F; lines
belonging to two citrus genera, Fortunella and Citrus. The other 26 markers also possibly
were able to apply to the genus Citrus. Therefore, 2 SNPs can be used as universal
markers for the early selection of canker resistant lines.

Citrus scab caused by the fungal pathogen, Elsinoe fawcettii, infects young shoots,
leaves, and fruits of susceptible cultivars. Especially, the yield and quality of juice can be
reduced in highly susceptible cultivars that become severely infected. Up to now, molecular
markers closely related to resistance against citrus scab are not available. In order to
develop RAPD-SCAR markers associated with scab resistance, we performed comparative
RAPD screening using genomic DNA from scab resistance group ('Kiyomi’, Citrus hybrid
‘Fallglo’, C. platymamma, 'Shiranuhi’) and susceptible group (C. clementina 'Fina Sodea’,
C. unshiu 'Okitsu Wase', C. unshiu ‘Miyagawa Wase', C. unshiu ‘Nichinan 1 gou’) and
selected 5 marker candidates. Two RAPD markers related to resistance against citrus scab
were then finally selected from further screening on two genetic crosses, 'Kiyomi’ x 'Fina
Sodea’ and Fallglo’ x 'Okitsu’ (generously supplied subproject No. 3 of project No. 1). In

order to develop SNP markers associated with scab resistance, we performed

_9_



reference-guided WGS for resistant cultivar group ('Kiyomi’, C. platymamma, 'Shiranuhi’,
Fortunella crassitolia, Citrus hybrid 'Seminole’, Citrus hybrid 'Setoka’, 'Fallglo’) and
susceptible cultivar group (‘Fina Sodea’, 'Okitsu’, ‘Miyagawa Wase', C. unshiu ‘Miyamoto
Wase’, ‘Nichinan 1 gou’) and comparative genomics, and 78 SNPs showing polymorphism
between the two groups. We finally selected 16 SNPs to identify resistant and susceptible
cultivars.

In most angiosperms, a single zygotic embryo usually develops per seed. However, in
many cultivars of Critrus, many nucellar embryos alongside the zygotic embryo develop in
an individual seed by the apomictic processes. The nucellar embryos are initiated directly
from the maternal, nucellar tissue surrounding the embryo sac which contains a developing
zygotic embryo, and are known to be genetically identical to the female parent. Therefore,
the nucellar embryos greatly decrease breeding efficiency by traditional genetic crosses.
Citrus breeding program requires DNA molecular markers to easily distinguish a zygotic
embryo from nucellar embryos. In order to solve this problem, we developed SSR (Simple
Sequence Repeat) markers to easily identify zygotic and nucellar individuals, and
established analysis platform (Citrus Genetic Hybrids ID™ Platform). Polymorphic SSR
marker candidates were mined from the public information and comparative genomics
studies. We finally 17 polymorphic SSR markers from the polymorphism test among
diverse citrus cultivar groups. We applied the SSR markers to 101 citrus genetic resources
(monoembryony—-22 cultivars, polyembryony-54 cultivars, mixed type-25 cultivars), which
were collected by Agricultural Research and Extension Services, Jeju Special
Self-governing Province, and established allele size and allele number data for 17 genetic
locus per each cultivar. We applied the developed SSR markers to diverse genetic crosses
using polyembryony cultivars as a female parent and proved usefulness of the markers in
identifying zygotic and nucellar individuals. We supplied Citrus Genetic Hybrids ID™
Platform to the Golden Seed Project teams for citrus and helped them to increase breeding
efficiency.

Red fruit peel of citrus is one of major visual traits raising purchasing desire of
consumers. Development of molecular markers related to red fruit peel of citrus was
performed by cooperation with Je Nong Inc. (operating Subproject No. 2 of Project No. 2;
Subproject name - Development of mandarin cultivars with early harvest and red fruit peel
traits). We performed reference-guided WGS for cultivars with red fruit peel (Citrus hybrid
'Minneola’, Citrus hybrid ‘Benibae’, ‘Seminole’) and cultivars with normal fruit peel (Citrus
hybrid 'Sweetspring’, 'Kiyomi’) and comparative genomics and mined 9 SNPs identifying
red fruit peel and normal fruit peel groups. By using HRM (high resolution melting)
method, we applied 9 SNP markers to F; lines with either red fruit peel or normal fruit
peel, which were originated from the genetic cross Cifrus hybrid ‘Ehimekashi No. 28 x C.
platymamma, and finally selected one marker (CRP-HRM-Ciclev105220-2) identifying lines
with red fruit peel or normal fruit peel. The selected markers need further validation by

applying them to additional F; lines from the genetic cross ‘Ehimekashi No. 28 x C.

_‘IO_



platymamma.

To establish the efficient induction conditions of autotetraploids, chemicals such as
colchicine and orizalin and treatment methods, duration, and concentration were evaluated.
Colchicine was injected into cotton covering axillary buds in a tree for 12 hrs to 48 hrs
and most buds were failed to sprout and was evaluated to be inefficient. Budwoods having
three axillary buds were immersed in 0.1-0.4% colchicine solution for 12, 24, and 48 hrs
and then grafted commonly into trifoliate orange rootstocks. The leaves from sprouts were
analyzed for polyploid level by flow cytometry and some tetraploids and mixed ploids were
detected. However, they were determined not to be solid tetraploids when analyzed again
with new leaves sprouted in next season by flow cytometry. Mini segments of axillary bud
with about 2 mm were immersed into 0-2 % colchicine solution for 2 hrs and then in vitro
grafted in trifoliate orange germinated in a dark. However, we could not control the micro
organism contamination. Mini segments of axillary bud with about 2 mm were immersed
into 0.1-0.4% for 12, 24, 48 hrs with vacuum treatment for 10, 20, and 40 min at an initial
time and semi-micro grafted into trifoliate orange germinated in a dark for about 2 weeks.
The leaves cut from sprouts were analyzed by flow cytometry for ploidy level. Treatments
with 0.1-0.2% colchcine for 12 or 24 hrs with 10 or 20 min vacuum were effective for
autotetraploid induction. Seeds and small tree potted were Immersed immersion into
colchicine solution. but not much effective compared to prevous method. Orizalin was not
to be inefficient.

Spontaneous tetraploids or tetraploids were selected from the in vitro culture of
undeveloped seeds collected from the fruits with artificial pollination. The frequency was so
low, but spontaneous polyploids could be acclimatized successfully by ex vitro grafting and
transplanted into breeding field. Some ployploids were top-grafted for promoting growth.

The grafting on trifoliate orange or Swingle citromelo rootstocks and combined with
single stem growth or allowance of branching was evaluated to affect the early flowering
or advance of adult stage. To conclude its effect requires the a couple of years in the
future. Some hybrids got flowering stage and fruits quality was evaluated for selection of

new cultivars as promising candidates.
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A A ATke] B A7) &
O sdu+A Tz &4 O Z3lx A 2 HjgA F=
- AW, TE A 59 80FA
1A= - ol x 9 wigg A
(2013) (O AAEAY Bl A A O il mkSE2E ZIuulet 2 oejgA A
O Bt E ¢4 O WA FE& AU E FA
O wHjAA 7|24 Az=" gy 0 wujdA g1 9 S35
O s&WMTFA F=7< g9 O F3|zl A7 4 wA =
- AW, 5, AZE 59 8]l
22PA = L R < e =L - AU
(2014) |O AAEAY Bl A A O AATA wjgA Ak 4 £3}
O Bt ¢4 O HIFAl =€ AU E 44
O wuj A 271244 Al2=" g5 |0 wejdA HER ¢4
O wHlH FAuFA g O Z31x A 9 FFEAMNA NF F=
- ZF8| U=k A" L owaA 724
3APA % |O AT A wlj g A O A WA 3 4 XY S5
(2015) [O AbujA] SHEEY = alw) O AA] ) 9 ulwj
O ®AdE 44 O A F=8§ BANE 44
O wuj A =744 A28 g5 |0 wejAA JEE A L 8l A
O wujx FAwSA dEFFE 2o F3F A @ FEAMNA U fF=
A4 10A%) - ZF8| U= Ag L oweA 724
AZPAE (O A A wl A A O A A 2FSHE 9 1HSH
(2016) |O AbuiA] SEEd H uluj O AMAl k=), wul 9 Al F2HAYAE
O gAY O HiFAl =& BAdE ¢4
O wuj A =744 A28 g5 |0 weldA JEg A F 8 AF

A2d A7 AAGEE gu] 27

I Z2AE AT 4AEE fe 4

a3 | 29A | san | 4dn R

AHARE TE lagy

5 (49 |5 (49 |5x]49 |5x]a9]| 55 [ a4

B Ex -1 1] 1 2

=4 52 1 - 1

e SCI 1ol 1] o0 2 0

A% 1T wjsa N 2 4
71€4 il

=2y |33 = - 1 - 3 - 6 3 - 13

i3 =4 - 1 1 - 2

WA fEl s 10 | 3 10 3

Baputs s - le | 1] o] 1]s5 2 65
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1dx 23 3dx 43% 3
AE— ) } ¢ ¢ t A
EF (434 | B8 |43 |5 |43 | 5% (49| E3x 44
T = 60 | 124 | & | 71 140 195
FAALFY B B 60 | 61 | 80 | 80 | 80 | 81 | 80 | 49 300 271
. primer &4 200 | 910 200 | 1,040 400 1,950
7} 3 Z
7% ki A 1|1 1 1
=g T AE 1 1 1 1 1 1 1 10 4 13
DB =
AT 75 - 6 - 6
el A 100 | 72 | 100 | 101 | - 0 200 173
2+ 2=0) Aqu) 2 S 1 B Aqu) 2
7321?7:1 551 B "o A= e - 2AE
EE |59 s |k - 1013 | - |169 - 17.03
A7 AR LA
B Amzusd | 4
) BERE
2. ARZRAE ALY HAEE ] A7
7h AR ZRAE - g A R V1A i Rd S
1dx 23X 3% 43 2
AAAE 7R |9 ! i ! i a7
EX |44 |53 |43 B |44 | 5% (43| =X k!
) =4
59 S5
SCI
=
H]SCI 1 1 1 1 2
&3] = - 1 - 2 -
fisi =
REEA] FE A E
35} B I
i = ApA A 2
2y T 5= 60 | 124 | & | 71 140 195
FAALFY B B 60 | 61 | 80 | 8 | 80 | 81 | 80 | 49 300 271
primer EFAN
715
AT A8
DB %
NG 75 - 6 - 6
el HA 100 | 72 | 100 | 101 | - - 200 173
*&?Qq TU EAuA %
AT sz e
U 2HAFZEAE e Fodd A FAEA R
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E—— a9 1d =} 23z} 33z} 43 =} A
g (49 |55 a9 |sx|a9 55|99 =35 [ a7
=) %9 -1 1|1 1 2
50 55 -1 - 1
. SCI 1] 0 1 0
o H]SCI - |1 - 1
8} 3] = - 3 - 3 - 2 8
L8 e
H A AE
#8 | Bl A -6 | 1]o0 ] 1] 5 2 65
71&3 A
g | #A49 5%
FAALFT 2 1Y
primer &) 200 | 910 200 | 1,040 400 | 1,950
e
g 44 t |t wo] 4 | 13
DB %
AP %
Hel A7
E¥ g3 sy |umel 0.13 16.9 17.03
o AR ZZAE  dbEA {8 S EAMAE o] &3 FalbulA v 2SS
[T e I 2%} 3%} 43 A
=g (45 |2z 49 58|99 (58 ]a8] =5 | 47
e
i
o SCI 1] o0 1 0
A% 1T wsar ~ - 1
71e3 2
=g 38| =l I S I I I 2
fisi =4 -1 -1 - 2
WA frel Al S 10 | 3 10 3
b
FAAL 55
AT 3 2
) primer EF 2]
7?;};' bl 2 1 1 1 1
2y | w99 4%
DB 13
A 75
He A4
)\]— 2= 0]
2y |gz| WvEd ekl
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4 I 9E
el 7 FE52 di FFos EE 8t ofF v Aot Iy HE
FE 5T sEXNTA AEATRAA A9 olFoixa 9la, AFoistaelA A
20113 5B = AFSEAAEFd7EdodA 2AHoz FHsta Jon # 9 o)
FEsHAL Q= AAolth EdWel, wHl, WiFA §F 5 §F7E T HE, g2
A= Aozt gloy §3& AZSA7E dudez o #wx] gkol, 2012d7b4]
H FE2 18FFT A gty Ut BgEe] dE L FEdTAddA T
3 St zAY AFEIAAE FAVIEdAA MR e 5 AR FEol 5E
A

e ST 2] HeE FHAdS AAASRE 60004 wxgha S A gl
o] 15000174, dE 120001 ", v 1,00001 4, 1= 60001, B 600013, S1%=Y

o} 50009d AEZ &ex drHKhan 5, 2001). ¥rA, U 7EF FAY BG FEL
40097 (FERTH ZFEATA 40094, AFEEAAEFTA7]EY 2409H)o =2 MR

oiul 5000l = WA e gl AAelth BE FAAY HES YRR LA BE

{0

Ha i, HIZdE HEXFe g84 &85 9

O

1 A5 A 71 ¥ (Slow growth

of in vitro vegetative tissues) W% (Engelman, 1997), &7] A&S 98] =A== A H-
74 A (Gonzalez—Arnao, 1988), <A Mumford, 1979), 8i(Bajaj, 1984), | Al 3 8] (Marin}
Duran-Vila, 1988), A A 2474 ] ~(Kobayashi %, 1990) o] &% 1 Qt} =ujol A

b 2R 5 2AS 43F HNS HYsaa 0164V HE FEE 24 4%

A olge dead d7E Fasa o
e fAAde 54 ks AEAQ mAR BAAEREY] 2gHen PE} 91

=]
Lo (Gmitter, 1999), Zt=re] x4 & FAAA BEV|H

2

|4 ols S e

golg o] ~S dslal gt &3 dolgu|o]~ 2= Citrus Variety Collection(CVC,

v]=)D, Citrus Clonal Protection Program(CCPP, w|=)2), Citrus Pages(Za22)3),

National Citrus Germplasm Informational System(% =)4), Genetic Resources Center(¥

)5 PGDB(¥ )6, Banco de germoplasma de citricos(Z=# 1)), W 7F3] ARl

1) CVC: http//www.citrusvariety.ucr.edu/index.html

2) CCPP: http://www.ccpp.ucr.edu/variety/index.html

3) Citrus Pages: http://citruspages.free.fr/home.html

4) National Citrus germplasm informational system: http://xt.cric.cn/zy/?1b=1

5) Genetic Resources Center; http://www.gene.affrc.go.jp/databases—plant_search.php

6) PGDB:http://pgdbj.jp/?In=en

7) Banco de germoplasma de citricos: http://www.ivia.gva.es/en/banco-de-germoplasma-de—citricos
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SQUADRITO(e] &g oh)8) 55 &8 & vt o= w2083 AL
oA G dk= KACC(H =197k 4
e Ve Aol dd dae guEtE HES giFEo]l kel A o
A glow, WA gk 242 v, 7hell A Eol o] F

&FatA
o] %

ol
>,
A
[
o
rie

ST
flo
4N 32
tt

b e}, T, A8 2 A Aot A ek
AAAA oz ALF7E v B2 37, F7F ¢ 284S THERE ofFolA
Fpol= AuFer A7 A2 Holy FHT FI3NE, oA F
of thstel meh 242 AFEI gEo] A 74
= 7] A#pstal ot

o

™
: Rl
% O

=g fal A7

facs

N
Sy

HolF A%

B
o,
1o
fol
o
)
o
fz

AA7A ] AEA NEEe vheH 2 FAESd #E ol FolAa gtk WA
g, obE Al /ahul A, wghul wd ) s 2 H A

(seedlessness), 4 &<, A5t A S-((acidless), A 2[o] & 3 F(heterostyly), @ A4, =
7HestEAd sl FEE, S, ), 3 FEEWE T2 3, 2 A 5, A
T, FEA, 27 #2350 gEe A4S, dAA A9 diF-E QTL (quantitative trait
loci) w77} 7HEbE A A %Jﬂré}tﬁ, A FEA EAAZE EE 45+ Citrus
tristeza virus (CTV) A& FAAHcrvet DS F A (ruby) 2739 &3} HKim et al.
2016). FU oAl male fertility, Thulad, vl o] #sk B3 A7 g bp glok
(Yun et al. 2007, Kang et al. 2008; Chae et al. 2011).

=
A AEHA(GE, A A, 7

0

FA4A4 ARE FF2 2 VeHAA A FEopiEuk olyeg FHAA A= FAH H FAE
Ao Wms T3 BASET Hopld s &8E ok A H9E AFELUA
(C. sinensis cv. Valencia)9} ‘FdWEelel” vt} A (C. clementina cv. Clemenules)oll tf g+

Ex=FAA sEo] o]FolH o (Wu et al. 2014; Xu et al. 2013), #A A A 7]dke] &
2} A [single nucleotide polymorphism (SNP), simple sequence repeat (SSR),
insertion—deletion (InDel)] &= % ol& &€& i+ A 2 A% A4, vl F4
A Ax 2, A 22Y sol &85 dvk(Biswas et al. 2014; Cuenca et al. 2013;
Ollitrault et al. 2012). wehA] FFEolA = FAA 4 7o) ¥A5F Z2a98 7|&
o WHlHFEH HEAOEZN AA Ao HxFA T4 E FHA5E T2 O] &

dskd Alew AHa ItH(Kim et al. 2015).

3. Rt Al e SEAPAIES o] &3 FIHAMA o SFATFA

Sl FEST2 1990 2RbA = 7hA] Wol B A ul Wo] ko] ofEshe] ghal

8) SQUADRITO:; http://www.vivaisquadrito.it/index_en.php
9) KACC: http://genebank.rda.go.kr/
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Fol(Aleza et al., 2009) T}

= 7E5T9 60% Hel=

[s

[e)
#

=
s}

=

o

o A

I A TH(Aleza et al., 2011; Vardi et al., 2008).

I3

P EEDREE ERETE I

o

A Hl
=]
=~

A A AR 7%
Murahed o, 2u A el

3} tH(Recupero et al., 2005).

S

3

pzs

AAEAY 3ufA] Aol o

sp eHAof
s

197830l ApAAY 4ufA] A
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1ol i

fas

o7 3lEAqrH(Song 2010; Chae et al, 2012).
Dz

oA A7 XdE \k =, 1 B W
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file)
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1990 v ZWHR-E Hj A

O -
T

dEo 7

[e)

o

™ (Oiyama and Kobayashi. 1991), 1-2mm =7] 9]

)
o} &z} tf &l 1ku] A (semi-micro)
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oh 20164 @A Selbebe] HE HAAAS WA 60082 FdN £FL AR &
gel met fA4Y G4 FF/0 TR HUvkn ¥ 5 Ak 4E FAA4A) B
2Ae AH MFE FEATY FIRAGAAGANA 5 Ho) FF mEH wE
227} olFo] A Aow woATh B AAE Ba) Aol sEe] e AAFASA, =
Buiols, APY WA 52 A 4E $F/ BET £ AR Jue TE

y [e}
gom, BYAB] FHANE Bl N A muHA gk A FREuwh o)

i -
(seedlessness), EWE %%1, A1k A S((acidless), A 21[©] & s} (heterostyly), T AA, A7F
253 5 AR, o, 2, G, 3 FA(GE Fa B3 F2 4 5), AL,

T8, 271 23 5 AEe A, dAA A9 diFE QTL (quantitative trait loci) mF
A7F pdE AR EdstH, FAA FETHA %Z}UWWP NE 7$i= Citrus tristeza
virus (CTV) A&d FAd2(etm ot A5 7312 ruby) 273 E3}etH(Kim et al. 2016). =
Wl A= male fertility, ThefAl, arztu] Sdo] #3F B2 EX7F 71EE v tH(Yun et al
2007; Kang et al. 2008; Chae et al. 2011).

A AR 2 B Ve dA AT ok ol et FAA A A 2 EAEA
of W=s T EASFT Foklr @] &8&Ha vt HAEY AeLE A9E
sinensis cv. Valencia)®} ‘S @ WEFQ” Wb (C. clementina cv. Clemenules)oll gk E&
AA sso] o] Fo]H oM (Wu et al. 2014; Xu et al. 2013), F3A AE 7]Hke] FX}3E A
[single nucleotide polymorphism (SNP), simple sequence repeat (SSR), insertion—deletion
(InDeD] W= 2 o]& &&3 3+ A% 2 EdAE A4, vl F4A4 A% 24, a4
29 T €8&51 JdthBiswas et al. 2014; Cuenca et al. 2013; Ollitrault et al. 2012).
oA e m A EA Ivke] EAeE ZRIaS 7o wHlSFI HEAFO
24 AAAHH RxPA FAY HE FA5FT TR0 243stE Aow AWy 9l
THKim et al. 2015).

A AGES gddeold A 2 33 49 A9, 74 Aoy fd A9 Ax T
of &g 71x AF7F o] Folx uirh gls ¥Rk ofyed A ¥ A =
W S 98k EAEA(RAPD, ISSR, SSR)S] 7 F-ol %= et o] A AF2tE0
o Haglnl 9o y(Bastianel et al., 1998; Ruiz et al., 2000; De Oliveira et al., 2002;
Scarano et al.,, 2002, Yun et al., 2007; Rao et al., 2008; Shareefa et al., 2009; Yildiz et al.,
2013), wi-- AgHE wwjESfol vt AL EHAAY HEAA Y £AVE AE F vk 2 A
A dbEE AE7IR b SSR vEA S AS-, 2 ZE 15 (Grape fruit, Kumquat, Lime,
Lemon, Mandarin, Pomelo, Sour orange, Orange, Citron, Tangor, Tangelo 5)°l| A& 2 &

sl WEAL HANAT. Webd B AAE e w2 43 AU tPold EA

o
A
2
==
>
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WS FOHCBD), A #5449 A2 ITPGRFA)S 5¢ AA §449 2
gol FAW ol FHE AT FAA W Ualok JHAT AdHonA 49 Frrt 2
Rz 4483 ok FUAAE SARAA49 nE we 288 ddehel 20084

oE) W oolge] B PES 0128 FHAAEAN HED

g % oo B WER AT BPFAAY wEW L ol§2 FRAT: Qo
B9 FAAY B9l AFHoR UMm Yok FF FAAAE Arvi B2 ehl
e AAMoR o 6HHel Atkw A Qx FF 1600914, vl 120001, <

e K

200914, Q1% 60094, Hl=r 585, &5 500994 AHAEE REsSH v(Khans,
2001). =gk Bebd 2850, of=dE Y 1,433, F¥e] 792, Ful 304%S HESHA Ao
(Anderson, 2000). =W = Fd4ALL 2012sus A oF 4008 AER &5 H A=A
Taet AFEIAAEFH7EDAA BES o Atk FAAY 2RELS A
A OIARE &4 WA E 93 AdYH R xFE FAste] HESFE @A BE WS
1o g2 stan vk BE A qrE7F Al web fxbd EAge] WA o] Frhshal
A3 Hlgo] Foidel wet A7l A A BS oA4A 71l wd(Slow growth of in
vitro vegetative tissues) WS (Engelman, 1997), 7] A &S 98 =A== AAH- HAA
(Gonzalez-Arnao, 1988), &AH(Mumford, 1979), wl5=(Bajaj, 1984), A A| 34l (Marin and
Duran—Vila, 1988), #| A ¥4 71 2] ~(Kobayashi %, 1990)- So] &85 gt} =ujol A

j -

5 2AS A MPES ARAYT 0168 FHE FBE 248 YA

=

4. A5 R Y

D 4E #4490 59 % 54

fus

= =
A fAANe FPstah FAA DEAGe AA Tl Qi KA, B4 iRy
o ol §7bsd Wy A9, AA EH BEF LS 9% B{Ao]l 4 A, UA
AE ERY SUd AAR7 Ao A9e $HoR FAsdt AT 38, FA%e 5
FAF] FA e TN EQF AL ok FAFHE Fol gom A
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Liberibacter americanus, Liberibacter africanus, Liberibacter asiaticus®] W3}te] PCR=Z

st on g A2g AL G TFaE = AU glo] FHEFATH(LH--2).
E1-L 59 A 55 2 sdadAEAYH 55 HE
HE Al - &g A4 ITHS#
1 la= ) C. deliciosa Avana - Apireno 302097
2 Ela=g=] C. deliciosa Avana - Tardivo 302098
3 =] C. unshiu China S-6 Satsuma 302099
4 Ela=g=] C. unshiu China S-7 Satsuma 302100
5 ==l C. reticulata Clementine * Pearl 302101
6 =gl C. clementina Corsica#l Clementine 302102
7 kig= el C. clementina Corsica#2 Clementine 302103
8 kig= =l C. unshiu Dobashi Beni satsuma 302104
9 la= ) C. clementina Fina 302105
10 kig=l C. reticulata Fremont 302106
11 Hla=rel] C. reticulata Furr(US) mandarin 302107
12 Ela=g=] C. reticulata Hansen mandarin 302108
13 kig= el C. clementina Marisol clementine 302109
14 == C. reticulata Michal mandarin 302110
15 kig= el C. clementina Nour 302111
16 kig==l C. clementina Oroval 302112
17 la= i) C. reticulata Primosole Mandarin 302113
18 kig=a=l C. reticulata Rubidoux * mandarin 302114
19 kig= =l C. unshiu Selma Satsuma 302115
20 Sla=el] C. unshiu Shirok Satsuma 302116
21 kig= el C. reticulata Soh himtra mandarin 302117
22 kg C. reticulata SRA 337 mandarin 302118
23 la= ) C. clementina SRA 92 Clementine 302119
24 Lla=a=] C. reticulata Sun Chu Sha mandarin 302120
25 el = =) C. reticulata Temple * Dancy 302121
26 i == C. reticulata Temple X Minneola 302122
27 kig=a=l C. reticulata USDA-88-3 Robison*Lee 302123
28 la=el] C. unshiu Xie Shan Satuma 302124
29 29 E 9 # X C. sinensis Akcay Sekeri Crescent 302125
30 29 E Q A X C. sinensis Bahianinha Araras Navel 302126
31 2~ E QA XA C. sinensis Bream Tarocco 302127
32 2QE QX C. sinensis Cadenera 302128
33 2~QEQ AR | C sinensis Campbell(nucellar) 302129
34 2~QIEQ A | C sinensis Carter(old line) 302130
35 2~2E QA A C. sinensis Chapman Valencia orange 302131
36 2~QEQ AR | C sinensis Chislett Navel 302132
37 2~EQUXA] | C sinensis Cluster navel orange 302133
38 2~9EQUA | C sinensis Cogan 302134
39 2~EQUXA] | C sinensis Cutter(nucellar) 302135
40 2P E QA C. sinensis Delfino 302136
41 2~QE QAR | C sinensis Eddy (old line) 302137
42 2~EQ WA | C sinensis Frost navel orange 302138
43 A9 E QX C. sinensis Frost nucellar Valencia orange | 302139
44 2~EQ MR | C. sinensis Fukumoto 302140
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45 2~Q9EQUXA] | C sinensis Gillemberg Navel 302141
46 2~QQEQ WA | C sinensis Gillette 302142
47 2QQEQ MR | C sinensis Harward Late 302143
48 29 E 9 # X C. sinensis Jincheng 302144
49 A2 E QA A C. sinensis Lima Acidless Orange 302145
50 ~QIEQ#A] | C sinensis Madam Vinous 302146
51 ~QQEQ A | C sinensis McMahon Seedless Valencia | 302147
52 2~EQUMA] | C sinensis Navelate 302148
53 2QQEQ MR | C sinensis Olinda(nucellar) 302149
54 2~9EQUXA | C sinensis Palmer 302150
55 29 E 2 A XA C. sinensis Parent Washigton 302151
56 29 E L X C. sinensis Pehrson #3 302152
57 ~QIEQ#A] | C sinensis Pehrson #4 302153
58 A2 E QA A C. sinensis Pineapple 302154
59 ~QIEQ A | C sinensis Robertson 302155
60 2~2E QA A C. sinensis Robyn navel orange 302156
61 2~QEQUXA] | C sinensis Rocky Hill(old line) 302157
62 29 E 9 # X C. sinensis Rohde Red Valencia Orange | 302159
63 2~QIEQ#A] | C sinensis Ruby (nucellar) 302160
64 2~EQUXA] | C sinensis Rush T.I Navel 302161
65 2~ 9E 9 # X C. sinensis Sanguina doble Fina 302162
66 29 E Q #A A C. sinensis Shamouti 302163
67 2~9EQ WA | C sinensis Skaggs Bonanza 302164
68 2~ E QA X C. sinensis Smith Red 302165
69 2~QQEQ AR | C sinensis Spring 302166
70 2~EQUXA] | C sinensis T.I. Sheldon Navel Orange 302167
71 29 E 9 # X C. sinensis T.I. Zimmerman Navel Orange | 302168
72 29 E 2 A XA C. sinensis Trovita A 302169
73 29 E 9 # X C. sinensis Vainiglia Sanguigno 302170
74 A2 E QA A C. sinensis Walker Joao Valencia Orange | 302171
75 2~2E QA A C. sinensis Washington Sanguine 302172
76 e C. maxima Chandler Pummelo 302173
77 = C. hybrid Cocktail Hybrid 302174
78 e C. maxima Reinking Pummelo 302175
79 | ol XX FE | C paradisi Rubidoux Grapefruit Hybrid | 302176
30 e C. maxima Sarawak Pummelo 302177
31 o C. maxima Tahitian Pummelo 302178
82 e C. maxima Thong Dee Pummelo 302179
83 = C. maxima Valentine pummelo hybrid 302180
84 | 20|22 FE | C paradisi Chironja Grapefruit Hybrid 302181
& | Ao XX FE | C paradisi Marsh, Reed Grapefruit 302182
36 = C. limon Dr. Strong (nucellar) 302183
87 = C. limon Frost (nucellar) Lisbon 302184
88 & C. limon Genoa 302185
&9 R C. Limon Improved Meyer 302186
90 = C. limon Interdonato 302187
91 = C. Ilimon Laphitiotiki lemon 302188
92 = C. Iimon Limonero Fino 49 302189
93 = C. Ilimon Limonero Messina 302190
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94 = Citrofortunella sp. Marrakech Limonette 302191
95 2} <l C. limetta Millsweet Limetta 302192
96 IR C. limon Monroe Lisbon lemon 302193
97 & C. limettioides New Zealand lemonade 302194
98 R C. limetta Pomona sweet lemon 302195
99 = C. Iimon x C. medica Ponderosa 302196
100 o= C. jambhiri Schaub Rough lemon 302197
101 o= C. Ilimon Taylor 302198
102 = C. Iimon Utt Allen Eureka Lemon 302199
103 & C. Ilimon Villafranca 302200
104 o= C. Iimon Walker 302201
105 RS C. Ilimon Yen Ben 302202
106 2+ C. latifolia Bearss 302203
107 2+ C. limonia Borneo Rangpur Lime 302204
108 2+ C. aurantifolia Castello Lime 302205
109 7] e} Citrofortunella sp. Eustis Limequat 302206
110 2} C. limettioides Mary Ellen Lime 302207
111 2+ C. limettiodes Palestine sweet lime 302208
112 2+ C. sp. Koster tangor 302209
113 = =] C. tangelo Pearl Tangelo 302210
114 la= ) C. tangelo Ugli Tangor 302211
115 | AR89 | C aurantium Fraser Seville Sour Orange | 302212
116 | AR Q¥9A] | C aurantium Gou Tou Sour Orange 302213
117 HMEE C. medica S-1 Citron 302214
118 =4 F. japonica Marumi Kumquat 302215
119 7] e} Citrofortunella sp. Nippon Orangequat 302216
120 =4 F. margarita Nordman Nagami 302217
121 A2E QA XA C. sinensis Navelina 3.15 JJC373
122 29 E 9 # X C. sinensis Navlina 7.5 Spain JJC374
123 el = 2= C. clementina Nules JJC375
124 2~QEQ AR | C sinensis Newhall (old line) JJC377
125 | 2=9JEL @A | C sinensis Newhall(Califonia) JJCc378
126 2~QQEQ AR | C sinensis D. Joao JJC379
127 | 2=9JEL @A | C sinensis Lane Late Navel JJC382
128 | 1| o| 222 E | C paradisi Marsh,Brwon Grapefruit JJC386
129 | 2=9JEL @A | C sinensis Midknight Valencia JJC387
130 A2 E QA XA C. sinensis Benyenda Navel JJC389
131 | 2=9JEL#AXA] | C sinensis Benyenda Valencia JJC390
132 | Ao @ X | C aurantium Hetsuka daidai JJC391
133 = C. wolkameriana Volkameriana JJC392
134 | 280|222 E | C paradisi Shambar Grapefruit JJC393
135 Sla=ea] C. clementina Sidi Aissa clementine JJC394
136 29 E 2 A XA C. sinensis Atwood Navel JJC395
137 | 2=9JEL#AA] | C sinensis Ambersweet JJC396
138 el = 2= C. reticulata Ougan JJC397
139 la= i) C. unshiu Oita wase JJC398
140 kig=l C. reticulata Kara mandarin JJC400
141 | 2|2 X FE | C paradisi Grapefruit Cant Star Ruby JJC402
142 Sla=rel] C. unshiu Kawada unshiu JJC404
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143 =7 Citrofortunella sp. Tavares limequat JJC405
144 e C. iyo Sawada Iyokan JJC406
145 | 2=9JEQ @A | C sinensis Fisher JJC407
146 2+ C. australasica Finger lime green JJC408
147 = C. sp. T'sunonozomi JJC409
148 la= =] C. unshiu YN-26 JJC412
149 la= i) C. reticulata Bendi Guangju JJC413
150 | 2=9IES WA | C sinensis Cara Cara JJjc414
151 =] C. reticulata Comune JJC415
152 la= =) C. reticulata Hernandina JJC416
153 Sla=re] C. reticulata Loretina JJC417
154 la= ) C. reticulata Monreal apireno JJCc418
155 la= ) C. reticulata Orogrande JJC419
156 Lla=a=] C. reticulata Precoce JJC420
157 la= i) C. reticulata Rubino V.C.R JJjCc421
158 Ela=g=] C. reticulata Tomatera JJC422
159 ehA g2 C. sp. Fallglo tangelo JJC423
160 il =] C. reticulata Fuju Jjc424
161 | AR 9A] | C aurantium Gaocheng JJC425
162 e C. sp. Himekoharu JJC426
163 la= ) C. reticulata Hongpisuanju JJCc427
164 e C. sp. Hongshigan JJC428
165 la= i) C. reticulata Huangguogan JJC429
166 kig=a=l C. reticulata Kaixuangan JJC430
167 Ela=g=] C. reticulata Mantouhong JJC431
168 Sla=rel] C. reticulata Nianju JJC432
169 kig= el C. reticulata Parson mandarin JJC433
170 = =] C. reticulata Pixie JJC434
171 la= i) C. reticulata Xinshengxi No.3 Ponkan JJC435
172 el = 2= C. reticulata Ruju JJC436
173 1jh“/‘r‘“/] C. reticulata Tachibana JJC437
174 | 2=9JEL#AXA] | C sinensis Tarocco Gallo JJC438
175 2~QQEQ AR | C sinensis Tarocco Ippolito JJC439
176 A9 E QX C. sinensis Tarocco Meli JJC440
177 29 E 9 # X C. sinensis Tarocco Rosso JJC441
178 2P EQ HUX C. sinensis Tarocco Sant Alfio JJC442
179 2~ E 9 #lZ] C. sinensis Tarocco Scire JJC443
180 la= ) C. reticulata Wanmi No.3 JJC444
181 Ela=g=] C. reticulata Wu Gan Da Ju JJC445
182 la=rel] C. reticulata Wuhe Zaoju JJC446
183 e a=) C. reticulata Yanxiwanlu Ponkan JJc447
184 Sla=el] C. subcompressa Zaoju JJC448
185 Sla=rei] C. reticulata Zhuhongju JJC449
186 | AR Q. AA] | C aurantium Zhuluan Sour Orange JJC450
187 el = 2= C. reticulata Bagua ponkan JJjC451
188 la= =) C. reticulata Shatangju JJC452
189 =3 Citrofortunella sp. Indio mandarinquat JJC453
190 | AFFoA @A | C bigaradia Bigarade Orange JJC454
191 el == C. reticulata Ponkan nucellar JJC455
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192 Sla=el] C. clementina Caffin

193 kig= el C. reticulata Murcott

194 Sla=rel] C. clementina Algerian Clementine
195 la= ) C. unshiu Aguzdera Satsuma

196 A as C. hybrid May pomelo

197 | AR Q9 A] | C. bergamia Bergamot

198 | =$IEQ WA | C sinensis Berri Valencia

199 2 E Q #A X C. sinensis Keenan Valencia

200 | 2=9IEQHUXA | C sinensis Frost washington(nucellar)
201 | Z=9IEQ WX | C sinensis Thomson T.I. (Sheldon)
202 = C. limon Fino lemon

203 & C. limon Lisbon (Prior)

204 o= C. limon Dr. Strong (old line)
205 ol C. hystrix Lime Kaffir (Malaya)
206 NE = C. medica Etrog (Ethrog) Citron
207 kig=a=l C. reticulata SRA63

208 =] C. reticulata Hongju

209 | =912 # A | C sinensis Mingliu Orange

210 =4 F. margarita Nagami Kumquat

211 k==l C. reticulata Gonggan

212 = C. maxima Tosa pomelo

213 3} | T C. kizu Kizu

214 la= i) C. unshiu New nichinanlgo

215 =t C. grandis var. banokan Banokan

216 la= =] C. unshiu Nagobeniwase

217 | Aol @R | C balotina Barochin

218 2+ C. latitoliaxC. limon Valencia lime

219 A9 E 2 H X C. sinensis Fukumoto beni navel
220 29 E 9 # X C. sinensis Fukuhara orange

221 =t C. pseudogulgul Shi zi you

222 | Z=SIEQ WA | C sinensis Yamamizaka navel

223 =RAs F. crassitolia Meiwa kumquat selection
224 2= C. sp. Hoshi tangor

225 sla=re] C. tankan Tarumi 1 gou

226 | Aol @A | C aurantium Sudaidai

227 e C. maxima Anseikan

228 Lla=a=] C. kinokuni Sakurajimakomikan

229 g} | o} C. jabara Jabara

230 s} o} C. nagato-yuzukichi Nagato-yuzukichi

231 A F. obovata Fukushu kumquat

232 2= C. sp. Asumi

233 2= C. sp. Amaka

234 kg C. reticulata Kankitsu Chukanbohon Nou 6 Gou
235 9| o} C. sphaerocarpa Oitalgou

236 kig= =l C. kinokuni Kizu seedless

237 s} o} C. sphaerocarpa Sobonokaori

238 s} o} C. genkou Genkou

239 | AFgojedlHA] | C osp. Summer fresh

240 u} 7 ¢} C. junos Hanayu

_33_




H 3 A - 5} A ITHS#
241 |2 C. sp. Haruhi
242 ==l C. reticulata Ganpu miju
243 sla=e] C. reticulata cv. Suavissima | Ougan
244 la=e) C. tangor Tunokagayaki
245 | AFgoje#:MA| | C bergamia Bergamot(Castagnaro)
246 | 1do| XX FE | C paradisi Grapefruit Thompson pink(EAG)
247 | 2=SIEQ WA | C sinensis Hockney 700 navel
248 o= C. limon Mayer(806)
249 Ll = 5= C. reticulata Emperor
250 kig=a=l C. reticulata Hickson
251 la=e) C. reticulata Imperial
252 el = a2 C. reticulata Late Emperor
253 kig=acl C. reticulata W Murcott Afourer
254 | 2=RIEQ WA | C. sinensis Leng
255 | 2=9IEQAXA | C sinensis Ryan
256 = C. maxima Nam Roi
257 kig==l C. unshiu Hinoakari
258 =] C. unshiu Hinoaska
259 | Yol FE | C paradisi HendersonRuby
260 e C. sp. Setomi
261 la=te) C. unshiu Taguchi wase
262 kig=l C. unshiu Yasuda wase
263 el = 2= C. unshiu Kagoshima Wase
264 e C. sp. Daimasaki
265 e C. sp. Sagakashi No.34
266 A Citrofortunella microcarpa | Calamondin
267 e C. sp. Nishinokaori
268 el = 5= C. reticulata Nagano No. 3 ponkan
269 o C. reticulata Jumbo ponkan
270 la=gE) C. unshiu Taiko wase
271 e C. sp. Mihaya
#ITHS @ A% 7], JJCose A ITHE Y
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1. Atwood navel

O B3 © Oftrus sinensis (L) Osbeck

O 0|¥ : Atwood Early. Atwood Old Budline

O 28 : Frank Atwood®| JHXB10|2 19354 H=E 2A

O S4 : JNE WASD O4 SOAE Sa0l Uk 194 JIXE Hnefeu

2~334 DA = 80| ZYEICL JHIE gLt RIO2tE IS0 AlRkRICH Liset
e HYEUED 20 FAGHLE AA0] ot 2D, DUDL ES O D

0 BNE@RATLID
T IE [ TS| IF | 9F | oEE
= T
EMAA ] o |y [P FR | om | @ e | o0
Oct 1-15 2.9 3.00 4,39 0 5.0 228 10.1 1.25
Oct 16-31 2.92 2.89 4.88 0 5.0 210 11.1 1.88
Nov 1-15 92 2.97 17 0 5.3 20 [ 1.31
Nov 16-30 04 3.05 38 0 5.4 82 1 1.20
Dec 1-15 11 311 ] 11.29 0 5.4 55 3 0.90
Dec 16-31 87 285 11.38 0 5.0 98 7 1.25

# &H ¢ Citrus Colonal Protection Program
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£ 1-3. 5o FAA
T Al A= 24
whr} el 11 Corsica #1, Corsica #2, Fina, Marisol, Nour, Oroval,
ol SRA 92, Nules, Sidi Aissa, Caffin, Algerian
B} oz 5 Sawada Iyokan, Tsunonozomi, Hoshi tangor,
= Nishinokaori, Mihaya
A Chandler, Cocktail Hybrid, Reinking, Sarawak,
2 = 13 Tahitian, Thong Dee, Valentine pummelo hybrid, May,
Tosa, Banokan, Shi zi you, Anseikan, Nam Roi
Millsweet Limetta, Bearss, Borneo Rangpur, Castello,
2+ 10 Mary Ellen, Palestine sweet,
Koster tangor, Finger(green), Kaffir(Malaya), Valencia
T 1 Rubino VCR
Bream Tarocco, Delfino, Ruby(nucellar), Sanguina
9] E 0 all | 13 doble Fina, Smith Red, Vainiglia Sanguigno, Cara
S AT | T T Cara, Tarocco Gallo, Tarocco Ippolito, Tarocco Meli,
2}l Tarocco Rosso, Tarocco Sant Alfio, Tarocco Scire
= Marsh Reed, Marsh Brown, Cant Star Ruby,
Y o] T2 FE :
Thompson pink(EAG), Henderson Ruby
ks Chandler, Reinking, Sarawak, Thong Dee
2) B fARRe SHxA
e mEAde B
SA7EdAA HFgsta v 2434l diste] AT ERE AAE Ay, v
1438 (=747 1008), eAd ) 2dlx)o] wihE<l g 284, 2~ EQ A 163, @A
3 el xEre w gAY P wgEd BAR 104, Asoled 74, f4 6
H o2 FFEATHEEL-AD).
E 14 Bf FAALY AR
Aew 5113 AR A
s ! C. unshiu 100
C. reticulata 43
Sy C. tangor 28
12 = C. tangelo 10
o] T EFE C. paradisi 10
2YEQ HX C. sinensis 15
A}§-0] @ A% C. aurantuim 7
e C. maxima 12
2} C. latitolia 1
o = C. limon 4
v} o} C. junos 6
HNEZ C. medica 1
=4 Fortunella spp. 2
Poncirus spp. 2
71 e} (C. reticulata x P. tritoliata) 1
C. ichangensis 1
A 243
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[e)

) 71E wfaele

i

B AL datel 9 FAAUN BAAAR QEY 5L AAste] 4L A
Ak 24 W8S AAB(Gol, AR}, B, Y, /1Y, Fo FA L FAEY 5L =
Akl on], EE AL YaAE RA=Y), BY, AABA, 80% HAY] FL £
o B HARANE HolHuol 2 GMSel FESFAHTY 15, 19 1-6). o9} H¥
of ww mEol tE FE AT/ Al Wi FARY FALe R L) S
wAbshe] FA SRR B2 GSP KF A Hefol A FeHATHEI ),

SEaTaAS BaEe A

Sa3e > My e

sams e samm eas 24 B
By eV BUNE BB EYTEES) SApIE HFE=EEIE PA HWETE E o
mHE YAz IS ANUHE [T AAY  ANK FRUD ZAHAS FAPIR TAE Ml x| 22 B2 AR 2*E | 5 o5 A= wotz| R 251171 =471 ujz =5

1 ooms  wooiss Alse sieci a2 KGN wio WEEEEslEy AT 50 04 1004 hen) 06 101 a1 e o0 os20 0109 227030
2 DARET LICHER ARR un KOR N HMEssHvey 22 79.2| RAT 1145 1RAR A2 493 AL nana n&1R TRZH MA 22 omm
3 233861 JJcoiaz Al3z  GEEE BaFE  KOR 2010 HFEZUcIEH A2 975, 8.3 HLT 2831 8.4 1272 1,35 0402 0511, 0521 Zianamm
4 o3mes  Jdcoior Ao BuolHY KoR i HAEsHCled gEa 233 75 1185 8.9 55 1.7 138 0402 o514 0520 1114 2263 3mm
5 233868 AJC0136 PAE s KOR 2000 WIE=MIEN 2T 62.8 54,9 14,5 1081 5.0 9.90 871 0407 0515 523 1003 £12:62. 8mm =
6 2 ddcoiel Alg1 wz KoR o0 HMEEsusied zes a2z E 136 £ 21 1148 il 404 osis 052 1108 242,200
7 mEer  Jicoun Ao s3si2  oR i HEssebles a2 a8 25 [ 68 a1 [k 0331 o811 osan 1225 2923:33.9mm
8 ommE  JICOI Az 5 Ko 200 Hasswdlew mg 837 09 15 2129 65 1078 212 404 o515 o524 1116 2 @588 1mm
3 239EG  JJOOIEZ Al6Z mandarifier 823 KOR 00 FFSsUrey pad 37 318 125.7 244 23 12,30 397 0404, 0516, 0525 0103 238 Imm
10 233686 Jdcotar Al Fei =7 KOR 2010 HE=sHIs" e 756 732 1033, 2001 5.8 10.97 1.57 0330 o511 o521 1213 22 75.6mm
1 usE JIOUIES albs wE i KoK i AF=ELUEE wEs ary b2 By s 43 1 16 uaus [ w1y 1113 22
12 zmooo  dcoich s a5 200 HES=Eslen 2e0 oz oo 1241 02 150 702 205 iz osio o520 1125 2 2502, amm
13 omme e A0S mandarin o AIIEITIEL KOR N HEEssblsY Az fa2 sa a1 912 o (£ [ nuna ) eiT 176 2122268 A
1o 2am ddonie a2 EELS  WadoloTA w0 HMEssusad Zas 6T bl 07,5 ] 54 11.20 23 0331 osie ) 1230 223617
15 omms  dcwom com  BELS WU kom 200 ATEsEbled uaD 27 SE e oma 45 1n.es e ozee om0 051 1125 2125360 7mm
18 337: JJcoogd 4034 HEUR IS KOR 2010 HEEENIEH  2E2 789 737 104.3 3.2 56 11.81 153 0328 o510 0519 1113 224176 9mm
17 28127 AC00ss s0%6  GEUT  HUBUE KOR 00 HMEEsEiEes 2@ T8 872 1085 1763 1 12,07 1.5 0327 50 0517 1123 2271600
18 233681 Jdcotzs Al2g A KOR 2010 HME=sHaEd e 475, 383 124.0 135 20 459 A48 0105 0508 0523 1109 YA4T.5mm
19 233733 JJco1ss A58 A KOR 2010 HSEEEgIEd  gud 452 430 82.2 334 24 1218 177 0408 0503 0521 1120 2145, 2mm
20 233735 Jdcors? 4157 fachibana o 22 KOR 2010 MFEEUFEH  PED 33.3 25.0 1371 15,3 1.4 12.08 281 0412 0516 0524
2 2 Jcois 158 fachibana o HS KOR 0 AFEsevay 2ED 512 2 tes 7 29 o e ati2 osis o518 112 212:57.2mm
v 23 ddeuudg Aue BUS 5 KOH, i dFesgslEsE Pes B5. 1 H0.U. 1314 QLAY 38 w.2r 1.4y uau7 (= us B, fmt
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do] BAT BAG D BAT v

el A | 2R | Rang | wuelg | wle F
s (7 (1) (%) (%) )
T E Ak 16 26.9 0 e 1.6
OdYo| ZXFE 14 441 0 0 3.5
g o] FH] 5 1.8 0 0 5.2
= 3 8.7 0 0 -
g aE = 15 19.5 0 40
oF &l ¢ = 4 12.6 0 62.9 2.8
2 ~EFHY7 6 11.8 0 33.3 -
S-1153 11 55 18.2 - 1.3
Fass 5 14.2 0 100 1
71+ 85 5.8 10 100 1
Zap SNy 17 9.7 0 0 54
w7 3 2 1 50 0 4
A 4.5 6.7 0 0 7.2
] o] %] 45 14.8 0 95 1
A= 4 10 0 76.4 1.8
It E 5 6 0 0 8.8
7k 22 11.8 0 0 4.6
H2H(F5A) 5 3 20 0 -
W 5 194 0 0 5.6
IRy 6.5 0.4 16.7 30 2
Al - 9 AF 5 11.8 0 0 6.4
=] Pz 99 1 1 0 0 6
SRSy 55 11.1 0 10 4.4
x5k 5 9.5 25 0 7.8
Zol3s W7k 6 4.5 10 0 3.3
= 4 17.1 0 0 6.6
g 3 16.7 0 100 1
Fewe (o] 2ekd) 13 13.7 0 100 1
SYaeE (g x) 75 114 0 100 1
He 4 18.1 0 56.3 1
gt} 4 do} 4 3.8 20 100 1
S 6.5 8.7 0 4.8 5.2
A= 9 0.8 55.6 0 11.2
Ay 5 14.2 0 0 13.6
TE=HT 9 7.1 11.1 0 -
v} 5ok 16 26.9 11.1 100 1
= 6 31.5 0 100 1
A7k 6 29.7 0 100 1
=k T 16 33.6 11.1 100 1
== &3} 3 18 66.7 100 1
o2k 16 14.9 11.1 100 1
o 16 9.8 22.2 100 1
Fags =y 20 25.4 0 26.9 2.6
Ay 7 15 29.7 0 36.8 5.3
AEE 85 13.8 0 57.8 15
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o el A5 | EAS | Feng | aug | el 5
B o (2}) (7h) (%) (%) (M)
DEEEE 13 20.3 0 545 33
e 14 23.6 0 30.8 29
AF9-0] © @) ] 2} 55 23.6 0 20 3
st 15 21.7 0 6.7 3.4
e 2 16 15.4 0 21.1 3.1
A= 6 1 83.3 0 -
. ulkell Ao}l o] E 7 2.9 156 0 74
=f =LA EEE 2 3 0 0 -
R 5 2 0 0 74
o= 14 26.7 0 0 79
EEEES 15 125 0 0 102
E I f2) 2 25.2 0 0 5
P Abe 21 6.9 0 0 42
Ab A 7 25.6 0 0 42
2B} 115 0 98.6 -
Al 2 - 2} 6 27.7 0 0 -
RN 5 184 0 0 -
56-423 16 20.8 0 875 1
S-1129 14 06 86.4 100 1
S-1144 5 136 0 0 76
F ol o7t 6 9.3 0 100
07 g} 6 35 50 0 -
AFE w719 7 14 2.1 58.3 375 -
A&7} 3 1 333 0 -
o} 5 78 0 0 96
- Aol gdl1s 45 0 90 100 1
v 4 16 1.4 70.2 - 10
7 20 6 0 10 38
A7 6 0 100 100 1
P 12 6.5 50 - 47
*=3F 4 11 16.7 0 5
E}u}n| 65 4.2 M7 100 1
SEEE 13 19 60 100 1
57146 6 6.3 16.7 917 -
F 747 3 143 0 100 1
[SpE 45 0.2 80 0 45
7] 11 172 0 100 1
) ] &2} 17 16.7 0 0 8
e 2 REEE 5 0.2 80 0 3
A ] = 17 16 0 0 72
] o] | 45 16 80 0 5.3
Aol apd = 1 %5 0 0 56
=3 5 6.5 16.7 0 74
7]} A es 13 36.1 0 100 2.1
3177} 4 118 0 28.3 28
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2. TR ol=9} JLRE rol= BA
7t AE

Aol HER C, ZdtEolE, JtREmolE, gRxolE 5 thAdF V]
gHalis Aoz dEA glon, ZEricolEl: 609 FTo] EAG: A=
UH(Horowitz¥}  Gentili, 1977). #& ZgHxol=9o] g5 ats %
Hashinaga, 2006), 39}2H&(Yoshimizu %, 2004), <=3t7]A #Asko] ot (Benavente@r
Castillo, 2008), |9 5742-8(8 5, 2008), BAMAEH 73} 28(& &5, 1992) o] Hiyal
drt. e EASE ZH o]l=F+=  flavanones, flavones¥ polymethoxylated
flavones &2 &g 4 i, F}Foli= HE flavanones FEIR EA 3t} o5 i
TR o= Ao FFHoR EASHH, flavanones> 3] 9] QFE A H.91Ql &b
T3l 7HE i, flavones Y3 9] SAEEQ ZEkwW= Ao wo] #E3(Nogata
S, 2006). Polymethoxylated flavones< #& 5o] ZgtR ol 3o AHfFoA F=2
dE& Y HGattuso &, 2007). =3 5 Sol& 445 9] T%E‘riiO]Eﬂ SRt Aow B
A=, A Tl wel AR g 24 AolE Bolw 2FEite] xFH = vE
g Fol= flavanones®! dl~#Hgd, Y2l FE, didymin & 5%‘01, polymethoxylated
flavonesS. 2 AlWAE | etAHE =g E Fo] Exsitha 519 tHGattuso 5, 2007). =
Wik e Seirol= S tigk AR AT Hﬁﬁﬁ(Klm 5, 2009), WHiH(Lee
I} Kang, 1997), =274 &, 2015, Kim &, 2001), ## #5549 (Yang &, 2008)&°] U
3, g% B3 AT RE Q% 2 A 2F(Nugroho %, 2009; Hyon %, 2010) 5°] H iy
aglew, ZleAd g dyEs dbdsad(Son 5, 1992), kst G (Kim F,
2009), A G AA &} (Zhang 5, 2014), A (Choi &, 2012) & TH&sHAl o] Fo)#]aL
At

FFRE o] == 700F  o]Ato] EAEH  B-carotene, a-carotene, P-cryptoxanthin,
lutein, zeaxanthin o] 7}4 @Wo] EAgt) 7l2E ol == Ao wdglef] me}f ¢ &4
7F S EE BN FHE S g2 fgo] vE FtRE o= FHRIF M B
2 Yol EFFol mef A o] w9 oSt (Gross, 1987). fhEol Al FFEE o= 4]
g Age SR eol=d HlE Ao A2 Holu = 18F 0] JHRE ol =T}
ol v deA Qo (Tkoma, 2014). 7F2E =ol=& Z=ZH[EFY A(Burton}
Ingold, 1984), ¥<F#8-(Greenberg 5, 1990), W< 7] 5 (Mathews-Roth, 1991), A2 3% 7}
A (Gerster, 1991), 7F 7|5 Zoll(Sugiura &, 2005), =& 5 (Sugiura 5, 2011) ¥ A =
S (Sugiura 5, 2008) 7fAe] Ty So] 7|TE drtn d#x Atk Matsumoto &
(2007)2 18F el e FFo dd 7tREmol=E #A5a }Fe JtRE o= FF9
gl wel 4aFo 2 EFREAT Sl JtER" dd Ay Ee 55 IUER TS
I &, 1995), =52 AA A5 Tt o= (Y T, 2008), kel A} A5
o] FtRE ol (Al T, 2009), G TRE == ?‘}%k(o] 5, 2015) 5ol AUk
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N
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B oATE E f049e 3F 3 BelnwelEs Aol 24 ¥ IS B
qatel 75 KARA AT, AT ARFE BY v, Fuiwomsh e o]t
AYPRE THI QA

EREE-
D ABAE D 3 EFARA

AFEAAAEEG71E9 GF A4 g BE F gEF Fol 201393 2014
dol A3} o] Fojl A4US HHOE HATh LFAGE AAAA ]S $3]o A4
2 e AARGD, BARE 0% HAvel A9EE FALS AAs] A E AAD

=
=
& AEHe] BE U MWL 2AAGL, B ARE S0CAA WE uuaRA Fol

A7 #F o] 5 mM ammonium formate¢} 0.1% formic acidS
Shgete WeeS 208 7Fs the mE Bt (Polytron PT3100D, Kinematica AG,
Swizland)E AF-g3sle] 58 FoF 10,000 rpme & F% 2 #A3e & 0.2 gm membrane
filter (Ministart RC 15, Satrius stedim, Germany)® o] ¥}sle] 7]7| A& HAAS ZA 3}
Gk AlE FZAS A E R 7] (UPLC-MS/MS, Acquity UPLC/TQD Triple Quadrupole
Mass Spectrometry, Waters, USA)E AF&3lo] #¥2-137 3%2-29] B4 x4 HAAdH &9l
I R EEEdHoR HPFLES AAdstel EdExol= RS AEFerh =3 ESI
(Electrospray lonization)¥ .2 o] £-3}&}o] positive®} negative modeS W 3 3to] nlxpi4]
(cross cheking)S st om, 7t7te] Fgtr ol TR A 29
= A 35te] #2-29] multiple reaction monitoring(MRM) mode®] R Z}(precursor ion)2}
-2 (product ions) ©]l<& AAsFT ZEHR Lol HTE

formate®} 0.1% formic acide $Hrdhi= wleb2 = zhzho] AEEZ 01~100 mg/L 59|
L5 A St o] &etdtt. g il TEtH ol AR ExFE Fdsht st
Sz & ol AAEel EAdtE 54 elste] A=9 UPLC-MS/MS A =EvwETL
o) gjAalat S HA3stslr] Yate] #F2-20 49 o] FG-1003 FG-200 2718 o= 1}
Fol EF EF &S ZASAH. SR eol=e] FFEFS H2-20] yEbd ukel Eo] 18
%5 Sigma(USA), Merck(Germany), ChromaDex(USA)AFI A+ ate] AF-&3FA ). wgr
22 Burdick & Jacksonol4] ammonium formate®} formic acid T #4 A
Sigma(USA)oll A ko] AR-&3E3 T

(3
of

e
L)
it
fo,
B
1z
AN

[

2 (mass spectrum)

Mo 5 mM ammonium

o,

ﬂJ
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% 2-1 A AF T EPfRxclE 245 93 UPLC-ESI-MS/MS 2434

Parameter Conditions

Instrument (A\)%I%I‘Sé?é, [{JPSLAC) & TQD Triple Quadrupole Mass Spectrometry

Column Kinetex C18, 2.1 mmx100 mm, 1.7 gm (Phenomenex, USA)

Column temp. 375 C

Injection volume 5 ul

Flow rate 0.3 m¢/min

Mobile Phase A Methanol with 5 mM ammonium formate & 0.1%6 formic acid

Mobile Phase B Water with 5 mM ammonium formate & 0.196 formic acid

Time (min) A (%) B (%)
Initial 13 87
6.0 15 85

10.0 25 75
10.1 47 53

Gradient program 10.5 47 53
14.0 58 42
155 95 5
175 95 5
18.0 13 87
20.0 13 87

Tonization mode ESI (Electrospray Ionization), positive & negative

Capillary Voltage 3.0 kV

Source temp. 135 C

Desolvation temp. 450 C

Gas flow Desolvation 800 £ /hr, Cone 50 ¢ /hr

Scan type MRM (Multiple Reaction Monitoring) mode

Collision gas flow 0.15 m¢/min (He, cell pressure 3.5x10 °~4.5x10 ® mBar)

5

2-2. UPLC-ESI-MS/MS Z#tH=ol= 4] F53F 14 3 MRM Z4[Unit: mass/charge(m/z)]

Flavonoids MRM condition Flavonoids MRM condition
group Precursor Product ions group Precursor Product ions
(FG-100) ion D1/D2 (FG-200) ion D1/D2
o ] 0 A E 2l ESI+ — 597.2 289.0/153.0 =g ESI+ — 611.1 303.0/465.0
ESI- — 595.2 287.0/151.0 ESI- — 609.1 301.0/271.0
ESI+ — 581.1 273.0/418.0 ESI+ — 597.2 289.0/153.0
== < SAEH
e ESI- — 579.1 271.0/150.9 Hl2el 21 2.4 ESI- — 575.2 150.9/135.0
ESI+ — 609.0 301.0/200.9 -
SR | A =4 — . . .
i ESI- — 6071 209.0/2840 |5 ESl+ — 5791 271.0/443.1
8 25 2] o ESI+ — 611.0 303.0/152.9 G ESI+ — 581.1 273.0/152.9
ESI- — 609.1 301.0/163.9 ESI- — 579.1 150.9/271.0
AEAED ESI+ — 449.1 303.0/128.9 9 3] 25 2] o ESI+ — 611.0 303.0/152.9
ESI- — 447.1 301.0/271.0 ESI- — 609.1 301.0/163.9
DAy ESI+ — 273.1 153.0/147.0 A= AE ESI+ — 303.0 152.9/229.0
ESI- — 271.1 150.9/118.9 ESI- — 301.0 150.9/106.9
3 25 ¢ &) ESI+ — 303.1 177.0/152.9 o} 3] A4l ESI+ — 271.0 152.9/90.9
ESI- — 301.1 163.9/135.9 ESI- — 269.0 116.9/150.9
A= ESI+ — 374.0 344.0/182.9 e ~wE ESI+ — 301.0 258.0/286.0
=44 ESI+ — 403.1 372.9/182.9 Al LA E ESI+ — 373.1 343.1/152.9
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A
AREmClE JRon A FRAL AEAU bR AN @—awia@%% I

S 7hEk e ﬂd.—‘i_lﬂ (Polytron PT3100D, Kinematica AG, Swizland)E A}&3}e] 5
&< 10,000 rpme® = B wEst A7l § A AL gt E A $ 0.2
membrane filter(Ministart RC 15, Satrius stedim, Germany)= o] IA| 7 7]7]H4 &
= AT AU AAZ Am AdE A ZFEA 7 (UPLC-MS/MS, Agilent 1290
Infinity UPLC/ABSCIEX Qtrap 6500 Triple Quadrupole Mass Spectrometry, USA)E A}
&3ko] #2-39 EA A AA FQd R FEEAHeR A At -7t
283} B-aHEAMNE RS AHsEch 3k ESI(Electrospry lonization)® &2 o]
3}3}e] positive modeo|l 4] ZFEE] o= A AHEH (Mass spectrum)S EHE E2-3
°] multiple reaction monitoring(MRM) mode?] X AH(precusor ion, Q1) o Af
(product ion, Q3)9] o]&%S AA3 ths EASIT JMEEH o= RTEEd2 5mM

ammonium formate2} 0.1% formic acid2

7]51011

S ¥ H% wErLE 1~30ug/l o] HE
& zAstdn p-7hRdst padEadd EEFS Sigma(USA)IA vIE-EE Burdick
& Jackson®ll A formic acid 5 241 AleF Sigma(USA)ol X - 94sto] Abg-3Fdtt.

i:l:l

# 2-3. 7hREolE AR A EFEA 7 (UPLC-MS/MS) &4 %11

Instrument ABSCIEX Qtrap 6500 & Agilent 1290 Infinity (USA)
Column YMC Carotenoid (3mmx150mm, 3/m, Japan)
Column temp. 30 C
Injection volume 5l
Flow rate 32ul/min
Mobile Phase A Methanol with 5mM ammonium formate & 0.196 formic acid
Mobile Phase B Water with 5bmM ammonium formate & 0.1%6 formic acid

Time(min) A (%) B (%)
Gradient program Initial 95 5

7 95 5
Ionization mode Electrospray Ionization(ESI), Positive ion
Ion spray voltage 5500V
Source/Gas Curtain gas(CG) 30, Ion source gas 1(GS1) 60,
parameter Ion source gas 2(GS2) 60, Temperrature 400C
Scan type MRM (Multiple Reaction Monitering) mode
B-carotene : Q1/Q3 mass ranges 537.4/4455 m/z

MRM condition — DP 90, EP 10, CE 20, CXP 20

B-cryptoxantin : Q1/Q3 mass ranges 553.4/461.5 m/z
— DP 90, EP 10, CE 20, CXP 20

* DP(Declustering potential, volts), EP(Entrance potential, volts)
CE(Collision energy, electron volts), CXP(Collision cell potential, volts)
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mg/100 meetal s, B Al@oA e SHA saddd el 81 mg/LE 9 =
yelskth thg o2 sHaksiAl = @Wo] o]8% = butylated hydoxyanisole(BHA)Z} 728 gkak
sbeo 7= Ao=m ded(d F, 2012) Y78 S 86 my/L B E 8 wol7tE] 7t
310 mg/LE 7FF =3 A4 ZEAo] 26 mg/LE 7Fd @t} gdo] Eolxo g Jehis=
polymethoxylated flavone=A4] A& {3 43 74 A8 st AINAE, =
g, WEdy Axe] AGS Adde eAEES v Fol A BE EFFA HEH AT A
dA e shaF HelE= 0.01~044 mg/L (H 0.06 mg/L)Ath eA=" gF W= 0.02~
3.04 mg/L (B4 026 mg/L)Ao =dedl &k Hel= 0.05~7.05 mg/L (33 0.58 mg/L)S
o Kawaii 5(1999)& =Fd7to] 3y wtopd Fol A AWM 1.05 mg/100 mé, &-A] ]
B2 0.26 mg/100 m¢, = H ¥ 023 mg/100 m¢ g3t At Bk bf Q=4 2 A

Atk FA

=

(
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14MO402_Sample analysis_BEH C18

Sample Citrus_CS_26_21x_Paositive_MRM D1_301 5m (SG, 2x3) 1: MRM of 3 Channels ES+
2.40_ 611.13 > 303 (Rutin_D1)
s0] 494 4 36e3
Area
2]
10 T T T T T T T T T T T T T T T T 1
2.00 3.00 4.00 5.00 6.00 12.00 13.00 14.00 15.00
Sample Citrus_CS_26_21x_Paositive_MRM D1_301 5m (SG, 2x3) 2: MRM of B Channels ES+
406 _ 581.06 > 273 (Nariru tin_D1)
s0] 4217 2 56ed
Area
2]
1071 T T T T T T T T T T T T T T T T 1
2.00 3.00 4.00 5.00 6.00 12.00 13.00 14.00 15.00
Sample Citrus_CS_26_21x_Paositive_MRM D1_301 5m (S5, 2x3) 2: MRM of B Channels ES+
555 _ 611.03 > 303 (Hesperidin_D1)
s0] 7807 4 Bded
Area
2]
-107 T T T T T T T T T T T T T T T T 1 "
2.00 3.00 4.00 5.00 5.00 12.00 13.00 14.00 156.00
Sample Citrus_CS_59_21x_Positive_MRM_B41 Sm (55, 2x3) 5: MRM of 1 Channel ES+
_11.82 373.1 > 343.1 (Sinensetin_D1)
207 646 1.05e4
Area
=]
10 T T T T T T T T T T T T T T T T 1
2.00 3.00 4.00 5.00 5.00 12.00 13.00 14.00 156.00
Sample Citrus_CS_26_21x_Positive_MRM D1_301 Sm (5G, 2x3) 4: MRM of 4 Channels ES+
- 12.29 _ 403.1 > 372.9 (Nohiletin_D1)
90 10217 1.52e5
Area
=]
-107] T T T T T T T T T T T T T T T T 1
2.00 3.00 4.00 5.00 5.00 12.00 13.00 14.00 156.00
Sample Citrus_CS_26_21x_Positive_MRM D1_301 Sm (5G, 2x3) 4: MRM of 4 Channels ES+
- 12.93 _ 374 > 344 (Tangeretin_D1)
90 1720 2.47ed
Area
=]
10 T T T T T T T T T T T T T T T T 1 Time
2.00 3.00 4.00 5.00 5.00 12.00 13.00 14.00 156.00

a9 2-1 2Fug #F F EYEwols ARvEY Y

£ 24 AN U4 s T EeRxelE 24 % 9 (n=h) (Unit © mg/L)
2} v Sin Tan Nob Iso Nar Eri Dio Hes Rut
S-1080 0.14 0.70 1.72 0.00 130.5 0.00 34.6 118.3 7.2
S-1152 0.05 0.02 0.10 0.00 33.2 0.00 0.0 82.7 39
S-1153 0.00 0.07 0.15 0.00 445 0.48 25.2 86.0 3.7
S-1161 0.02 0.02 0.06 0.00 32.8 0.00 0.0 79.2 4.0
A 0.04 0.21 0.46 0.00 52.3 0.00 0.0 90.5 3.7
aHZEA 0.03 0.09 0.21 0.00 101.5 0.00 0.0 69.2 2.7
T 0.03 0.07 0.15 0.00 37.0 0.00 0.0 92.6 14

_47_




A Sin Tan Nob Iso Nar Eri Dio Hes Rut
nE A 0.04 0.27 0.50 0.00 82.0 0.00 0.0 134.4 49
Te=T 0.04 0.03 0.15 0.00 37.6 0.00 0.0 91.1 2.1
T3l AY 0.02 0.20 0.44 0.00 143.8 0.00 28.8 101.9 3.6
T EZA1 0.02 0.18 0.48 0.00 123.4 0.00 40.8 139.5 9.0
TEZA2 0.01 0.03 0.07 0.00 39.1 0.00 30.2 103.1 5.3
THZEA 0.06 0.29 0.80 0.00 98.8 0.00 34.8 122.9 5.0
TEET 0.44 0.39 1.57 0.00 90.9 0.00 0.0 106.8 15
F720% 0.01 0.05 0.14 0.00 441 0.00 29.5 101.0 4.6
B 2 A 0.06 0.33 0.69 0.00 554 0.00 39.0 133.3 4.3

21698 0.09 0.33 0.96 0.00 125.7 0.00 26.7 91.2 84
o =AY 0.01 0.03 0.07 0.00 50.1 0.00 271 95.8 2.9
g xA 0.09 0.45 091 0.00 88.3 0.00 0.0 91.6 5.8

745 0.12 0.53 1.02 0.00 188.5 0.00 21.0 89.9 0.0
EZA 0.10 0.48 1.25 0.00 99.3 0.00 34.2 116.9 45
=axA 0.03 0.12 0.22 0.00 138.1 0.00 103.7 742.5 0.0
n] e 2 0.02 0.11 0.24 0.00 83.3 0.00 334 118.0 34

LU 0.03 0.20 0.35 0.00 115.8 1.71 86.7 620.6 0.0
FAFZAY 0.02 0.11 0.20 0.00 52.0 0.00 26.2 92.8 3.2
Sz 0.00 0.03 0.09 0.00 534 0.00 0.0 98.6 2.1
H] &2 2Y 0.02 0.06 0.16 0.00 68.3 0.00 25.7 87.8 55

ALA B2 0.01 0.07 0.15 0.00 455 0.00 42.6 145.7 35
A ZA 0.11 0.54 1.23 0.00 114.1 0.00 0.0 103.5 3.8
2bohg-zAY 0.03 0.02 0.12 0.00 32.2 0.00 0.0 82.0 2.2
Aoz 0.02 0.16 0.25 0.00 128.7 2.40 86.3 617.8 0.0
AR ZAY 0.03 0.04 0.11 0.00 24.4 0.00 0.0 89.9 5.0

Az A 0.01 0.04 0.10 0.00 46.3 0.00 23.4 829 4.3
Az 0.18 0.81 1.76 0.00 85.7 0.00 0.0 90.5 29
Arorzx Ay 0.10 0.61 1.16 0.00 75.4 0.00 0.0 85.0 47
A 2] & 0.10 0.24 0.44 0.00 79.3 0.00 18.6 79.8 0.0
AFEZA 0.00 0.05 0.11 0.00 54.4 0.00 24.2 103.5 2.3

AT 0.02 0.13 0.27 0.00 175.3 3.08 138.0 988.1 0.0
R 0.01 0.09 0.16 0.00 73.1 0.00 27.7 98.0 2.8
FzA 0.01 0.03 0.08 0.00 56.3 0.00 28.9 102.3 3.9
Al ZAY 0.05 0.22 0.55 0.00 104.8 0.00 62.0 212.1 54

Al w] el -2 0.02 0.13 0.32 0.00 115.7 0.00 38.1 130.3 6.3
Alo]zA 0.08 0.52 0.99 0.00 52.3 0.00 0.0 89.9 6.8
AT 0.10 0.51 0.94 0.00 73.2 0.00 26.7 114.3 0.0
oL x4y 0.03 0.22 0.34 0.27 1774 2.19 104.2 746.0 0.0
A7 x=A 0.01 0.22 0.29 0.00 59.9 0.00 34.1 116.7 5.2
of & =AY 0.09 0.55 1.05 0.00 101.3 0.00 0.0 1185 6.4
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] Sin Tan Nob Iso Nar Eri Dio Hes Rut
of gF 0.09 0.25 0.32 0.00 729 0.00 27.6 974 2.0
o F A 0.02 0.03 0.08 0.00 339 0.00 339 115.7 2.8
AT 0.01 0.06 0.14 0.00 56.3 0.00 21.3 91.3 0.0
dTF=A 0.12 0.67 1.58 0.00 99.2 0.00 31.0 109.5 5.9
kA 0.05 0.18 0.46 0.00 77.6 0.00 0.0 100.4 8.0
o] A = 0.03 0.21 0.42 0.00 679 0.00 25.5 90.0 2.2
dH1s 0.06 0.20 0.50 0.00 127.2 0.00 0.0 79.2 4.6
A2 0.00 0.08 0.14 0.00 95.0 0.00 0.0 116.6 2.1
A=A 0.02 0.19 0.33 0.08 989 1.28 76.6 548.0 0.0
-2 Ay 0.02 0.20 0.44 0.00 117.1 0.00 46.7 159.5 6.9
A zA 0.03 0.02 0.09 0.00 36.6 0.00 0.0 101.6 3.0
g5 0.01 0.04 0.07 0.00 82.7 0.00 37.0 126.5 45
A 224 0.03 0.14 0.21 0.12 105.4 1.35 882 6316 0.0
A5 0.05 0.24 0.43 0.14 118.2 2.03 63.9 493.4 0.0
AR 0.03 0.06 0.15 0.00 26.3 0.00 0.0 74.1 0.9
dT45 0.02 0.02 0.06 0.00 45.8 0.00 0.0 67.0 1.1
FFxA 0.02 0.15 0.39 0.00 130.4 0.00 40.5 1384 7.7
=T 0.21 0.61 1.34 0.00 71.7 0.00 0.0 86.4 1.1
gy 0.04 0.38 0.73 0.00 86.0 0.00 29.9 105.6 2.8
AT 0.02 0.02 0.05 0.00 38.0 0.00 23.7 83.7 3.5
HAk 0.07 0.09 0.58 0.00 69.5 0.00 0.0 56.5 1.3
TEZA 0.06 0.33 0.75 0.00 87.2 0.00 0.0 80.9 45
kel =AY 0.11 0.50 1.07 0.00 80.7 0.00 0.0 79.6 46
Frk2 5 0.02 0.03 0.08 0.00 104.3 0.00 0.0 107.9 2.1
TAxA 0.03 0.19 0.36 0.00 66.6 0.00 0.0 81.1 3.1
3 U3 v 0.38 3.04 7.05 0.00 | 2634 0.00 46.1 1575 7.6
3] ;= AL o7} 0.01 0.06 0.14 0.00 69.8 0.00 18.1 774 0.0
8] o} A H A 0.08 0.43 1.10 0.00 779 0.00 0.0 78.8 6.3
3] o} 712 0.06 0.47 0.74 0.27 309.6 0.00 180.0 | 1288.4 0.0
S| Z AT S 0.04 0.46 0.51 0.95 180.4 1.43 139.1 9954 0.0
4t 0.06 0.26 0.57 0.02 88.07 0.21 29.05 | 188.50 3.3

# Flavonoid : Sin(A]| ¥l A El),
gl 2 A E¥), Dio(t]

O A d

-

Tan(gA] =1 5), Nob(:=2 & ®l), [so(o] A &Eo]&E™), Nar(H&]F#), Eri(ol

), Hes(3l 239 2]¢), Rut(5F¥1)
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E 2-6. 797 2FE4 A5 T FdEEolE 24 2 g (n=5) (Unit : mg/L)

A4 Sin Tan Nob Iso Nar Eri Dio Hes Nag
S-1080 0.01 0.02 0.05 0.00 774 0.91 46.6 352.5 0.0
S-1094 0.00 0.02 0.03 0.18 64.5 0.00 299 | 2174 0.0
S-1153 0.00 0.02 0.02 0.00 48.0 1.00 79.3 443.5 0.0
S-1161 0.02 0.04 0.06 0.14 51.7 1.51 505 | 366.6 0.0
AR 0.01 0.06 0.12 0.00 149.9 5.46 727 550.1 0.0
aEzA 0.00 0.01 0.02 0.00 43.3 0.82 35.5 198.8 0.0
THF 0.04 0.31 0.51 0.68 125.3 2.98 170.2 952.1 0.0
LAY 0.00 0.02 0.05 0.07 99.2 2.34 78.1 590.5 0.0
TeeT 0.06 0.67 0.88 0.22 132.5 1.60 1675 | 9371 0.0
Tl AY 0.05 0.38 0.60 0.00 80.1 1.29 36.3 263.5 0.0
A1 0.01 0.11 0.16 0.00 245.0 453 124.6 942.2 0.0
T Z A2 0.01 0.04 0.04 0.00 27.2 0.00 33.7 244.8 0.0
A 0.00 0.02 0.02 0.00 90.4 0.00 42.7 322.9 0.0
Tz 0.02 0.06 0.15 0.00 39.1 1.49 51.3 287.1 0.0
TEET 0.03 0.17 0.34 0.11 290.2 1.61 101.9 | 740.3 0.0
7R A 0.01 0.02 0.03 0.00 75.1 0.00 71.0 536.9 0.0
7l =T 0.01 0.06 0.07 0.00 186.8 1.94 53.1 385.6 0.0
MR 0.01 0.09 0.15 0.00 92.7 1.16 64.4 467.8 0.0
F20% 0.01 0.03 0.05 0.00 61.0 0.85 61.4 464.5 0.0
T4 % 0.00 0.03 0.04 0.00 26.8 1.46 25.6 186.1 0.0
B A 0.01 0.06 0.13 0.10 294.5 4.29 190.0 | 1437.3 0.0
w1698 0.02 0.04 0.08 0.21 128.4 1.63 71.1 516.1 0.0
HE2F 0.01 0.05 0.09 0.00 31.7 0.78 44.8 325.5 0.0
o =AY 0.01 0.01 0.03 0.11 66.0 0.00 57.3| 4335 0.0
A 0.01 0.04 0.08 0.00 155.2 2.16 40.1 291.5 0.0
o= A = 0.00 0.02 0.02 0.00 35.2 0.75 54.6 413.1 3.4
o 3 Al 0.03 0.00 0.23 0.13 64.7 1.24 45.2 328.3 0.0
4% 0.02 0.15 0.19 0.00 160.2 3.28 76.3 577.2 0.0
5% 0.00 0.02 0.04 018 | 250.1 7.15 1045 | 790.6 0.0
) EZA 0.01 0.03 0.08 0.00 125.3 1.18 445 323.0 0.0
gazA 0.04 0.36 0.60 0.00 | 206.5 3.92 | 2284 | 12775 0.0
=3z 0.01 0.03 0.05 0.00 70.8 3.10 80.8 586.7 0.0
e 0.03 0.03 0.07 0.00 186.3 1.96 130.0 943.9 0.0
n] e 2 0.00 0.02 0.04 0.00 62.4 0.97 63.2 353.4 0.0
LLR=10 e 0.07 0.49 0.75 0.22 | 206.2 10.53 1709 | 12929 0.0
LR 0.02 0.04 0.09 0.07 59.6 1.13 54.5 304.9 0.0
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! Sin Tan Nob Iso Nar Eni Dio Hes Nag
H A= 0.01 0.05 0.07 0.00 86.3 0.00 878 | 664.3 0.0
ARz AR 0.00 0.02 0.04 006 | 1272 1.76 483 | 3655 0.0

FARA & 0.02 0.04 0.04 0.21 44.1 0.77 333 | 2421 0.0
T2 0.00 0.01 0.01 0.00 48.8 0.83 381 | 2767 0.0
H| -2 Al 0.05 0.22 0.35 026 | 1104 1.51 905 | 5064 0.0

ARA B2 0.01 0.05 0.08 0.10 26.6 6.16 745 | 4169 0.0
2 xAY 0.01 0.04 0.07 0.00 | 1359 1.23 35.0 | 254.2 0.0

Lhehg-z= A8 0.00 0.02 0.03 0.00 32.6 0.00 33.0| 2498 0.0
K= = 0.01 0.03 0.04 0.00 69.5 0.94 816 | 456.3 0.0
AR ZAY 0.00 0.02 0.06 0.00 314 0.00 31.0 | 2343 0.0
Ak 0.00 0.01 0.01 0.00 60.0 1.39 36.1 | 2728 0.0

AzEA 0.00 0.01 0.02 0.12 48.3 0.64 57.8 | 323.3 0.0
ez 0.01 0.06 0.11 0.00 | 126.1 1.98 46.1 | 3488 0.0
ofxAY 0.02 0.05 0.11 0.00 | 1311 2.12 446 | 324.1 0.0
AT 0.03 0.29 0.33 001| 1719 576 | 2087 | 1167.3 0.0

A A] 0.01 0.05 0.08 0.00 59.3 1.71 549 | 398.7 0.0
A2 0.02 0.09 0.20 0.04 394 1.54 443 | 2476 12.3
MEFZA 0.00 0.01 0.03 0.00 34.7 0.74 351 196.2 0.0

AEF 0.01 0.08 0.12 0.00 78.0 0.74 50.2 | 364.7 0.0
R 0.01 0.12 0.16 0.00 56.3 0.93 329 239.1 3.0
Tz 0.00 0.02 0.03 0.00 51.6 0.80 50.0 | 3781 0.0

TEH =T 0.01 0.04 0.05 0.00 | 1738 8.60 995 | 7228 0.0
Al-2AY 0.02 0.09 0.19 0.00 | 1285 1.68 52.1 | 3784 0.0

Alm) e 25 0.00 0.03 0.06 0.00 74.5 1.75 81.9 | 4580 0.0

A A T2 0.03 0.16 0.30 0.00 | 383.1 370 1794 | 1357.1 0.0
S 0.02 0.13 0.19 0.00 79.4 1.18 50.0 | 362.9 0.0
IR 0.00 0.17 0.23 0.00 | 2552 2.11 81.1 | 6135 0.0

AW 5 0.00 0.05 0.06 0.00 | 1754 1.95 896 | 6774 0.0
ARk 0.03 0.13 0.13 0.00 | 290.6 817 | 1234 | 896.1 0.0
&7z Ay 0.00 0.01 0.02 0.00 74.1 1.04 42.7 | 3226 0.0

o 9% 0.00 0.00 0.01 0.00 24.6 0.00 24.3 | 184.0 0.0
of ¥ Z A3 0.00 0.02 0.03 0.00 72.0 1.07 | 1083 | 6059 0.0

off &F 0.00 0.01 0.02 0.00 38.2 1.28 626 | 473.1 0.0

OFAFAL 0.01 0.05 0.07 0.00 | 1075 1.13 704 | 5116 0.0
AFxA 0.00 0.01 0.01 0.04 24.2 0.67 296 | 2238 0.0
A+ 0.02 0.19 0.25 0.00 50.7 1.00 61.3 | 3429 0.0

dxA 0.00 0.01 0.02 0.00 23.2 1.30 33.1 | 250.7 0.0

R e 0.01 0.13 0.18 0.03| 1072 1.92 | 1786 | 9989 0.0
dT=A 0.00 0.02 0.05 0.00 59.6 1.10 99.3 | 331.7 0.0
ey 0.01 0.04 0.07 0.00 | 1052 1.92 89.7 | 6787 0.0

_52_




A Sin Tan Nob Iso Nar Eri Dio Hes Nag

e 0.01 0.05 0.09 0.12 208.7 6.71 321.8 | 1800.1 0.0
o] A =~ 0.01 0.07 0.09 0.00 222.5 2.06 75.3 546.7 0.0
dT1s 0.01 0.05 0.08 0.00 245.2 2.53 159.1 | 1203.5 0.0
A2 0.00 0.01 0.03 0.00 102.0 1.43 70.9 396.7 0.0
A=A 0.03 0.19 0.35 0.00 83.1 1.34 113.8 | 636.4 0.0
ATz 0.01 0.02 0.05 0.00 50.5 0.81 61.2 342.1 0.0
A=A 0.01 0.03 0.06 0.00 102.5 0.00 54.3 | 394.8 0.0
N 0.00 0.01 0.01 0.00 59.7 0.58 0.0 0.0 0.0
T oS T 0.01 0.05 0.09 0.06 92.2 1.14 924 698.5 0.0
A gAY 0.01 0.07 0.14 0.13 0.0 2.32 1795 | 1004.3 495
A2 0.03 0.41 0.45 0.08 166.6 2.98 1739 973.0 0.0
AR 0.02 0.09 0.12 0.00 75.1 1.80 1349 | 7548 0.0
A2 0.01 0.02 0.04 0.00 30.3 1.12 43.8 331.6 0.0
4% 0.04 0.20 0.42 0.00 | 2370 2.58 116.8 | &848.1 0.0
FExA4 0.01 0.01 0.03 0.00 119.8 1.63 37.4 271.4 0.0
TEZT 0.02 0.05 0.10 0.00 136.8 1.24 80.6 585.4 0.0
gz 0.01 0.04 0.10 0.35 92.6 1.07 60.8 460.2 0.0
i el 0.00 0.02 0.03 0.03 34.3 1.40 64.9 363.1 0.0
A4k 0.03 0.14 0.25 0.00 164.9 412 124.4 903.3 0.0
el 0.01 0.13 0.14 0.00 130.9 1.62 96.1 698.4 0.0
> 5zA 0.01 0.06 0.15 0.19 198.7 2.13 118.7 897.9 0.0
3l 1% 0.02 0.04 0.07 0.04 489 1.34 41.4 313.3 0.0
Plaardy 0.04 0.07 0.17 0.00 160.8 1.60 74.3 539.5 0.0
Gk 0.01 0.07 0.07 0.12 183.6 3.10 73.8 558.4 0.0
R ey 0.01 0.05 0.08 0.09 54.7 1.57 473 | 3438 0.0
A=A 0.06 0.04 0.16 0.00 64.2 2.01 105.9 592.3 0.0
3 U3 v 0.01 0.04 0.09 0.09 | 3106 3.74 109.0 | 824.1 0.0
3] ;e AloFT} 0.01 0.01 0.02 0.08 69.8 1.39 68.1 514.7 0.0
8] o} A K 0.01 0.06 0.12 0.00 118.3 1.56 45.1 327.3 0.0
3] =ol7tg] 0.01 0.04 0.07 1.09 141.5 2.29 152.6 853.5 0.0
3| ZA| v & 0.00 0.01 0.01 0.00 74.3 0.00 34.7 262.6 0.0

3 T 0.01 0.08 0.13 0.05 | 109.40 194 7959 | 534.61 0.69

# Flavonoid : Sin(A|AAE), Tan(gA2€l), Nob(:=L &), Iso(o] i ZEo]E&¥), Nar(yz]F¥l), Eri(el
g 2 A E ) Dio(t] & ~%), Hes(d 238 9), Dim(v] 221 =),

=
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AATHLE 2-3). 97 ZPHRwo|=y} BE e I8 Ad UFE APSo] BRI n
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% 2-8 TR AMERE EgtR kol 2 H S
A E A4 | Sin | Tan|Nob | Iso | Nar | Eri | Dio | Hes | Nag |Neh | Nee | Api | Total

1o ZEFE 3 0.07 047 070 1.15 2358 05 158 919 1136.2 41.8 2.18 0.00 1526.59
o = 1 0.04 0.44 0.75 0.66 1.5 130.5 60.8 340.1 0.0 0.0 0.00 0.00 534.70
kin=a= 14 045 258 4.06 0.92 41.3 105 143.1] 81.1] 108 83 0.15 0.00 1073.36
takss 3 0.09 054 089 051 1192 4.1 128 765 1742 34.8 568 0.00 429.29
}5-0] 2 @A 8 0.03 046 038 0.18 546 0.7 169 1105 176.6 35.739.98 0.00 436.04
Q) E 9 #l X 10 2.04 071 3.17 010 949 3.3 161.1 989.8 0.0 0.0 0.14 0.02 1255.30
7} o T 9 0.10 0.14 0.29 0.01) 735 4.7 299 1988 385 20.59 1.93 0.00 368.39
1=y 20 0.17 027 059 0.86 925 2.4 114.0 743.7 0.3 0.0 0.00 0.00 954.81
kA 2 3 0.08 061 0.7 0.13 746 2.0 81.1 601.0 0.0 0.0 0.00 0.00 760.34

# TFlavonoid : Sin(A WA E) Tan(gA 2 €l), Nob(:= &), Iso(e] 2 ZEo]&¢), Nar(Wz]F¥l), Eri(el
g A E), Dio(t]2.2"), Hes(dl2=#2ld), Nag(H#zl), Neh(d 2.8 2=#2d), Nee(v] 2ol 2] LA E
), Api(o}a] A1)

A9 F EFYtH olE SR o {5l e A 7 =9kar, AE Xl A
g, T o] ZZFERS O ZZRFE AQEQAMAF AHUE, vl 75
BEFQ s ZdA o2 Aol HlE] wlg =gt a2 FETE YRl o] &
oA e A A BE AQES AsdAY Gel we H4E e 29
EQdz T @dlAole Ao &El= WElAlolYolE= AEF{F 59| polymethoxylated
flavones?l AlKIAE o] wiopddF9l &= =l ey) ebAld el ko] =4 e
o 7FEAE o]ARo|EY T Sol¥o=w =9ki, nEEFe Ul FE o] 7HE
=t FEAERHT a2 AYLAIEA sheFo], AdAde et A ES feaw 3
gol, AT AAE FHA= dsadgde], 353 AZd = vode oA Edo] thE
wZof v Eoldow 2 EAS e
¥ 2-9. W AU ZgE ol A E Sk
A9l v Sin | Tan | Nob | Iso | Nar | Eri | Dio Hes | Nag | Neh | Nee | Api
== 2~ )| AF 004 017 020 0.00 239 0.8 30.1 168.1 1115 94.3 50 0.0
1Yo ZTXFE 011 102 150 346 3874 0.8 109 60.92553.6 155 1.5 0.00
5] 2~ E} 1] 008 022 0.39 000 29.1 0.0 6.4 46.8 7434 155 0.0 0.0
o2 ~Efd 7} 0.04 044 0.759 0.66 1.5 1305 60.8 340.1] 0.0 0.0 0.0 0.00
kol 0.02 024 024 000 238 70 141 106.6 0.0 0.0 0.0 0.00
=i 031 168 4.01 1150 87.2 19 425.0 2377.3 0.0 0.0 0.0 0.00
EARS s 015 088 1.64 007 195 24 150.1 1090.5 0.0 0.0 0.0 0.0
- nf 011 012 025 0.00 14.2 09 76.6 428.5 0.0 0.0 0.0 0.00
5 087 019 1.0 0.00 564 0.8 4438 3254 0.0 0.0 0.0 0.0
ey 049 546 758 021 558 2.8 2655 1485.2 0.0 0.0 0.0 0.00
esh=y 0.99 1161 1527 041 1048 787 1174 656.8 0.0 0.0 0.0 0.00
iy 003 008 040 028 12.2 06 826 461.9 0.0 546 0.0 0.0
o et 014 051 0.7 000 396 0.6 162.2 907.6 0.0 0.0 0.0 0.00
Sy 028 129 274 000 631 454 26.9 195.3 0.0 0.0 0.0 0.00
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AL Sin | Tan | Nob | Iso | Nar | Eri | Dio | Hes | Nag | Neh | Nee | Api

= k3% B 7t 022 138 179 016 322 1.6 2249 1258.0 0.0 0.0 0.0 0.00
7 o] 2| 0.67 023 056 024 324 3.8 2284 12775 0.0 0.0 0.0 0.0
A= 0.09 073 1.04 0.00 0.0 0.0 0.0 0.0 1514 61.8 2.1 0.00
S = 1t 1.88 11.70 1946 0.00 37. 1.0 185.2 13453 0.0 0.0 0.0 0.0
32k 0.22 252 378 0.00 783 16.0 0.0 0.0 2014 1544 352  0.00
B, 0.03 0.07 007 0.00 0.0 0.0 1.6 11.6 638.7 3.6 56 0.00

}+7F 0.04 022 052 000 1405 7.6 1.7 9.8 0.0 0.0 0.0 0.0
T 0.01 009 012 043 1238 0.0 1.7 12.6 186.2 0.0 0.0 0.0
< &k} 0.02 008 020 016 451 0.7 53.3 298.1 0.0 0.0 0.0 0.00
= &3} 034 103 215 345 3969 6.4 3.6 27.4 0.0 0.0 0.0 0.0
A} 0.06 0.10 015 0.00 &88.7 0.7 156 1135 139.7 41.0 1.3 0.00
S Ab 0.01 017 014 0.00 80.4 1.1 249 139.2 2275 79.1 3.3 0.00
Fdgci ey 0.04 091 0.61 000 42.1 0.0 5.7 434 162.1 26.1 0.0 0.00
HEE 0.01 022 021 0.00 174 53 11.0 615 859 552 31.2 0.00
g 0.00 031 022 000 1769 0.0 11.2 84.9 0.0 0.0 0.0 0.0
sl A=A 0.02 026 020 146 778 0.0 120 86.9 1894 295 0.0 0.0
=5 0.12 049 069 0.00 0.0 0.0 20.6 155.6 270.1] 93.1) 1487  0.00
<] 7k 0.01 015 029 0.00 0.0 0.0 41.3 231.3] 203.7 0.0 1382 0.00
Sl 0.00 0.8 053 000 573 0.0 16.7 93.3 340.1] 41.3 1.7 0.0
e 0.02 054 026 0.00 656 0.0 16.8 1274 1614/ 405 0.0 0.00
ZARSREIR=2 219 051 291 000 658 1.8 637 462.7 0.0 0.0 0.0  0.00
A= = 029 021 067 024 50.3 3.8 111.3 622.7) 0.0 0.0 0.0 0.00
k2l Aol g o] E 475 164 659 001 305 0.6 106.4 595.4 0.0 0.0 0.0 0.0
w5 & 090 014 099 008 854 1.2 69.2 503.0 0.0 0.0 1.4  0.17
=A | & 165 028 197 0.00 935 2.8 881 640.2 0.0 0.0 0.0 0.0
AV E 098 059 198 018 1607 109 420.8 2354.0 0.0 0.0 0.0 0.00
- 2 282 079 459 037 1789 5.1 4404 24639 0.0 0.0 0.0 0.0
o ElE 430 158 741 0.00 167.1 3.8 1392 10114 0.0 0.0 0.0 0.00
7k & 1.13 057 241 0.08 80.9 19 66.7 484.2 0.0 0.0 0.0 0.00
E} = 5 141 073 220 0.00 36.3 0.9 104.8 760.9 0.0 0.0 0.0 0.00
UL o 0.01 002 003 0.00 27.0 0.0 185 1037 15.7 9.6 0.0 0.0
IEIREEERS 0.05 041 053 000 26.2 0.0 213 1548 262 157 6.0  0.00
s 0.04 003 0.11 000 528 273 16.6 1254 31.1] 179 50 0.0
TS 034 013 055 0.00 125.6 05 377 2738 60.7 33.1 19 0.00
~E} ] 0.00 003 0.03 000 154 11.0 131 735 149 9.2 0.0 0.0
= AL 0.07 016 050 0.09 108. 2.2 438 331.1] 59.3 30.9 0.0 0.0
M AL 0.00 0.01 0.01 0.00 30.0 0.0 171 9.4 151 8.6 0.0 0.00
A 2 - 2} 035 017 054 000 122.3 1.2 404 2931 651 37.1 2.1 0.00
7R~ 0.02 027 027 0.00 1545 0.5 605 3384 582 223 24 0.0
b6-423 0.07 025 050 281 524 24 1534 11605 0.0 0.0 0.0 0.00
S-1129 0.02 0.1 0.15 042 196 0.6 209 116.9 0.0 0.0 0.0 0.0
O] =3 o] of 7+ 0.011 003 0.07 000 729 3.8 539 391.2 0.0 0.0 0.0 0.0
= 0.13 045 112 0.87 406.4 3.5 3739 2091.6 0.0 0.0 0.0 0.00
A 5} 031 012 025 0.71 102.7 1.1 40.7 295.8 0.0 0.0 0.0 0.0

271 ¢ 0.20 003 005 085 24.7 0.6 380 287.2 0.0 0.0 0.0 0.00
A E 7} 036 004 029 013 647 2.3 6.9 50.3 6.8 0.0 0.0 0.0
dddd 0.07 047 053 0.10 &0.3 1.4 143.0 799.7) 0.0 0.0 0.0 0.0
ol o] ol 7F 0.05 019 037 0.00 &3.3 1.7 655 475.6 0.0 0.0 0.0 0.0
AR 0.13 0.15 025 0.21 120.8 1.5 985 745.0 0.0 0.0 0.0 0.00
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A Sin | Tan | Nob | Iso | Nar | Eri | Dio Hes | Nag | Neh | Nee | Api
=3k 017 110 211 696 299.3 4.6 350.1 26478 0.0 0.0 0.0 0.00
Eaal 0.08 011 067 044 459 29 1152 644.6 0. 0.0 0.0 0.0
2] gk 0.12 030 1.34 0.00 1223 9.6 101.8 739.4) 0.0 0.0 0.0 0.00
sl 028 012 031 000 76.2 2717 763 577.2 0. 0.0 0.0 0.0
=R 059 057 1.16 032 54.0 1.1 646 469.3 0.0 0.0 0.0 0.00
Sy e 0.19 0.07 009 019 458 0.9 1971 1102.7 0.0 0.0 0.0 0.00
S}l 3] | 0.02 047 052 005 448 0.5 876 490.2 0.0 0.0 0.0 0.0
Clasal! 024 030 081 000 448 1.5 524 380.6 0. 0.0 0.0 0.0
57465 0.17 016 031 0.00 338 24  42.2 306.6 0.0 0.0 0.0 0.04
5] &l oF 7} 0.13 040 091 312 556 2.1 1971 1102.6 0. 0.0 0.0 0.0
v ] 9.2} 0.077 022 047 000 325 1.1}  86.9 630.9 0. 0.0 0.0 0.0
A = 008 141 155 039 754 1.8 116.0 877.2) 0.0 0.0 0.0 0.00
(~QE~2 ] 0.08 021 031 0.00 116.0 3.3 40.6 294.7 0.0 0.0 0.0 0.0

Aletile W dF FES
B
T

il
%
s
:V\L
=3
[\
iR
2
Z,
o
i)
2 M
Q
ol
[®)
(@)
o
S}
rlo
3
k)
T
rod
o,

g ALSE thiztel 2

A4 Sin | Tan | Nob | Iso Nar Eri Dio Hes Nag | Neh | Nee | Api
A 1.03 a|2.24 a|4.29 a|1.56 a|151.6 a| 14.12a [171.1a|1038.9 a |209.5ns| 6.9 b | 16.1a | 0.01 a
B Bl [0.09 b|0.48 b|0.62 b|0.12 b|70.3 b| 1.93b 265 b| 1688 b | 134.2 | 53.4a |5.7 ab|0.00 b
B2 10.29 b|0.33 b|0.74 b|0.26 b|60.0 b|3.79 ab |76.2 b| 4921 b | 21.7 |15 b |04 b |0.00 b

# Flavonoid : ¥2-9 %, ? DMRT p=0.05.
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FoF, didetel oA ilﬂrﬂ =rfar
23t th. B-carotene ¥ 1.52~55.72 ug/100ml H A

7 th. B-carotene $Fol M =L FFES 223 AE
A7 7V A, s, FAPARF AT FF0] FE olew M #E
559 dl4s At B-AHEAMNE a2 0.33~12.80 ug/100ml W9 %o
6.4 ug/100ml °ldtt. FEFe HA FFoA 7P =1 SN 7B SEdth(E
2-11). &3 §(1999) =727 A5 F 7M2H o= 32 0.82~10.64 mg/100g ©]
H oo]F B-AHEAANR S 20%, B-7tEHe] 1% AEE AAFHIL sl & Aol A
B-7t=R o]l o =i, F AR EF ko]l A 4ol Ao B-AHEALNRC] #
< B9 107 FF Foll wuldlA F4% stell o] E3FE o Qlo] 55 A E 9%
AF3 A2 A4S v 3

Ru)

o
@
<
}—A
o
S
S
o
32
10
flo @ & me -y

|
ofN

o,
=Y
rlo

4l

0&#

2-11 37 A EefR o= 24 B
Ahl 7 B7t=d [ B-AHEALH A g B7t=d |B-AHEALE
S-1080 15.82 7.28 A=A 22.40 8.01
S-1094 29.84 6.24 TH YT 19.92 4.65
AR 17.60 7.33 A2 A 30.40 5.65
LA 17.92 5.86 Al e 25 13.36 8.52
FH2ZF 29.76 7.21 AT 28.64 3.72
S| AT 20.32 6.72 e}z 16.56 7.36
WA 18.88 7.32 A= 13.21 8.58
T 10.88 8.34 AWM+ 25.92 4.29
T8t 20.08 7.26 ARk 31.44 4.62
TExEAL 11.62 6.70 Az 26.48 8.06
TEZA2 16.96 6.46 71 =4 19.76 7.02
THEA 3.22 0.46 J 9% 21.60 8.05
Rk 14.96 9.39 o d x4y 14.14 6.17
TEeT 28.40 6.14 off &F 13.49 5.79
7| TR A 13.32 6.93 SFARA} 32.56 5.51
715t 24.80 6.38 o724 15.92 5.02
$20% 21.52 6.96 BT 19.44 6.54
TS 36.88 2.70 FEA 21.76 6.30
G2z 22.16 9.22 §-F] 25 31.60 5.38
1698 10.44 4.31 ATx4 18.88 7.84
¥ o 2T 22.80 6.76 ekl 26.96 7.76
ok =4 25.12 7.02 Fref Al 13.02 8.61
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2 B-7t2" |B-AHEZALH A4 B-7l=¢ | B-mAHEAIE
FTHZEA 17.12 7.67 o) Al & 1752 5.58
o) = A9 22.00 7.44 dd1s 16.88 777

o A Al 52.72 554 &+ 1354 4.87

745 1.72 2.18 AZEA 2448 8.01

5% 1.52 1.04 Az 11.38 5.30
o) & %A 16.40 5.75 AAzA 20.40 8.14
itz 12.02 2.42 = 17.28 7.10
=dqzA 22.72 6.86 Tk 24.96 453
e 22.48 4.86 2| 8k 2z A 30.56 8.82
) e 25 18.48 8.86 HALF 22.08 5.78
W5 23.68 4.07 AR 31.60 4.89
HA L 11.73 6.75 AT F 26.72 5.33

HAL A &5 35.12 6.30 4% 16.03 7.75
FAFZ A 23.84 759 FHzA 15.32 7.36
5z 23.84 7.20 FE2F 18.00 12.80
H] 2 AY 11.33 7.80 I =F Y25 16.56 5.27

ApA B2 16.48 458 gz A 22.64 6.46
A A 16.24 6.01 2T 24.40 758

Absl& =AY 6.35 2.29 A4k 15.62 12.18
Aropz Ay 19.44 793 HA 22.00 3.94
AR 2 A 22.80 6.98 FTEZA 19.84 857
Abake 17.28 9.65 she =AY 30.96 9.58

A 18.48 8.74 59} &2 15.72 5.36
Tz A 15.10 6.54 -7t 5.70 1.63
opzAY 12.78 6.57 GFrke 5 26.08 453
T 26.16 7.65 x4 3.06 0.33

A7 23.44 4.48 Tz 1450 8.25
A3z A 29.44 7.32 RS G 5.25 354
qEzA 19.04 6.75 3] ;e AFoFT} 1355 5.29

e 18.64 7.86 3] ol A7} 1350 5.75

AT 23.76 6.33 3] o} 7}g 27.92 8.70
AT 34.16 5.08 3ol ARY | 1468 0.42

’ ﬁ H pul i y
BAIER B-AYEANY Fdo] BE AL AUEo] £a Jom wAY ¢ 1FS
p-agEaEe] W k1 ey FPE wad we 4950 w0 AATHE
2-12). Eepuwolud Mg go] AREmOE BAGME AREwolE Y 2 Fu



B potea L ER
A 269 a 6.2 b

B 6.4 c 19 ¢

C 16.2 b 7.3 a

Z DMRT p=0.05.

. whE

W 87AR el wiske] 80% HAAZIOl dE T B-7bREN B-AHEANE Y G
= wAsklth BrtRE S wvd, o 10123—’2#—5, AR gl vE = 2
it oA, B ARl e wlA), A9 EL A, dpH ek ghaFol Afolzt gl &i%iﬂ
A

gde gy sor wdon, adolzxFES Fdo] 7HE AAvH(E
2 g 3 "ol 64 ug/100ml o] v& zhEol Hls
et il A Zarb ava G B-wletadE AL ghFe] A YERs T

A 2} = B-71=¢ B-AHEAAE
Yo FE 3 21.1 0.2
& 2 2.1 1.2
sl = =] 22 22.9 2.7
= 8 3.2 0.3
AF-§-o] © & A 9 6.1 15
2~ E QA A 11 6.4 1.3
2= 18 144 3.1
A g 6 20.9 2.7
3} 9| o} 8 5.3 1.4
AAHE AHEE 3-3AE e 0.8-49.7 ug/100ml B R e Hir& 132 ug/100ml
G, AR 2 nstof I o] ZEZFERFRR AEFFH| L 7H E=okom FuR<l
T 8stel vty tpl AbEAAE gHdE ol M vHA YEEY B-adEase ] ghEf
HelR o, AT Zﬂﬂ%%% FAE, 2ELAAF WHUE 5ol

A A TH(E2-14).

I,
B
1
(m
B
rlr



X 2-14. R AP SR ol A H g
AR FE polmel | pAgER | Al TR | FEY BIIER | R
o)z FE A 2.8 0.3 ApS-o] | &t 2.5 0.3
Tee | TEPIEIFE | 132 0.1 QA | gt 16.3 2.5
2~ E} 1] 474 0.2 A& 3.34 0.33
g oF 2l 7] & 1.8 1.1 SIRNRTREIREN 3.62 0.29
= T2 eS| 23 14 el Ajobglo]E | 7.03 0.34
A 3.4 0.2 o W] B 18.00 8.71
7)1F=A 7t 33.7 2.4 o  EEUE 2.13 1.30
Rk 239 2.3 T v E 5.47 0.46
) 16.4 16 g7 A e 9.05 0.69
A 187 9.3 FEUE 3.74 0.34
n] &} of 454 45 A= E 4.84 0.62
n 5= 34.8 3.8 Z7Hl & 3.14 0.43
W EEAH) | 351 4.7 E} 2 9.86 0.71
:hs 27.0 0.4 56-423 35.52 1.71
Wl 316 1.0 S-1129 6.55 2.32
STgE 8.2 0.7 suold 2352 6.66
whoky | Sdste A 17.9 6.7 o = o] ol 7F 2.19 0.35
=3k 49.7 2.2 A 3} 14.52 1.31
ZFoF3E W7t 31.9 33 A =7} 6.94 3.11
2 279 0.7 g | 7Y 17.20 6.95
¥ 0] ] 11.7 15 71 %] &F 5.21 2.14
A 9.6 0.4 Az 1.74 2.33
I U A o} 124 16 37 6.05 1.05
skl ok} 21.0 2.6 R 19.68 2.74
Foxd = 11.2 2.3 grls 2752 0.42
T 19.2 6.3 a2l 3] vl 22.56 3.41
o1 A 13.2 0.6 &} 1] 15.72 8.10
A 43 0.6 57146 8.62 1.35
s 3.0 0.0 ek 21.60 4.03
o 3.7 0.1 - = 26.00 2.72
o A7+ 3.2 0.6 e R 12.95 1.22
ELap >~ O
T 48 0.1 AEEILQE | 17.28 2.09
=4 2.6 0.3 Al = 34.96 5.62
e 3.4 0.3 »9lE~2g | 1139 0.39
== 338} 0.8 0.1 E} ] 22.96 4.21
i 3.1 0.6 UhA 1.45 0.63
A 7 3.9 0.3 2 5.26 1.76
NEE 16 0.3 S Al 2.99 0.46
ApS-o] | Alzka) 2.6 0.4 N 1.92 1.35
HdA [ HE 2.0 2.0 2t} 153 1.11
A 2} 21.0 5.7 L2} 2.26 1.23
7} 1 16 1.0 AL A 1.16 0.65
Al 2l -F A} 25.52 4.11
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2003). FH<+ Ewe] digt dAAA R Ho B A= S8, 91, ALY soln o
Yol J2Ad5Hw, gdolwy, Adlggoly ASH Sol #A i Aol
WIS A Aoz YA Xanthomonas aXOHOpOdJS pv. citri °©1H, T3 olAl

widol slol kAl WAZE 7heetAI Nt HE wolvke v Rl 73%01]% A 2 A
H AAIA o= AGE FHeF A2ELAA Y HEs Auists AFolM =
PFu a2 Qo glo| e Elsince faweettii7t D o.7)+= wFolA WH O R AFoA F=E
A= 2FES ool 7Hd FHofsto] el Ba A3 A A 2 o
Qoo mAAgdo] vt HHFHWL Diaporthe citri7y €271 +3old ZAWo=z
AFA S FEdel 7HE B2 s Fv HalE2A dA sodEe] Aol dE A sk
ol th (3 =, 2003).

oA ol ik A #eids e AT Ao, 1ES
Aelgh 1152 ddolyel #gdo] A, ASFHol= 4, ¥, Ad, W=, 32 59
a3k vk ok, 1988). Matsumoto 5 (2003)2 A #| gko] T o] H ol A
gkAdo] il 3Flal, Souza 5 (2011)2 C. deliciosa, C. tangerina, C. nobilis 5 < T H
Ho| Aol xu, ZYRE, FUWY, IE HZYE, A, Es|getay], I
T

Aol vrom, 29EQHA, Zuh, o] REE tiolydl wee] =

-

o}
Bl AW AL A daA HES ol8d 4A HEow Wwe] 2]
%

ZAY HAdTFe AAS v e A (Koizumi®t Kuhara, 1980), ~Zgo]S o] &3k FALA
HZE W (Graham &, 1992)& o]&3to] 2AMS Ay, AJELUAA = #FA, 27842 &
T AR, FAE AP E e vt “3} A A £ Ao AsEA o 7}

ol
riu

daks w=d o 2/3014 AsES w) b AaAdolEtar B sk tHGottwald 2}
Graham, 1992).
2 odAgE g A g gdold, A, ASHFHY oM EE FAlet AT

Aol BAZ} B el U@ AL Aol FF KEARL BEaA FAsA

o AE 2 gy
1) A7
7h) Helo]

Aul ddgeld ARy AEE 9%

o ¥ Aol H=T FURNA ARE UF Foli, 5o g B
T,t_'_ Z

gdze] £4 AE goiste] 10085 AdAstel Hiold
SEPA PN
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6.3x10-5 conidia/ml 6.3x10~4 conidia/ml
Elsinoe fawcettii 8BS S
a9 3-2. ol v ¥ HF 20Y T AT FE 55 dolAe ik
shiol A SEE A 728 s didoly AdAd AlAAS A A3 79.2%
SaAol g YA 29km, 55% 44 A9 A Wl 24T o f14
Lol mis) Aol Aoy HukErE o 0~271 2 FEE ASAS Aystrlo= oy
=o] AATH(E 3-1). d(2000)> =ELAA], HA, Tz A&, A7, 22 FeS
Aol o, Fak HzZes, AL ARgojedlA], FEE g AdSs Bt sde
o 2 AL Ao Iaty, AQQEAAF F HUHEY FHUES Aol A=
Ao teort JHEYRE g0 etk wd dgn eFug, AFEE o
Golgol ofaitia il £FUT, ARF, WFES Aol x Ao e} Fol
= H Y Matsumoto 5(2003)& AlE7Le} vimEVZF AdtAdo]l utal s+ & AldA
shsh 9173kt
20161 A A T FHAAYS ddo®E guloly AEAdES ZARSE Ay, 20164
7, 8, 9¢ 3xHd ¢ XJZOHHE sl Wuko]l yERA] ghol g vdol® AEgAAS =4
A AZAGs o= AEeA] &2 Aoz AaEdn Au AP vt s W 28T &
% 90% ol & fAS} ol gl AAF Aew BuHA.
3 3-1. gdoly A AA 43
AAL =
Hl 4=/¢) 2} ™ m >
gt /9 Fl 78 (1] £%)
A=, o7, stdlsl, T, 25, XA, FxsE)], A
JHIE, 9l s, o324, AAF AR vtz E daa7,
Aol A2eY, Wadel, WEl1E, FA% RA0E Aw
ARl e, feAl, 29 Esxy L, bo|x, v
0 3F, g2y E, Ik "a‘ﬁ?ﬁ}, AEN], 71z, 73, Abstks | 57(79.2)
A, dels, b, 56-423, /\1‘331]‘: Z3%F, wuh, A
oY, 715493, AMETL ﬂ:LO}% 1, 54, ~2YSANEFH
2, 207, W o), d=Bels, BaAxollolE, Ban
DEREPNCE
Aad e, dsm28s, S8, A, He, Ax 72 d=o]
! o7, A%, S-1144, A7 1{15.3)
2 APEAE, =4, 7IFEE, SE2Efd 7} 4(5.5)
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Das(2003)¢} 1] 1 &}

\mo
it

Fld A

xgo]a}*/ 3

5}

1.0

0.6

52 + 33

2
2

2.1
2.2
2.8

9
6

2.8

5.0
36 £ 23
28 £ 40
53 + 05

3.7

2.3
32 £ 23

A

o

15

17

29

(7

v
il

e
ny

A LR g e

As

13%,

a2
2 Utt Allen @+, Ambersweet

H]

29 EQ

3 %
S

i

Cluster 29 E 2 d %], Mary Ellen &<, Ruby =9

il nc

AFH el 7H

4% A=A

&t

I+ Nippon Orangequat, #+$F¢! Eustis Limequat, @&l

Limonero Messina, ®Fth&lol &3}

2l

Soh Himtra, Hansen, Nour, Avani apireno, %+

-
T
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Cocktail hybrid, Z=$E L A A2
3-4). &2 Z2AAAME 7]E]
A AGE AFAEE

ow Ak

ZARA] ]

=9

°] Carter(old line)¢} A E
| &R A= Aol sk

&
= WS ofF ol siAY ALF AFTE o] FojAof &

L=
E xS
ﬁéa

£9l Etrog Citron %°]AtH3
Hol Aga = 22

é l:M

.

T34 FAALE Ay e2AA Zjiﬂr

Al T4 =4 Ll Al -3 =58 hls
Nordman nagami 1. 67+1 16 ot Thong Dee Pummelo 5.67+4.17

=7 Nippon Orangequat 0.00+0.00 T Valentine Pummelo hybrid | 2.67+2.52
f/[l;?;SEIﬁl:leililie gggiggg ;};3;1 Fraser Seville Sour orange | 5.00£2.00

k<] Bearss 3.00+2.00 Sanguina double Fina 1.67£1.16
Castello Lime 3.67+1.16 Cutter(nucellar) 4.34+1.16
Laphitiotiki Lemon 5.00+2.00 Parent Wasington 7.00+£3.47
New Zealand lemonade | 1.67+1.16 Cluster 8.34+1.16
Millsweet Limetta 3.67+1.16 Gillemberg Navel 4.34+1.16
Limonero Messina 0.00+0.00 Spring 4.34+1.16
Frost Lisbon 3.00+2.00 Carter(old line) 0.00£0.00
Yen Ben 3.00+0.00 Walker 0.67+0.58
Taylor 1.00+0.00 Ambersweet 7.67+1.16

R Monroe 1.00+0.00 Shamouti 3.00+2.00
Interdonato 1.67+1.16 D. joao 5.00£2.00
Villafrances 0.34+0.58 Frost(Nucellar) 3.00£2.00
Schab Rough Lemon 3.67+3.06 Skaggs Bonaza 4.34+1.16
Improved Meyer 5.00+2.00 Pehrson#3 2.34+1.16
Marrakech Limoette 2.34%1.16 éi‘:j]% Newhall(old line) 3.00+0.00
Utt Allen 767+1.16 - Haward late 1.67+1.16
Ponderosa 5.00+2.00 Ruby 9.00+0.00
Soh Himtra Mandarin | 0.00+0.00 Navelate 3.00+0.00
Hansen 0.00£0.00 Trovita A 4.34%1.16
Corsica#l clementine 2.34+1.16 Chapman(nucellar) 3.00+2.00
Seedless Kishu 1.00+0.00 Rocky Hill 3.00+0.00
Michal 5.00£2.00 Rohde Red 0.34%0.58
Selma Satsma 1.67+1.16 Frost(nucellar) 3.00+0.00
Clementine Nour 0.00+0.00 Washington Sanguine 5.67+1.16
Avani apireno 0.00+0.00 Pehrson#4 5.67+3.06

vkl China S-6 Sastuma 5.67+£3.06 Bahianinha Araras navel 3.67£1.16
Clementine Marisol 1.00+0.00 Dr. Strong(Nucellar) 1.67£1.16
SRA63 Clementine 3.00+0.00 Robyn 1.67+1.16
Corsica#2 clementine 2.34£1.16 Olinda(nucellar) 0.67+0.58
Primosole mandarin 5.67+1.16 HE = S-1 Citron 5.67+1.16
Sun Chu Sha mandarin | 3.00£0.00 T Etrog Citron 0.00£0.00
Xie Shan clementine 5.67£1.16 | 19| o] | Shamber GF 5.00£0.00
Clementine de Nules 1.67+1.16 Z5FE | Marsh Brown GF 5.67+2.31
Clementine Oroval 5.67+2.31 Bl Ugli Tangor 3.67£1.16

=& Cocktail hybrid 0.00£0.00 etA 2 | Pearl Tangelo 2.34+2.31
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2) E Y= 2AL
7h) el

goly APy A AF Astsh vwstel YAFY WY 4RE FEHuA Lol
A EEAFRAT ARG A
2 22170 diske] 201458 2016 7HA] 35t EAFe Ao o|HEE
adelZEFERE A8 Byl fgom AAECAA) et SR MR} B b
A ERETHESS, 3-7). £FUAE AA BHFO} UG FIe ndh AAEE nY
e Fael UEA g A9e 13672 A 61%E AAFAT AN G Azl A
oI ET} = Th(E3-6).

Nelson(2008)2 ~9EQ#MA] woF I o|TxFE= A T HHAo
d

AN
il
~N
P
fetl
nj
oL
o,
ok
o,
ok,
o,
b
Ll
EN
>
-O|L
R
N
o
oy
:{o
2

Lo,

1
G ZelRE, FAWd, vhmE, S@E, BEE g, eFUge gEdel Jvta syl
| # AF AselAE B A adeZnrEs} A4S B AL A sh
SAELAANAE AFge] tha eht e A}E narh W @202 1ol x
FEZ Ugol e ool rkx shel Mz e AnE wgch

s
in)

I«

3 35 fE T gdol X ojH:
A 2] 4= NS
Yo X EFE 2 0.0 = 0.0
=4 2 1.7 + 1.2
g & 2 05 £ 0.7
Fla=g=| 139 05 + 09
& 11 1.0 £ 1.2
AF§-0] S @l 7 9 11+ 14
29 E Q A X| 11 01 0.3
e 30 09 + 14
kA2 6 0.8 + 1.0
u}- o] o} 9 0.3 + 0.7
221

Nelson(2008)3 #(2000)& <52 7ko] sole] 7H44o]
Aspol A & 11249 % 4349 ey Zao BaH oy
of eI T} ol 2AIIZ B AAACm WAt & Holdd mi o]y
Wy 2ol WA GolAd el W wAle] A o] Fa glow wyrh E £FY

=
F FolME FFol wel gRolel tid AP vEva dekEh
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% 36 2TET AL gaol X oY=
A gk A ik A b

S-1080 417+2.45 | FAPA &= 0.0£0.0 | 4+=4 0.0£0.0
S-1094 0.0£0.0 | F-AF= 4 0.83+1.18 | Fr&txA 0.0+0.0
S-1141 0.0+0.0 | H7+=x4 0.0+0.0 | &1z 0.0£0.0
S-1153 0.0+0.0 | 1 F=A4 0.0+0.0 | o] A& 0.0+0.0
S-1161 1.39+1.96 | AbA B2 157+1.23 | 91 & 1.29+1.82
7} w2 AY 0.0x0.0 | 2Fd =4 0.00.0 | g+ 0.52+0.74
AR 2.94+4.16 | Atk AY 157+1.15 | J7r=A 0.0+0.0
A 0.0+0.0 | R Z=A4 0.0£0.0 | A7+%4 1.39+1.96
R 3.12+4.41 | ke 0.0£0.0 | =4 0.83+1.18
TR Z A 0.0+0.0 | 2F=A 0.0£0.0 | FHEH=2+ 0.69+0.98
TeeT 0.0£0.0 | A=xA4 4.11+581 | 832 0.0+0.0
32 A 0.26+0.37 | oFxAy 0.46+0.65 | =431 0.0+0.0
FERZ A 0.88+1.24 | AH 25 0.38+0.54 | A 3k =4 0.0£0.0
FEZAD 0.0£0.0 | A5 0.0£0.0 | HA2F 0.0+0.0
FHZA 1.22+41.72 | AR &=+ 0.83+1.18 | A A=%A) 0.0+0.0
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# Mean Difference(MD), Variance Difference(VD), Coincidence Rate(CR), Variable Rate (VR).
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10% WHelol| 23 =0 FREE £ A%E HAT Aol dAFEY dzds o
Bl CR2 92.21%= Hu (2000)0] Algkgk 80% o]/dela, SAIASZ gnE Zte
MD®} VD= a1, VRE s=of Ay demAfe] ek 7HA7F gla o= adsdn.
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E 44, 537 ARE o= 24 W el oulyHrte] 54
aA AAF | SAAd AAF | w
MD(%) | VD(%) | CR(%) | VR(%)
(/A) (1/B) (A/B %)
195 12 6.1 12.3 45.89 92.21 120.39

# Mean Difference(MD), Variance Difference(VD), Coincidence Rate(CR), Variable Rate (VR).

3) dlely YA
2014~2016137kA] 33t w=A] EA oA to|® o
2 ALFE ool Egstel o) AYAEL

:}
g Haoly #d A S A= A ALdFo 45%00 siFek= 1070
1

o
k1
il
BN
S~
>
b

ok

3 4-5. oy ## ou Ay
Al 57 AA A AT A A
o) ZEZFE 2 1 H 7kt
o <+ 2 1 EEat B
=g 139 1 o =+ Al "
iy 11 1 CRIRa
Ao 2317 9 1 2| 2t
29 EQ A A 11 1 AU E
EE ! 9 1 h 2
ek 30 1 A A 3F
e 2 6 1 Au =
=7 2 1 -2 wl
A 221 10
e A HTe] Av|E A 2A Y] 45%% Charmete} Balfourier(1995)7)F A A] gk
5~10% W $lol EZ3H o] FREZE £ ZAE Btk Aol ARG i

et = CRE 100%% Hu

Zk= MD¢ VD+ #i, VR

5(2000)°] A& 80% ©

o =40l ggith

1l
=~

1olglth S e EAR R o

E 4-6. 87 7tRExolE A4 2 ko] on|a -
AA 24 A 2S5 H] &
MD(%) | VD(%) | CR(%) | VR(%)
(71/A) (71/B) (A/B %)
221 10 45 76.63 71.91 100 44.08

# Mean Difference(MD), Variance Difference(VD), Coincidence Rate(CR), Variable Rate (VR).
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2013~20167FA] 4d3F =] EAo A ASH oW EE AlS A¥E w®gow I
ARERE ol SYPE 75 dolHol E£gstel o] ANPBL 2 A3} 223 A

T =
AP A FAA GFPe A DA ARG 81%0) APshe 189 FAA
2 BEYT Bot g 0T UEuth 4@ ALFE GAPW TH 44 ARz 2
=

= 71
§393, 2R "roly] WE SYPT] 43 ARFE AAHAOE T
A

gl =]
Al A A AP A
Yo TEFE 2 1 H 7k
GRS 2 1 SIS R
v 139 3 FAWE (g2, A=, AL
i 12 2 T st A
AF$-0] @ #ll %] 10 2 NEE e+
A9 E QA 12 3 U E, el Aol o E, HvE
v} o t} 7 2 NiEH s, ZEHX
ek 28 2 =&, kol 7t
el 2 9 1 =
=% 2 1 e
A 223 18 18

7 A AT 7= AR ZAFE WY 81% =2 Charmet$) Balfourier(1995)7F A A] 8t
5~10% W ol EdtHo] FREE= & A4S WYt AN Go] AAFA G hEA
el E CRE 100% = Hu 5(2000)0] #A)3ksk 80% o] AFolgltt. stA|w EAZ o2 oJu =

7 A%y Aol e sk 2 MDS VDE %1, VRS S 540l At

t o

!

% 4-8 A% #E quaage =4
AA A | AT A EE
MD(%5) VD(%) CR(%) VR(%)
(71/A) (71/B) (A/B %) ° ° °
223 18 8.1 72.92 749 100 54.05

# Mean Difference(MD), Variance Difference(VD), Coincidence Rate(CR), Variable Rate (VR).

2014~201697H7) 333} =X EFONA HLHREY oY EE 2AH ARE wPow
AE ARFE ou QAT 75 dolol Tashel ou] BAAES 2AG A3 220
Aol AeRruy Be K44 dFYS ANNE AA AR5 7% HFHE 17
NS FAADEL HES DAL JE ACE Uehgth gF ARRE Q4T 75 4
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= n=s 2F Holgrha AzEel A

I 49 AedTHE A o

Al AA A AN A5 A8

ol R E 1 1 Yo TEEE
o] 2 1 el &
= ! 131 3 AlFEERAE, 1 E, 7| =T Y &5
et 12 2 T, v

AF§-0] S @l 7] 8 2 NEE et

Y EQ AR 11 2 A=Y E, dalA ol o] E
v} o o} 7 2 A2, A 2}
e 31 2 A8, 56-423
el 2 5 1 2
w4 2 1 w4
A A 210 17 17

b ARGl A7)E AA 2AFE WO 7.7%2 Charmet$t Balfourier(1995)7}F A A &

RN

3 51
5~10% W$loll EstH o] FRZE £2 AFRE Bk Aol AAAG] ELS
el = CRS 96% %2 Hu 5(2000)0] A|gHe 80% o] o]t &A1 w EA - o7 onE
zb= MD$ VD& @i, VRS =& EAo] 9t}

3 4-10. AT A s e 54
A AL AR 24 H| &

MD(%) | VD(%) | CR(%) | VR(%)
(71/A) (71/B) (A/B %) ° ° ° °
220 17 77 36.03 62.93 96.00 105.06

# Mean Difference(MD), Variance Difference(VD), Coincidence Rate(CR), Variable Rate (VR).

2, %%

i
i)
fz
b
o
iy
Y
utl
u)
kr
o
y

Aee 753 A A9 256%0 3
2221, Noirot 5(1996)°] A3+ 20~30% W elel AT} w3

AR
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AT AA ALE [ AR ALF 917
aYo|zxRE 2 2 OYo|ZEZRE FEAVAF
THEZA, B, HEFEA, 7154
4, sly=slv, gaxA, e, A
i e 113 19 HxA, A2, TEF, FYURA,
ZIFREA, A%, AE, AA], AR
-, N¥9%, =3, vS =
o 7 4 FHAh, FRGI, PR, S
AF§-o] @ @A 8 3 A7}, Fske, @
kg AJolglo] E, WHUE, By L,
A9 EQ @l A 8 6 217 ql_i ﬂEHLLl’: Y] EW ;l 7]-,1,1]}1 o
=2 7 =, o —Hl=, =
o} 5| T} 8 4 FEE 2 AR}, AbE, AT
gk 14 3 S-1153, 56-423, A&
e =2 4 1 Y =t
A 164 42

7b AR A7) e AA FAR- T 256%2 Charmet$} Balfourier(1995)7} A A] g+
5~10% X thi= Z o}t Noirot 5 (1996)¢] AAIgH 20~30% W= &= et -G

of AAFEe xS HE= CRS 97.26%% Hu 5(2000)°] A|gHgk 80% o]/do] At

EAH o7 onZ z+= MD9 VDE il VRS =& Ex4o] 99t
¥ 4-12. 7F 5449 u e 54
AA AL | aAdE Adr TS
MD(95) VD(%) CR(%) VR(%)
(71/A) (71/B) (A/B %) ° 0 ° 0
164 42 25.6 31.7 491 97.26 100.31

# Mean Difference(MD), Variance Difference(VD), Coincidence Rate(CR), Variable Rate (VR).
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A2 A IE Fo3F dF FAEA AE
1 A AYH 3 &

7 AR R R

D A=As

e

o
>
>,
ofo
rot
N
N
i
e
o\
SE,
S
=
N,
:
rlo
T
—
=
1
K
fr
2
[

>
oo
i

N

e384, soldzt, &2, IustdE, ¥E,
&, AI=ZE kel mjvle e}, sk, tiaoldlzt, Hadtd,
E d&Fs, 222, FUdES], S0, T, T8, 991 AR wEd-H A x

ol zt, ¥4 x SdlMere], Fallglo x X124, &3 Ad £43%A4 /s 918 AHE

=
P50 wERe e 2Tk AL

o ol

% FE-vivl el Wb, A, =3, 3
2 AHg mH RIS 8E x B4 WA B BAEA 4TS 93 AgE FE L
alzge gev Btk Ag EELIARZaAsdA £29 10189 e A

2) Genomic DNA®] =

Genomic DNA (°]3} gDNA)+= ¢ Ao =z2HEH FE3. AFS o 252 HA4
A2 Ay gDNA FEA7HA 80Tl Eskadth. Al DNAE Biomedic® Plant gDNA
Extraction Kit(Biomedic Co., Korea)& ©]-&3slo] F=319 0. 53 Alss DNAS 43 2
2 717} DeNovix DS-11+ Spectrophotometer(DeNovix, "|=)9} o}7fz2 2~ 2 H7]95S
Fa Z2AstAdh #4145 % DNAS #22 Bioanalyzer 2100(Agilent Technologies,

183ked F7h2 BAsT

N

=)
Hl
o

(03

3) FHAA &=

FAA =S 93t paired-end DNA #o]B e8]+ TruSeq® DNA Library Prep Kits
(Ilumina, "]=5)E ARE3te] A 2slth Ilumina HiSeq 2500 Z# &S o] -8-3fo] 7179
g FFol s tiEf 6 7|7iRbelES AMd BRE AJT. AAE raw reads+
SolexaQA package(v.1.13; Cox et al. 2010)2] DynamicTrim % LengthSort AXE Qo] E
o] &3lo] trimmingS TSR Y. Trimming ¥ AoJF clean readsel ths] WA
(haploid)?] C. clementina 'Clemenules’®] w3 ZF& HFdA] WAL P oH,
Burrows-Wheeler Aligner(BWA) Z = 12(0.6.1-1104)& ©] &34 consensus A €S &x
skeltt.
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4) A4 HAHZHE SSR vpA9 gx 9 xEtoln izl

Consensus Al oAl SSR A& Holdlr] 93] MlcroSAtelitte (MISA) A ZE o]
(http://pgrc.ipk-gatersleben.de/misa/) 7} AF&5 2Tl SSRe] &4 o F& detslr] §31d
2-107) wEULElE REZZ o]Fojz SSRYHE 1#Ekith 2 SSRO FHA ubE G

e 2o 270 wEU s REEZ i3l 63], 37 wEELEHE EEZo| tiE 5
, AN e El R ElE REZ tiel 43], 57 rEel LB = REZ sl 33], 6-107H
g eEE RE X tis] 23], SSRY 54 A& MISA #dE] tig SAEA o=,
doj Al MISA EX o2 E dojx HRE SSR RE X FZE& Qe zglojy
olof] AFEE AT Zglo]w ol TxdS $138te] Primer3 AZE$) 9] (v2.3.5)(Untergrasser
et al. 2012)& AF&3tth ZEtolw xRl thgy 2 VoA F3EATh: Lo
Aol 18-24bp (H A 20bp), Z kel GC% 20-80%(FH 4 50%), Zetol™ e Tm #k
2 55-65T(H4 60C), PCR 2HE9] A7)+ 150-500bp.

Sobrfr
ol rﬂl

o

A

5) SSR tt&A 9 in silico w4

SSR "wFAE 9 in silico A 242 virtual PCR WH S Al&3to] =3ttt 3,
= FAA BRAA FAF & e Zetolr /\1%% 7} #F°] consensus A el 335t
ATh SSR REZE] ol Zzfolw tAQlE shr]ol TR Hold MIEs 7HE A
SSR 7] 7iEs 918 R E Gk e g Stovt wjdy = Zelo]wE SSR v
SR B ARGt In silico® Y ampliconES 5 7F o =% amplicon Aol =<}
H] WS T Amplicon Abe] =7F AFol7F vh= Aol wk 34 SSR vhAR skt

=5

I

6) SSR "7 ¢ &4 HEE

0@dA SSR whrle] s flste] e F£F9 gDNAE A8& PCRe T3kt
PCR WSS 20nge gDNA, 549 2 x HS™ Tagq mix (0.3unit/x¢ HS Tag DNA
polymerase, 3.2mM MgSO,;, 0.4mM dNTPs 3F)(Dongsheng Biotech., China), 0.2u0°]
10pmol AWaF xgolw 02u02 10pmol Gt ol E g fale 102 wHS-F-3] 9
ABI 2720 thermal cycler(Applied Biosystems, USA)E Al-&3le] =33ttt PCR 24k
=2 THoRe gdA oFE &yl flete] 15% otz AdA 7] G E s

7) M13-tailed SSR v}FAHE ©] &3 & &4 (genotyping)

SSR wtAE o] &3 FHF A4S 9k DNA o #+42 MI3-tailed PCR %4
(Schuelke, 2000)= AF&-3to]l 8ttt 7lv DNA® A7t a7t Al7d d+d =
F(Biomedic)ol 10 ng/wlo] %2 3 A9t PCR ¥H&S 20ng gDNA, 50 2 x HS™
Tag mix (0.3unit/x HS Taq DNA polymerase, 3.2mM MgSOs 04mM dNTPs &+
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(Dongsheng Biotech), 0.2¢0 10pmol M13-tailed d®3F 2ol 1 ul 10pmol GHrsk &
gholw] 10 10pmol 6-FAM A%l MI13 Zeto]n (5'-6-FAM-TGTAAAACGACGGCCAGT-3';
NI s 35)5 sk 10pLe] wHg-H-3]o] ABI 2720 thermal cycler (Applied Biosystems)=
Ab-gske] skl PCR %—%—% ARt 2AE e 2ok 27 dRAA0E])-94% 5%, 1
2 DNA $Z(%F 153 WH3)-94% 30%, 58%= 5
3 A

30%, 72% 30%; 22+ DNA % (% 203] u
B)-94% 30%, 53% 30%, 2% 30%, HF A1 w3(13)-72% 30%. PCR TZ4&Ee 3
ZolRs gelely] ste] 15% o7tz Aox A71dEeith. PCR SZ A= o3
DNA 43 &4 ABI3730 DNA Analyzer(Applied Biosystems)E ©]&3tol A&3 ule}

2ol sk & )" Ae] 7] GeneMapper A X E 9o (ver. 4.0; Applied Biosystems)Z
(5]

Agatel 2Astelnt,

8) SNP =

gt ¥ consensus A EEHFH FEFe] SNP Bl v‘i‘)ﬁ.% F33t7] 98] Kim 5(2014)
o] Wrjol uwe} MEIF T3 SNP matrixs 2 3tS =S
AL raw SNP positiong THE o] I g~2EE F=35t1, ¥ 99 (non-SNP
loci)2 AZ2] consensus AEZFH A9 Y= filling FAS A =
th o] & FFAEe] SNP Mg Falo] &% Y€ SNPE ZH&, SNPE #3 74 7
<(homozygous, heterozygous, 7]Ep)ol] uwg} EFsIAt). =
HAAHHE 7|¥HO 2 intergenic/genic A9 2.
THoz AR EFaAT. FEIF 53 SNP WEgY s gdoz nuxd FE3HY §

7 X

o] SNP loci® 971 LS vlusdte] =27 SNPel (polymorphic SNP)& 4133} t}.

o

9) SNP HRM 2xgto]w tjz}Ql 2 HRM

Bl 1L #F7F] polymorphic SNP lociE EFAlS 2 o] HRM(high resolution melting)S-
$13k SNP vA S yxielstdy. Zelo]lwE Primerd AXZE 0] (v2.35)E5 AF&3le] o} g
o] 7]l whel ZetolnlE TiARRISHGI oM, in silico PCRE Faste]l Al Aol gkt
B e Zeholw & Aotk F% A7) 80-150bp, Eetel® Aol 20-24bp(HH 4 20bp),
melting temperature 55-655% (3 % 60%).

Az zepolnE o] &9 HRM2 thi ¥ o] Faativh 74 15402 HRM 4Hg &
ool gDNA 15ngd} A 2FEl 10uM forward/reverse primerS Z+2F 0.375u0, 25mM MgCl=
1.8¢¢ ~12]31 High Resolution Melting Master Mix(Roche) 75105 &3%13F ¥ Roche LightCycler®
4801 (Roche) S ©]-8-3te] HRM= 33titlt. HRM2 95C oA 5%7F pre-incubation WA=
AR & 453] AfolF9o] FHEA(9T 10x, 60T 10%, 72T 10x)E A&Hste] st
i, the SHAIE 95T 14, 40T 1%, 65C 1x F 9BTC7HA #Hs] 255 289 datas
7123} melting @A 3, 40C 2 cooling @A S F3)dte] 413t}

|
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10) RAPD PCR

RAPD 415 $13t9] Operon 71%ke] 5207 Zgtolm & AH&3t3ith. PCR & 99 x4
<2 5ng/ul gDNA, 50 uM RAPD primer 10, 2X PCR Mix (Dongsheng Biotech.) 5ul, &
W SHTE E¥ete & 10w WHeEds ogetitt 93 S ABI 2720 thermal
cycler(Applied Biosystems)ZE ©]83l9] PCRS 438 th. PCR WHg-2 95ColA 10%7F
A7 (heat denaturation)d}aL, oJojA] 358] Ato]&e] PCR WH5-(95C 1%, 35C 30%, 72°C
1% 30%9 =X W3t Alo]F)E dA&Kste] 33 & A To® 72ToA 521 HF Al
ZF(final extension) W3S AJZt} HEZ-o] £83% PCR £% 2HES 1.2% agarose gelol A

A9 Ee Fal Welsk welt: vl S Auset

11) T-vector 24, 47144 274 9 SCAR "} A%

Polymorphic RAPD PCR WW=% pGEM-T vector(Promega)oll ZZ43slAtt AAH Sk~
v = DNA°| & MI3Fe} M13R glo]HE ALg-35te] BigDye Terminator cycle sequencing
kit(Applied Biosystems)E ©]83% PCRS $33Fa, 3730 DNA analyzer(Applied
Biosystems)& ©o]&3le] H7|ALES EAeAT. 2AE A7IAES MultAlinhttp://
multalin.toulouse.inra.fr/multalin/) ZZ13S o]&3ste] sty ZE| 12 Y531 Primer3

AZEgo](v2.3.5)(Untergrasser et al. 2012)& AF&3ate] SCAR Zetolw & tAkQletadtt.

[ =
1) RAPD-SCAR vwA 7l

¥ 5-2. F1 ol¥A S Bol= JHAlEolA AFAT o] oA AR
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< 2001 FE Al e FALE)
of dAl 16570 F1 AAAEE HEF3stal Q)
2 AYH A3 RAPD-SCAR "AE 7|

151
2 s derlen, AFEsdrE

2013 8¥)ol Z A field testE F3istgdct AL A

_8.,
td
T
ro
ol
fﬁ
e
re
‘0,
o}l
=
o,
2
o
SE,
h
@,
o
=+
1)
Nz
A=)
il
T
=
ot
o
t
o
=
X
1o
5]
—
=
o
ox
=
__>|]_'4‘

polymorphic bandsE &<¢1&}¢l 1L, 2214 o & 2177 RAPD w7 & o] &3to] 5718 ¢] F1 W)
WA NAEI FL oA MAlE 5 A= A, ol¥Ad 72 289 &S iy
S =2 polymorphic bandsE ¢1gh A3 8719 RAPD mlA oA zto]E& HATE 332 0=
870 RAPD m}A & o] &ste] AT 57 AEF 5 vw A 3710 ] F1 UI®A, o184 A
ol 483 23 4709 RAPD wh7|ollA WA, o84 AME 3+ Zol& BAHAE v
AAD. HEH 22 47) RAPD wAE SCAR wiARZ Agste] F1 WA, o3 Aol
st gt 485 Tttt 47 SCAR vwhA & SCAR-1 whA+= F1 WA, oW
AZ 2 Aols BAa(2d 5-3). SCAR-1 A9 locust AYFH A locus ol 9o

AGH A AR AHE e dhe BTl

ol

a9 5-3. SCAR-1 v}AE AFE3E F1 A, oHA /A5 d3 PCR
A3 R, WA (resistant); S, ©] ¥ A (sensitive).

SCAR-2, 3, 4 "IAES A5+ 27 80%, 75%, 50%< F1 Wl®A, o|y¥Ad AE 1+ A
o]Z HATHLY 5-4, 5 6). =, SCAR-2, 3, 4 A5 locust= #AU¥H A# locuset ¢l
A Al d#so] &S HoJFEth SCAR-2, 3, 4 wlA st A= HAAlz4dA)
(homoeodomain-like protein, F-box/RNI-like protein) 2  # 3 4%} (disease resistace

protein) <& <13t th
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PCR Z4}.

Eis

=°l o

ol®d WA

=
=

19 5-4. SCAR-2 v

PCR A},

Eis

=l o

, ol 7HA

q

A

O

mo

A4

=
=

19 5-5. SCAR-3 7}

PCR Z 3}

ki3

, ol A=l o

€

ik

1

F

s

A5

=
=

19 5-6. SCAR-4 m}#

o] AgelA

ATt

e Qi I A

il

d

s

o

O

A

%

|

9

Ao uFo] 4@

= 7
T

A3 SCAR wHA7F o 7HelaL, 242} locus?h o

<]

oA

SCAR

]

o)
cl

70 2k

E]

=, o] Ay

o
=

, W7tel SCAR-1

R

PCR band”}

1
T

| 4]

PCR band”}

o]

A=A ket webA

s}
=1

gkl M=
Fol Hl

S

—_
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°o]-&

=
=

SCAR #}#A

2) SNP w7 7§
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2-1) Public data®] &
FH A# B2 upAE Y

s
3}

A A wpriel tE

i

o] =
AA -

ﬂl

wat7] fleke] w=iell wek tlolH
& A glom, wiolar ol olE o
AGdA A FEH o2 BHE = F4x o
=1 (Fu and Liu, 2013; Fu et al., 2012) 2.2 5-F
du= 3070 FAAe] A71ALDE SR A
Axpg Wolo thdk FH= A5
IGV (integrative genomics viewer)E 85}
clementina®t C. sinensis 2] SNP< ®As F 307 Fdx 5
SNPs< Hol+= 4701(13%)9] A &H(Cit.5734, Cit.15509, Cit.11548, Cit.11721)e wisle] =z}
olW & Alztstal, WA FE0 FA, HE, FA5e; oA sk, glloldzt, &
wobEol A&3skdth Genotyping 23, @3 F 3070 & 270 SNPs (6.6%)°ll A 2+2F 374

Ao WHA, ol FFS TEskdti(ad™ 5-7).

(e

Kl

-8 reference genome® &

=

S+ %% 7F polymorphic

£ %<l

ST
™

290
I I
Trace ATTTTTCTCT
Majority —
CK Cit_5734-F.abl (1>623) =t  ATTTTI{TICT
BK Cit 5734-F.abl(1>623) =  ATTTTI{TCT
BJ_Cit_5734-F.abl(1>633) —  ATTTYT{TCT
HK Cit 5734-F.abl(11>627) . ATTTYKLTCT
GN_Cit 5734-F.abl(11>629) — ATTTYKLTCT
HH Cit 5734-F.abl(5>633) - ATTTYELTCT
a9 57 = HolHE &3l WA, o8 FEFI polymorphic SNP
gelel digk oAl CK, F7; BK, ¥#; BJ, A3} HK, a&; GN, :zulo]q]
7t HH, $=sh&
R o] F mAC tiste] AP AW 65Tl S A&stAtH(1d 5-8A%t B). 2
A8 A3, A WA A" 8A)E di=roldzts AQstaie WHEA d7e swdatdon,
T A v = A S3e] olBAd dVIeh sdetar A WA wirlel= @] MN, BB=
oA @Ik BAsAL F viA thE AR vo] AP FF ) HgE 4P
3 Alekel Qlon, Ed AREE Foly] dste] o W iAo W] aFHT)
A 290 < B ; 360
Trace ATTTTTCTCT Trace TTCCAGGCAC
Majority - Majority —
CK _Cit 5734-F.abl(1>623) —  ATTTATETCT CK Cit 15509-R.abl(8>417) — TrTrccalglecac
BK_Cit 5734-F.abl(1>623) =1 ATTTHTETCT BK Cit_15509-R.abl(13-414) == T T C C AJ¥Jc C A C
BJ Cit 5734-F.abl(1=633) ==} ATTTYTETCT BJ_Cit_15509-R.abl(15»417) = T T Cc C alkje ca ¢
HK Cit 5734-F.abl (11>627) —_— oy KfTCT HK Cit 15509-R.abl(13»415) =— T T c c aleleca c
GN Cit 5734-F.abl (11>629) — Aﬁim GN_Cit_ 15509-R.abl(13>416) == T T C C A|g]lé C A C
HH Cit 5734-F.abl (5>633) —-— CTCT  HH Cit 15509-R.abl(11i>416) == T T cCc c Alelecac
ST Cit _5734-F.abl(3>629) =  ATTTHTETCT ST Cit 11509-F.abl{9>412) = TrTCCcAlklecCcAC
HM Cit 5734-F.abl (12>6289) — ATTTHTCTCT HM Cit 11509-F.abl(12:417) = TTCCAIKJCGCAC
YG_Cit 5734-F.abl(5>6321) — ATTTHTETCT ¥G Cit 11509-F.abl(11:417) — TTCCA|GICCAC
MN Cit 5734-F.abl(1>629) ] ATTTHTECTCT MN Cit 11509-F.abl(12:416) = T TCCAIGIGCAC
BE Cit 5734-F.abl(1-625) —  ATTTYTETCT BB Cit 11509-F.abl{15»416) — T T C c alg|le ca ¢
DG Cit 5734-F.abl (5-631) -_— A-rn-]E:rcr DG Cit_11509-F.abl(12:415) =— T T c calslecac
a9 8 = dlolEE #8ste] waEE SNP il i FF Fd A8 ST, Amrk
HM, stelslvl; YG, 937 MN, #ldleeh BB, #iyntel; DG, tiro] o7k




et @A =R v A FolAel Ao]E Wol FHAY

WofdA o Wolel dlg Aue glonw Wol: wAs] fld HAe] Ari ohd

o Budh © A Awsy] dAstel FEA WAL Bol= fALY BEe £

o5 WolE TAs % 8@ Fuolth webd & FAAN Wol FAL Boho] I
)

fe = = 1
A¥ B2 v =S A% AAY] FAA 4] dasiral Adskit

rfo
=
)
£
°
ol
o
=
ﬂE

w2

2-2) A AR 2&

e A B8 T syl AFmsdriedods 23 AFe] e F5
401Dl oletd, = Hf e FAAd $ 3R 5E P4, FAse gdw

g = FAA v FAS sk th

[llumina HiSeq ZJFS &4 oAz Hit 101 bp reads® = ME3F 34,400,00071

Q71 Eel dol= el 45 6950,872,318 bpolaL, st=e A5
7,069,200,080 bptt. o] Hol= FHA  HE5S  ste]  Phytozome database
(www.phytozome.net) 258 AF&3F reference genome?l C. clementina®l < 301 Mb
genome size2] ¢F 23 W& AWMT Ao r FsA T Sequence qualityES 17 3}o] reads
£ trimming 39S W], reads® Zol= 88~92 bp AEHN oW, readse F A= A A
st A 7} 31,670,34470<F 3222249702 <F 19¥¢] genome coverageE H At} o]
readsS A S 2 reference genome®] ™3] mapping dtol A A AL ¢F 271 Mb(eF 90%),
S-S oF 276 Mb(9F 929%)¢] reads-mapping regions SR SFIATHIE 2-1).

NFOEA F 9e

27 =

i 2-1. A, sk FFY FAA 5SS A AEAd AR

Sample Total reads # Mapped reads # Reads-mapping region
=Kl 63,340,688 50,343,165(79.48%) 271,488,980 (90.08%)
Sk 64,444,978 48 951,447(75.96%) 276,159,545 (91.63%)

o

Reference genome®} 7} FFolA e H7|HolE Hluwd $of F FFIHe SNPE H 1l
sttt 7 AEZe] SNP vl w A2 72} AZ S reference?t W wste] A2 F SNPsel U
sto]l 7 #FEZF polymorphic SNPE &5t =], A3 sh=7kedl 1,960,182 polymorphic
SNPs7}F &2l= it} o] & 191,085 polymorphic SNPs”} coding sequence (CDS) el <1
ol EMEda, we WA dHsiA #HEHo e AewE & 4zl R gene
(NBS-LRR)¢] CDS welA 7,82871¢] polymorphic SNPsE SHQIstA TR 2-2). gk A7

2y
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T} 7oA 132,628 polymorphic INDELsS &elstith(E 2-3). ©]l5 % 3,05070
polymorphic INDELs©] CDS Wol] 212< ®43t3 3, NBS-LRR 22 2] polymorphic

INDELs> 1417 %A t}.

¥ 2-2. A4, =7 g9 polymorphic SNPs2F CDS W] SNPs.

Polymorphic Intergenic Genic
region region

HA vs. B2 1,960,182 1,419,170 541,012 191,085

NBS-LRR

(505 transcripts) 9,888 7,828

¥ 2-3. A4, =7 g% polymorphic INDELs¥ CDS 1] INDELSs.

Intergenic Genic ! INDELs
region region | in CDS

NBS-LRR
(182 transcripts)

A = F F3F7F polymorphic SNPs, INDELs®] 47} Bola d4A4
o] ojgl& Zo® ATHUTt o]d 2xH o R ALl WHAPS Kol UE EFF
=@, #4132 RAPD ®l#A Zidde] 2183 F1 A MAEe] &8 4% 5 U9
N AEI AGH oS Hole adhE, guloldzt B Fl oW JHAE9

WE 5 oW AB 3 AFEA U F/h FAA B Fdsks

o5 W3 FAA HHUYL reference genome?l C. clementina® °F 16-18
genome coverageE Mol 2F 90-95%(2F 271-285 Mb)2] reads-mapping region=
SFATHIE 2-4).

=

2-4. WA B ol¥A FFE 7AA dEs AT AIEY AR

b= | == Genome coverage Reads-mapping region

g4 343 518.79X 271,488,980 (90.08%)
H 2 =16.42X 271,215,236 (89.99%)

x|} =15.64X 276,889,817 (91.87%)

F1 R lines £17.16X 284,942,040 (94.54%)

o|d 35t 2 19.18X 276,159,545 (91.63%)
ZH2oE =16.30X 279,323,699 (92.68%)

SLjolojz =17.14X 277.761,358 (92.16%)

F1 S lines £18.39X 285,349,880 (94.68%)
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¥ 2-5. A, o)A W3 1% 7+ polymorphic SNPs 41,

Sample Traits Total SNP H|m & 72| Polymorphic SNPs
HH ; = 1,899,394
23|31 | 1zemm
aa | 820674 |

F1 R lines : ] 1,437,952

1= ...2,260,077

SCLL UM | | 1sese2e

soaE 1,775,843,

F1 S lines 1,418,969

3E 2-5o A B wpel o] Al A 4 AMEe 384 < 90,8247] SNPs¢9 o] H
4 A& FEAQ 15087170 SNPs7F FAE Ao, o5 F Lu AbolelA 64274
polymorphic SNPs7} &4 =] 2]t} 7_‘3733’% 32 7+9] 1,960,18270 polymorphic SNPsell A oF
99.97%<] SNPs7} ALl =t =, A4d F7(99.7%)°l sldst= SNP+= FA, sh=7F AU
& Aled vkt gH OMEM As o FHETh ¥ 64270 polymorphic SNPs %
CDS W ®WolE Hol= 1007} polymorphic SNPs& AHslal, o] % false positives | <]
Al7171 §38ke] IGV (integrative genomics viewer)oll 4] SNPs& &<2lstitt. o] % 5070
polymorphic SNPsell th3}o] genotypingS a3t Z3 Aoz 337 polymorphic
SNPs7F i<l B4, F-23 =3 o]l sk, glloldzt, SastgelA 8=
At 1d 2-9). Sequencing .2 2871 SNPs& 138t%al, 571 SNPs& HRM
(high-resolution melting) WHo 2 <213} T},

€0 280
v iy alwwga b eaty Lewgdes s
TTTTC) 'TGACTWRAGGAC! CT TEET
Reference TTTTC? 'TGACTTPAGGAC! CTTACHTGET
CKR_SNP-CC(RS)-03R.scf (1>429) TTTTCE 'TGACTTRAGGAC, CTIHCGIGST

HK_SNEB-CC (RS) -03R.scf (1>429)
BJ_SNP-CC (RS) -03R.scf (1>429)
GN_SNE-CC (RS) -03R. scf (1>429)
BK_SNP-CC(RS) -03R.scf (1>430)
HH_SNP-CC (RS) —03R.scf (1>429)

1% 2-9. SNP-3 w}71E o] &3 Ay, oA T 19| genotyping 2}

TITTC 'TGACTARAGGAC, CTTATPTGSI
TTTTC 'TGAC) LT

TTITC 'TGACTA CTIRTGTGET
TTTTC! 'TGACTTRAGGAC! CTTACPTGST
TITTTC? 'TGACTARAGGACT CT TGGT

Lt

BB
11

| =

o] 337} SNPs7} @A A 2F= HAAFZAAHEREBF, serine/threonine protein kinase,
Myb-like TF, PHD finger protein, F-box protein), transporter (ABC transporter, peptide
transporter), @9 & 13 (peptidase, cysteine proteinase, subtilase), defense (LRR protein
kinase, R gene)Yd2 &3ttt ol FHdAE #Hd 9 A n=2A E¥xs=d,
o|ROF Hol Fhu ﬂ%k‘ﬂéfﬂr Hato] Fd FHAEe] AdEo Atk FAHEEH, o
= wartd vE Abso] #old = dSS AAMEHE ofo FAA &4 & Foko
sequencing & 2 ﬂdl} 287H SNPs& o]-&ste] th& WA, olHAd FFo o &5t
(3R 2-6).
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F 2-6. A, o

ox
o
of\
=2
do
=
)
ofo
ol
)

5t 2870 SNPsoll W3+ genotyping 2 3.

Primer # | R
3

4

6

8

12
13
19
20
21
22
C5
28
30
31
32
33
34
35
37
39
41
42
43
44
45

S ST BB MN HM DG LM
A A A
w w
S S S
G G G
R R N/A
W W N/A
A A A
Y Y
A
T N/A
w
M M W
C C
T T
C
M
S
A

T

!
i
i
\D>
2>i

@
I giiii:l> w zi

R R R [R |

Y Y

W W W
R R
N/A
Y

S, olWA 3¥F; SN, Alu; YG, 9357k ST, Al®7h BB, #WiUutel; MN, wlv] o2l HM, &8 H;
gl ~E e, N/A, genotyping®] A @5 =4 stolgto]lE UM 157 SNP7F 2AY o|WAd 1F

o

o] AATENE e Ay A% SNP WA o Ag Aw, s 4, 37

A
A e
Q1 tj=ro]
SNPY 7}
A5l 7zt
Kol thef
A= T

¢

T ORT UBAd FFoA Heli= SNPeF 2otal, wriE diteld

= B olWA SNP9F 2okt f(genus)e] HHEOlE EEta Ui
WA F59 3722 2870 F 2370 SNP7F A g5 How Holx B Ao
SNP w}7l= Mo A8 7153 Aoz Atndnt wd oWy FF F st
zbell Al 278 SNPwho] Wi gd# e Zlow Wop sl SNPe AW Aw
S4o] Atta BuAt @ A%
Zy 2170(75%), 1271(43%) SNP7F U
: =

@ 239 SNPE o gl o

2

NPz At o] A=

o
st FxS AAs7] st np@A s

ASOBI ) Agste] U, olWA FRHE AL FARATHIY 2-10. FF
s mHl YRS 487k oARE HAH] fskel B x Feld FI Aue]



4 FZF6HE, Tlleldzt, & o, dd)s T T AE 1071 SNP vAE A st
zbzy 2704 9] F1 Wi ebel 2 oA 2ls td S E genotypings TH3HA. 3
sk 1071 SNP #FA % 1709 SNP wl#A7F F1 AAABRE 722 F AAHZH 2-11). °]
SNP+= ARG 714 #osts Zos deA] A= R geneddl e Aoz FR1EHS]
th. R gened WAIFAGI Akt 7t 2 LA o, IE R geneel Wd
AH = H Wang et al (2015)0 938 C. sinensis®t C. clementina 733 #4102 w3
ok vk AGH, gdol Fol Hd R gened ToAN FE&S ATl Fol & AT
o ME FIuleA HESZ F2E AEHE A FAA FAo=2RY 15071 TNL
(TIR-NBS-LRR) 329} 16571¢] CNL (CC-NBS-LRR) fxl#tel ik JuE g ushal
(A5 v AAD., B AT A ke 287 SNP+= AlGH AR 5 78 ¢ o] F55 9
3 wHjEFel A& 7hs s gl

G
-

19 40 50
il raviibaaba ke L
CETIIRIEGEOTTAD MGCTCT TGO RCRGARTGET
CE CCi€-1 ENp-co(RS] =4ER.5cf[15555) = CTTIGIEGECTTAL [GETCTTEAGRGAATGCT
BJ OU46-3 SNP-UC(RE)-4cR.scE(12355) = CTTIECIIGECTTAC PGSTCTToRAGRGAATEST
BE CC4E-5 SNP- i o =55%5) = CITIPGCTEGGOTTAC [GOETCTTELAGRGAATECT
SN CC46-7 SMP- ng = EED =555 o CTTIRCIEGRCTTAC MEFTCTTH GAATEDT
¥G CCS6=-12-8KD CUREY _$0K.BOT 1 12555) - CTTIEATEGGOTTAC NGETCTTG R TEET
EH C‘l‘ii—'.!—ﬁh“;" Co RS} GER.sef(1»555) = OTTIEATIESCCTTAC IGETCTTERS T
BE CO4t-2 SNP-CC (RS} -4cR . 3cf{12555) = CTTIERIPGGOTTAC MEETETT FAATECT
GH CCE6=4 SNP=-DC(ERL-fEn _mef 10554 ) = CTTMRIEGGOTTAC IGGTCTIG GAATGCT
HH _CC46=€_SNE- [H%Ud R==F r555) == CTTHRIEGGCTTAL [GETCTT BRATGCT
aa = - E‘ | " e
LM OC4E=8 SNP= e« S Lssey == CTTHPRIIGLOTTAC MGGTCT GARTECT
GE CC46=14=-8NP CC(RS) 4ER.sof (1»555) = CITIETICGOTTAC MGSTCTT GARTECT
OB CCee=1E=3NP OO (RS) 46R.scf(1»555) == ‘cpopq GGOTTAC [GGTCTTY GAATGECT

L 45 S+F1 LEH 2212
CK_CC3Z-1_SNP-CC(RS)-32F.scf(1>570)
BJ CC32-3 SNP-CC(RS)-3IF.scf(1>570)
BK_CC32-5_SNP-CC{RS)-32F.scf (1>570}
SN _CC32-7_SHP-CC(RS)-32F.scf (1>573)
21-SNP_CC(RS)_32F.scf (1>570)
22-8SNP CC{RS) 3ZF.scf(1>570)
HE_CC3Z2-Z_SNP-CC{RS)-3ZF.scf (1>570)
GN_CC3Z-4_ SNP-CC(RS)-3ZF.scf(1>570)
HH CC32-& SNP-CC(RS)-3ZF.sci(1>573)
L = SNP-CC(RS)-3ZF.scf(1>573}
Fl#23 CC3Z%3-SNP_CC(RS)_32F.scf(1>570)
E0C0 =4-SNP_CC(RS)_3ZF.scf (1>571)

0194 45 F+F1 01 HH 2212

PLELERLELET]

a9 2-11 A, ol¥A R F1 AR 283 SNPel tid genotyping 23}

2. 7+ deloly A BAEA A
7 As R 3

wE AGY Au BAEA LA FAT ABAR Y AT

ftlo
o
o
QL
32
i)

[ = = g
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1) RAPD o}7] 7]
Hegelge gt viel Bae FA Ast w A EAE ot AoE el

A Atk obA Hdoly dAx A= AEE A @2 dAo

ok

H T gdolyel AF HA, Fallglost twoly Aol 43 = Exel wwlE
Eoto] A ABMF-ZA (A F-A AAA-AF e, SHAY wg)oA A x FHEAE
ol wujAA 150 7RAI<F Fallglo x SR A aujAA 120 /AS SAsAY. A, 24

WERQl % Fallglo, &xlol tiste] 2tz RAPD vtAE Ak oo digk A AN(E18~
FI5)= &3 Zrk(d 2-12). Fds Zdweel relA= 14578 RAPD w7 ol A
polymorphic bands& <213}, Fallglo®t %1 7Rl A= 1437 RAPD w}A A polymorphic
bandsE <313}t

_—_— ] e
——— e B il
—_— 5|
:':--_:-..:z-.._.g— - i P
— .- —|— o T e O o e
e T e || —
gttt oD B et P
— — - | |
E18 E19 E20 FO1 Fo2 FO3
T —— T —
e e T ey - 454
— — "“
11— = - e
S8 F — o — || — .-—_Bg:_--.“
— e — - -
s —
Fo4 FO5 FO6 Fo7 Fo8 F09
— —— T o
| g 1 e e
—_— SEECSEEEe T
———— = . *___:—:_ — - —
F10 F11 F12 F13 F14 F15

a9 2-12. A4, Fd el Fallglo, %1 7FollA RAPD v}# E18~F159 23k
polymorphic DNA2] &Hel.

tdoly Fl o] AMgE ofx WAL+ 7t

o,
i,
B
&2

o
S
ogt
i)
M
4
o,
o,
4
B
B
&
rlo

FEjoltt. ol F1 WiwAd, ol¥A #lEe] A 5, = 0 ¥, oy
A EFo] A3tk gdold d¥ RAPD-SCAR v &S ¢ste] g2 UgA 3%
ol W&, FA 3ol oA EF9 FH, dHIEE ALEEUT =, WHA, oA 4FFH
(F 7, Fallglo, W&, A3} vs SdWES] 3, FH, 493135)9 genomic DNAE Z+7}
Hol WA, ol 2 ol ¢4 FF It polymorphic bandsE %.¢1 RAPD vl71E %
3tttk ol & WA 1§ oW i el AolE Holy 5 FH mAE B

o™ 2-13).
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=

- :I¥ e Al
i el

UL TEIE
HE

M R S R S R S M S R S
J 7

R R
9 2-13. RAPD-1, 2, 3, 4, 5 vpA e WA, o8 257 d7|9E A

' RAPD-3
= ==
-——— e
T
s
- )
e
@ L o] 21 22 (23)24 25 Ly o] 21 22(23) 24 25

a
3 A719F AL

= 1709 #¢lo A RAPD-2, 31 w}# 7} H.o]+ polymorphic bandsZ 7}A &=
HATHIIYE 2-14). =, #23 2Fele oy WS BHY spsAo

2 slstel 25 A%E W AL FAseIo} o,

0
|o
H

9 .10.11. 12 723 14 A5.06 A7 18 10
RAPD-2

L 7 8 9 10 11 12 13 14 15 16/ 17 18 19
RAPD-3

19 2=16. RAPD-3 " & ©]-&3te] Fallglo x %1 F1 207} AR 285 7]

_99_

RAPD v}AE F1 wnj AAAG A&ste] wn] AR +27F 5=
Aok Ad x FdWER] F1 571 2kQlell RAPD vlAE A &39S o

¥ 2-14. RAPD-2, 3 v}AE o|&ste] A7 x FdWES] F1 57 AR 4
7

K3
ER

(

J
o

iy
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Fallglo x &% F1 207 248 57§ RAPD wl#E 283 Ay} RAPD-2, 3H-& 2071
AZo A ¥ dAS Holal, RAPD-1, 4, 5HS 207 2% % Y3t PCR productsZ
BAY. RAPD-2¥ 2 F1 47 AlsoA WA #5334 5L polymorphic bandsE X.o]H
(13 2-15), RAPD-3¥H2 F1 67] A-EgolA WHEAd FF2 543 polymorphic bands&
HAH2E 2-16). ol& T 18 A% RAPD-2, 3 EFoA WA FF3 54
polymorphic bandsE Xt} &, RAPD-2, 39 vA+= gdoly A3 locus Well 92 7}
Aol 7] Wil SCAR vwiA R dstazp st & 27)9] wl7vle] $Hojug T
g FFol A&sty] oelE o, gdeolHe Ay vt T dF FUbel =3kd

, FEAolE Kol FAte] tig Au= glr] wEd

)=
LN

2) SNP #}#A 7t

ol Wof 742 A F 7HAE UHEHATa BiEoe] lojA WHAg F5=
OdFo =2 ol EAET S, WA 3 FE(A, AlvlE, A%y oA <,
g = uE WA 3FFE, FAsSH 533 oA 5EF tstel £AS 5t
t}. Tllumina HiSeqol Al ¥e1zl 101 bp reads® = HFA37F 714 A om, Auzo] 713
wekth fA44 d5S 93te] Phytozome database (www.phytozome.net)®5-E A}-& 3k
reference genome®! C. clementina®l °F 301 Mb genome size®l| W3}l read 7} 713
AL FAsE= of 16w, 7 w2 AlvlEe oF 27 E AMSATHEE 7). ©] readsE A
© 2 reference genome®| ™3] mapping 3RS Wl 5735 AQstais 25 90% o]
reads—mapping regions B HIFTHIE 2-7). 729 99 reference genome? <F 205
Hjol sdats AEA ARE A9 oy mapping regione 9F 76% 2 TFE EFFEo] H|Eto]
g3 "olds & F AU ol KA S (Fortunella crassifolia)©] reference
(Citrus clementina)®} 4°] 2 A3 A#o] Qe Aoz Algdy, & £33 A2 A

° o)

ol TFx7F MR tE
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Reference genome} 7} #FFolAe] 7ivelE Hlug F-of m%@,ﬂ%@ w53k
SNPE Hlwstith &9 4A¢ FF24%E =
SNP#Z o] FAFSEA T =, homozygous SNP (reference genome®] mapping® 4= 9
reads®] 90%7} Y3 SNP), heterozygous SNP (reference genome®| mapping® A= 9]
reads®] 40-60%%F A3 SNP)2} 7]EF(homozygous/heterozygous® T3 4+ Q= 74
G2 Lol }—/‘}fﬂ?iﬂr(ﬁ 2-8). WA, oA AEZS] SNP HwiEA S 7 AES
reference®} Hlnl3to] A& F SNPsol th3ste] M=%t polymorphic SNPE &3} ¢ T
Aoz HAAGA oHy o= st 7|} SNP 32> A3ttt F 47FA vl u %3]
H polymorphic SNPE &3} =], wajxgd Fd, S eI 890,243 polymorphic
SNP7} &A=tk o2 w22l fallglo, 3 FF A &= 921,456 polymorphic SNP7} &
APt F aefE$ 2% polymorphic SNP$ non-polymorphic SNPe] H] &2 <F 1:3
A goE e AUy EF3 nIR 2 F EFF7FY polymorphic SNPE 47 7

of ol2r g YHA oA EFFES 17 polymorphic SNP &A1& Hg 2 3o}

d

2-8. A& SNP 3 7.

Sample No. of total SNP No. of Homozygous  No. of Heterozygous No. of 7|E}
______ B 1zZiere8 505344 39%011 376403
______ 4 2181550 64T 622208 871816
= 0 o002 6204 . 897,762 351,036
o _Fallglo 1057697 889137 _  _____: 330,446 333,14
______ oA 949130 85138 42929 51063
_____ A 127602 439727 43334 400491
______ S 1922790 795910 479561 687319
e 188357 783407 d 464572 635992
______ e 1924073 TAS 466311 686371
______ 184864 745290 46180 627694
_____ A 1A49827 603832 426962 419083

Al H] = 2,019,538 622,994 670,573 725,971
¥ 2-9. vl x3E polymorphic SNP2} R gened] polymorphic SNP .

H| i =3t Polymorphic SNPs Polymorphic SNPs in R genes
_____________ dd ys FAde 890243 12266
Fallglo vs &% 921,456 11,522

e 95,262 267
_iil_;:_ﬂ_’__:é_l_%_’_:%f‘k—l’__‘_j—_i_l__i___%}j]___?[(_)‘l_ __________________________________________________________
AA, AvlE, AETL vs
62,021 764

tdoly who] 7] zbef| wel v A WA WA a5, Avls, AT olHAd b
F& 62,021 polymorphic SNP7F &A= Qo™ (3 2-9), 7+ WA WA 3FT(HHE,
BA3b F7H 3 oW A 5EF7H = 25,262 polymorphic SNP7F A =it & WHA 2
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=
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FollA Ho]i= polymorphic SNP 7R<=9] zo]i= A <
e M e F #3508, FAHY 59 SN i
S A nPSs uf A HA IFHY AL 9 polymorphic SNP7}F &% AS Atz H U

WA 5 253 oHA F3E Y 4 T2l polymorphic SNP7F ©&24 % =4, o]
T WHA F IF P F59 SNPsE XAt 3842 polymorphic SNP& 7871 7}

g da o]E 787] polymorphic SNPi= CDSol| 1770, intronel 157§, UTRel 574,

)—U
$ ol
N
ox
=
)
o o
fr
2od
2
S~
o,
ok
oX,

intergenic region®l 41707} EA3FG . & 787 polymorphic SNP % genic region®l] ¢ %]
3k 2970 polymorphic SNPE thdo = IGV oA SNPE &<13}al genotypings $3h¢]

ZefolmE Al sttt Genotyping 75_3’/}, 297 ol A 167H polymorphic SNP7} WiH Al 7
EF(HA, Avs, A7, 23 9E7, S48 fallglo)d} ol WA 5EF(TH, $E, 7, o
w1z, FEREDAAM FEE S Sl v (1 2-17,1819). YA 137) SNP+= 574
F&olM el INDEL F-917F @Qlso] HAo] ofeglenz ojgol tajr= v& ¥
Zefo]m & ARGl sequencingS X es| B darh vk

N

i

— 230

4 Lals o ol s

GCTEYARTTC

GK_CSC-SNP9F.abl(14>645) GCTECAATTG
GB_CSC-SNP9F.abl(7>644) GCTECAATTG
HJ_CSC—SNPQF.abl(6>645} GCTECAATTC
CL_CSC-SNPSF. abl(14>649) GCTECAATTS
IN CSC-SNP9F.abl(1>647) CCTECHATTS

BK _CSC-SNP9F.abl(7>648) GCTETHAATTG
GCTETHATTC
GCTETAATTG
GCTETAATTC
GCTETAARTTCE
GCTETHAATTG
GCTETHAATTG

1% 2-17. SNP-99H mlAE o] 83k 1235 F 9] genotyping 23 GK, &3; GB, &¥; HJ,
Z; CL, Zd#erel; IN, 9135; BK, H; BJ, ¥A3}; SN, Alv=; CK, F4; FG, fallglo;

BJ _CSC-SNP9F.abl (6>646)
SN_CSC-SNP9F.abl (7>645)
CK CSC-SNP9F.abl(11>648)
FG_CSC-SNP9F.abl (6>646)
ST CSC-SNPSF.abl(11>=651)
¥G_CSC-SNP9F.abl(15>653)

ARRRRRRNATY

ST, ME7L YG, 53

— -1
1

ARCELREQGCRR

GK_CSC-SNP12R.abl (18>486)
GB_CSC-SNP1l2R.abl(15>488)
HJ_CSC-SNP12R.abl (15>490)
CL_CSC-SNP12R.abl(15-487)

ARCTRUGCAA
ARCTRAQGCARA
ARCIROQGCRAR
ARCCRQGCARA
ARCTROQGCRAA
ARCTRQGCAA

|

IN CSC-SNP12R.abl (14>490)
LM _CSC-SNP12R.abl(12>493)

LEELEETLLLLL

BE_CSC-SNP12R.abl(12>486) ARCTAGGCRAA
BJ CSC-SNP12R.abl (11>485) ARCTCRQCCAR
SN CSC-SNP12R.abl(l6>488) ARCOCRQECRN
CK_CSC-SNP12R.abl(12>492) AACTROQGCAA
FG_CSC-SNP12R.abl (17>487) ¥ Yo wole e ar-¥-4
ST CSC-SNFP12R.abl (6>491) ARCTRQGCRAR
¥G_CSC-SNP1l2R.abl(23>460) ARCELGETAR

a9 2-18. SNP-12¥ vlAE o] &3t 13559 genotyping 23},

|
™
Q

GK_CSC-SNP14F.abl (14>494)
HJ _CSC-SNP14F.abl (205497)
CL_ CSC-SNP14F.abl (18>494)
IN CSC-SNP14F.abl{(11>494)
BK CSC-SNP14F.abl(17>504)
BJ_CSC-SNP1l4F.abl (16>504)
SN CSC-SNP14F.abl (5>508)
CK_CSC-SNPl4F.abl (15>497)
FG_CSC-SNPl4F.abl (18>498)
ST CSC-SNPl14F.abl (14>534)
YG CSC-SNP1l4F.abl (14>503)

| o s

RERRRRARRY

GEEEEEREEEE] EF:

% 2-19. SNP-14¥ vlAE o] &3 1155352 genotyping 2 3}
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a9 2-171819°14 =AM E polymorphic SNP=  Al&x
kinase. protein phosphatase)®} ¢l R ajo] z2+-gel= Hd2
e A5 ¥ o7&y dAdso] vty BauEdn ¥ o7z a Ay ol 7+
47 R geneW polymophic SNPs® FAFSFATHIE 2-9). R gened] polymorphic
SNPs+= 3 WAl WAy 5G4, Avls, Am7h3 o¥A
polymorphic SNP7} &2 E A THE 2-9). F+ WA WHA 3554

s
=

3

o

3t 2-1

5% %

E
1

N

3
=, 7

5%% 7t = 267709 polymorphic SNP7F €A 5 o). oA ZAF

Zroll

’

76471 2

FOOE ¥

3]
2ol 78719 polymorphic SNPs %ol 4 370 polymorphic SNPs7} #2 R gene? CDS

F=AES s oy, T JHe] SNP= 9 bp F4 202 o] gk genotyping 23}
a9 2-207 2o

1

EEEEEEEEG BN

TOCTIC

GK_CSC-SNP2F.abl(9>400)
GE_CSC-SNP2F.abl (4>401)
HJ _CSC-SNP2F.abl (9>405)
CL_ CSC-SNP2F.abl(6>397)
IN CSC-SNP2F.abl (4>385)
BK CSC-SNP2F.abl (5>402)
BJ CSC-SNP2F.abl(14>404)
SN_CSC-SNP2F.abl (6>397)
CK_CSC-SNP2F.abl(11>401)
FG_CSC-SNP2F.abl (14>406)
ST CSC-SNP2F.abl (7>401)
¥G_CSC-SNP2F.abl (7>401)

TOCTIO
TOCTIO
TCCTTIC
g B el i, B
O
ALY
AUCLIU
TCCTT

UL

|

TOCT IO
TOCTTO
TOCTTO

FHELEEEELEL
oy [HEEdeaaavian|at]

a9 2-20. SNP-2¥ wlAE o] &3

—
)
Lt

9] genotyping 24 ¥}

0. WA, oA =0 o) 83 167] SNPo| )3l genotyping 2 .

1} 7 2} (serine/threonine

e
Wel wAstgom, o 5L

oly
<
o)
O
=
e
=
=
e
&

HHHHEHHHHEHIIII

R geneW 37l polymorphic SNPs% 27l non-synonymous SNP=Z ¢

Met&%, Vale]l Leu®. ofuliwito] mpylo] Fxzel Was Aoz Ao

gene U @@l Aoagslo] N5 E ¢4, dedts 4TS ste=

.

R

2 g8s nE 4= 9t} o] 2 non-synonymous SNP&E ¢1&F 3z

- 103 -




A7 Aot o]= tdoly FH Ay ol FQ3 FHAA Fo styd 4 ATk T
Qo AF wpA RS 9% FASZRE A genotypingo® HA S 1674
polymorphic SNPsel| tjslo] tf& FFof g % &35}

of

3) SSR wtA 7

SSR ®}7]= SNPel Hlaste] o 7F 4 Ha, & 3P BEo] Fjd e dZyo] glof
A B2 vA RS 9ste] dAAlE dEste] AMgE I Uk C osinensisol A 50,8467
SSRso] By vl d+=d(Biswas et al, 2014), o]+ Hy A o2 1464 SSRs/Mb= &4 3}
= Ao x IAHAY. C clementinedl A+ 80,7087} SSRse] H. 1% A tH(Liu et al., 2013).
o= it 268 SSRs/Mb =Ast= Aoz 1, dH o= 957] SSRse o] &3] 18
I F5s Hdsted AL F des 22 =fdA Bustidrh ey Ao U
3, oA 2FAF SSR mAVE & BEHO EAwARA S &8 JleAS AV E U
SNP #xtut7] Ao 2 Y dojxl FFE5 Fd4 HAEE &8st FF8 SSR vHAE
ERAISEA T, A4 O 2 reference genomed W uldte] Z; EFo| Aol SSRS ¥
(3 2-11,12). BRaE F FFolA =% SSR FHT & AFoA B2 79 SSRo| &4
H =, o] SSR W& Al SSRE| HHEF9] 7]Fo] thE Flo]

N

o

rlu

GG F Ao A}

SH
E 2-11. W8 7%5Fol gk SSR 3 ©aE
Motif type CK SN ST BJ BG FN FG
P2 13344 14318 14076 14289 13093 9340 - 14732
P3 8,410 8,728 8,651 8,817 8,209 6,239 9,027
P4 4431 4583 4522 4703 4377 3201 4793
P5 8,179 8,376 8,321 8,675 8,093 5,629 8,793
TTTP6 T Tisoses Telos7  TeLes/ 1666l 15819 126sed 66357
I 2 A 46687 46861 47126 - 48819 - 45801 . 35543 - 49017
P8 16,247 16,401 16,482 17,326 15,971 11,803 17,417
P9 6828 6842 6932 7310 6650 4663 7336
P10 2,352 2,366 2,323 2,562 2,120 1,351 2,620
Total 266,440 269,722 270,090 279,147 262,512 204,313 280,092

F 2-12. oJ®A 5% Fol tid SSR +HHE @A E

Motif type CK SN ST BJ BG FN FG
I S 13344 14318 14076 _____ 14289 13093 9340 - 14,732
I - SN 8410 8728 8651 8817 8209 6239 9027

P4 4,431 4,583 4,522 4,703 4,377 3,201 4,793
P 8179 8376 8321 8675 8093 5629 8798 __
..p6 ] 159962 1 161,247 1 161,657 166646 158198 126544 166357

P7 46,687 46,861 47,126 48,819 45,801 35,543 49,017
P8 16247 16401 16482 17326 15971 11803 17417 _

P9 6,828 6,842 6,932 7,310 6,650 4,663 7336
P10 . 2352 . 2366 2323 2562 2120 1351 2620

Total 266,440 269,722 270,090 279,147 262,512 204,313 280,092
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¥ 2-13. ¥z E7F polymorphic SSR 4.

=R AA vs =@ HEQ Fallglo vs 33
ceeo______Polymorphic SSR 37O 3994
Non-polymorphic SSR 200,982 109,335

oz o w  wAE SSRS uwu] ZF7F polymorphic SSRS ®ASYGTHE 2-13).
Fallglo, &217+¢] wwjx3gtol A <7k @e SSRo| wW=HEAwt 2 7+ o= #
o} g

Zol Agdoz HA _3}7]01]_ wo o] SSRo| EHAlEe] Uhimo] E

(angiosperm)ol| Al F xS sube]l Hl(embryo)7t et ey HF
|

Ap2A] &
Azh(dy, stetE)E B E3 Be oujA(polyembryony) HE EEoA A A2
o

(apomixis) @l 93] shvbe] FAF QFell Al (zygotic embryo) €l o= 4wl (nucellar
embryo)7} sttt FAMl = vl F(ovule) oA vld(embryo sac)S EHME FAEA
(nucellar tissue)oll A Weelm, 44 x40l R wdd oz dHA Ak wehA
T E WS 288 APE] "ol oz duA vk wEkA e ww) §3F
Aol A wgtufel FAWE EgA FEstr] 913 DNA E£AA 7 H e st AR
BAEAE ZE wufdelA el ol FEE S Es7] 9% SSR(Simple

Sequence Repeat) "FAE r=3staix} 8 th

Aol A FAMe wge B 2 fFado HEAE TEstes vdAd SSR mhAE A
7] 9k A @A R Luro 5(2008)°] o&] X 11%¥l Expressed Sequence Tag (EST) 7]wh
o] 417§ SSR¥} Ollitrault 5(2010)°] 23] R 31%¥ bacterial artificial chromosome (BAC)
end el¢ 7770 SSR AEE ARESEATh ¥ B WP SSR wHAE FHE7] 95t
Fina Sodea” Sd|wlEbe]l whohad 3 W ol ik £+ FA A 718k resequencing® Ml
AA #AE EWZ jn silico =S S8l SR 40 /1] vd84d FH SSR A E AE
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stttk gk stEd Shgstdel] gk Wl {FHA BAoERYH FGRG 10 e A
FH wAE ARESEITE ol5 SSR RSl WiE ofrtm s A AV Fs 33 DNA ¢
H &4 (fragment analysis) 275 EOZ oy 7a w0 &b 117 F57te o34
= Holx= SSR whAE AEstdth (A s w A =, @ 1% - ‘Lisbon” #=(C. limon
'Lisbon lemon’); Wrotd 15 - S WERQ] W o-=A(C. clementina), &A% (C. unshiu

'Miyagawa Wase'), 2 ZA(C. unshiu 'Okitsu Wase'), 49135 (C wunshiu 'Nichinan 1
(@)

gou'); Abgole#|MA 1% - S&E(C  natsudaidai); AX 1% - C  sinensis
'Sanggwinelli’; AE® 1% - C sphaerocarpa, +*HC. junos), &= 1w - FA3HC

hybrida 'Shiranuhi’), %7 (Citrus hybrid 'Kiyomi’). SSR vlA &2 oA HAEES 3
HFAow 17 Mo v3dA4 SSR wAE AEstlom, BM-CiSSR-xxx® ™8 7 st vh(=+

5 AAAD.
(A) BMCiSSR-094 BM-CiSSR-111 BM-CiSSR-115 (B)  BM-CiSSR-087
= I‘ - ‘E » - = L = —_—— v g
BJ | ¥ BJ | BJ g .
i ol ot 1|11, S
iz OE
il I T ————— sS4
f | i g
86 Hi ‘|I; sG | s g
e e )| GC
GB
o T = Tocrssss
MR : :I‘ MR ﬂ. 3 v T T HJ
— [ MR ;

= 1
[
suss | g mse—p— T ———= T
BJISG BUIS
o " 7
= BUGC
“ T £ S - e I
BimR | | BUGE - -
"L J\ BJ/MR " |
=i V.- BJIHJ =
..... s e :
BJ/INT

a9 2-21. g wE) g SSR vlAE 283 fragment analysis Al (A) FASH($)x L
A2 F(8) ol 3712 SSR wiAE &85 wikel i oAl BJ, #4138} SG, A
2; MR, = 2; BJ/SG, A 3te} AAdze] wgwl; B]/MR, FA 3¢ =2 wza). (B) ¥
A L )xSFEAF(0) wujzgo A 1719 SSR vAZS &3 wgu] 3 oA B], 34
3}, OF, 2o]t}h; SJ, A4, GC, 33, GB, &¥; H], &%, IN1, 4913%; BJ/OE, ¥4 32 2
ojltte] mztul; BJ/SJ, HF-A13ket A el axhel; BJ/GC, ¥-A13ke} g ol gkl BJ/GB, FA]
sho} FEo] wel; BJ/HJ, F-A138ket S ngul; BJ/INL, F-Askef dd1se] w vy,

W= polymorphic SSR WA EZHH FASH ) x LAAF() wwjA] wzha) A3
of &&7s3gk 3719 SSR wlhAE et o, A ($) x =FLARF(D) wujA] w3
v Fdo] 87153 3709 SSR viA S wEEdnh AEE npAES 7 GSP A9 2

°

ZAE AREAANELRY GRATE-AN 538 Y

[kl
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W), 2AF(F)Als-25 T3 wadl FF D], 3AF(F)vte]l Lo 2l E -2 ZHA
T FENE] R AAR e rte]l @A (F)-Al s ] vtk EF el A4 A
2 e AFS ATt wdl A wguje] %7 Adko] &8ekal JvH(1d 2-21)
"Citrus Genetic Hybrids Detection Kit; ¥ #4 ZAZ S EZAe9 (¥ 2-22) A
21,021,000€0 9] viES FEsFow, IFF wiEo] HH iyt dded. "Citrus
Genetic Hybrids Detection Kit/System | #|3% (&4 Mu|2~ He))S 7d §F ZZE 1309
+dHL e AsH/TE/EF AY o FE7] fldte] e 2Fo] BEME

Azsk ATk 2-23).

%ybnds Qeté'etwn fit

Jfamaﬁ

Citrus Genetic Hybrids ID™ Platform

[y

\ Vg N
Leaf Developing ( Genotyping for  Genotyping for F1 :
parent plants plants
Mae || !
AL
Female .
2/ S e |/
O-DKFI01 g?":““':_ (]
ImmIIZ}EHMWWIZNU:I:m1Mmmm
Oy 27220 2w @ SAbA AlE 2] BEAM B 24 S99
Hybrids ID™ Platform).
| = — =
P = . |ES
VG Citrus Genetic Hybrids Detection Kit ‘?d i b wdﬂmmndeh!bndos genencospara dricos
r Biomedic Biomedic
e Product Description r

= I st angiasparms. 2 singie embovn useally Orepiogs per sded. Howwver, i sor
cedlar i e

cutivars o Gars. masy
Tre

anc s ioem

s
Tharefoeo. the mucefar
DA molecul

i crosaes. Cien
matarsta sl idently nocolr roeys e i b,
- Ineree ker

i< s, LS clonces

e, Wormedis Co. Lid, it

Product Fegtures

= Dy using Hoe St T, Pulymesase which prvides Wghiy sgmelic ssslfication, e chea 4o choan Pt
Fsuits W monsgeific smtifcation e guieasceed,

iryusing

1+885h-111 marka

BM=DK=7001 - 100 bp DNA ladder.

BM-DK-7001G. Inquiry

* Kuclease-iree water
- st genciic DAA-pie it (125 piepd)
For purchasing and analysis senvice inquiry, - Tel {032-218-1515: ¢-mail = infoibiomadic.colkr
Blomedic Co., Ltd., Mugwang-Office Building, 276 Gl o, Wonmi-gu, Bucheon-si, Gyeongsi-do, Korea
Sdences Research

420-852 (Main Office #3908, Life. Research Institute #904)
i ibomedi. caks

o o o e g
iyt st e iy
ATV ———

Ll wans marcades IV ASSB11T

BM-DE=70016

Cansulta
- Flan gamaric DAh-preg Kl (125 pega)
ara comsultas e compra v servicha de andlisis,  Tel * 032-218-15150 e-mail : infodibiomedic.cojks

St oo ks s Bl A 2T Mol B oo o
20:53 i Offe 508, e Scncs ezt #9040

N

(Citrus Genetic

a9 2-23 #E wAgW wd B Mu~
Kit/System, ©| 19 %< 93 Jr(a%) 2

FYEQ "
~5)9l0) (L. 8%) HEA,

- 107 -

Citrus Genetic Hybrids Detection



2) 7+ g P SSR whAle 27} Muk 9 sho) 2g
AAA N BEAGA 43 §F Z2d

AT TS Be 7E EElA wAHE §ARdon, A5H wv) &

NEZF 540 Ad A9Ez 4891 Ad. £R8 4E F949L BAAA 5% =
2 %

ol
Woll ALget7] Aol o s faxelol

o 4
Ho
:°.‘=’
—
o
—_
o,
o,
oy
(]
do
=
)
(o
o
o
ol
ol

2
AE A7) fleke] WA AsmFAel Wi vuld HAAe w38k 101 Ao FAAt
A FollA, 22 A& I, 543 oA ZA P S BT WA 2552 shue] drjd

I
AA7HA =19 A2 T g ved B4 2y geld dHEo] veksk e 1
woll FHLEHA HEFTS BT} olde] By who] w2 Fo fha T1FoA FA
vl A =e] FdaWEs e aFl wel 0 oA (Kishiu’ ®bob ) 1170 FHE R F35)00
A 100%7FA (‘Dancy’9F “Kara” ®rthdl) thFslth(Frost and Soost, 1968; Kepiro and
Roose, 2007). €8S FE2H EWNHC grandis)S AYsta, & AFolx FAE Fdz
aFe &t BRE 52 dHldod FAME 2 uUiel 9 weEold BE T4
AQ T el FAM FHE UM
T A FAH A4S 7 Y-S 2 A AR HE #
th =, sty e wimE Zke FA4h sk Ase T

Had FANME 2 22, s A%d wae} s ol

N
)
o
Ay
=
1o
oX,
A
2
=

[rt

N

N,
rlr
poy
rlo

o
2
i
)
o

>

2

2
ro

=4
3 (genotype)oll A= dojd
o] FTAE whso] WA 5 3l
Al E Zhes F 2k ol Tl
Aol A<=l FAMIE 2l F2H(Wakana and Uemoto, 1988; Kepiro and Roose, 2007). L

=
=
Hdoe 299s HelFe 2579 g fAAYE gedow BRE S Qv

% 215 7 Sl g oA el

Pstarb ruby 3.0 P 6.5 Mx [ 250 P
Grape fruit 18.5 Mx 17.2 M OExE 113 P
44.0 P 0.0 Seedless ARE 6.2 P
13 Seedless 315 M AR} 290 Seedless
Kuraiquat S 30 Seedless se 297 M A SEA] 00 Seedless
Lime atol 0.0 Seedless 213 M SxEC 283 Seedless
7= 37 P 447 M SR 24.0
— SAEE 230 M 8.8 M SxALE 277 P
ez s 157 Mz 1.9 M 56-423 220 Mx
FEVCT-YEY 110 Mx 20.0 Mx $1129 0.0 Seediess
7| FEuz 10.0 M 25.2 Mix ZLjojojzt 93 M
ZEE 127 P 16.7 Mx FENCE! 57 Mx
L Hp 0.0 Seedless 18.5 Mx 22Xt 3.5 P
SHAL 5.3 P Sour orange 23.7 Mx H[E 0.0 Seedless
glo|x| 16.0 Mx 26.2 B HEFH 10 P
SHE 10.7 Mx 184 P Tangor £ 0.0 Seedless
== 0.0 P 20.3 Mix el 6.3 Mx
gz 110 P 15.0 Mx TR 0.2 Seedless
wHeE 3.0 P 1.0 P RES 0.0 Seedless
IS 47 p ] P B2 0.0 Seedless
o 0.0 Seedless 0.2 P He 0.0 Seedless
Mandarin Huoprhifdls 0.0 Seedless 0.0 Seedless. of2f 5] 0.0 Seedless
EEERN 19.7 Mx e 0.0 Seedless D 0.0 Seedless
e 45 P 9 3.0 p | 2et 103 p
Sop=Ez 20 P 0.0 Seedless AELTred 03 Mx
RE] 143 P 0.0 Seedless Tangelo Aol= 130 P
EREE] 167 M 0.0 Seedless AelEAza 14 Mx
Wo[x| 0.0 Seedless 30 P 8.0 M
B 207 Mx 0.0 Seedless 123 P
e 33 M 0.0 Seedless . 18.0 M
e 137 Mx Satsuma mandarin 0.0 Seedless Unelagsified 63 Mx
== 86 Mx 0.0 Seedless 143 M
sSFEYY Za P 0.0 Seedless
2k SZHAE 13.5 P 0.0 Seedless

671 A& 2wl &Foke 1] F5o Ui uddd HE2EE S AA2ek 17719 SSR

ofr
20
¢
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WAE o g3ke] Ml3-tailed PCR WA& ol §3kel 101 A9 4@ FAAA] e 4
A FARGHE 16). 2ol AGH Aol dal 72 vhAd P s g sad
o]  “F(allele number)= FHA  5/H(BM-CiSSR-087)~#dl  1671(BM-CiSSR-162) %1 t}.
BM-CiSSR-162 ©}7]7} 744 =< tagAe 7hxm, 7 o7l tiggAxte] @7]9p $=
3 160 B skslvt

of!

3 2-16. 177] polymorphic SSR v}IAE o] &3 1017] #Z= FAXLY] F33 224 (oAA]).

:::)r:: Species/Cultivar name 2g BM-gsigSR- BM-(?;?SR- BM-(()J;?SR- BM-ggifSR- BM-1C;§SR- BM-ﬁ?SR-
C. aurantium x|z 154 189 152/166 268/277 198/206 141
C. sphaerocarpa FtEA 145/156 184/189 152/156 271 192/204 141147
C. natsudaidai sl= 154 184/189 152/156 271/274 198/203 140
C. natsudaidai 'Whanggumhagyul' sasta 153 184/189 152/156 2711274 197/203 140
Orange C. sinensis 'Yoshida Navel' 24 & 165 184/189 152/156 271 198/203 144
EGRVET
C. sinensis 'Valencia Late' - 156 184/189 152/156 271 198/203 144
C. sinensis 'Shirayanagi Navel' o s 155 184/189 152/156 271 198/203 144
C. sinensis 'Fukuichi Navel' 24 & 155 184/189 152/156 271 197/203 144
C. sinensis 'Morita Navel' AEYE 155 184/189 152/156 271 199/203 140
C. sinensis 'Sanguinelli' Ak g 155 184/189 154/156 268/271 198/203 140/147
C. sinensis 'Suzuki Navel' e:R=4E (=3 156 184/189 152/156 271 198/203 144
C. sinensis 'Seike Navel' M4 & 155 184/189 152/156 271 198/203 144
C. sinensis 'Tarocco' El23 156 184/189 152/156 271 198/203 144
C. sinensis 'Hamlin' stal 156 184/189 152/156 271 198/203 144
Citron C. junos 'Tadanishiki' CHE 3 145/151 189 152 271 192/206 140/147
C. sphaerocarpa exs 145/156 184/189 152/156 271 192/203 140/147
(T2F )
Unclzssifie Citrus spp. ‘Inchangkyul’ olAE 150/155 184 152 274 198/206 140
C. pseudogulgul =323} 156 189 152/154 271 198/203 1411144
Citrus hybrid 'Okitsu no. 46' SX46 152/156 184/189 152 2681274 198/203 140
Citrus hybrid 'Okitsu no. 47' SX47 154 189 152/156 2711277 203 141144
Citrus hybrid 'Haruka' SI27t 158 184/192 152/156 271 203 140
Allele No. 10 5 6 8 9 8

Home i fel ‘Fg ARESHTE HluA S 9 defd AN FFoRe A
7’ ‘o3| vl 28 (Citrus hybrid ‘Ehime Kashi 28 gou’), ‘stelslv]’, g o2 ‘A s’
I SFEE AFESATE 4 w2 AR SRR (el @S Holw A 0]
G013 mAE gy 2ok AEIY x ‘WHEly - BM-CiSSR-032, BM-CiSSR-100; ‘&}

n’ x ‘whlf’ - BM-CiSSR-032, BM-CiSSR-073, BM-CiSSR-077; ‘=u}’ x ‘Rhul{’ -
BM-CiSSR-032, BM-CiSSR-159, = BM-CiSSR-115b;  ‘#lo]#" x  ‘@bd{ -
BM-CiSSR-077, BM-CiSSR-115b; ‘Al®=7} x ‘B¢ - BM-CiSSR-032, BM-CiSSR-100;
A x AlMET - BM-CISSR-013; ‘oléldl 285" x ‘&#t%’ - BM-CiSSR-012,
BM-CiSSR-087;  ‘stelslvl’ x ‘&% - BM-CiSSR-012, BM-CiSSR-013,

O
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BM-CiSSR-087.
7} wejzgdd e gdAd SSR vAES AFgste] wgu] o RS ddsly] 93
(genotype) A& St Ay vl FFES AR oZ ARESE 57 ww gt

z
AIEZE x W ez gkell A 1), oA x bR auj kel A 3789wl

QAEATHE 16; 27 24, 25). 2} FFl x WAF, i
o e Aol ASE RE A A miME BT + QATHE 16). W,
, x (S, FeAE x

g E5e AR or AR AR x AvE, fdlsm 283
X

R 2*16. 2] w2 4 F1 A% 59 W3] polymorphic SSR "FAE o] &3 ar sl

WA €2l P, polyembryony; M, monoembryony

| Embryony f o | | No. of tic |
Genetic Crosses« | B | Used SSR markerse | No. of tested plant- | o9 g(ﬁ:ne €

female plant- | hybrid«

I—— e - - . o ' BM-CiSSR-032- | . : .

| itrus hybrid 'Setoka’ x C. maxima 'Banbeiyu's : | BM-GISSR-100+ f 7

;”C"Ftr&é’h’\’ri’)’ﬁd"Héﬁjﬁii"”i’ﬁ’?ﬁéﬁfﬁa" ......... T S S SEETEE T T e 5

C. reticulata 'Nova' x C. maxima 'Banbeiyu's i Pe BM-CISSR-115b« 98« 0« ;

BM-CiSSR-115b+

| C reticulata 'Page’ x C. maxima 'Banbeiyu'- | P- | | 48 3.

| g | | BM-CISSR-077- | E

" Citrus hybrid ‘Seioka’ x C. maximas P T BVILCISSR032- | 545 I 0>

| Citrus hybrid 'Kivomi' x Citrus hybrid ‘Seminole™ | Me | BM-CiSSR-013- | 5 R 5 ]
. IR s S
| Lhimekast | M 5« S5¢

| 'Orlando's | | BM-CISSR-087+~

BM-CiSSR-012+

Citrus hybrid ‘Harehime' x Citrus hybrid 'Orlando’> | M= | BM-CISSR-013+~ 5 5«

BM-CiSSR-087~

oA x o WhRT wwjEghelA 378 A=A aze felE ddEgled,
BM-CiSSR-115b7H71 2 #F39 &4 #3838 A3, el ddfda J=a7r A o
QAVH(3TH, 459) Lgl AT A JATE0). ol 3702 A &A1 7F a gl
QiAo RS X ISSR-077vHA = 49 242 3% 2
40 7 459 A=A e 78‘% A R HYFAAE A s e #AdE
AAT. WA, 37TH A =Ae] A5, HEd 27H~‘4 HHF A SollA st Azl diy
A dAjst ot e shuhel EH A AR 2l EAsHA = A
& WHF 2R BM-CiSSR- 115b‘474E o]-&3%k 40¥ A&

o
a
FAA AESE W, BM-CISSR-07774A ¢ 4% At s g ats

L:_\O;
=~
o
ol
N
]
ol
2
o
=
O

!
N = shhel A Aol 7&%5101 %544 F(homozygote) .2 kst 4= gl o (19
2-25A), AAE= HHFAA7E ol E A H(heterozygote) FEIE EA S
=, Ao Al BM-CiSSR-115b &9+ % A5 d A=
H+A2H(null allele) FElZ EA5t= Aoz Asdr welbd F & dHFAxE

> 2
24 Mo
e =2
41 oz
Pt N
=

L
gl
=
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$-Al(gamete)2He] FA4 & fraefid F1 2 =4+ BM-CiSSR-115b 2] (7}7) <l W
3 shExel i fAxRe] HEH Y, BM-CiSSR-077vFAE o] &3k 37 A &ZA9] /3
g A AdelA AR sEzle] EAeHA %¥v AR "R A=A
BM-CiSSR-0772 27] &71(AT)7} HbE-5] = SSR wl7ld], 37 A ZA|dA] A2 Zd3h
AHF A SRR e Ao didfdAtel wa) 478 @717 AAY #Zol(aE
25B). SSR Wel= Adgd 4599 10°710°9) Fx2 dojuhn, o= duld s
dol e H EdWol(point mutation) =] HlE W9 =S Aoz AR JTHLI et
al., 2002). SSRe|The £t/ REE 9] ol lojAe] Wstrt A1, SSR ¥ o]
(Rl o] F7F & 4o 8 7122 DNA A3 DNA 7hee] w1z 3]
(slippage)®} DNA 7} Afo] <] ZHZ:%L(recombination)ii 4 A QUL et al, 2002;
Ellegren, 2004). BM-CiSSR-077 3 z}t9lel disl] 374 A EAANA A2 digFd2te] =
A2 wl¢-A B AAAAM A7 F 7HA 71E T sl oel WA Ao AR ETh
e oy S AERow ARES wujxdtelA fHlgk F1 A=AEsel e
SSR A E o] &% #HE & Hlo] o3k thujd dAo] wHlSF E&S
dAA 8] "ojmy b S7He AR ES AAEte] Frh ok

RIS ] =
A u}ﬁw SSR w72 #ad wg BEe 5849 BASE AAE THaEd 9

ul

l:l

(A=

EM;'E s
i R

(E]'E A
- e D

— F1zygotic hybrid

g 2-24. ‘AEFY x ‘S wa] g A BM-CiSSR-032 v (A)9F BM-CiSSR-100 v}
B)E ol&3 #4438 ¥4 A3} Female, AHHI(AEFF); Male, 3HEZ1(WHF"); F; zygotic
hybrid, AH 21 3 g0 gl gfdxtE e wgdd, stdie AE5d defda 925 v
E} .
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- - =

- Female = Female ¥

= s v T T ‘_ ] e ‘ - r-_.l.-;- T

= Male 4 = Male .
Ty il T e - - S

= F1 zygotic ybrid 837 ” = F1 zygotic hybrid #37 o o
T T e T B -

i . . _ - L~ L 1 L 2 T L J - - - - - I( - I.{

— F1zygotic wbnd 840 o = F1 zygotic hybnid 240 |

= Fizygotic mybrid #45 7 ~Fimecmonams . IF

. L =i - I M

.....

29 2-25. o] A” x b iz etel A BM-CiSSR-115b F71(A)¢} BM-CiSSR-077
ABE o1& FdF A 23 Female, AHEI(H1A); Male, 32 (RHF); F
zygotic hybrid Abg-31 39 k231 o] i dAE 2t wghal, st is dad ddada v

a5 ek

o
-

LAEAE NEetr] 9t (AL ZHE 9 A FFQ WUl eHMN), #HYujel
(BB), AW =(SN)# 239 7F ofd AQEXAZH(SS)S Alewol 44 E4& FdsAd
T4 AE gH+ Mlumina HiSeq Z#H %< ©]&3ste] F3d3t3) o™, Illumina HiSeqell A]
Aol 7 readsE WA O R qualityE FAFSFIL readsZ trimming3F A tF. Reference genome
o2 AE¥  Citrus clementina (Phytozome v9.1: www.phytozome.net)o] reads&
alignmentd}©] reference genomes WArSo 2 7+ #FH consensus sequences ZHAJ 3F$3 Tt
F35H oF 33-34x A= 9] reference genomes AT AL FAA HARUIS SR
AAE reads?] quality® SolexaQA packageE ©]&3}l¢] trimming 3 &, FFTEE 9
25-26x A= reference genome= AW AL FHA AHE FFHoZ FHIAT

(3 2-17). o] AHYFE EZ1 reference genome? 94% oS 7AWsto g Bxt nul7] 7
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Ho
= =2

slahe] wo] wA
($8) shpoluz 7]

reference genome¥} H| L3} o]

==
T

AMZ o] reads® 90%7}

40%-60%%+ &4 g SNP typ

o vy FE

SNP

A3 SNP type% [RR=RNES
e heterozygous SNPZ /A THEE 2-19). HF, 23

ATHGGE 2-20).

E

s 2%59

¥ 2-17. Trimming %9 F4A AR do|H.

[e]
A58

S FYSATHE 2-18). TS HA e FFol AYELEY
| 2 AFZZAEqA R HEy JHACK) FF& X33
33 SNPE F=35+9 . Reference genome®| mapping ¥

homozygous SNPz} &}l

Sample name

No. of reads

Avg. Length (bp) Total length (bp)

Trimmed/raw

Genome coverage*

53,696,252 93.01 4,994,042,255 80.89%

_______ MN  s3ev2s2 8319 aerporaor  7a3en 2T
BB 55,912,620 93.05 5.202,723,438 81.06% - 26.83X
___________________ 55912620 8303 4642398481 7233% O

55,751,090 93.09 5,189,756,814 80.91%
_______ N ss7s1000 8338 aeasasaes0 7247 oS
ss 54,452,596 93.27 5.079,024,937 80.54% £ 26.15X
54,452,596 82.94 4,516,313,101 71.62% )
4 ea 439,625,116 88.12 38,739,918,783 76.52%
# 2-18. Reference genome®| o3l reads mapping 2 3}.

Sample No. of total reads No. of mapped reads Mapped region* (percentage %)
_______ MN 107392504 86059978 (80.14%) 280,403,556 (95.00%)
_______ BB 111825240 87195417 (77.97%) 286546457 (97.08%)
_______ SN T TTTTI11502,180 T TTTT8BEAL673 (79.50%) 279952511 (9484%)

SS 108,905,192 85,061,650 (78.11%) 277,461,526 (94.00%)
¥ 2-19. Reference®} vl 4 A +4 S &3 SNP o= 23
Sample No. of total SNP Region Total Homozygous Heterozygous 7| E}
CDS 193,702 46,062 82,233 65,407
Intron 300,656 75,323 123,878 101,455
MN 1829362 UR_ 76852 19585 29869 27,398
Genic-region 550,160 136,089 227,038 187,033
Intergenic-region 1,279,202 458,146 365,850 455,206
CDS 211,499 22,876 99,812 88,811
Intron 327,109 35171 151,836 140,102
BB 1929155 UTR 83649 9247 37167 37235
Genic-region 599,006 65,030 277,651 256,325
Intergenic-region 1,330,149 259,541 431,685 638,923
CDS 209,590 47,814 90,593 71,183
Intron 321,774 75,987 135,624 110,163
SN 1951697 UR_ 8232 19314 33086 29922
Genic-region 590,933 138,259 249,283 203,391
Intergenic-region 1,360,764 459,142 405,220 496,402
CDS 212,949 56,697 87,273 68,979
Intron 327,066 90,692 130,141 106,233
ss 2027582 VIR 84745 24467 31694 28584
Genic-region 601,370 165,756 239,304 196,310
Intergenic-region 1,426,212 626,273 335,040 464,899
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F 2-20. &y oF W EY] FF 1F SNP 2w At

No. of SNP loci. H| 1 =8t Polymorphic loci* Non-polymorphic loci*
____________ CKvsBB 44220 91380
. CKvsSN 655301 S 985067
3851837 . CKvsMN 729630 938257 .
____________ SSvsBB 624062 822945
CK, SS vs BB, SN, MN 30,189 158,705
3 FF v, vpyutel, AlvlE, S dERIY HE T FEQ0 A, AYEAE

Fo] A7IALEE IGV ol A vlaste] 24789 SNP Aol thste] HRM 4§ Zefolw
S AZstAnk. A#E vtA= 9702l CDS A2 4719 UTR, 9709 Intron A9 1¥
Mol intergenic A9l $1X8taL Arh(Am WA A, A ZE wpAE o] &t HRMS 5
s A7 Melting Curvesoll Al 9719 wt#(38%)7F -9 ¢} vl ST 2719 1FO = oA
ARE vEfdo] &3 #A wAR MASFATHE 2-26).

s

Hormalized and Shifted Melting Curves

—— Afi CH_CRP_S75Primer B 55_CRP_STSPHimer —— CB: MM _CRP_STSPH D BB_CRP_STSPH
—— EE SN_CRP_575Pri - FE: CL_CRP_S75Pri

100,000
90,000
80,000
70,000
E0.0004
50,00

40,000+

Relative Signal (%)

30,000

20,000

10,000

0,00z

77 775 78 785 79 735 i 05 il s a2
Temperature [*C)

o

19 2-26. Terpenoid cyclase protein (Ciclev10006575)¢] SNP7} &3] 1&3 H| I I1&
T3S HoF+= HRM A4 oA
2) &9 @4 Ay F1 SNP vt e wu) B e 24
<9 FdE A¥ FH SNP A o] vl EEjFdole] A& Jhe ofFE &yl #18
of GAlE o= E o3| M285 (AH28) ¢t WAH(BG) w3 2 671 F1 A& (&3] A% 3
A-11G149, 11G209, 11G232; W13 A%E 370-11G110, 11G126, 11G229)9] 9 A 52 A&

walth Ageld dEEew F3 AE Mo MG vET AE AfExxY
($9)& A3, FEAYS AHB BG A% @71 2@ Agatith 47 Ans

ZHH genomic DNA £ F&3t9] 97 SNP %X vlAE] i3] HRM 4S5 $3313)
ok 97l el wA FolA CRP-HRM-Ciclev105220-2 vFA 2] 4%, v 3] #FF
F 370 vEY AlE, &3 FE20 vuledst 3 29 ATE e
2-27, 3% 2-21). W2bq CRP-HRM-Ciclev105220-2 vlA = o3| w285 2} W7 wnj =3t
A A 7] el &8E 5 e vilE ddEY ¥ B2 TE
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Normalized Melting Curves

— E1! S5-CRP_220 2 ——E2: MN-CRP_220_2 —— E30AH2E-CRP_220.2  —— E4: BG-CRP_220_2
—— E5: 11G149-CRP_220_2 EE: 11G209.CRP_220_2 —— 7 116232-CRP_220_2 E8: 11G110:CRP_220_2
—— ES11G126-CRP_220.2 ——E10:11G228-CRP_220 2

100000

90,000
B0.00H
- 70.000;
% 60000

g

@ 50000

ve

2 40000
2
30:000
20,000

10.000H

o.00

@55 8 @85 87 875 88 B85

g2 825 & 835 84 845 65
Temperature [°C)

a9 2-27. CRP-HRM-Ciclev105220-2 vtAE A9IEZAZF(SS), 7Yl L. gH(MN), of 8] H28%.
(AH28), HW7HBG)H o8] M28ex 7 wujxd F1 6 AlS(11G149, 11G 209, 11G232, 11G110,
11G126, 11G229)°ll #&& 2.

TE " 06575 | 20042 | 23578-1 | 05787 | 105220-2 | 22253 | 16841-2 | 9-30375856 | 11841-2
E3/A%

1] g5 2P E AT 1 2 2 1 1 1 2 1 -
27 w ] @ 2} 2 1 1 2 2 2 1 2 -
B of| 3] M| 28 % 2 1 1 1 1 2 1 1 -
- i fdy 1 1 1 2 2 2 1 2 -

11G149 2 1 1 2 2 2 1 2 -
27 11G209 2 1 1 1 2 2 1 2 1
11G232 1 1 1 1 2 2 1 1 -
11G110 1 1 1 1 1 2 1 2 -

H] 53] 11G126 1 1 1 1 1 2 1 1 -

11G229 1 1 1 2 1 2 1 1 -
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N
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Au)
z
)
2
%0
2
Ry
rlr
iy
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2
off

M

ﬂfﬂoﬂ/ﬂ FaAQ Aoz yetwgn dAA o2 F 11,90074 ﬂOPOﬂ el 2282 6%
720707 &FFElow, 4uid 18702 & A el el 0.15%, &Egrol el 2

e, Zivets & Aol s 0.03%, &2fel tsl 0.56%= YERHII o5 A=A

2o A4 ¥ 6-49F 2o

h

X 6-3. FE HF ZFo|3 2/ HA A L vkeA HE F Axe] waAd HUk
_ = et RN I I
e % min A | deks 9X | Chimeric | 4X TAE

10 400 47 47 - -
0.1 20 500 39 39 - -
40 300 5 5 - -
10 400 28 2% - 2
- 0.2 20 700 34 34 - -
o 40 300 3 3 - -
10 300 9 9 - -
0.4 20 400 3 3 - -
40 300 1 1 - -
27 3,600 169(4.7%) 167 0 2
10 300 53 56 1 1
0.1 20 400 32 32 - -
40 300 12 12 - -
10 400 36 35 - 1
I i e e
10 300 11 11 - -
0.4 20 300 6 6 - -
40 300 2 2 - -
27 3,200 208(4.7%) 206 1 2
10 500 53 44 1 8
0.1 20 400 41 36 2 3
40 200 14 14 - -
10 300 31 30 - 1
o 0.2 20 300 28 2% - 2
e 40 200 8 8 - -
10 300 7 7 - -
0.4 20 300 6 6 - -
40 200 1 1 - -
27 2,700 189(7.0%) 172 3 14
10 400 40 40 - -
0.1 20 400 32 32 - -
40
10 400 43 43 - -
i 0.2 4218 400 %5 25
10 400 9 9 - -
0.4 20 400 5 5 - -
40
27 2,400 145(6.0%) 145 0 0
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S Ale] 20154 HAEA,
WA A [ Fate 3 (e) % (Brix) AT (%) A

1 2 - - - -

2 2 198 9.8 0.7 9

3 2 - - - -

4 15 192 8.7 1.1 0

5 23 86 10.7 3.9 7

6 2 77 11.7 1.1 5

7 5 73 11.7 3.5 2

8 10 78 13.3 3.9 9

9 25 69 3.2 1.6 14

10 14 60 13.4 3.7 9

F 6-11 ) 20169 HAEA,

W Hj A A8 AP pa 1}3(8) &= (Brix) AT (%) rord

1 2 122 10.8 0.7 17

2 16 187 12.7 1.6 0

3 2 363 14.9 0.8 0

4 4 207 14.4 1.0 0

5 3 218 13.3 1.7 0

6 6 255 12.3 0.9 0

7 11 164 14.2 2.0 0

8 1 58 9.6 1.6 9

9 4 47 9.8 1.5 19

10 5 59 11.6 1.2 8

11 2 138 10.7 0.5 11

12 1 117 13.5 0.6 0

13 2 217 11.5 1.2 0

14 14 50 11.6 0.9 8

15 6 187 8.4 1.1 18

16 5 78 9.4 0.7 7

17 1 92 11.8 0.7 11
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