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SUMMARY

Citrus fruits are originated from the eastern part of the Himalayas and have
been grown by human beings in the Americas, Southern Europe, Chile, and
other countries in the world, including the East Asian growing.

In Korea, it was an important friut that was cultivated in Jeju Island during
the Three Kingdoms Period and exchanged with various parts of the Korean
Peninsula, and was considered as central government present during the
Joseon Dynasty. In the early 20th century, the Onju variety, which was
introduced to Jeju Island from Japan, began to grow, and in the 1960s, the
Onju variety was sent from Japan to Jeju by Korean resident in Japan, which
gave the chance expanding the cultivation of Citrus fruit. Crops are grown in
earnest only when they meet the two requirements : usability and suitability
for cultivation, and they form a distinct product of breeding. Compared to
the fact that citrus fruits have begun appearing in Korean history, it is only
recently that the government has begun to launch the breeding programs for
the development of new variety around its citrus test site. The introduction
breedings, which imports the previously developed variety from outside the
region and selects the appropriate variety through an adaptive test, is also
seen as a form of breeding. However, the individual characteristics of the
individual are different maternal and paternal strains, forming a subsequent
pool that has a new genetic combination, adapting from these to the local
environment. When developing a variety of species, such as mutant breeding,
which induces variation and selects suitable individuals from a mutal pool,
and applying the breeding technology to secure legitimacy to developed

strains.

One important characteristic of understanding citrus fruits as a breeding



material is apomixis, which is the ability to produce fruits from cells derived
from the mother without the fertilisation. Depending on embryony Citrus
consist of two clsass one is monoembryony it give mono shoots the other is
polyembryony has multi shoots.

C hybrid 'Shiranui’, also known as “harabang,” was introduced from Japan and
grown in Jeju. It has polyembryonic characteristics, when the culture is grown
with a immature seed, resulting the plantlets originated from the nucella
embyos. |

A study on the characteristics of the genome analysis of several varieties, the
study of the characteristics of citrus genes, and the development of the gene
analysis technology such as NGS was performed. The, information on the
genome was revealed in NGS for the generalization, the selected systems, and
the strains developed by the method of selection of variation, and the

information on the variation was analyzed.
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sldetope] FHolA 7]AT, EFE U A (miocene) F7]0] FotAotE A w
H Aeg AAXI flom, Fxo FHEA A WHH= 7] 2R A
Xie S. et al, 2013)% Z+EFo FAA G W3 @ A (Wu GA. et al 2018)S
o] o]F FAsta ot o] A AAH Z2] A (pliocene)dll= LA ofuof
A g 2ol AFEol exdde ol #ele] 7ol HAvk(Pfeil, B. E.
et al 2008).

e AFel ol AuiE7] AZE olg Foprlol A HE EIE W=, HY
s otilEl7l, ERFHA otz vt, &5 5 AAACA A A=

Al A ZEo] HIYW. FmolME, A=A ofHFE AFA Aol o] A
HiE L e Aew FAHI low, uHAdds dEe =AML= P8t
ATHALHAAL AIZFAA7). ZAA = AFdA 24 BRE AYEHE F8 F
T 59 uden FEHGEmAA A-S dele A2 AHEE wE AsH
AAXNT (A E 14139). AFAH =A4 o & FACRE)S e AAHL
2 #get AuE st oH, AFe 2UuFE &3 3 A= sidA g &7
Ae T A e AR =Y AT (T AE 14139). ATl AuiE
AR & AW 1), FAWT), SBZFWER), FELH), FE(HE), 52
), A= (lE) o, BE(HE), A2 S0l 734 282 7 59
o Aui = AHAH T T 1472'9).
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A7t G AFY xR HF2 A28 AtHSong KJ 2013).
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gom, stZe Holx 2 WHd &5 stEd 2F UL A9 JHA Wl A

A€ gz Fol WA LARI, FRVIBAA FFTOE SAHJG
(Park Y.C. 2011). 1991'd FEXFH FHFdTa FAEAEZ] A HUA, 24
ARl =7F &8 g FF Mol AREHIL, &F vt 439 Fo 7E AT
Zrell wuf7h o] FojH ek ook Al A HWA 71E FE AR A A WOl
742 AT 37 % WolA B AYE AAHORE o|Fo Hoh 1 A
FZo shES mujste] A2 A FARFE SHE ZAY(Yun

H. et a = At Ae AlZo = F3F(Park JH. , By E((Par
S.H 1 2008)S AdHgl AL A|Zto = F(Park J.H. 2007), ¥4} B ((Park
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A A2 F9 /o]
EAANA  #AE Axwter IRV IAHe  FE AN SR
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@e AALE SRl E, 7 A fle X SOl 2ol A
& o= A FAHo] dojues S dFoH, Ao v Fa3 54

o|th(Okoro P. et al 2011). fH&e] 4-¢-= &9 A4 ofsix <dvjE #H&
o

re
Y
ot
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(o]
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Y
-

Ao, A7t Baldol ALY, SAEY 5o AE B gE AlTo] Auz
=2 utgrAsty, 2 @A4dol ¢ He FEA(MHE Tseedless) Al T AEL ST

T 537} 53 Jth(Vardi A. et al, 2018).

M2 SA7F 9442 W Aoz FAH= A (£ Izygotic embryo)$] ll
vl (I Bovule)®]  FAA Z(EOMIBnucellus)o A Freid FAENEROI
nucellar embryo)E &4 & < 3, FAH FAH oF we, FA el F4
vl @A glel Ao 3 AHedwl AT ol FoA = SHl A (M
mono-embryony) FF 3 3 7He] ool FAujel HwlE o] FolA = vl

(% MtE:poly-embryony) &2 U= 4 Ut (Table.1)
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Table 1. Embryony of some citrus variteis

Gl 4 FF(Monoembryony)

o4 FF (Polyembryony)

e

A

aujAE -

AW

g8

ZAAT 2 499

s old g

C iyo "Myauchiiyokan’
C. reticulata
C grandis
C pseudogulgul

C hybrid 'Nishinokaon’

C hybrid 'Ehime Kashi 28 C hybrid 'Nakou” X C hybrig

gou’

C. clementina
C. hassaku
C hybrid "Harehime’
C hybrid "Kiyomi’

C hybrd "Tamdo 3’

ozt Wold

“

C dementina X C. hybryd
"Tangelo’

A=}
Eug

A =F
C hybryd ‘Kiyomi” X C

sinensis 'Trovita’

’Amakusa’

A=}
=

[e]
DEER.

C hybrid "E-647 X C. unshiul
C unshiu’ Miyagawa Wase’

X C sinenesis ' Trovita’
C hybrid 'Kiyomo” X C

reticulata 'Sunburst’

S Ea o R

AR E

dgolx Z2E

w1 &2}

A ol el o] &

H Y Bl

C hybrd ‘Mubong’
C hybrid 'Setoka’
C. hybrid 'Tsunokaon’
C grandis
C limon 'Lisbon lemon’
C sinensis "Yoshida navel’
C paradisi
C hybrid 'Minneola’
C. sinensis "Valencia late’
C. hybrid 'Benibae’

C hybrd "Tamdo 1’

C hybrid’ Shiranui’” X C

hassaku
C hybryd 'Kiyomi” X C

sinensis 'Trovita’
C hybryd 'Kiyomi” X C
unshiu 'Okitsu Wase’

A 2l FF

=

C paradisi 'Dunkan” X C
hybrids "Dancy’
4
C unshiu ‘"Hayashi unshiu’

X C sinenesis
C hybrid 'Kiyomi” X C

platymaninma

¥ Data Provided by Park Y.C.
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A wiFe AMZ(BEMMsomatic cell))] FAAEZZHEE FHEo X th(Hand
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Figure 1. Formation of nucellar seedlings during the seed development in

polyembryonic citrus varieties.
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TR AEE 7HA= RbgA] 534 24 Aze Ho] st} (Forster B.
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A1 FA 3 FAE HIAZEEH ¢ AT AT 2 54
11 A &
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ZE dHA 9om, 1990 2 G E o)A
T T WEAYA 7A 28 A= dok. EX| 3=
1972d 48 YW EERFR) AR FBFAAE dFARE TR =R(2
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3 EX (B3 ¢ C reticulata< FAE et SAEHZ] AlFStRT @ =7
12 F31, Fde 253 HAS FAeH, AAS W7 43, /7Y FFol
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&3k A

FAsk= A 24 B9 olle}, e 8] A 2FEas £ &
A eJAA Y EAS 1Tzt 9o, 55 &AAEA JHA7E AY AR, 2T
T ATl osta, thHlAdel Aol Slo] FEIA} RE BTN §F LA=
o] &st=tl 7l=ZlQl Aol wWEG. olT FHoE B, FAFHE ol &
g oe] FFo] EEI e, XA aHdAdEAAS AEA T4
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Fol FUell A MLEAT =3, FAste] §4 F71Ql dRoAE FA S]] A
Wt HE: C natsudaidai 'Shinamanatsu’) SHt-< T3t Ao FA4I4|
2 AP AB4E (e Fik34+5: C hybrid ‘Sagakashi 34 gou’)$} F-%| 3ol o
EMurcott : C reticulata)s w¥ste] dojx FAw) FF<Q S =FEHIEE: C

hybrid "Hinoyutaka’) 5°| 1t}
AFAGe] Fd FA3 A Fed AMs-2 Al 2HoA, A= v =
EA 349 ol FAS FF AATE £UHE FAZo] & o]FoAA ¢kon,
27127 AT ezt &3, dEuvt 4o, A7t gl dojur] o
ZE 7ML don, oot dF RE Ay HE AMEzdiE EHG
22 FE WAsE =80 4 7137 AFHY] g2 Aew AAZG. v
olus dH, o] A% vE F

Fo| BRI QA Y AL Bom, olF WobAA RA A4A 4A

w2 A ZAA = BIHE A EA FAdo] A

, EEs T8 FA4E WA <3 ATE TolA

al
253} Bgo) taw, 717 20 RAs EEug we AEE Adsn
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12 Alg 9 Wy

121 WAEFA 73 A3 AT Y
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Felot 2718 2elste FAS AA2RYH s FAE AFSH A2 &
< AAsta, MS HiAE 7|EoE 54 TEE X (NAA 01Img/L, Kinetin

i

1mg/L, or NAA 0.lmg/L, BA 1mg/L) 25C, 12/t HEF71olA viSAE
ESGTh o5 wiEd HH4E T HEAR 43 A7, £35E
AE Z3Hhardening) FAHL AA B HEFozA MY RRS WE
o, ol& TR AAste, AAH= Ao A4S AT

1>
lo o

S

122 A% A% Jun SH2A

A ge} BAge vHEEARRE fUB A% AT TehEe Y 54
sy Satel, AAEA BT £ ARZANA 20159 9ARE 129
AR 2wk dule] shme] td Aol ulel FAU@EHKIE TAY YL
olgalx SASNAT. HAse} TehEd 247] 10719 AujE vY 159 AF

LT dviE S8, AT dArt AR AR I3 TRl =

i

B3 nAeEA woEAdA SuHE Audel BExsdA X7 2y g=
s A A A AR FAA FF D FA vE EASATH

Tt TEA(N-1Atago, Japan)® EA81% 1, F4-& 01N NaOHR 2 %8}l
TAdo R Baksle] AMSAT freld FHL AFT AR 1558 50% ACN

50 mLE 7}ste] 3083t 253 F2(33)) stk FE2EL E4xd4 ¢9=
& A% oS Sep-Pak C18 cartridge(Waters)E %

membrane filter(Woongki Science co. Ltd., Seoul, Korea)=
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HPLC(Waters 2695, Waters Associate Inc., Milliford, MA, USA)Z #4319t}
4 298 Prevail™ Carbohydrate ES(4.6x250 mm, 5 um, Grace, Japan), A&
71+ ELSD, ©|& 2 2+ acetonitrile¥} 32} S/HFE 7302 E335t £9 0.8

mLe £E2 olgAAY fYT FFL TR Az AH4o BFEEL

kd

(Sigma)= HPLCE #£43le] A2 FEFHO2HE Ao

714 B8 9% HPLC =3& Prevail™ organic acid(4.6 x 150 mm, 3 um,
Grace, Japan) Z¥ g A83te] PDA 210 nmollA AE3IH oW, o] o2&
pH 252 2A® 25 mM KH,PO, §94< 5% 05 mLe] £5E2 o] FAAT} &
e ZF ¥ 3= {714 EFE2 I retention timeS W st FAI, TFE

Ao 2RE A8t
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Figure 2. Embryogenesis of C hyhrid ‘Shiranui’ immature seeds.
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Figure 3. Plantlets developed from C hyfrid ‘Shiranui’ nucellar embryos.
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Figure 4. Grafts and cultivation of C Ayhrid ‘Shiranui’ nucellar embryo scions.
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Figure 5. First selection of C hyhrid ‘Shiranui’ nucellar embryo lines named Plato’.

_18_



Figure 6. Morphological variants of C hAyhrid ‘Shiranui’ nucellar embryo lines that has different fruit shapes.
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Table 2. Field data of some C hyfrid ‘Shiranui’ variants and ‘Plato’ derived from nucellar embryos.

Experimental Field Variety Sweetness Acid content Acid ratio C(c;ic;r
*Sang-hyo Suneat 11.1 0.91 12.2 29.86
(2013. 12. 2) Shiranui 11.0 0.95 11.6 23.48
*Sang-hyo Suneat 13.0 0.89 14.6 32.40
(2014. 1. 6) Shiranui 12.9 0.92 14.0 27.58
*Sang-hyo Suneat 11.9 1.04 11.4 28.5
(2014.12.30) M16A 11.7 1.06 11.0 248
*Shin-yerie Suneat 12.9 1.17 11.0 29.1
(2014.12.30) M16A 12.8 1.22 10.5 27.0
#To-pyung Plato 12.3 1.07 115
(2014. 11.16) Shiranui 11.8 1.39 85
**To.pyung Plato 14.2 0.84 16.9
(2015. 1. 12) Shiranui 13.0 0.89 14.6

* : Data from Jeju Rural Agricultural Research Center

** : Experimental filed of Bio-Agr Itd. at Seogwipo-si
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Table 3 . Comparison of sugar and acid compositions in 2014.

Oxalic Tartaric Malic Citric Total Sugar
Samples .
acid acid acid acid acid(%) (Brix)
HB1-1 0.027 n.d 0.187 0.121 1.21 11.9
HB1-2 0.007 n.d 0.167 0.131 1.19 11.7
HB1-3 0.002 n.d 0.265 0.120 142 12.0
HB2-1 0.006 0.022 0.160 0.148 1.59 11.7
HB2-2 0.004 0.018 0.274 0.163 1.62 11.8
HB2-3 0.021 0.018 0.378 0.129 1.32 11.8
Avg. 0.011 0.010 0.239 0.135 1.39 11.82
P1-1 0.041 0.018 0.333 0.090 1.02 11.6
P1-2 0.002 0.013 0.375 0.096 0.96 13.1
P1-3 0.005 0.012 0.384 0.075 1.02 12.2
P2-1 n.d 0.011 0.442 0.092 1.13 12.0
P2-2 n.d 0.011 0.421 0.081 1.12 12.2
P2-3 n.d 0.012 0.410 0.091 1.15 12.7
Avg. 0.008 0.013 0.394 0.088 1.07 12.30

HB : C hybid 'shiranui’
P1, P2 : 'Plato’ derived from immature seed of C hAybid 'shiranui’
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Table 4. Changes of sugar and acid contents.

2015 Oct. 2015 Nov. 2015 Dec.

Sweetnees Acid Sweetnees Acid Sweetnees Acid

SIS (Brix)  content(%) (Brix) content(%) (Brix) content(%)
HB-1 10.3 1.55 11.6 0.93 134 0.90
HB-2 11.2 1.12 13.6 1.05 144 0.92
HB-3 10.6 1.50 12.4 1.07 13.2 1.01
Avg. 10.73 1.29 12.43 0.98 13.70 0.94
PL-1 104 1.21 12.8 0.91 13.6 0.89
PL-2 11.0 1.21 114 1.04 13.9 0.85
PL-3 94 1.42 124 0.96 13.6 0.98
Avg. 10.70 1.21 12.10 0.97 13.70 0.91

HB : C hybid 'shiranui’
PL : 'Plato” derived from immature seed of C hAybid ‘shiranui’

_24_



Table 5. Changes of sugar contents and sugar composition (g/100g)

2015 Oct. 2015 Now. 2015 Dec.

Component Fructose Glucose Sucrose Total Fructose Glucose Sucrose Total Fructose Glucose Sucrose Total
sugar sugar sugar

PL-1 1.62 1.57 4.66 7.86 2.14 2.07 6.34 10.55 1.99 1.86 7.66 11.51
PL-2 1.30 1.30 3.29 5.89 1.88 1.82 5.77 9.46 1.98 1.87 7.65 11.50
PL-3 1.32 1.32 2.86 5.50 213 211 6.29 10.53 2.06 2.00 6.94 10.99
Avg. 142 1.40 3.60 6.42 2.05 2.00 6.13 10.18 2.01 191 741 11.33
SD 0.15 0.12 0.77 1.03 0.12 0.13 0.26 0.51 0.04 0.06 0.34 0.24
HB-1 1.46 1.44 3.19 6.09 213 211 5.37 9.60 2.25 213 7.32 11.71
HB-2 1.58 1.54 3.56 6.68 242 2.40 6.22 11.03 245 2.30 7.58 12.33
HB-3 1.68 1.59 4.55 7.82 2.28 2.25 5.72 10.25 221 2.08 6.90 11.20
Avg. 157 1.52 3.77 6.86 227 2.25 5.77 10.29 2.30 217 7.27 11.75
SD 0.09 0.06 0.57 0.72 0.12 0.12 0.35 0.58 0.10 0.09 0.28 0.46

HB : C hybid 'shiranui’
PL : ’Plato” derived from immature seed of C hybid 'shiranui’
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Table 6. Changes of acids content and acid composition (g/100g)
2015 Oct. 2015 Nov. 2015 Dec.
Component Oxz'ilic Ma'lic Cit.ric Total Oxz.alic Ma'lic Cit.ric Total Oxz?lic Ma.lic Cit'ric Total
acid acid acid acid acid acid acid acid acid

PL-1 0.052 0.060 0.233 0.344 0.100 0.210 0.102 0.412 0.127 0.298 0.039 0.465
PL-2 0.061 0.048 0.234 0.343 0.043 0.223 0.078 0.345 0.126 0.302 0.040 0.468
PL-3 0.076 0.051 0.263 0.390 0.036 0.218 0.078 0.333 0.132 0.218 0.020 0.369
Avg. 0.063 0.053 0.243 0.359 0.060 0.217 0.086 0.363 0.128 0.273 0.033 0.434
SD 0.012 0.006 0.017 0.027 0.035 0.007 0.014 0.043 0.003 0.047 0.011 0.056
HB-1 0.105 0.055 0.266 0.426 0.038 0.245 0.066 0.351 0.140 0.284 0.014 0.438
HB-2 0.051 0.045 0.214 0.310 0.038 0.151 0.090 0.299 0.142 0.238 0.013 0.394
HB-3 0.084 0.056 0.305 0.445 0.036 0.227 0.095 0.376 0.132 0.255 0.023 0.409
Avg. 0.080 0.052 0.262 0.393 0.038 0.208 0.084 0.342 0.138 0.259 0.017 0.414
SD 0.027 0.006 0.046 0.073 0.001 0.050 0.016 0.040 0.006 0.023 0.005 0.022

HB : C hybid 'shiranui’

PL : 'Plato” derived from immature seed of C hAybid ‘shiranui’
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Figure 7. Morphologica differences between A. C hyhrid ‘Shiranui’ fruit
and B. ’Plato’ derived from nucellar embryos of C hyhrid ’Shiranui’

immature seeds.
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Table 7. Comparison of horizontal and vertical growth between C hyhrid

‘Shiranui’ and ‘Plato’ fruit.

2015. 9. 17. 2015. 10. 14. 2015. 11. 16. 2015. 12. 16.

W H HW W H HW W H HW W H HW

P1 67.11 73.78 1.10 77.93 80.81 1.04 84.42 86.2 1.02 82.98 88.54 1.07

P2 73.36 76.89 1.05 83.23 84.07 1.01 88.83 89.68 1.01 91.98 91.31 0.99

P3 73.56 77.11 1.05 81.90 84.58 1.03 88.89 87.82 0.99 91.83 89.97 0.98

P4 7146 7112 1.00 7632 76.65 1.00 R R - a3 a3 -

P5 65.18 64.61 0.99 76.96 72.21 0.94 80.98 74.78 0.92 85.11 78.08 0.92

P6 55.60 65.74 1.18 66.22 65.77 0.99 74.04 80.35 1.09 75.18 84.64 1.13

P7 66.01 75.55 1.14 77.02 84.11 1.09 84.96 91.84 1.08 85.7 94.52 1.10

P8 62.48 62.88 1.01 64.93 63.4 0.98 75.34 72.8 0.97 81.02 73.87 091

P9 68.87 67.36 0.98 71.79 68.41 0.95 87.34 80.16 0.92 86.23 77.46 0.90

P10 64.61 63.73 0.99 66.78 64.74 0.97 81.52 79.28 0.97 78.52 75.07 0.96

1.05 1.00 1.00 0.99
Avg. 66.82 69.88 74.31 74.47 82.92 82.55 84.28 83.72
+0.07 +0.04 10.06 +0.08

H1 74.61 84.91 1.14 79.95 87.06 1.09 94.48 103.7 1.10 95.93 97.93 1.02

H2 69.48 78.56 1.13 71.97 79.54 111 87.11 95.65 1.10 88.75 99.29 112

H3 75.88 82.01 1.08 74.08 77.9 1.05 89.29 93.61 1.05 92.65 97.49 1.05

H4 70.45 74.78 1.06 69.05 78.58 1.13 84.72 95.27 112 89.74 99.71 1.11

H5 69.22 77 111 71.6 77.88 1.09 88.59 91.67 1.03 90.22 94.69 1.05

Hé 67.69 771 1.14 69.36 77.72 1.12 88.54 94.88 1.07 91.16 98.21 1.08

H7 70.04 87.24 1.25 75.37 90.5 1.20 88.96 107.8 121 92.41 111.26 1.20

H8 76.48 91.02 1.19 79.2 86.02 1.09 96.44 115.1 1.19 97.14 118.16 1.22

H9 65.2 73.18 112 68.43 76.15 1.16 78.29 86.48 1.10 86.71 91.56 1.06

H10 67.76 80.62 1.19 71.63 83 1.16 83.24 93.88 1.13 89.31 103.01 1.15
114 1.12 111 111
Avg. 70.68 80.64 73.06 81.44 87.97 97.80 9140 101.13
+0.05 +0.04 +0.05 +0.06

P 1-10 : 'Plato” derived from immature seed of C. hybid ’shiranui’
H 1-10 : C. hybid ’"shiranui’
W : Width H : Height
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2. A 3 UH

221 NGS #4] A=

AFERAAE 597149 BBEF LEXAA 4AFD s, A3 F57
sAshe] WYSEA WFAA AU S5 AT BehE, $A5 ohzwolo|

ols) dursle} z7] FAHE E4E /1R AUE FFS NGS 24E A% A
82 o $3tArh1¥ 9.

FotEe 712 PASE 2y ¥ Yo HA Yol FHo2 RAse}
TR, Age] We] ZFasE 2724 B4o] Atk FASstE BE PuE
ehel, ol ghob walsk ¢ SAol Utk ‘AUE FES 2008 FA5
o) oF% wpol2i2 ABQ MI6A oA Zpxwolz Awslel, 016d 39 S

Fajo] Qofubi=

»

wEolth. FAFe 540 fAbstal, LAAY AFoR 27

Yy

Figure 8. Varieties of C hybrid 'Shiranui’ A. C hybid 'shiranui’ B. ’Plato’

derived from immature seed of C hyhid ‘shiranui’ C. ‘Suneat’ derived from

bud variants of C hyhid ‘shiranui’.
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(reference genome
FTHEAE 53l FF5AY(consensus sequnce)S AAsA, 7+ A5 FHA A
BE FATIH 748" #3304 AEE NGS @749 44 A4 &8 Hx
(depth)$} ¥ ©|(variation) & 7 SNP} In/Del &410] 7} (F)R B 2=Ak
°] SEEDERS in-house script ZE2I1#S ©]83t raw SNP (In/Del) % SSR
detection $°l, A& ZFe] SNP(In/Del) % SSR matrixs 233ty ot
SNP(In/Del) ¥ SSR FX S 93 A5A ] (filtering) IS WA
ZAAH Q1 NGSeF SNP #4344 & 18 98 Fd UEhsich

23 EF FAA (Reference genome)

Phytozome 2& Hlnl FHA FH Alo] E(https://phytozome.jgi.doe.gov/ )l A
WY (C dementina \Wt+AE 71522 FTA4%E Gtrus dementina v1.0 & SNP
9} In/Del 5¢ FAA Ao ZEFFHAAZ A3, Gtrus dementina v1.0
< 3014 Mbe] @71A4E Z71= 1,398709] scaffoldsoll ZAA 2.1% gapsel A2H,
AA FRAA Mgl 7djo] siFet= AD 4 AE s FAHHJAR
~21-51 Mbpell °12& &< 97l EMA S %% FEE T UoH, 1.560 M2
ESTse} ©huld Fx o Zof o3k 24533 w@hild 2d {2 A} (protein coding

loc)E 7FAaL loH, & FAA e AH= & 83 At
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short reads
(Resequencing data)

v

Sequence pre-processing

I

Alignment to reference genomes

P

raw SNP(In/Del) Consensus sequence
detection of samples extract

e N

SSR detection

Generate SNP(In/Del)matrix among samples
and SNP(In/Del) filtering

Generate SSR matrix among samples

SNP(In/Del) annotation
(classification of SNPs, gene description) and SSR filtering

SSR annotation
(classification of SSR, gene description)

v

SO SN S O T
+ Comparing SNP(In/Del), SSR between samples

P

* Primer design

Figure 9. Schematic diagram of genomic analysis.
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Table 8. Summary of Reference genome (C clementina)

Name No. length (bp) N count (bp)
Scaffolds* 1,398 301,386,998 6,218,033

Gene 24,533 74,722,319 178,176
Transcripts 33,929 57,938,503 4,206

Proteins 33,929 14,051,832 -
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23 A% 9 3%
231 NGS @7 449 &4

Y £ v L (Mllumina)AFe] Paired-end readE 712 H7] A&
A= £ o Yo+ vkt 2o Y8 d27] Ade Hd dolE 100bp HEO]
3, BEAFHB), ZHFEPL), AUEGSUN) zZ+ AZol| uishte] 47,644,72371,
5,088,45971 2} 56,163,49971 2] Z}7] th2 #2 DNA A9 A K (Short read data)

4 =7z B

it
(i,

A

Q1

it

Ao A 4,764,472,300 bp, 5,508,845,900 bpst 5,616,349,900 bpe] |7 1HE AR
AL F YUOH(E 9), o]& 3014 Mbpe] FHHNY FAAES 7Fo=w &
o, Z}7] 31.22 X, 36.10X¢} 36.81Xe] FA| AHZF sl Fst= Aoltt. o] &

71l &2 on e AVIAE BA4S 95, Probability value (between 0 and

i

1): 0.05, Phred quality score (between 0 and 40) : 20, Min read length (bp) :
258 7Eo® 97 Ad B4 HERE A 43, FXSHB)o et B
88.22 bp, 81.06 bp ¢ Ad ©HA 7} 41,814,65671 5 DA 3,688,755,573 bps}
3,389,356,559bp ] A HHE FHS3IUoH, o= 7] Ad &4 R g A
A AEo sk, 7742%%} 71.14%° BEEFS AL Ao, E {AA
7|E0o 2 oF 234] A B (Genome coverage)ol| 3FHTE HeHEC] tsii= 3
7 87.15 bp2t 79.5bpe] AE T 2} 48,345,2087H

Ll

doAl 4,213,411,161 bp<}
3,843,315,571 bpell Q== AL AHEe €7l Ad 4 R Fy A AL A
wBol thsll, 77.42%%} 71.14%9 TF SAA L oF 26 vl ARZFS AATh AY
Ex ¥+ 8686 bpet 787%p o AE ©H A 49,141,56470°) s}
4,268,499,304 bp$t 3,872,018205 bp AEdS AAUH, ol= @7l AE &4 HE
A A M FRo dial 76.00%F 68.94%, TF FRA A i < 27 )
AHFO|THE 10). NGS ®Ae Qo] #A9 A= A RIS HHo
Aom Aol ‘T2 FFoNA AAME WHold o3 MuH T, Frhey,
Y4271 (Benishogun)’, 'oFE}7H(Yataka) &F9 NGS &A1& &3 Hlal ATolA

2

= B 17909 FAA FE o] o] 8H AT (HS. Lee 2016)
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Table 9. Summary of sequncing raw data.

Sampl No. of Read Avg. length Total length (bp) Genome
amples 0. O eads vg., len Ootal len
P & gt P coverage*
HB 47,644,723 100 4,764,472,300 —31.20X
PL 55,088,459 100 5,508,845,900 ~36.10X
SUN 56,163,499 100 5,616,349,900 ~36.81X

HB : C hybid ‘shiranui’
PL :’Plato’ derived from immature seed of C hyhbid shiranui’
SUN : ‘Suneat’ derived from bud variants of C hybid ‘shiranui’
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Table 10. Summary of trimmed sequncing data.

. Genome
Samples No. of Reads Avg. length Total length (bp) Trimmed Raw*
coverage®
41,814,656 88.22 3,688,755,573 77.42%
HB =23.19X
41,814,656 81.06 3,389,356,559 71.14%
48,345,208 87.15 4,213,411,161 76.48%
PL =26.40X
48,345,208 79.5 3,843,315,571 69.77%
49,141,564 86.86 4,268,499,304 76.00%
SUN =26.67X
49,141,564 78.79 3,872,018,205 68.94%
HB : C. hybid "shiranui’
PL : ’Plato” derived from immature seed of C. hybid ’shiranui’

SUN : 'Suneat’ derived from bud variants of C. hybid ’'shiranui’
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232 BF FAAd A3 v

YN (C dementingWrrAE 7102 T4 Gtrus dementina v1.09] T 3}
FA5, F29E, AUERREH dojzl, @rIAE HEE vlwsta, HA FAA
g ARFS EAsHT. RAstet F2E, MUE disiA Z7] 83,629,312
7, 96,690,416 7Rt 98,283,128712] A HH(Reads)E =F oM, o] T
Ast= AE HH 83.63%<2U 69,937,76271 FEHEE 83.40%, 80,643,2957] MU E
= 83.43%<% 81,998,387 77t SRS FAA Aol A ¥ (mapping) = ATHE
11). °]& 301.4Mbel o2& ®EF FAAC sl FA37} 278 9Mb(92.54%), &
2 E 281,0Mb (93.25%), HUE 281.3Mb (93.32%)°l dNFsl= HRFoz ‘FTx)
Abboll A el E AME o] FFS NGS ®4ol o] &% H 684%2] #AA
ARFHRTG £ FXolH, o IEFE FHA g HEZF 85 (genome

coverage) 2} “F¥AA 7 ATt
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Table 11. Summary of read mapping.

Mapped reads #

Mapped region*®

Samples Total reads #
HB 83,629,312
PL 96,690,416

SUN 98,283,128

69,937,762 (83.63%)

80,643,295  (83.40%)

81,998,387  (83.43%)

278,912,588 (92.54%)

281,033,860 (93.25%)

281,256,824 (93.32%)

HB
PL

SUN

: C. hybid ’shiranui’

: 'Plato’ derived from immature seed of C. hybid "shiranui’

‘Suneat’ derived from bud variants of C. hybid ’shiranui’
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233 EZEFAA Ui Gd¥r] ©PAH  (SNP: Single Nucleotide
Polymorphism) &<l

C cdementipa v1.0 & A FA5, S5, AYES drMds W%
(mapping)ste] ®F A} 2 FF Abol9] LA SNP matrixs 238kl A
g 4 A (reads)’} 33] o]/Felal, WF A E(mapping quality)”7} 30 ©]/delH,
T M g A EAskE Aol SNP7F v ASE fATston, wgo]
o] Fo A A o} HIIMES & F fl= AB-Fol SNP 24t A vjAlsi
SNP7} ol &ele F-fo thsiAl= ‘homozygous/heterozygous/ 718 3
o7 &=, read depth7t 90% ©174<Q! -9+ Homozygous, read depth
7} 40 - 60% Wl A= 4§ Heterozygous= T&3+al, 7= Homozygous/
Heterozygous #3202 TET + gl A2 FEIA

FHRE E2F A i BASe} SHE, AYES F SNP Jae= 27
2,216,3907, 2,337,1637, 2,339,832/ = ZtES} MUE FFo] FA ol H]|5tH
°F 55%, 57% A& W& SNP JlE Uepdt. & 12 oM FEf4 tis)
A EE HE71ME BlEo]l BASIL N54%E FHE 93.25%, MUE 93.32% =
FA87F AA ey oy, A FAA ] e He2 Bden) E2E
o HUEYL BAgRT Fe|ddo] gk SNP LA 79t vl&o] =4 yehd
W, ol FAF EFFo st o= Fxe] Wolrt MyH Aew £ 5 3l
=

7t FFo 2F A tid SNP = FA13, 221639071 (3% 13), EEE,
2,337,16370 (% 14), AU E, 2,339,8327l (& 15) ©]al, NGS 49 AA| FHA
gk HlE&S FAFIE 0.79%°1H, SHE} AUENAE & =27 083% A=
o] ¥]&E Uepdth SNP F3EEZE FA57} 493,971712] homozygous SNP2}
468,835711 2] heterozygous SNPE 7}A|1L lomw, Z2tEE homozygous SNP
521,280711 2} heterozygous SNP 536,5947)], #] 1 E+= homozygous SNP 522,3747},
heterozygous SNP 538,3147H& 7FA 1L ot =& FIS 7L + gl SNP
T A 1,253,58470, FEHE 1,279,2897H, MUETL 1,279,1447H 2 A SNP
o] °F 55%+= 7 & ER7F ol FoIAA LFAUT

H4 (Proteins)® rRNA$} tRNA 59 A+ 4F=(Gene products)
2 HAEE FH12 79 (Genic region)®t FAA 4HEo] WHEO] A
A e %@X}Z} -9l (Intergenic region)2.E TFAHM, FHA F9= RNA%}

AN
—4

|
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mRNA AH @wWd=z A3 LddEHE CDS(Coding sequence)et -FH=be] U
ZHo| #o 3= UTR(Untranslated region), T2 PR Alolo] &A=

A EE(Intron) FH2 FAHAT
BA3l= ZE2GAA A sl 2,216,39071¢] SNPE eI, ©]= 301.4Mb
o] GrIMEL 0.74% o]tk AR F-2lo] 551,505702] SNPeF /A AZE F9] o

45

664,88571 2] SNPE YWElHAT. #2312 NGS £4 & Fa Lozl Fd4 A
S 74,722,319bp7F FAA F-9Jell dEE L, 226,664,679bpe AL H-9] o]
, Zb B9 SNP HIES 0.74% 9 073% = Ao A8t AR 299l
CDS, UTR, JEZof| sl 7] 049%, 047%, 1.77% % JAEE FLolA 2H
Al I F9ET & SNP HIE&S YERRlth ol& AA fdx dolA W
AAR] F& AA a<lo] oJaf WA= Wolrt MA FAA WellA v

TE2A dojuta Y& oHFt. FHA FollA A7 Ad fAet 7F el
wtg}, CDSeF UTRe A st= SNP7F 047%9F 049% 2 1.77% =S YE I A=
JQEERT 4 e v&2 yehdth ol fxxe A t”fﬂfﬂl HoA st
CDSY UTR #$jel WHol7p wAstE A Wol7F A AW Fxd 573
ARl dFE FE S WHolrt %“@f& MAZE AA A=l FAA Gl Wol
AR7L FAEHA FFE ordth = AEE RYo) HAYF WHol: FAAA
of WMol FR7} FAH FAHIL Y-S ov et

ZPgENAE EEFAA N tste] 2,337,163719 SNPE UERFOH, 57146671
o] SNP7} 3=k FLollA, 1,765,697712] SNP7} Azt Fjo A YESGS
H, ZF 798 SNP HI&EE 076% 9 0.74% 5 UEUHAT SHENAE 77
slofAl HYA Hhe} o] f-xx 2190 CDS, UTR, IEEo| tid SNP H|-&©]
Zt7] 0.48%, 0.51%, 1.84% 2 JAEE T4 AFHZQ T FoET £& ¥&
<= e
MNUE Zxo] AL, mZFHAA dste 2339832712 SNPE UEFOH,
571,90670 2] SNP7} 22k F-2)oll A, 1,767,92671 2] SNP7} A2t 2ol A U
Elyton, z+ 2o SNP HI&ZE 0.77% 9 0.78%S YERHATH HYUE oA
T A5} FTEA HoAHE B} o] FxA F99 CDS, UTR, JIE
Eo thgk SNP H]&o] Z+7] 0.48%, 0.51%, 1.84%=Z UEE FQoA 2 HZ<
e FoRT 2 HE&S YERTH

_ELI-E"‘

Fl
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Table 12. Summary of SNP detection.

No. of Heterozygous

No. of ambiguous

No. of No. of Homozygous L
Sample (40% < read depth < (homo heterozygous= T
Total SNP (read depth > 90%) JRR
60%) T s 49
HB 2,216,390 493,971 468,835 1,253,584
PL 2,337,163 521,280 536,594 1,279,289
SUN 2,339,832 522,374 538,314 1,279,144

HB : C. hybid ’shiranui’
PL : ’Plato” derived from immature seed of C. hybid ’shiranui’
SUN : ‘Suneat’ derived from bud variants of C. hybid 'shiranui’
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Table 13. Summary of SNP classification by genome structure.

Samples  No. of Total SNP Region Total Homozygous Heterozygous 71 €}
UTR (size=15,783,007bp) 77,215 16,722 20,946 39,547
CDS (size=42,155,496bp) 197,436 41,421 54,622 101,393
1B 2 216,390 Intron (size=16,783,816bp) 297,172 65,327 83,528 148,317
Genic-region (size=74,722,319bp) 551,505 119,354 152,928 279,223
Intergenic-region (size=226,664,679bp) 1,664,885 374,617 315,907 974,361
HB : C. hybid ’shiranui’
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Table 14. Summary of SNP classification by genome structure.

Samples  No. of Total SNP Region Total Homozygous Heterozygous 71 €}
UTR (size=15,783,007bp) 80,259 17,024 24,830 38,405

CDS (size=42,155,496bp) 203,242 41,880 66,328 95,034

PL 2337163 Intron (size=16,783,816bp) 308,827 66,930 102,918 138,979
Genic-region (size=74,722,319bp) 571,466 121,664 186,695 263,107

Intergenic-region
1,765,697 399,616 349,899 1,016,182
(size=226,664,679bp)
PL : ’Plato’ derived from immature seed of C. hybid ’shiranui’
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Table 15. Summary of SNP classification by genome structure.

Samples  No. of Total SNP Region Total Homozygous Heterozygous 71 €}
UTR (size=15,783,007bp) 80,127 17,042 24,855 38,230
CDS (size=42,155,496bp) 203,417 42,062 66,681 94,674
SUN 2 339,832 Intron (size=16,783,816bp) 309,171 67,043 103,578 138,550
Genic-region (size=74,722,319bp) 571,906 121,961 187,597 262,348
Intergenic-region
1,767,926 400,413 350,717 1,016,796

(size=226,664,679bp)

SUN : ‘Suneat’ derived from bud variants of C. hybid ’'shiranui’
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234 HAF HIH AZ BYEFr] ©FA  (SNP: Single Nucleotide
Polymorphism) &<l

A3, E2E, AYUE A 7kA FFol tidk 3 SNP matrixol A Hlw FF 3t
of Y SNP #Z nlwste] A& 3l SNPS ALE Uele @A SNP(
polymorphic SNP)E Al'&ste] & 163 Zo] UYERHATE |

A ste} ZEE, FA e MUE, FgtES AYEE HuEdS dw, 27
52,55071, 51,7670} 2338070 ¢] SNP7} yebdth. ol A FHAel st
0.017%, 0.017%, 0.008% ®l&o|H, Zt FF Akolol H]
of sl E 1.75%, 1.72%, 0.78%°ll 33t
AEFv T MY FMA (chromosome)E T3 0] ol ot ZF AAH ol A
UEhd= SNPY Aee @A Z717F 718 2 3 dAA oA 718 =4 e
Ue o2 A Z7)d HlEste ZAoR JERT (F 18). & o] 97
Ad ®olol| ofsf SNP7F ThE01 2 o, F A F-9](genic region)®| WHol=
AZE H-9l(intergenic region)®] o] Eu U A How FAFI EA
=t GMAG SNPE FAA F9l9 A BE UL, SNP A
vl B3ty GAAde] SNP Jlgeol ek fdAF H912 SNP vl &S H|
Atk FAstet EetE, FAstet MUE, SetES AUE 7} 7ol 9lo]
Az HZ 16.66 - 3446 %, 17.71 - 3477 %, 13.11 - 2489 % HL A F12
9] SNP7F UEbS L, FA|stel E2tE, B8t MUE A Zk dAA o gt
SNP HI&2 3% olWe] WA vmA dAsA detwth FA|slol] thato
Zg g9} WUEYL FASE SNP M5t ZF dAAEE FAE 42 29 SNP
H &S Uil s, #3208 Adst] 93 FRAS UEdy] 74 REORER
B dAAE SNP Wo| F2o] dojun, BEo] zk= Ao fAHE <A
Mool w9 MV EAT F ASS oudnh FASEREH AAYEH FEA
o] YEtr] AAG ZetES} AUE F AlFo SNPE Hludte 4%, 49 F
Hla ol Hlsted SNPe 7MFe 4% FFo2 AA Yelva, §2x 399
SNP7} UEh= R9% 1311 - 2489 % 2 A FAANA 25% F=o s33}
E FAA 299 vgRT Bl YEephd

 HdA SNP N

=
N
off
o

i o
of o
o

0f  El
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FAA Al F2F$) A ¢l (random) SNP Wol7} dojdtiy /M4 3LS w A<
wolo] Ao wel @A Ao BAYe] LA ML SNP EiE7F dojua,
A ook FAARE Felddx 7ol #AQle]l YAF HIES SNP ®olvt
doju, o= @AAS 54 Felo Aok AuAAIE AS Aotk 1EY,
T2 F9 SNP M &2 Ao whet ztol7b glom, 7 4 A A o A
SNP ®l&©°] =i 1¥3 5% AMA A Fofr o2 A vehe, Ao 2617
Lo ZolE HRAY ol ZF EMAMERE MAYst= SNPO Fo5=9 Azl o
2t Wol7b yebd Ao A FAEAY, AAEHASS JdERAT AlEe AR
ojuf, ko] FTHHR TS FE Wolv MEY AEH FAC mE FH o]
Ha, FA4AHRA Wole AEE AEAIIAY AZS AlAA 24HH Ao

&

EHEES FA319 nA ?%XP(immatute seed)% 71 =l ook(in vitro Cu]ture)f)‘]—@]

4ozl Alsold. EZFFAl o7k Aol o] Fof A X odol  whR(IhEL:

endosperm) o] dojux] 2 vAs FA s FAAEIE £3 ddst
o &7 HeAz A, olE AL 2ded 22 UFo A2 7S

H23kel g2 EA4S YeERE Asoz Ausignh FAUe s FAA LY

Al dojdr. vl=el E2HET digtudM e 1984d5H  dd
Hamlin)¥} *F&A]o}(Valencia) @A F 7FA FF 7|W #wi&Fs 71#Es)

(
(organogensis)?} H] ' (ombryogenesis) T, U3 AA (protoplast), F-AIHl
(

—

nucellar)® FE 2000 A7 AT =3, o|EE FH, 253 Ths A

of Ale< Adsiaion, A uFPEFo] Jidd Fd AT AEsiadn. o
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HAo A 71dEset dFAA =z e AlSol W e AFI FAH = E
e ATEY 9&F WHol A=T7F =A yElstaL, TRlAor FF50] dd F
THERG AAEZ Hol7t =4 UEEH.

HUE FF52 FA 3t Al oA o ZAjo] UdH o] £oi%]

93, 27] 24 o] PgAoE W@ 20139 FFo] 53H A5 ofx

r
b}
offt
o
i
N
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Table 16. Summary of polymorphic-SNP detection between samples.

No. of SNP loci* Classification HB vs. PL HB vs. SUN PL vs. SUN
Polymorphic loci* 52,550 51,767 23,380
Non-polymorphic loci* 837,644 843,380 1,014,772
3,002,876 Ambiguous loci* 1,861,845 1,859,345 1,858,518
Unknown loci* 88,299 87,627 46,283
Filtered loci* 162,538 160,757 59,923

HB : C. hybid ’shiranui’
PL : ’Plato” derived from immature seed of C. hybid ’shiranui’
SUN : 'Suneat’ derived from bud variants of C. hybid ’shiranui’
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Table 17. Description of table 16

* No. of SNP loci : &% Bl 7153 Total SNPZ. (=SNP matrix loci)

* Polymorphic loci : BlaARE 1ol &Y SNP oAl A& polymorphisme Hol& 79

* Non-polymorphic loci : FlaAlZ Ztoll & SNP FHolA L3 genotype?l 27

Ambiguous loci : HIAZE 7t 5Y SNP Fol A “Z]eV FF 2.2 <3l polymorphism< &2135}7] o}

Unknown loci : Bl E o] &Y SNPEA “AA'E QI3 polymorphisme &13t7] o &2 5.
A0
=4

*

*

*
]
=
-
o
=
®
(oW
[~
Q
N
.
I
Kl

Z Zroll Y SNP3ol| A ‘read depth < 3 7S TE3HA] £t A%
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Table 18. Number of SNPs in Citrus chromosomes.

HB-PL SNP No. HB-SUN SNP No. PL-SUN SNP No.

] ~ Genic ) ~ Genic ) _ Genic
Scaffolds Total Genic Intergenic i Total Genic Intergenic } Total Genic Intergenic )
Ratio Ratio Ratio

Scaffold_1 4410 847 3563 19.20 4275 780 3495 18.24 1723 226 1497 13.11
Scaffold_2 6283 1331 4952 21.18 6330 1359 4971 21.46 2700 481 2219 17.81
Scaffold_3 12234 3069 9165 25.08 12034 3134 8900 26.04 5956 1183 4773 19.86
Scaffold_4 3488 1202 2286 34.46 3344 1163 2181 34.77 1495 350 1145 2341
Scaffold_5 5012 835 4177 16.66 4843 858 3985 17.71 2420 334 2086 13.80
Scaffold_6 4406 934 3472 21.19 4433 950 3483 21.43 1812 342 1470 18.87
Scaffold_7 5369 1596 3773 29.72 5219 1671 3548 32.01 2049 510 1539 24.89
Scaffold_8 7286 1628 5658 22.34 7229 1585 5644 21.92 3480 593 2887 17.04
Scaffold_9 4062 857 3205 21.09 4055 888 3167 21.89 1746 318 1428 18.21

Total 52550 12,299 40,251 23.44 51767 12,388 39,374 23.94 23380 4,337 19,044 18.55

HB : C. hybid ’shiranui’
PL : 'Plato’ derived from immature seed of C. hybid ’shiranui’
SUN : ‘Suneat’ derived from bud variants of C. hybid “shiranui’
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235 ®A% FH AT 2 d¥¥97] 34 (Homozygous SNP)e] &<l

TN}
ol
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e
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et

ATHZHE 10) .

Aol ZetE, RAstel HUE, FetE} AYE Al 7o FxA vla el A
Uehd AA SNP ol & SNPYHE AEstdth. FX gl F2E vl
A 636719 && SNP7F 32k F-floll 9570, FAAZE F-9foll 54171, Hl&=
+© 14.93%% 85.04% = eI, FAEe HYE BluToA= 616719 &
SNPol| 32 F-2foll A 947) FAARE F-9jell A 522707F &l e, 1525 %
o} 84.74% ¥Wle= YT ZEtES AYE BluTodA= 175712 &4 SNPI
3370 A F-9 SNP9F 14270 FAzE §-9 SNP7F &el=glon, HA
54 SNPF M &2 18.85%%F 81.14% 2 UEFRHTHEE 19).

A SNPel thgh 54 SNPO| Hl &2 FA e} FetE, BA 39} AUE, &}
E9l HYE 9o 1.21%, 1.18%, 0.74% = ERFT)
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Table 19. Number of homozygous SNPs.

HB-PL HB-SUN PL-SUN
Total Genic  Intergenic  Total Genic Intergenic  Total Genic  Intergenic
f H
No of Homozygous 636 95 541 616 94 522 175 33 142

SNP

HB : C. hybid ’shiranui’
PL :’Plato’ derived from immature seed of C. hybid ’shiranui’
SUN : ‘Suneat’ derived from bud variants of C. hybid "shiranui’
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Table 20. Number of Homozygous SNPs in Citrus chromosomes.

HB-PL Homozygous SNP No.

HB-SUN Homozygous SNP No.

PL-SUN Homozygous SNP No.

Scaffolds Total Genic Intergenic Gen.ic Total Genic Intergenic Gen.ic Total Genic Intergenic Gen'ic
Ratio Ratio Ratio

Scaffold_1 34 6 28 17.65 34 8 26 23.53 5 0 5 0.00
Scaffold_2 79 9 70 11.39 106 11 95 10.38 22 4 18 18.18
Scaffold_3 166 20 146 12.05 167 36 131 21.56 55 12 43 21.82
Scaffold_4 31 9 22 29.03 32 7 25 21.88 11 3 8 27.27
Scaffold_5 87 5 82 5.75 71 7 64 9.86 38 7 31 18.42
Scaffold_6 24 2 22 8.33 19 4 15 21.05 5 0 5 0.00
Scaffold_7 70 16 54 22.86 46 13 33 28.26 3 2 1 66.67
Scaffold_8 98 18 80 18.37 86 5 81 5.81 24 2 22 8.33
Scaffold_9 47 10 37 21.28 55 3 52 5.45 12 3 9 25.00
Total 636 95 541 16.30 616 94 522 16.42 175 33 142 20.63

HB : C. hybid ’shiranui’
PL : ’Plato’ derived from immature seed of C. hybid ’shiranui’
SUN : ‘Suneat’ derived from bud variants of C. hybid "shiranui’

_57_



et sroeT1T

Scaffold-1

Seatiol 25247309

SEhnad 7 sasary

Seatols 5 coai:

Seatol s 7ér3i0s

SEAnoi 7 raraizs

Seatola 51160

 Scafa 712060773 scafle

SCaroi 51001221 Seafils 212000825

 Scafila 13057568 ceatid

o sty e

Aol 213296839 scaffld 213900053

Seatiol 513303

SEafold—7 1337810 scofid_2_ 13538341

Aol 5 asea1

| SESots—5 804026 scarls_2_18041562

Seatol 21670

ST leTre s 2 to70met

SEafols 513454785 Seatiels 210454778
Eobataer

ety
7

scatits 2 21927074
Ao 22od s

 eearla 5 22755
e
SEatol s o saa0s
e o P

e I DT

]
3

Aol 2 2022725 seafils 5 23228414
= Rt

Seatols 2

S o rieers sl 2 zsToesse

Seatol s 27023198

SEanas s oz

Seanols 21073073

Seallol s 2041478

SEanoi 5 sers

Scancls 2

Ao g

SEafol 5 sabi102

Seafiol 230052340

SEhno 7301130

Seatiols 5 3030522

| Searla 230870400 scatic_2_30575401

Seatols 5 4883032

Scaflid 24677133

Scaffold-2

s 573407
ororiss

i
,mmm.m araiszer

hosesr
SBoores

Sea008 N
T

B8

7200
10001045 scafiod_3_1000166

§

1055833 scatla 3 1000

gi

RE23
set
ELE

muse: seals 3 1zi7cee
(B3t3sea et
Teonaron

i

) semensse
iaeaset

5@5
she

] serls 3 to0e07s
T a3 I

B

Searac

SEana
Scanac

SRt

25314131 scatle_
271415
R caraq o zaasrros
Dion s

asny

s ztati0

oo 3 pier 338
R <carori=a 21556302 ccarions 3 zsosera
Scafiold 3 zsoaazar
15 3 2020
cara ,aoae:w SEaS e
SEafia s 30
Scarnas—3 51232
Seafol iz
Searo 3 229041
 Scafla 2 32ec1182 scarele
%

0065
ar?

e

38627008 scarola 3 35627024

Seafic Saroaas

38700363 searle
2502

45!
22
=1

1

Seara

e e 1]

Scaffold-3

| scafold_4_4336979
| Seanoa i S32as0s

ir20302

s 20751008

Retrwwti =)

Scaffold4

Figure 11. Genetic map of HB-PL homozygous SNP.

i
Eot
it
Aol 6 2
w3 1116520 scaffod_5_1117497 Seatiol
i =t
i se s Bt
i - il i
x R oo
e B e EEe o My
mas B R e e e
15 15820471 seaton_5_15880492 Es -k ;m s Aol s :mmmma soms 7
b RN E o i
i3 | £ e &
e sl pome e e
- N = e
1835 }:","’9’ SCAOSIRNT  ge7\ jsna o teseser scallaa 6 toessz 913 3 73‘3 573 s oo scaftola 23
e & s b s 5 £ BRpp—
3 o £ N
3 1108 Mol a7 w-nmL 4070311
EH . = e e e e
202 22018 3. 1508 icorsasz wato 7 to0reres 1220\ seaon suofl] [\ zcanda s 5
B = augs ¢ it Ry e e e SRR
234 fold_5 23543876 191.7 a7 Seanele 18/ 127.0 4 Seanola 1182 1 seamaa ez
| 2 psisert o o 73sionen 3 6RO ISR 38 scatiod 7_te0s3tas 1272 e sl et p—
Ll 5 e e AT oy 71 ) e e IO 34 0807 s vaoscses 1155 f ||scroae R
z e VETEE o 00 S i =
P SEafol e s3br3a61 seatoi b 2702 1770 ff sEalol ,mammmlf;;gm Py N s Syreed el B Sanado
N \oE e EEraai RS e el b
2542 scaftola_ o6 2304457 ArEw | scafiola 7177284t 1695 scafiold_8716945652 scatfold_8 16946669 1339 seafloid 9.
ZiH o wed R I el HIE s
ErH - ] fEETs e En =i ——
B AR s e T3] [t et (R =Bt —
B2y B ca 182 seatod i ot 0art earad g
E] (e el RO tHIE 12 e £ £2 - B—
scatoia_¢ 923 | | scafiolo 71 Jsrzaiszsnmuvwzawm 1889 aflold_8 18893193 Hasfl fsoatidd o 1isen
2002 | scarolo 1960 o7 1962 ‘scaffold 819620635 159.0 ‘scaffoid 915904834
i % Ei  DOVIEE s
scafils o9 ot s 28| | scanaaozsuszso
oo | EHE o] | e oo R8T EIEEEGER
282 Scalo 2076 unam:'zmsulsmmq gororasz 1978 ::m;g,,;gg‘sgg
2 s SR et TR RE TR W B ¢
B B B
Xhs  cafiola” 2120- 1204154 scaffold_B_21204158
o e SRl meg
ml laes b
sl |Ees :
B3 S s o & s
aarel  scame 33756801 5.4 24540602
= L
= o —

Scaffold-5

Genetic Map of HB-PL Homozygous SNP

_58_



21 1 3_sg08287
Sio| [icamoeys0e050
ooy 2404101

&

2185
Tai0z7 a3 7410202

sosmsammmn 3 s0s7322

T ppp—
9403
35028
9354475 scaffod_3 9354622
sozrsiz

g.‘

mmznss scafiod_3_10013641

19647633 scaild 311647647

- s peREGE
474 [ scaffold_2_4742747 173711652869 scaffold_3_1 1653468 33 scaffold 8333508
4] [mtoaasoizris 311020762 catl_ 11021089 53| [sctou smserres
o] [emmisie = a3 s,
666 ‘scafiold_2_6662209 : 43 ..:;uﬁ;g ‘scafiold_3_12110451 289- ‘scaffold_8_2887058
Bl e ;wz““ SR s e 23| [t
o |, B e SR 5| (s
) || S 1| fmrertuns
Bl B 2 E— it [ et
1211 scaffold 2 sz vzru fold_3 ,‘3252737 ‘scafiold_3_13252248 68.5- ffold_8_6854930
1248 ‘scafiold 2" fold_3_ 13576860 scaffold_3_13583515 3347 scattold_5_3340201 98- ‘scaffold_8_6981325
He] fiamc _Y?ﬁﬂgg sara 2 sseszrs ERELE 3] St 146 seata 5 asersan fitd [ Peewtd
188 |=M¢A "12863. 3714176730 scafold_3_14183183 ol [t Z b} e s Tz ios N;g;g to_o_116981
P o3 s200258 scafon2_12206260 73715033260 1002] | scatiolas 10823658 36, [scafiid 7. sar] Fecotaa-esiro:
Aol 20ea7e 315709253 1104]  facatoe 5 11080738 scatioia 5 11030745 77304115 scaflold_7_364116 883 okt 878627475 e i gswian
120 | scatoid ao1azeras scaton 2_s328902 3" 1sa0s02 270]  fcotoie s r200e0es - 4602: ssof [ficarad s assenot X 0.
SEafald—2 13900021 scafton 213300053 3 essoset o8] fitietis-izoseors scanca s _rzearras 7" 24c8500 bt [ Beewurres it st s20ms
1530 Jseatioid 213300766 scaftons 213300784 31725308 101} f scatiia s 13011268 77 2879963 s34l [iCano s 0330435 scarois s 341301 Ret
scatld 2712300831 st 213203173 18341690 504y scaffold 4 5040263 1330l [ scaroic”s 13303060 sz s 7 sizion oo Reareatiose ~och
scaffold_2_13303175 A ISE20ME acadh) 18636958 54 scaflold_4_5484163 1353 scaffold_5_13520379 177657164 97 Told_8_9365221 z:s:nzv ‘scaffold_9_2263038
s e 5. e sty S ) Paparie ] farg o
132\ st 1 30070 01 | e bt atte Ci8aTess0 scatla 3110070352 1soe | fiscamlard 15059098 scom_o_tsosonss 1oos [l scarlers-1ooneens R b Sl oy s e et 2050
f st zoesszs S relaaicerdser 19275765 1888 | - [fseanoia 4 1s7sser 1831 SCafold_5_18308775 87/, S6allold_6 009560 7 o141613 Scaflold_8. 10380963 scafiold 6. Es
ELTEEE Eny el il e 15 i it & e B o
Scaflold 218349958 =t 19602645 1704 |\ [f ool 17440448 1oy B oot 5 156756 scatole s _tsamaser 208 10366050 scatila 7 Scaffon A
‘scaffold_2.18755356 x ,W‘m“ m'W 3710492672 105 ‘scaflold_4_ 18047589 199.9 Jlf scatfold 5 19987061 749y 177710363484 scaffol |scaffold_8 4665553
Scafild 219454964 3 1833 I} scatold”4 18320785 2007 ) B Scamoic s 20zs6854 scatois s 2006858 8907 i~7~10385037 scaffla scaffo ¢ 4677298 scaftole,9_48T7257
scaffold_2_19456828 scaffold_ = »"5‘2“5‘ 1865 flold_4_18653012 2137- scaffold_5_21374791 1007 103.9f )1 scaffold_7_103¢ lold_; / scaffold_E 4677265 scafloki_9_4677517
Soafiola 2 10467588 12320803749 1674 §| | scatoia” 4 18744087 2373 ) [ scanmoia s 2s732484 1zo L/ eceli=r 1560725 scaae-y 1300743 /scaflold_8_ 12650188 scafiold_8_12650203 oy o
scaffold_2_20008544 a:an:u_z_zowu 120671511 1902 ‘scaflold_4_ 1902003 238.4 - scatiold_5_23840791 126 1041 7R scaftold. Iscaffoid_8 -
scaf 2 20025516 scaffold_2_2002¢ ckd_3_ 20047198 1904 scaffold 419040007 scaffold5_24694191 pe.is 111 | scaffold 7”1 7_11112025  126.9- ‘scaffold_€
scaf _mmue scafloli_2.2 zoo:z‘eu 1_3_ 20075401 1970 | scaftola 419702807 scaffold_5_24697191 1275 1174 i\ scaftold 7”1 1272 ‘scaffold_
Scafild 22 321144816 1083 ) scatold_4- 19831735 Scaltold 5 24757384 1387 03 /|| scatiole 7 1275 R scafoid_s
‘sca Iwwﬁ 0 {3 21531 200.9- ‘scaffold_4_20000262 scaffold_5_24858184. 1858 121.0 /i) scattold” 1209 ‘scaftold_¢
scaf 2721053041 3321088461 2026 -scaffold_4_20259558 scattold 524934561 1917 519170652 1596 M-l scaiold 71 1310 Scafiold_8
‘scaflold 2 21574293 §.3. 2218550 2028- -scaffold_4_20281161 ‘scaffold_5_25464263 2183- 1528 {7 scattold_ |scaffold_8_13112462 scatfold_8_13112476
scaffold 221595485 scaffold_2_ 21595480 fold 3 0 206.6- |- scatfold_4_208604¢ |scaffold_5_ 26003479 scaffold_5_26003495 2398 ‘scaffold_6_23583237 1568 Scaffold 71 1363 scaffold_
seafold 2 21655 s i gz 2008 foid4 2060878 soafold”S 26058652 s R scoroio 1233 R scanoi
i 4 oo o gt o o s i | B
SR e s 104 R SRS R e mef fumaimain RIS s e SCATTOI]-0 o] feome i |
™ \iscat 8964 scafioid_1_24496997 2205 f§f | scaffold 2 220526 fold3"24450486 scaffold 3 24459499 3055 f |l ccaol_4_20876747 mrm 175726676231 scaflold_5._26676245 ses8] | ecatla7i 1674 | [ scatioia”s
28087 sty 0 2243 ‘scaffold_2_22427¢ 950 fold_3_ 24459505 scafold_3_24450519 3495 ‘scaflold_4_21946751 flold_5_26678275 scaffold_5_26678445 196.0 | scaffold_7 :vgss gse scaffold_] 1706 iscaffold_E 3_17088131
2270- scaflold_2_ 22704614 scaffokd_2_22704619 fold_3_24801554 2204 ‘scaflold_4_22039682 scatlold_5_26678493 scaflold_5_26678506 2076- | scaffold_7 jwsn:s  scaffold_7_2 zmsruz 1727 ‘scaffold_€
Scaffold-1 L4 5 i e gin] fEuncd et s el e et
2340 ‘scaffold_2_23398582 325610323 scaffold_3 25610326 3530. \-‘ﬂ"ﬁ 126303697 2748- { scaffol 27480458 21110 scatfold_? ,2»109107 1843 ‘scaffold_E
2361 -scaffold_2_23407918 fold_3_27446072 2531 1_25310338 2780- scaffold_5. = 187.4 scaffold ¢
s ) Reamds o o ol e \d-7 ] feam
ER e o Scaffold<4 By ¥ juog] Jaror
2us5 | [ scatiod 2 2aes3see told_3 27935643 057 W scaria=s:: 127 ] e ot
rrer e p— E B ] i b
o | e e sl femes B |
2524- scaffold_2_25239104. fold_3_ 28522670 3089 scaffold_5_30892680 197.2- {scaffold_E vw\sﬂwmmm 8_19716092
] o s E i p— ) o caffold-
2571 ‘scaflold_2_25714165 fold 23729122040 scaffold_3 29122042 3123 scaffold_5_31234233 2028- ‘scaffold_E
0 ‘scaffold_2_26297524 fold_3_ 29122060 3131 ‘scaffold_5_31310557 0 -scaffold_E
263.1 ‘scaffold_2_26312242 fold_3,_30285201 3147 ;:-Abm 31474011 205.8- ‘scaffold ¢
2030 ld 226369525 fod 331711360 scatiold_3 31711376 3273 cafhld_5-32727056 08|  |scatoi 20863101
) B e — DR Bl e 3] Joan
scattold 2 26945763 mE 174 Scatfod_5_33737472 scaffold_S_33737488 2161 scaffoid_ ususu scafild_8_21614592
2] oo Jvﬂwm scattos_2_27111013 1073 32303720 Sies| | scarblesoaeszass IR I sty
2752 ‘scaffold 2 2751 bokd_3. 82811429 3700 -scaffold_S 2319 ‘scaffold ¢
58] et 2rereas scanoa 2 arreress f0d 333455073 a5 Scaflld 541506180 scaflld_S_41506182 253 |scatoae
st Wl S e X sl e
s e E
s | o Scaffold- Scaffold-8
e - sy ¥
B | sats s O3 a5aeT a3 sasario Callol
EAllE i - oo o s
el (s e
3456 ‘scaflold_2_34562092 af )_35518457
3is8| | scatoio o sdseser 35500808 a3 36606811
s scallold_2 38538351 335075604 scaffold_3_35075696
£
carola-. Jezaones
s

3076
37830201 scatld

\ s7aseasz
38940075

£
25
4

505362
017660
30643042

seis
40888324 scafld_3 40888320

1364105

- Genetic Map of HB-SUN Homozygous SNP

Figure 12. Genetic map of HB-SUN homozygous SNP.

_59_



236 ¥As f# AT F4 WHo|(Putative variation) &F I

(putative variation)2} 3}t
SeRsy 5238, FTtES] HlalTolA 128719 SNP ®e|7b &<l ¥Hglen,
FAA Bl 770 FAAL EYols 121718 wWolrp Y. FHAe
A5, AUE vlaToAs FHA B9 1770, A2z F9ied 117717}
134711¢] SNP7F T glon, FHus, S8, AUE, vaFdyEs #
ol 97 SAAZE Bol 637 & 72709 Wolrt WAL 4 HuTEE
A SNP 7Nzl tiak FAHwolo ng&e ¥A3le} FgE, EX39 HYE
ZtES HUENA ztzt 0.24%, 026%, 030%<] HIEE dojdrtt &2 SNPo
b 1.2%, 1.2%, 0.74% = HFA 39} St E, FX 39 AYES H
o] fFAstL, FetES AUEY tisire Asted HaEl, 33 ol H&e

o

)
5y
e

m{m

fio

EdA 52 SNP 4 wolo| H&S vws] Hokgw], HA] tig n&
Zt7] 2012%, 21.75%, 41.14%°]13L, A2 Felol g ¥l&& 7.37%, 18.08%,

27% olH, AT Fo e v&L, 2237%, 2241%, 4436% 5 UERATH
(G 21). FAARL 7919 vl go] RA e} FetE, FA e AUE A FASE
The 2l BEQ RASERE AFeRE E3td o +48 WHol, F ®¥ol=r}
AR e ondth et E} AU E HaTdA AA 4 SNP F F
Hole] Hlgo] 4436% = F W ET 28] AE E=A YEuEd os FHE
o MU E o] Yehbs ®ol7t AR 3o dAatEo] YA Fal AR FHH o,
T Aol ®3tEol 7ta S-S on gt

_60_



z
B
1)
i)
(il
k)
i
1
X
o
to
X
W
(m
lo
Jo
2
Ny
z
do
2
=
ok
4o
ol
(B
o
=
Eu:lo
Jo
2

27F F-217F GRS BIske] 7.37%, 18.08%F o7t Wt o] RE O F HE
of At IAH} A wFo] o]Folzl 7|3t wet fFHz F-919 ;;C ;;E
3, A5 §4 A wye] gEd rdE ez Bt fHxA ;r-?%; tﬂ:l
7L} Uetd o 52 SNP ®ol2 tigfazte] et B4 & =X ;6}
T A5 Az A B RFAA FFE, T4 WolE fFAHA P—*S}E_A*
AEh oju wolol WA Fojol wep Mz A e FA A :ét*& :
;1%—#% AE Wol7t BEF I dEEn, Al Xz wef %%j;:ﬂ ;
Hol Wolx=e /At THEE 20049 VW wFAE WA thEel HES
o, Hx 23

-1
o S AFALE 5 d 2E AlFFo HAo
= al 2008]’ﬂ +7
gt ]o ]’H /{]_]:Q' Mo

2]
THOFHE RS 5
HE NGS £4& AAste], mAdSIAZEE AA AEs7] 744

1z

_61_



HE T - =5 241 [ 2E] - Microsoft Bxcel ~ pea— ] - E=a |
2 HE 27 = s Easy Document Creator Acrobat '~} e = &R
EHE L - I TETH - g?
B} !E e &S O 7| O
s teE ¥E- E-n o0 % 2nen - TET ’IJ'_"
= Al BAl 5 B
i £ | scaffold_9 v
[ A [ B [ o [ e T F [ 6 T v [ 1 4 [« [ ¢t [ » | v [ o[ P @ " ® '3
1 Refchr (Gitr Pos Ref HB HB_depth PL PZ depth Genic/Interc Transcript  Genefeatur best Arabid best_Arabid best_Arabid best_tomat(best_tomat: InterProdd InterPro.desc =
D :scaﬁold_s 17730524 A T 6le A 10111 Ciclev10000 Ciclev10000I CDS AT3GAT570.1 Leucine-rich Selyc0Bg07€ Receptor like kinase, RLK
3 gscaﬁold_s 30111187 C G 313 33 'Ciclev10000: Ciclev1000C CDS ATAG27190.1 MNB-ARC dor Selyc02g03€ Co-nbs-Ir, resistance protein
4 iscaffold 5 26003479 T L 313 T 1112 Ciclev10000i Ciclev100001 CDS ATIG31970. STRS1 DEA(D/H)-be Selyc08g07E ATP dependeIPRO11545 DMA/RMA helicase, DEAD/DE
3 :Scaﬁold_S 26003495 C T 33 £ 1213 Ciclevl0000 Ciclev10000 Intron AT1G31970.:5TRS1 DEA(D/H)-bt Selyc08g07E€ ATP dependeIPROL11S4S  DMNA/RMA helicase, DEAD/DE
6 :Scaﬁald_S 31310557 G A 33 G 77 Ciclev10003! Ciclev10003! CDS AT5G272201 Frigida-like p Solyc01g09¢ RNA polyme IPR012474  Frigida-like
?7 iscaffold 8@ 2002682 A T 8|8 A 15|16 'Ciclev10004 Ciclev10004: UTR AT3G21430. ALY3, ATALY: DMA bindinc Solyc01g087 Always early IPROLOS61 DIRP
8§ Iscaffold 9 11546761 G A 33 G 1920 Ciclevl0004; Ciclev10004: Intron ATIGE5810.2 P-loop conta Selyc12g012 Helicase senl (AHRD V1 *--- BGKSES SCHIY)
9 ;5caﬁold_9 11544711 T € 5|5 T 86 Ciclev10004: Ciclev10004: Intron AT1GE5810.2 P-loop conta Selyc12g013 Helicase senl (AHRD W1 *--- BEKSEB_SCHIY)
10 :5caﬁuld_9 584764 T G 910 T 18(20 Ciclev10004- Ciclev10004 Intron ATS5G49580.1 Chaperone C Selyc07g02€ Chaperone p IPR003095  Heat shock protein Dnal
1i ;scaﬁold_g 571871 T s 9|10 T 1718 ‘Ciclev10004! Ciclevi0004! UTR AT3G06510.: ATSFR2, 5FRZ Glycosyl hyd Solyc01g05€ Beta-glucesicIPROLB120  Glycoside hydrolase, family 1
12 lscaffold @ 571869 G T 910 G 1818 Ciclev10004! Ciclev10004! UTR AT3G06510. ATSFR2,5FRZ Glycosyl hyd Solyc01g05E Beta-glucesicIPRO18120  Glycoside hydrolase, family 1
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13 :scaﬁold_l 2889271 G C 6le G 16(16 Ciclev1000% Ciclev10009:CDS AT5G11500.1 Solyc08g06E Coiled-coil d IPROCS332  Protein of unknown function
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Figure 13. Putative variations that has different DNA sequence compaed with C cdementina and C hybrid ‘Shiranui’
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Table 21. Number of putative variants.

HB-PL HB-SUN PL-SUN
Total Genic Intergenic  Total Genic Intergenic  Total Genic  Intergenic
Homozygous SNP 636 95 541 616 94 522 175 33 142
Putative Variants 128 7 121 134 17 117 72 9 63
Ratio of Variants 20.12 7.37 22.37 21.75 18.08 2241 41.14 27.27 44.36

HB : C hybid 'shiranui’
PL  : ’Plato” derived from immature seed of C hAybid "shiranui’
SUN : "Suneat’ derived from bud variants of C Aybid 'shiranui’

_63_



of

237 A% Fd AT F4 Wol(Putative variation)o] ¥ FHA FF

AR FolA A4 FAF ATl il 4 WHolrl dojyes FHAE &
g A3 FHEd FA3L, E25E AlS HladolAs i FAAeA F
wolzh dojutar,  olF  3/le] A Wol7b LRR  and  NB-ARC

o

o

domains-containing  disease = resistance = protein = (AT3G14460),  Serine
carboxypeptidase-like 34(AT5G23210),3} Scarecrow-like 3(AT1G50420) A1 o]
U, Mo25 family protein(AT5G47540: Calcium-binding protein 39)& HIX3 4
el F4 Wol7k AEE FoolA BT

FHUAES 7R3, HYE AF vluddAs F 17718 F4¥ol7t &lsar
olF 7/1e FAHWI7l 671 FXA DUF593 (AT4G13630:IFA-binding protein),
Os02g0504100 protein Fragment (AT2G38430), Beta glucosidase 17(AT2G44480),
Phloem protein 2-B15(AT1G09155), Homolog of carrot EP3-3
chitinase(AT3G54420), Arabidopsis phospholipase-like protein (PEARLI 4)
family(AT4G35110)2] T YA R A WHol7l %™, Phloem protein
2-B15(AT1G09155) I A= F+ 7] 574 Wo|7} &ldt)

ZHWd Y SFgE XNUE AlFTS vlug A9e 32 F9od d83 97
o] FAWol7b NB-ARC domain-containing disease resistance protein
(AT4G27190)# Pentatricopeptide repeat (PPR) superfamily protein(AT1G12775)
o i Wy HjoA  &<lEm™, NB-ARC domain-containing disease
resistance protein (AT4G27190)°l A& 2709 FA®ol7E &ldAt. 18l

il

Adenine nucleotide alpha hydrolases-like superfamily protein(AT1G68300)
MRS 67l W FiAbe] AEEe] FAwolsl FelH)

_64_



23.8 KEGG HAl A2 £4& 58 9d 97] ¥ AHSNP) &d ¢

2 AT FHA o] TAyF SNPY FEFS Loprr] 9fste], AA 3
A e 2k 59 SNPet A FojoA JEES A9l7 SNP, @4 =

g §-9(CDS:coding sequence)ol] WEI}= SNPE 3t KEGG WA B2 &
A& AAEAT FHA 2oe @l dd fAR e #Hs - #o3)
Z7 7 9](UTR:untranslated ~ region)® @A 39  F29(CDS:coding
sequence), YEZ(intron)S.Z UHH, 2 Fjo} oid 39 Helo A
SNP= Ao A 23} dde] - dFs FH, AEEZ LTAY3 SNP
= ¥l A= 7HA kol SNP7F Al o] tiadAgol Y-S FEAE At
ATt.

AA FAset ESE HlAT(E 22)04 AA FHA F-elo] LAY SNPol| o
g ol 39 B9 SNPO Hl-&2 36.36% - 80.43%°]1L, 7]E} o]} ThAREE 9]
A AR #ofste S oA LT SNP vl &o] 7 w11, &rsE
Abell Fedshs TR TAE SNP Hl&o] 7P ok §A3te} HYE BlaT
(3 23)°l A= 21.88% - 55.1%°1™, ESHE Hlu T Zo| 7|EF o]zt tAMEE ]
A AR #oste G FAYZ SNP vl &o] b wgtou, 284
(cofactors)®} BIE}R (vitamins) A =0l Host= T ol EAYZE SNP H
&0l 7H¢ GHAl YEsTh

Aol ZEtE Hluad AUE vaFolA ZF AE 24 e YEhdE {3
Hojol YeH= SNP 7l 10719 via tid A 204 FEETo] 5719
A AR HUETNAE 4719 A ARAA EA vetva, 3 7o A
ZoAE Ze 79 SNPE Yepdth v, @uld 39 F9jo] yERUE SNP
gETONA 1 - 297) 74A E=A YERIT =3I H 23 0] E(terpenoids) £}
E] = (polyketides) thAFE A&k A dhAME =X F2HE HIALT(F 25)
WA 7Y F9 SNP Hl&o] A vehdm, 71k o] hAMME Y A
B2AME 2533% 7HA A UdERRTE AUE ASS REc] RAgn 3 3}
Aol w23, e AAME BT it JtRHLo|EE g Ay F
AEelH, HEAxolE AR5 3 A¥gdrt. ANUET S KEGG A &4

rr

1

rir
(i

_YE
)

o]

e

_65_



A HE#H o= ZHAEE thA AR BAHE FA2 9 SNPE &
FEF(E 2504 417), AUETF(E 26)olA4 36717} A3, o] F 72 E o]
= QAo #4dd SNPe 7, 7719 9IE AYUETNA =A Velgd, o
2 d Fofd sigE = SNPe 2 57R# ot il Iy F-9jo] SNP7F &<l
7t2Exole A4 BAH FHAZE Phytoene desaturase 37} AU E-oll A 7t
$R1E 3, Cytochrome P450, family 707, subfamily A, polypeptide 1] &2}E
Toll A #Ql=™, Abscisic aldehyde oxidase 35 E &g 4FFol4 SNP7} YE}
uH, SNP7F YetvE AX= 24 Ak wet 2tol & B ITH(E29).
Az that AZo] Bofsts ddAe] xd 29 thd SNP HAS Az A
g, w3, dde] S 71F JhsAe] wom, 4 A HA o st fF3
Apoll ek SNP U5 @o] Atk 53], SNP o] AE thatel] A3
S Mol g3tet IA FRAWAA A= dol A Al
Aot FA g i ZHE HaTd AYE HlaTd JoAE 5 AL 3A
HoAsts @A 29 B9l thEk SNP HA Hlgo] o|at thAl HA o #Ho
e owlE Y 29 SNP Hlgo] AR HA Vebdth
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Table 22. KEGG analysis of HB-PL SNPs in genic area.

HB-PL
Genic-All Genic-Intron(-) Genic-CDS CDS-Ratio(%)

*Carbohydrate metabolism 231 108 84 36.36
*Energy Metabolism 65 32 25 38.46
*Lipid metabolism 118 64 52 44.07
*Nucleotide metabolism 66 39 31 46.00
*Amino acid metabolism 157 88 76 48.41
*Metabolism of other amino acids 47 30 22 46.81
*Glycan biosynthesis and metabolism 34 17 17 50

*Metabolism of cofactors and vitamins 57 27 21 36.84
*Metabolism of terpenoids and polyketides 41 26 18 43.90
*Biosynthesis of other secondary metabolites 46 38 37 80.43
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Table 23. KEGG analysis of HB-SUN SNPs in genic area.

HB-SUN
Genic-All Genic-Intron(-) Genic-CDS CDS-Ratio(%)
*Carbohydrate metabolism 222 123 74 33.33
*Energy Metabolism 71 37 22 30.99
*Lipid metabolism 112 47 28 25.00
*Nucleotide metabolism 76 34 17 22.37
*Amino acid metabolism 157 87 47 29.94
*Metabolism of other amino acids 40 16 11 27.50
*Glycan biosynthesis and metabolism 32 23 14 43.75
*Metabolism of cofactors and vitamins 64 28 14 21.88
*Metabolism of terpenoids and polyketides 36 31 17 47.22
*Biosynthesis of other secondary metabolites 49 33 27 55.10

_68_



Table 24. KEGG analysis of PL-SUN SNPs in genic area.

PL-SUN

Genic-All Genic-Intron(-) Genic-CDS CDS-Ratio(%)

*Carbohydrate metabolism 131 64 36 27.48
*Energy metabolism 33 19 6 18.18
*Lipid metabolism 72 33 14 19.44
*Nucleotide metabolism 49 19 14 28.57
*Amino acid metabolism 87 47 29 33.33
*Metabolism of other amino acids 31 17 11 35.48
*Glycan biosynthesis and metabolism 18 10 6 33.33
*Metabolism of cofactors and vitamins 34 23 11 32.35
*Metabolism of terpenoids and polyketides 27 15 10 37.03
*Biosynthesis of other secondary metabolites 35 17 12 34.28
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Table. 25 KEGG analysis results of HB-PL SNPs in the metabolism of terpenoids and polyketides

HB-PL

Genic-All Genic-Intron(-) Genic-CDS CDS-Ratio(%)

* Metabolism of terpenoids and polyketides 41 26 18 43.90
Terpencid backbone biosyntbesis 6 o s Bo
Monoterpenoid biosynthesis 1 0 0 0.00
Sesquiterpenoid and triterpenoid biosynthesis 5 4 4 80.00
Diterpenoid biosynthesis 5 3 3 60.00
Carotenoid biosynthesis 7 5 5 71.43
Brassinosteroid biosynthesis 3 2 2 06.67
Zeatin biosynthesis 4 3 0 0.00
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Table. 26 KEGG analysis results of HB-SUN SNPs in the metabolism of terpenoids and polyketides.

HB-SUN

Genic-All Genic-Intron(-) Genic-CDS CDS-Ratio(%)

*Metabolismofterpenoidsand polyketides 36 31 17 47.22
Terpercidbackbonebioayntbesis T s s wa
Monoterpenoidbiosynthesis 1 0 0 0.00
Sesquiterpenoidandtriterpenoidbiosynthesis 3 1 0 0.00
Diterpenoidbiosynthesis 4 2 1 25.00
Carotenoidbiosynthesis 9 8 5 55.56
Brassinosteroidbiosynthesis 4 3 3 75.00
Zeatinbiosynthesis 3 1 0 0.00
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Table. 27 KEGG analysis results of PL-SUN SNPs in the metabolism of terpenoids and polyketides.

PL-SUN

Genic-All Genic-Intron(-) Genic-CDS CDS-Ratio(%)

* Metabolism of terpenoids and polyketides 27 15 10 37.04
Terpencid backbone biosyntbesis T 6 . 0w
Monoterpenoidbiosynthesis 0 0 0 0.00
Sesquiterpenoid and triterpenoid biosynthesis 4 1 1 25.00
Diterpenoid biosynthesis 3 1 1 33.33
Carotenoid biosynthesis 6 4 4 06.67
Brassinosteroid biosynthesis 3 2 2 06.67
Zeatin biosynthesis 1 1 1 100.00
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Table 28. Carotenoid pathway genes that has SNP between HB-PL, HB-SUN and PL-SUN.

TAIR 10 Gene Name HB-PL HB-SUN PL-SUN

AT2G27150 AAO3; Abscisic aldehyde oxidase 3 o o o
CYP707A4;  Cytochrome  P450, famil 707,

AT3G19270 _ YIOCHTO y ° °
subfamily A, polypeptide 4

AT4G14210 PDS3; Phytoene desaturase 3 o o

AT4G19170 NCED4; nine-cis-Epoxycarotenoid dioxygenase 4 [ [ [
CYP707A1; Cytochrome P450, family 707,

AT4G19230 . . [
subfamily A, polypeptide 1

AT4G32810 CCDS8; Carotenoid cleavage dioxygenase 8 o [ o
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HB : C. hybnd “Shiranui’

Nucellar Van'aV Yd Variation

.

PL - Nucellar Vanant of SUN : Bud Vanant of
C. hybnd "Shiranur’ C. hybrid *Shiranui’

Figure 14. Division of two variants from mother variety by different

process.

ETtES AYEE Hlug #ololA FAgel SR thek WHoldo] A A
o2& Hou, APHoRZE Aoyt AA UEUE AL BEAIERYEH 7] %
HHo g Hold F AT Ftol] B3/t dojyal dvkal 2 F ATHIE 14).
52 SNP FolA SR FASA H7] ALo] i, FASeA 3t
AT AR ®ol7t dehvs A9, B8 Al B4 AA 83 9L &
T e Wolgt /M4 & st o] ES F4 Wol(putative variation)2tal 3F3 0™,
A ste} FHE, A stel AUES FHA o] tigh 4 WHol vl &S v
RS W, AR B9 FA WHol Hlgo] fAgH Hlste], AYUE AT
A 737%H 18.08% = =A YERITH ol EEOE HEY Ad XA g
kZo] o]Folxl 7|Zto]| wt FHA Tl wolgt Ao o] tEdH e
Ao g Helth

il

ol
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SHE Al AYUEA F84 WHol vlalo] glof, fAA #9 & €7 o
3 A (genic area SNP)ol| §lof Tl Uy F(CDS)ol| thghk Hol FA H|&9)
FAmAA FRE S8E ATl olxwo] AT MUE Hu w74 vehdn.
ol FAH AT Wol FAdo] ofxwo] o3t Wo] ARG HusHA 2HEH
I e orsta, FAM FEe FAAEY wdA] 5 3o wel WHold
WS 22E F Aee guFH o3 Ay, o] Za e iR F
FF w39 AT 847t oYz}, 7Eo Aol Hi, F&
3} 3}

=otA ddo) JiAdE A FH
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