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SUMMARY

It is difficult to develop new varieties through citrus breeding. Depending on the
performance of the varieties, it will contribute to the continuous development of the citrus
industry in Jeju. There is a need to enhance the international competitiveness of the citrus
industry by cultivating the seed industry and expanding the breeding base through organic
cooperative research of private companies participating in the Golden Seed project along
with the existing citrus breeding organization National Institute of Horticultural and Herbal
Science Citrus Research Institute, Jeju Special Self-governing Province Agricultural
Research and Extension Service and Cheju National University. This project is composed
of four sub_project reflecting the recent consumer trends (ex, Development of mandarin
cultivar having early-maturing and within the year characteristics, Development of mandarin cultivar
having early-maturing and reddish peel characteristics, Developing of Early Fruiting and Vigorous
Mandarin Cultivar and Development of new citrus mandarin varieties with red pulp and loose-skin).
We hope that the new citrus varieties developed by our project will meet the diverse needs of
consumers, promote citrus consumption, create new markets and distinguish them from existing varieties.
Finally, we will overcome external trials such as UPOV and FTA through the supply of superior new
citrus varieties, and will respond effectively to the continuous development of the citrus industry in Jeju,

to increase farmers’ profits, and to provide royalties for cultivating Japanese varieties.

1. Development of mandarin cultivar having early-maturing and within the year

characteristics

This project was carried out with the aim of developing mandarin hybrid varieties which
can be harvested within the year, and reduced the occurrence of rind puffing significantly.
During the study period, 13,648 seeds were obtained from 24 crossing combinations, some
of which were grafted to the trifoliate orange. and the prospective seedlings obtained in a
previous study were top—grafted with using Satsuma mandarin as an intermediate stock. In
the previous study, 35 seedlings matched the project goal were investigated. And 4 of them
were primary selected by priority. Then two seedlings from the primary selection were
selected as new varieties in 2016. Also we are keeping on observation of 20 promising
seedlings. In order to find the hybrid seedling among nucellar seedlings, DNA primers were
developed with using RAPD and SSR markers, and markers for seedless seedling were
developed as well. We also found markers related to rind puffing but no markers related to

maturation period.

2. Development of mandarin cultivar having early-maturing and reddish peel
characteristics
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This Research was carried out to develop a new mandarin cultivar having
early-maturing and reddish peel characteristics. In this project, we achieved all the goals of
plant patents, selection of good mandarin variety lines, and registration of genetic
resources. In the Clementinex'Benibae’ and other 33 combinations, 17,544 flowers were
crossed, 2,882 fruits were harvested and 37,222 seeds were obtained. In addition, 14,359
hybrid seedlings were obtained. In order to induce early flowering and fruiting, 3,763 hybrid
seedlings were grafted on citrus tree and cultivated the one stem induction and horizontal
induction of growth. 7 hybrid individuals of Clementine, ‘Lee’, and ‘56-423" which were
originated from natural pollination, fruit characteristics were investigated. These individuals
grafted on a citrus tree in 2014. As a result of examining the fruit characteristics of the
hybrid seedlings of ‘Lee’, the fruit weight was 150~300g and the shape index of fruit was
103~130. The shape of the fruit is circular or round oblate, the sugar content is around 11
° Brix and the acid content is less than 0.8. The skin color is light orange and the a value
measured by color-difference meter is 30. In the case of the hybrid seedlings of
Clementine, a value is 35 or higher in the skin color. But seeds were found in the inside,
and the fruit was small sized with a weight of 80g. The shape of the fruit is oblate
spheroid, and the shape index of fruit is 140. Therefore, it was confirmed that the quality
was lower than that of existing mandarin varieties. JNM1 is an excellent hybrid seedlings
of ‘Ehime Kashi 28 gou’ x ‘Ponkan’ cross combination, which can be harvested in the year
and has the characteristic of reddish peel. The harvest season is similar to ‘Ehime Kashi
28 gou’ from December to January. That hybrid seedlings have reddish peel characteristics
(a value : 35 or more). The seeds are produced and have the property of mono-embryony.
The weight is about 110g and less than ‘Ehime Kashi 28 gou’. The shape index of fruit is
around 120 and has the characteristic of round oblate. The thickness of the skin is slightly
thinner than ‘Ehime Kashi 28 gou’. The a value of JNMI1 showed 27.76 in November, and
the reddish peel color gradually becomes thicker. The sugar content is 12 ° Brix in
December and 13 ° Brix in January. The decrease in the amount of acidity is delayed
compared with ‘Ehime Kashi 28 gou’. In addition, some of the hybrid seedlings of the
‘Ehime Kashi 28 gou’ x ‘Ponkan’ cross combination were selected and fruit characteristics
were investigated. In order to early select the reddish peel's hybrid seedlings using
molecular markers, The SNP and SSR markers were searched using re-sequencing data of
‘Minneola’, ‘Benibae’, ‘Seminole’, and ‘Sweetspring’. In addition, SSR molecular markers
were used to determine the hybridization of the non-reddish peel 3 lines (11-10, 11-26,
11-129) and the reddish peel 2 lines (11-49, 11-132) Respectively.

3. Developing of Early Fruiting and Vigorous Mandarin Cultivar
To develop the early ripening mandarin varieties, plantlets were induced by cultivation
of undeveloped seeds from Shiranui mandarin. These plantlets were applied to the

rootstock, and then citrus fruit which was morphologically different from Shiranui mandarin
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cultivars was selected and their characteristics were investigated. The selected line is
planned to be applied for the resistration in the half of 2017, and seedlings were produced
for the making demonstration filed. @~ We have developed a SSR-maker to distinguish
hybrid from nucellar, and established the hybrid discrimination technique. The oryzarin
treatment to the cultivars of Valencia orange and lemon led the induction of polyploids, the

identification of stable tetraploids, and the establishment of four—fold induction technique.

4. Development of new citrus mandarin varieties with red pulp and loose-skin

The Hannong Bio Industry is located in Jeju Jeju—si Hwabuk-dong. Between 2013-2016,
from ‘Hannong Bio Industry’, affiliated breeding institute’s has developed new varieties. It
was cross—breeding with between ‘Kiyomi' (Citrus unshiuxC. Sinensis), Ehime Kashi No.
28 (C. sinensis 'Nankou’' x 'Amakusa’), ‘Clementine’ (C. clementina) and Sanguinelli’ (C.
sinensis), Moro (C. sinensis), Tarroco (C. sinensis) orange. Through this crossing, about
3,700 varieties were obtained in the first year, about 4,200 varieties in the second year,
about 18,000 varieties in the third year, and about 5,200 varieties in the fourth year. The
‘Redsanta’ is protected by Korea Seed & Variety Service. It was cross—breeding with
‘Ehime Kashi No. 28" (C. sinensis 'Nankou' x 'Amakusa’) and ‘Ponkan’ (C. reticulata). The
appearance characteristics are very red, easy to peel and have high sugar content. Also,
The ‘TaraTara’ is early type mandarine and selected from the bud mutation ‘Nichinana No.
1" (C. unshiu). It has higher sugar content (approximately 2%), lower acid than the
‘Nichinana No. 1’ and also it has different flesh and peel colour. From 2013 to 2016, new
genetic resources were continuously imported for the citrus breeding and registered 12 new
varieties in National Agrobiodiversity Center. The fruit was harvested at 90, 105, 125, 145
and 180 days after pollination in order to select the zygotic plants from the ‘Shiranuhi’
Mandarin [(C. unshiu x C. sinensis) x C. reticulatal. The number of embryo tends to
increase by day after pollination and the ratio of zygotic embryo at 90 days after

harvesting was the highest at 12%.
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SR ARSI, FUbR CZAAAAY WYrtEd s B Y A9 84 25 dijdd
BP-1270A15 AHgstel & 5x%s TAdstel auidh A ‘flaopdugd2a’ x 05-Zwls
4-6'9) == AL 4xFelA 1806 TAE AFSHATHE 2, 27 1). 9714 ajiEel
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o} o] 27 A = #Hu o] FHil FEVF FobA FHAFoR AIEHATHIE 10). olE 2704
et FAS AL ARG A3, TH-32'¢ A foe 2014956 2abd o] 119 2bgheko]
1.11%, 19 A= 094% 2 srolx A 9] 7heAd o EAARE 2015 ol 2hatd 34
o] AHghEFE 10~12€9 9] AbgheFo] 15%0] o2 433 55 EYi 9%+ 10~11°Brix®

o] ©

TH-36'91 Ao dutzorg AA=a7|% 150gH =R 2, JaFAE groma FAE 79
o Frth grolx] 2 IF oiv] A7 e Ho|th(E 7). wEkA] o] 2704
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910, oH] AR E ‘LH*32’9] A2 9 LH-36'9) 2

& 6. dH] A/RAIQ] TH-32'¢ A7 A5

7 = 799 7.3 7l 31 = EAIES 5 >
S I B N e G N S I
2014.11.10 154.4 84.7 122 19 2.7 10.1 1.11 9.1 19.9
2015.01.07 165.2 83.7 124 2.1 2.2 11.9 0.94 12.6 36.2
2015.10.26 84.1 83.5 125 1.8 3.5 9.6 212 4.6 1.6
2015.11.17 94.5 83.9 130 1.8 0.6 10.7 1.63 6.8 26.8
2015.12.08 90.8 33.2 129 1.9 3.6 11.0 1.54 7.4 30.9
3E 7. 4] AEsRA LH-36'9] Al7|E v 54
3 = 799 3 @ 3l 31 = EES 5 %
S I N S I S S I S R e
2014.11.06 133.7 815 120 2.6 7.8 3.3 0.97 3.6 -10.40
2015.10.26 142.0 84.8 129 2.0 0.0 8.4 1.25 6.7 -15.30
2015.11.17 163.5 82.8 128 25 0.0 94 0.87 10.8 16.68
2015.12.08 166.4 83.7 121 2.4 0.0 10.5 0.90 11.6 28.54

L A AT Ao A
Aol Al du) ke A 7F 2A
AR SRRl MAE

o wujzgel A 1A ORAE: 01-KM-1-4), “&HdZA" x Lee’Z gl A 17Hxﬂ(7ﬂxﬂEﬂ Mil- 4)
s 20 A7 "HAE AT (E 11).

gy olE JiAlE B EAEA FAN AbEEFe] Yy Emolx 8 & dAH 7T
T E3E AU, o5l 2~3€ FEaof = )
Bty old Aow AGHATHE. 8, 9).
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EEEE
H 11 A=

(‘01-KM-1-4"7) #| €]
1

%) (‘Mil-4' 7§ Al ¢] 23} 51 @ =)
]Oﬂ/ﬁ U= JJJH J+/\1E]-Aﬂ 7ﬂJ+

w8 AaAdTel A R AR gAE 01-KM-1-4'¢] 3454

—OZL]/\} 79 dg | AEE | AATA | S| G AR oy 22
A 2} A (g) (%) (mm) N | CBrix) | (%) (*a)
‘11.01.20 115 68.7 76.8 2.5 0.0 14.0 1.75 3.07 17.7
‘12.01.17 122 83.3 78.2 2.7 0.0 12.1 1.24 9.79 14.6
‘12.03.09 117 86.6 75.8 3.2 1.0 12.9 1.07 11.97 215
‘14.02.14 123 78.6 78.6 2.4 0.0 124 0.97 12.78 24.2

£ 9. AdATlM HuAg AR EAE Mil-4'e] 54
37‘;/\} 9 ST B s B I B - se e B S .2 RS DR 2 Al
=h Al (g) (%) (mm) (0 | (°Brix) | (%) (xa)
‘14.11.19 130 60.2 36.6 1.2 0.0 9.3 1.38 6.8 1.8
‘14.12.04 133 78.2 30.5 1.7 0.0 9.5 1.35 7.0 6.1
‘15.01.07 126 53.6 83.7 1.3 0.0 10.6 1.13 9.3 24.6

o Ada@aAel A s aghd el =g A
718 AfraAE TR A
114 20 &A% A3 sAle) A Hixel st= AA=e]
06-H&F 2-974AA BFel= HAA77F 2FE RN Frrh A er =i, Akg
Fr volr 109 FEHEH 88t A
A SR 3l ‘Encore’ & 3zl o = A
A v EFekARt ALl EL S wa i, FAVE 1-27
ot
20154 12€ 160l Al x5 Ry A Addes 9 5F
2 Aol v w2 AMAlEol FHAMAN, 06-9F 2-9/A= S22
ab7] Sk A RGE 11), ‘06— 9-200 B ‘06— 9-36 /1A= g
AG A= 12 sk vH(E 12, 13).

4
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=

10. 2kghaF 1.0%018F, T2k 570 ofste] Aol thgh 3 54 (2015. 11. 20)

: I}z | A5E | By | BFoFA | A | T = | A 223
A @ | ©9 | A% | @mm | O | CBrix | @& | THN | )
06-Z3F 2-9 979 814 127 2.1 0.0 12.0 0.70 17.20 27.21
06-P% 8-59 54.4 4.7 108 2.6 54 12.3 0.73 16.81 33.81
06-P7 8-116 69.4 81.9 120 19 0.0 9.3 0.86 1091 31.52
06-93F 9-29 200.4 78.3 108 3.6 0.0 9.9 0.86 11.44 451
06— 9-7 152.2 80.3 115 3.2 0.0 10.5 0.87 12.09 13.50
0623 9-3 1175 774 109 3.3 0.0 10.6 0.89 11.89 13.76
06— 3-18 172.4 75.1 115 4.1 0.0 10.7 0.89 11.98 11.66
06-23F 9-8 1614 81.6 121 2.7 0.8 11.2 0.89 1251 14.65
06-93 9-23 163.0 78.8 114 3.4 0.0 11.1 0.90 12.31 11.20
06— 9-36 186.5 78.2 105 35 1.0 11.2 091 12.31 17.83
06-P7% 8-98 80.6 85.9 131 1.5 0.0 9.4 091 10.33 28.07
06-23 9-6 173.0 81.2 113 3.0 0.0 11.2 0.93 12.06 16.11
06— 9-20 169.0 81.8 108 2.6 04 10.6 1.00 10.68 10.13
06-P3A 8-126 149.0 79.8 116 3.0 3.8 11.3 1.01 11.14 25.80
06-AtE 6-46 109.6 81.3 110 2.1 0.0 8.3 1.01 8.21 26.55
® 11. ‘06— 2-9¢9 yYAEA
I F }5E& | JI 5 93 = AbgkaF 2
ZAE d A oy s FAkH
Hd (g) (%) (mm) SR (‘Brix) (%) a4kl (*a)
2015.01.19 78.2 84.7 1.7 0.0 13.9 0.87 15.98 24.88
2015.11.02 100.5 82.6 2.0 0.0 10.5 0.85 12.31 16.62
2015.11.20 97.9 81.4 2.1 0.0 12.0 0.70 17.20 27.21
2015.12.02 114.7 81.4 2.2 0.0 11.8 0.68 17.30 29.89
® 12 '06-2F 9-209] YA EA
¥ = 7898 v} 3] = o . AlLsF 2k AP
2 A1l 0] I F 55 HIAFA 3 = Mgk b 2 Al
rdd (g) (%) mm)  ° T (Brix) (%) ki (a)
2014.12.08 265.5 76.2 4.0 1.8 10.8 0.86 12.53 19.43
2014.12.23 282.8 76.0 4.2 3.0 109 0.80 13.59 20.35
2015.01.09 272.8 70.4 5.0 1.8 11.0 0.79 14.05 23.43
2015.11.20 169.0 81.8 2.6 04 10.6 1.00 10.68 10.13
2015.12.02 236.4 79.9 3.3 0.0 11.0 0.92 12.03 15.77
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3 13, 0693 9-36'9 HAEA

R I
2014.01.15 2972 65.4 5.8 1.0 10.7 0.66 16.21 27.48
2014.12. 8 261.3 76.6 4.0 2.8 11.4 111 10.22 19.87
2015.01.19 286.6 73.7 4.4 2.0 11.2 0.81 13.86 25.57
2015.11.20 186.5 78.2 3.5 1.0 11.2 0.91 12.31 17.83

e 14 e AAS dEFFte] HAFL vw
06-F 920 @ 06-FF 9-36'9) FHAAV e exUgnch 26 o4 23, WirhEtel
27|t vsat B¢ A4S GEEFRTY th FAAT F58e vEd 4L W
gov 129 29 2 ARA PAE JREFNG WY LFUPNTE YE} =
AgBE 196w Fdo] & 3) S
2ol wi7] we] gabu]t
}

o]A o

O

to ot
B B

K

so X

_—

oo o

).

F 14 °06-=3F 9-200 R 06-FFF 9-36'H EFFIe] FAFE vl

g | magge | % | HSE] A AR [ w (0w ], | A
() | %) | A% | (mm) | CN) | (Bx) | (%) (ax)

06-Z%F 15.11.20 | 169.0| 81.8 | 108 2.6 0.4 10.6 1.00 10.68 10.13
-9-20 15.12.02 | 236.4| 79.9 | 108 3.3 0.0 11.0 | 0.92 12.03 15.77

06-Z3F 15.11.20 | 186.5| 78.2 | 105 3.5 1.0 11.2 | 0.91 12.31 17.83
-9-36 15.12.02 | 184.7| 77.9 | 107 3.3 1.2 11.4 | 0.98 11.64 | 20.83

LxU7r 15.12.02 | 83.6 | 76.5 | 127 2.3 0.1 10.9 | 0.82 13.36 | 25.70
Hyot= 15.11.30 | 185.6 | 81.9 | 103 2.4 0.0 12.8 1.09 11.74 | 29.01
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(06-=3F 9-36)

2 130 25 06-E 3 9-36'e] -y EA AFek(2016. 1. 19)

g 2015~2016\ = Akl SpAd S ARl A 2001 AWAZE 78 Al
T7F B2 06-PH 8-72'% S/MAE ALsties AL #Fo] HQas)

15, 16, 17), 20158 %ol 12} e JRA] Foll ‘06-23F 2-97hA = 4

AL #zst ozt gt ‘05-PH -12670 A= 20159 3 20160 ZFAME w2 A7t
3

N Az Aol Sl saa sl Askel 14 AWSATHE 18),

% 15, A+ 7bs F& Aol dig #4543 (2015. 11. 20)

(KT e A e S B O i R S R A
06— 2-9 | 1724 | 751 115 4.1 0.0 10.7 0.89 1198 | 1166
06-P% 8-72 8.3 | 723 131 3.1 12.8 105 0.90 1171 | 3398
06-PH 8116 | 1490 | 798 | 116 3.0 38 11.3 1.01 1114 | 2580
i 16, Al FF 7Hs A g 354

(L IE e P et I S e R S el s S

14.01.15 | 1027 | 669 115 36 0.0 105 | 064 | 1641 | 29.27
06-P*-3-37

1501.19 | 922 | 663 118 40 0.0 122 | 074 | 1639 | 2607
06-P3-5-2 | 1501.19 | 1284 | 71.0 112 36 0.0 136 | 1.02 | 1333 | 31.87

15.01.19 | 1173 | 805 104 2.4 0.0 129 | 072 | 1796 | 2877
06-AHE-6-27

16.01.18 | 1074 | 815 103 2.3 0.0 123 | 068 | 1806 | 27.04

14.01.15| 1551 | 804 116 3.0 0.0 115 | 046 | 2515 | 3517
04-PH-5-46| 15.02.16 | 1033 | 780 108 3.0 0.0 135 | 052 | 2573 | 33.04

151214 | 1350 | 77.2 120 37 0.0 112 | 045 | 2463 | 3591
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17 Al =5 7k Al W 2 5242016, 12, 1)

06-P% 3-24 %5 | 711 112 3.9 0.0 12.1 097 | 1244 | 2665
06-AE 6-31 | 1017 | 874 118 0.8 0.0 119 091 | 1316 | 31.29
06-P% 8-126 922 | 88 118 1.4 0.0 11.1 099 | 1117 | 22.07
06-37 1-270 | 1990 | 784 98 36 0.0 9.0 0.94 951 | 29.00
06-P34 3-27 1825 | 721 119 39 0.2 109 079 | 1371 | 14.84
06-P% 8-17 1182 | 821 114 1.7 2.6 114 105 | 1088 | 2391
06-P% 8-44 745 | 782 112 2.0 34 10.4 068 | 1522 | 31.42
04-PH 4-122 | 1254 | 812 138 2.0 36 10.7 082 | 13.07 | 31.29
06-P%d 8-51 69.1 | 86.0 138 0.9 5.4 126 105 | 1200 | 2675
06-P% 2-1 847 | 833 116 1.3 6.0 10.1 069 | 1472 | 1551
06-AHE 6-12 705 | 774 123 1.9 72 114 098 | 11.68 | 33.69
04-P%H 4-92 1781 | 849 128 2.2 10.8 10.3 082 | 1265 | 2675
06-P3 8-42 9%.3 | 794 127 2.1 124 10.0 069 | 1455 | 1897
04-P3H 4-21 842 | 776 113 2.4 21.0 117 085 | 1381 | 3375
06-P3 8-11 942 | 783 141 2.0 27.0 109 101 | 1085 | 30.70
318, ‘06-PH 8-126 7N Ao tigk ZARA 7| E 2 EA
zier | U WY O | am | e | Ob | 6 | B0 | | G
15.11. 20 | 1490 | 798 116 30 104 38 113 | 101 | 1114 | 2580
15. 12. 02 130.0 82.5 116 2.6 12.7 1.2 113 1.00 11.25 2841
16.11. 02 | 1147 | 863 120 18 79 12 103 | 100 | 1024 1.02
ot 131.2 82.9 117 2.5 10.3 2.1 109 1.01 10.88 184
uh AFSAAAEET A3 A
A 7hA 123 Adrs]ojd 47fA] FollA 06-2F 9-367MAE AR U-51E'Z, ‘06-PH
8-126MA = ‘A U-545’2 747 MAES Fojste] 20169 AFSNEFT G5 A9
3lofl JAste] 2016 % g AFFoR G H A

(1) A7 515063 9-36)°] Fa 54

walgo] Zea, Yrmere Aydelth B AL 09 sy Adsel 119 o4
of ehds AAHE, BHAHSYE 129 A &
250 AE Atk AATAE 42mmE L5
stk %719 Hal A e B0
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7} 11.0°Brix A = o]}, Abstako] 0.9% W elo]ar, Fo] W d7fo|rt &=
E3slth A7 ESIgAd ol Al TR 7F A A &
B2

=), o) W ol

X 19, A A= A U515 HEEFEe A EA
AZr Y-51% | 14.01.15 | 2972 | 654 110 5.8 1.0 10.7 0.66 | 16.21 | 2748
14.12. 8 | 261.3 | 76.6 108 4.0 2.8 114 1.11 | 1022 | 19.87
15.01.19 | 2866 | 73.7 112 44 2.0 11.2 0.81 | 13.86 | 25.57
151120 | 1865 | 782 105 3.5 1.0 11.2 091 | 1231 | 17.83
15.12.02 | 1847 | 779 107 3.3 1.2 114 098 | 1164 | 20.83
THEA 15.12.02 836 | 765 127 2.3 0.1 109 | 082 | 13.36 | 25.70

F 200 ‘AR yY-blek dEEFe IS4 Ha(2015. 12. 02)

s | AR | T O | G | e | e
Az U-51% | 184.7 779 107 3.3 1.2 114 0.98 11.64 | 20.83
T 83.6 76.5 127 2.3 0.1 10.9 0.82 13.36 | 25.70
T-Test(0.05) sk n.s sk ok n.s n.s n.s n.s n.s




A= 119 dted e
Abglako] 1.0% W <] o]
o A%719 119 55 o=

SA FEEolE Fi7F B A
= ue 59 27 o8

2 rlo
o
=
o,
o
frtl
H
>
2
i—";
o
2

- =
()
X
rlr
A
1
o,
2
BN
ol
ol
rlr
=
e
2
ol
}1_:‘
1

o)

5 osl B
B oo e

FAF GARA AT 27 9
o) HW A7 YY), FAe] v el

T | d5E jioi B 5 | HAE | FAF | R | AR S ) 2} A
) T

ALh) | zhes [N | A mm) | @m | Ob | @0 | @ | ¥ ()

A7 Y-54% | ‘1511.20 | 149.0 79.8 116 3.0 10.4 3.8 11.3 1.01 11.14 | 25.80
15.12.02 | 130.0 82.5 116 2.6 12.7 12 11.3 1.00 11.25 | 2841

16.11.02 | 1147 86.3 120 18 79 12 10.3 1.00 10.24 1.02

gt 131.2 829 117 2.5 10.3 2.1 10.9 1.01 10.88 184

THAZA ‘15.12.02 83.6 765 127 2.3 12.0 0.1 109 0.82 13.36 | 25.70

16.11.02 | 1347 83.7 139 2.3 15.0 0.0 79 0.78 10.21 4.00

Bt 109.2 80.1 133 2.3 135 0.0 94 | 0.80 11.78 | 14.85

o #E5A Hlu(2016. 11. 02)

=
7\3{15%’ T | d5s Jﬂrié oA | AAE | FAE | GE | e ] A
(F51%) (g) (%) | AT (mm) (mm o | Bx) | (%) (*a)
A =543 | 114.7 86.3 120 1.8 79 1.2 10.3 1.00 | 1024 | 1.02
TAXA 134.7 83.7 139 2.3 15.0 0.0 79 078 | 10.21 | 4.00
T-Test(0.05) | = * ok ik ok n.s ok o n.s n.s

o9l 150 AR Y5450 w9 22t e
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5. & E T #F AT

7} RAPDS| o) FAja4el wgw #3898 RARA vhA A
)

TASZFY] & & Z&el sdojA UBCEZgtolHE o] &ato] thuljd Tk +
A A Ao A nggE o e} FAZRAGqA FdE FAME TS 7 de ZdowE A
ek, AdEl UBCEZetolME 2H7F d7IAE S 5oz FAMe} wgulE SH 7]
TRt §FTEES =o)nA YT AFAREE 2TEEE TANOE A&V 25
Aol A WEE R e MEE 2hy = primers AWsta AEE primerE o835k w3t
el 5 ddetgivh. A4 UBCZetol™ 70070 FolA shizlel Hol2Ql xejolw
5171 & AdFstgl=dl, o]F UBC27, UBC41, UBC425 ¥ UBCH47%1 AS-d= AldAa= A&
Hojzl FFo AR ALY F v ol Fon ymxe dF FEW A8

AATHIE 23).

UBC27 primerE ©]83lo] ‘& %A x ‘Sunburst’ mandarin® ez} Gz x ‘WH7he
ez 2R x TFEe] wwjzgel A FAwet wuE g
‘Sunburst’®] WujEFol A= 29%7F B o7 FAHEAGY. TP x W
= 19%, ‘G x VA wnjxde A s 30%7F agAd Aol FAAEAHY 16, %

24).

¥ 23. RAPDHH S o] &3k st 5o &2l primer A%

No. |  Primer 97144 %%%ji” FEANAS 0E | BEARRAS 2E

1 UBC27 TTTGGGGGGA 149 A5 -

2 UBC41 TTAACCGGGG 903 A5 -

3 UBC254 CGCCCCCATT 260 dEE 3, 4

4 UBC568 ACCTGTTCTC 200 dRE 3

5 UBC425 CTAATCTCGC 250-300 A5 -

6 UBC451 CTAATCTCGC 300 dRE 5 6,7 8, 10

7 UBCA487 GTGGCTAGGT 200-300 dRE 45

8 UBC528 GGATCTATGC 200 dEE 5

9 UBC5H47 TATGACCTGG 200 A5 -

10 UBC605 CCGATCATTC 100-200 dRE 6,7, 8 9 10
11 UBC617 CGGACTATGT 100-200 dRE 56, 7,8 9 10
12 UBC695 GCTAATCAGC 200-300 dRE 5

s v 2] 3970 primer
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UsSe 15 16 17 8 19 20 1 2 23 M 25 2% 2 M U Ss 29 30 31 32 33 M 35 36 37 38 39 40 41 42

M U P 15 16 17 1819 20 M 33 B M 5 2% 7 B M U P 2930 3132 33 34353 3738 39 40 41 42 | M U P 43 44 45 46 47

MUP I 2345 67 % %0 01213 K

e s s SRS SV e

MU K 1234 5 6 7 29 10 11121314 (M U K 1516 17 12 19 201 22 13 M 35 6 17T 1B M U K 2 3031 3233 34 35 36 37 32 39 40

(]

Rkl Ve W

SENE Y] AA AR WA =4 | nFgAYE FA
AR T AEA
(bp) 71 (1) (%)
3% x Sunburst 45 13 29
947 x W UBC27 149 47 9 19
w7t x 7 40 12 30

L. SSRuFAE o] &3k 7t wite) v
Hool 3= RAPDWH
ATae ofFste] +4
dolol A ugtulE
FHE Thotste]ol &
oty Ame wWiy
Ko, wite) FHS

AHgshele wa s

x ‘Sunburt” Wl FF T F 5 FFelA Aozl AR S AL
#l3sked BMCi-SSR-012, BMCi-SSR-111 ¥ BMCi-SSR-115 "}AE
Y7205 x ‘Sunburst’ WEEE 8270 A T 474AI7F, A AT x Lee

A F A20A), FHERA x Lee’ nulFETS 42704 FolA 12704, ‘A AL
T ox AP we ol e 50/0A T FE 48 AI7F el Ay =3 ‘2
25 xS HARZ Y wulzdelA = 39A T OHAIE el e s E A=, wghe)
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A

SSReEFA 2 nLF )

o ouge) wulsl s,

=90
==

= 7hA

Al vk
= T -

Aol szt o

5l O
e

N

340
340
340

3z0

320
=012
320

Marker
BMCi-SSR-012
BMCi-SSR-012

sz 307 68|
ht 14422

T
sz 307 .49
ht 12451

200
300

¢300

)

sz 205 42

ht 153940

120

T
a7 282 B8

ht 20459

52 282 93
ht 31302

280
280

280

BMCi-SSR-0
BMCi-SSR-012
[BMCiI-

Panel

260
260
260

-30

A
MG

240

240

~012-NG20

16000
8000
12000
8000
4000
12000
6000

24000

B 5 (Sunburst)
F1 308 ME

MCi-SSR-01

Sample Name

gl
o

R

ki3

°]-&

=
=

a9 17, G203 x ‘Sunburst’ L] A Aol A SSRu}F

ol

%‘H.H%”MWPJ

718 w7

O~
‘:IF

3l

o]

g]

ojA = FHHo FFEHAY] o

il

bl

=
=

N

249 FAEAN BAY
ZAFAN AT Holt W=7}

-

R

=

Il

1

f4/r35 primer

=

vl
THAY ol A]
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zka 9)slem, f1/r25

pE

b
FAF A, T3 £4/r329F 5/r52 primer

18).

123 {6/r15 primer

O
RS

ol



3E 25, &7zt SRAPH el o3& 7] band I
PCRS ¥ d4t=2] band W47 =22 0] 7 7]
No. SRAP primer | 3247124 | A (A=) A (A =25) (bp)
19 (6/r15 0 - - 1600-1700
- 0 0 1800-2000
21 £1/r25 - 0 - 1800-2000
24 f4/r35 - 0 - 500
4/r32 - - 0 1300-1400
5/r52 - - 0 1000-1100

W L7)ek AdHE ¥ band FA

SHH 8 AFARdA i Huee’E (FAE Y] wfulds A Aozl Aow H
AR Ax717F =il & F e FFolvh =, FAS T AsEHe A7l dRTF =4
W AR oM A=TI7F =val & ¢ U= %%O]ﬂr. o] F FETE AEE o] A5V
P4 A% SNP #AAE Jhdastazt st & A= @ulel ey AW AT Aol ¢
Flotol EAHAY. Ame ByHeETd dE2a o l"%x]?)r 2 owlolom Yol A By Tl AE
S A3l genomic DNAE FE3A . 5% DNAE SNPA2|E R 329 A% PCR 5%
A BF Foug A3E dA Zsto(d 19) ol AS e WHoRE Ax=d eVt 9l
t}.
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34 34 M TN BJ 34 34
Nu 55 Nu 55

- —-!
S

TN-SNP-SCAF_3-10107939-2F  TN-SNP-SCAF_1-24510125-2F
TN-SNP-SCAF_3-10107939-R TN-SNP-SCAF_1-24510125-R

a9 19, bR 2A% 5 2T DNAE PCR 32 5 24 49 F W= ww
(TN: &4+=%, BJ: F#3}, 3dNU: Hb-34NU, 3455: Hb-3455)

=743 FolA AA=FE wksAo 5
FEE XA THAI oA fFHlE FEFOoE BRSO EntES o] wjiEsti gro] 3l
st A Fadbgo] uAIwE el Aol de] S A g AL Aujsts 7)te] AL
2 s F ool wEbN FHEAYN AHF 2FFTS ol&ste Ry #dd
SRAP primerE A@sta A S @A 12 3ot A+ 23 11719 SRAP primeroll A &3

2 AT o] 72 5 s HET FAE A5 F8sk 288kt R 26,
a9 20). 2y o] A= 7 E30] AAG AN B Aol 7] Wi #F & 5ol

¥ 26, ‘FHRAAY AT A SRAP primer® band T4

PCR %¥ 2HE 9] band 44 Z=Z 2o 7]
No.
SRAP primer By FA(ZTHAERA) | I3 PP STF) (bp)
o - 800
1 £3/r32
/t - 1500
2 £4/142 - o 1400-1500
3 £10/r42 - o 1500
5 f10/r41 0 - 500
6 17/r15 o - 2000
8 £1/137 - o 1500
- 1000
11 4/r27
T 0 : 1550
12 £1/r37 o - 1200-1300
13 £3/r47 o - 1400-1500
14 £10/r47 - o 1000
20 £2/r18 - o 800
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<GE L A=Y wejxdd Wy, 298 wests, 8 dg, 95 T, SES>
|k e gt wuj sty | £ FHdF | 5 FAF | FESF

2013 =2 W x| Y\l 1,017 30 694 579
7 74 x W Y vof] 818 31 1,336 1,021
2014 She 8| M x & T 125 40 64 11
st &) vl x &2 ¢! 116 15 13 2
o 3| 28T x T = 294 70 110 93
o] 3] W] 28 % xP. star rubby 322 38 1 1
SHWE ST E 586 4 61 2
= o el x )  mpol] 192 1 25 4
gxees 598 3 54 12
SHwe 2 465 2,976 2,040
2015 o] 3| W28 & xE} = 5 476 90 6 5
o]] 3] |28 & x ] o] A 439 72 305 238
o] 3| W28 & x | =& & & 137 60 36 27
LA obxH = E 4 316 48 334 788
I LA d ofx 3] 0] A 311 7 1,886 1,818
2] x v L o] 145 0 0 0
] xP. star rubby 910 0 0 0
2 wE 720 8 162 82
A ZAxA v = 88 20 352 276
AAxgAd e 7 10 60 42
2016 A dopx & T 1,000 31 1,223 1,218
I YA o) x =-n}f 507 96 1,039 1,030

Wil Kingx& g% 415 126 1,211 *

Wil Kingx ¥ o] #] 274 48 392 *
o]] 3] W] 28 & x 7] o] FH| 284 60 375 366
o] 3] |28 & x & ¢ 172 21 44 44
o 3] W28 & xE} = F. 169 11 0 0
ol| 3] |28 & x W] &} o 259 22 98 95
o]] 3] ™| 28 & x w| L H}-o]] 1,658 329 2,340 2,246
2] x5 ¢ EARTE] 168 12 123 121
2 X 2B H 1,075 11 20 20
2] x Hj Y nte] 660 33 964 935
7 xg 1,133 251 4,730 682
S wE (o] )xn] s}of 613 232 5,810 561

SRl (o])x A7) = 1,470 367 9,878 *
A 17,544 2,882 37,222 14,359
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FolE AlZF g A 127 SHEE EE 247 SHEHXE ojxdte] fald oA A
& F= a3k 2B FAse RS Qb deyg FEGIL)S} TEF FEQ0kg)E 21
o W &R E5 F dgstel FEVF TE3] & FHe @ F xEC HAEE FH ¥ wuy
AANAE o4 sglch o4 F 30de] A Foll= WP =(11-11-33-7] Fd &) 500M,
ko] 9 2H(155-0-0-26.5) 10008} 34 skl H7]ed wFVIE ol &ste] LEO #Foih
WHE FHe] 127 FEEES olsti oA VEd WHoeR F 23 #FS v AL
Z A5 A5 F ufel 7AA o 16709 §EE S s v nyel A43d FAE A7)
HE @E 3] sbesivtn fgEth A 4pdmel= 85 & F29 AFTt B FHA
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MY AL S o] &3] HEF WHEES SHEE ATE W Ak o= o] uw 3 =g
ol 1190 FAE 5 st A u] Aldo] uFsle] o3 3 59 4 1H = AHES
AAEE e HEE Su 500L 10081} 7o 2 3kl EC @ 1.0, pH : 58, 2¢ 13] <&
S Foste Ao® g9 138 g4 A & 300mE FHsts Aer AASAT 20159

3 2 A
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19 8ol Az ¥} FFL AF 9w, 24dEd F5 @ FAWE wA A4d5
880, A3 W28 x & 375 AustATt. 279 AHFS SHEEE o] &3 A
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S s BEEow 3 AAdM = y e a o] 35014de HEtl= JHAZE Ao
3, IH=o] 80g A ool PR 7t 14002 HFF
&l o]

=<
FFol vate] Fhol Wolxt 54 el & 5 AT

°l

<3 3 FHddE 9 gE EEoE g A4 A HASEAL>
W& ?*} He | A | ASE | A | A | TR | A P 22
Al (g) | A= (%) (mm) (71) | (°Brix) | (%) (xa)
14-03-14" | 16.11.15 | 3555 | 110.8 91.7 3.94 0.0 9.9 0.51 1941 | 12.87
16.11.22 | 340.7 | 113.7 82.7 2.74 0.0 10.7 0.55 19.45 | 2451
16.12.15 | 250.3 | 117.1 80.2 3.28 0.0 114 0.62 1839 | 25.28
14-03-16" | 16.11.15 | 107.9 | 1084 84.6 3.38 3.0 9.9 0.81 12.22 | 1859
16.11.22 | 156.2 | 103.2 81.7 3.29 14.0 10.6 0.49 21.63 | 21.12
16.12.15 | 1335 | 99.7 83.2 2.70 5.0 11.2 0.95 11.79 | 31.49
14-03-19" | 16.11.15 | 232.6 | 124.6 87.6 1.89 0.0 10.0 0.60 16.67 | 16.18
16.11.22 | 269.8 | 1295 87.1 2.11 0.0 10.5 0.55 19.10 | 21.95
16.12.15 | 275.2 | 123.7 86.2 2.02 0.0 11.8 0.69 17.10 | 26.14
16.12.22 | 235.0 | 129.2 86.3 2.33 0.0 12.3 0.75 16.40 | 25.66
16.12.29 | 241.9 | 129.9 85.0 2.39 0.0 12.6 0.62 20.32 | 28.27
17.01.12 | 189.2 | 135.8 85.2 2.00 0.0 13.6 0.59 23.05 | 24.41
14-04-16™ | 16.11.22 | 31.0 | 1119 79.4 1.70 2.0 8.9 2.10 4.24 16.62
14-05-09" | 16.11.22 | 1055 | 119.2 83.7 2.46 5.0 9.2 0.50 18.40 | 34.06
14-12-19" | 16.11.15 | 84.0 | 141.0 79.7 3.07 25.0 9.9 0.51 19.41 | 35.01
16.11.22 | 83.1 | 135.1 81.8 2.11 275 10.3 0.81 12.72 | 37.83
16.12.15 | 748 | 1424 81.4 2.06 175 11.3 0.89 12.70 | 37.82
16.12.22 | 56.6 | 131.2 82.3 1.88 20.5 10.5 1.57 6.69 | 30.41
14-13-08" | 16.11.15 | 33.8 | 114.8 66.1 3.41 5.7 9.9 0.66 15.00 | 24.81

<k EE BEoR 3F AANA, e FEME S EEom 3 AANA>

<2¥ 7. 14-03-169 FHAFF, v = dH>

_5"_



<19 '
4 8. 14—
12-199] BAD w2
i R
F >

4. 9=
' TTZ”% /‘\j%

)
o
N
N
Jo
ro
o
o
>,
a Lo
_]1—’
ot
g
i
_\'1_1‘
et
o
i iE
ol
&
=
B
i
Lo
4
oX
BN
>
et
2z
i >,
o
o
N
;

=
N
il
2
i
z

5

52
1'0"

o

Jo

>

o Ho

P

i

U 23
EJ’]—B‘J_TL

(1) Ao EA
INM1S 3 o] 2835
frAba ka2 ,jzgiwg@ =3
A= e A j M st ﬂmaﬁi agag A
f(l Aol ?j;ii 7k 3 ﬂ;} ]yfﬁ]o 4 a gt :'3;2}7]% 124]A 14
51 . 765 CTye] = < =
28% ¥ fs}; iﬂquBrix-g Eoi}i}ﬁlfagi ?Jr; 9;72% e “11&2;;:]] no Jﬂr%‘*ﬁ*
fog XJEO]EOT%;QE g o] x| = A]léo“% 13°Brix= ;;] e A= 736&26]]- e .
=7F =7} stk :J:]j[:lr: 120 zé_‘.:_,ejb} =t o ol At _E;]_X]ou? g}fd or s
L T e] A @,i};jo]i At mJ; fiq- 20164 2 s oA
| S o] &3lo] =4 Z;ﬂ i015@ é/}oﬂz}\;ﬂzq
qe we] g zho] 35 AE
92 U

oy
S
o O
rlo

- 52 -



o] Fy9 EAS /M e Ao FQ Hlon, dEE oF 13°Brix olvh AdHEHe 149
of el loletz vt s AoR el Hloh Fyo] A9 BAsA ks "WE 0=
shar - ARE wE 3= Fpw 19 Tl of 029 @& nol o] Hi s F9
sttt AgA e FEe F7HA 2AE B8 strkal Azpo] HAN AI7p FHATE i
Rl 548 nestls W ol s r2gst vlsdk 548 Bl Aom FAsta gl
<3 4. JNM13} o8 m|28% ¢ s EA wa>
ZAL sk | A Ass | S | AR BE AR | g, | 2
AN | (@ | AF | (%) | (mm) | OD | CBrix) | (%) | °V | (xa)
JNML | 151102 [ 1118 | 127.1 | 8438 1.92 00 | 122 | 196 | 622 |2176
151116 | 1220 | 1232 | 859 193 00 | 120 | 166 | 723 | 3483
1511.27 | 1284 | 1189 | 854 2.18 22 | 121 | 147 | 823 | 3450
1512.09 | 1174 | 1152 | 8538 1.79 10 | 121 | 146 | 829 | 3364
1512.15 | 1268 | 1199 | 846 2.06 02 | 125 | 139 | 899 | 3763
o sl mW28% | 15.11.02 | 2429 | 1171 35.6 2.54 0.0 10.1 1.10 9.18 | 1899
1511.16 | 2083 | 1087 | 87.3 2.09 00 | 103 | 117 | 880 | 2539
1511.27 | 2524 | 111.7 | 835 3.00 00 | 123 | 10l | 1218 | 3231
1512.09 | 260.7 | 1116 | 827 2.49 00 | 110 | 100 | 11.00 | 3252
1512.15 | 3083 | 121.1 | 803 3.18 00 | 120 | 096 | 1250 | 3573
<3 5. JNM1 #3574 - 20156 >
I s I I e sl I S s Al e
A4 | (@ | AF | ) | mm) | OB | CBrix) | (%) | )
JNM1 151223 | 124.2 | 1159 84.3 2.10 1.2 13 1.27 10.24 | 37.09
1512.30 | 101.0 | 111.7 | 839 191 0.6 13 120 | 10.83 | 3803
1601.05 | 107.3 | 119.7 | 837 2.11 06 | 132 | 123 | 1073 | 3857
160113 | 1029 | 1206 | 833 2.16 17 | 134 | 115 | 1165 | 3883
<3 6. ]NM1 3254 - 2016>
AT A s A | S A | d e ], | A
A4 | (@ | AF | o) | (mm) | OB | ®Brix) | (%) | )
INM1 | 161116 | 1402 | 122.7 | 8638 2.09 06 | 111 | 158 | 703 | 2804
1611.22 | 1454 | 1268 | 869 2.16 00 | 114 | 140 | 814 | 2845
1612.15 | 1579 | 1288 | 856 2.13 00 | 132 | 107 | 1234 | 3619
1612.22 | 1462 | 1263 | 859 2.21 00 | 141 | 136 | 1037 | 3636
16.12.29 | 159.4 | 1225 34.7 2.35 0.0 12.9 0.98 13.16 | 35.58
17.01.12 | 1362 | 1188 | 839 2.33 06 | 127 | 109 | 1165 | 3311
17.01.19 | 1289 | 1147 | 839 2.25 00 | 131 | 118 | 1110 | 3551
17.01.26 | 127.8 | 1248 | 849 2.11 00 | 146 | 110 | 1327 | 3438
17.02.03 | 107.1 | 1130 | 84.1 2.22 08 | 140 | 106 | 1321 | 339

_53_



<% 9. INMI1(), ol 3] W28%(5-)>

INMIo] 9l o8] w285 x g 7 23] wFdAY AA T 47 MAE ddate] AEHHoR
HAe] EAE ZAeth 53] 109U 1329 JiAle] AS #yle] Aol FZAon T
12°Brix, AFgHF 1% Wl9lE Holi it 109‘118 grebe A ARl F(neck)o] Ty s
shalBol H] 5] E]ﬁo] ZF Fol FPFAFE PAES Ho
Jroln APA g 1156825 e lOUﬂ] ol 3] w285 ¢}

A 70 Al

1:
A g Al wai = FF AEH
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Ho
s
=1

kel
30, o
5
—
o
N}
k%)
of
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$ A A4S AT 9
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t Qew fE s49l B 2AE AA E o goln,
A% Awo] Aad EBEo gAAE ek A 54, Y, A, HAY A 59 2o
g AUEAEAE AN & dgolt

<E 7. o8 M28E A 2 AN S FL 5>

i*} B | HE | HAE5E | FAFA | FAF | RO | AR | 4 ) 2} A
2 A (g) | AT (%) (mm) (1) (°Brix) (%) °v (xa)
11-10 16.11.16 | 134.0 | 94.8 76.6 3.42 0.0 10.7 1.78 6.01 8.56
16.11.22 | 161.8 | 97.0 76.9 3.52 1.6 11.0 1.55 7.10 12.63
16.12.15 | 157.0 | 102.3 79.4 294 0.0 116 1.12 10.36 | 21.14
16.12.22 | 165.6 | 100.9 75.4 3.91 3.0 11.6 1.15 10.09 | 25.99
16.12.29 | 1569 | 97.2 771 3.35 0.6 12.0 1.16 10.34 | 27.42
17.01.12 | 1740 | 959 74.0 4.08 5.8 12.3 1.07 11.50 | 24.41
17.01.19 | 170.7 | 974 74.3 3.78 4.2 12.2 0.96 12.71 | 31.04
17.01.26 | 169.1 | 99.6 775 3.71 4.8 11.9 0.77 1546 | 31.25
17.02.03 | 196.8 | 108.6 78.8 3.60 1.8 11.8 0.93 1269 | 30.81
11-26 16.11.16 | 119.0 | 153.0 81.6 2.39 0.0 11.7 0.67 1746 | 22.49
16.11.22 | 130.2 | 138.7 819 2.47 0.0 114 0.60 19.00 | 21.12
16.12.15 | 124.7 | 1415 82.1 2.22 0.0 119 0.65 1831 | 25.29
16.12.22 | 1226 | 147.6 81.3 2.50 0.0 12.6 0.87 14.49 | 27.28
16.12.29 | 1149 | 1434 81.8 2.32 0.0 12.6 0.69 18.26 | 26.98
17.01.12 | 126.8 | 147.8 78.4 2.7 0.0 13.8 0.75 18.40 | 28.65
17.01.19 | 129.8 | 1494 80.0 2.69 0.0 13.0 0.79 16.46 | 29.88
17.01.26 | 120.1 | 144.8 80.1 2.69 0.0 13.0 0.70 1857 | 28.24
17.02.03 | 1045 | 144.7 80.0 2.60 0.0 14.0 0.87 16.09 | 28.16
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Oi]’\} 4| AF | AEE | AAFA | A | TR AR | ) 24
A A (g) | AT (%) (mm) (70) (°Brix) (%) e (xa)
11-109 16.11.16 | 187.6 | 100.9 87.3 1.76 0.0 10.1 1.28 7.89 30.50
16.11.22 | 1973 | 89.7 86.2 191 0.0 114 1.31 870 | 34.28
16.12.15 | 1945 | 83.8 84.8 1.89 0.6 115 1.17 9.83 34.59
16.12.22 | 1781 | 83.6 84.4 1.87 0.2 119 1.15 10.35 | 35.68
16.12.29 | 2048 | 874 83.2 2.28 0.0 12.3 0.92 13.40 | 36.97
17.01.12 | 165.1 | 87.2 85.7 1.66 0.0 12.6 1.18 1068 | 35.18
17.01.19 | 1759 | 895 85.0 1.77 0.2 13.4 1.08 12.41 | 36.48
17.01.26 | 1969 | 894 82.7 1.98 0.0 139 0.99 14.04 | 35.43
17.02.03 | 201.1 | 92.0 82.2 2.12 0.8 13.3 0.91 1462 | 36.23
11-129 16.11.16 | 1773 | 117.6 82.8 2.78 3.4 11.7 0.82 14.27 | 19.08
16.11.22 | 191.8 | 113.0 82.6 2.31 54 119 0.63 18.89 | 20.30
16.12.15 | 166.3 | 117.0 85.0 2.12 2.8 12.6 0.77 16.36 | 23.88
16.12.22 | 148.0 | 108.0 82.8 2.31 0.4 11.9 0.60 1983 | 21.93
16.12.29 | 1775 | 112.8 82.4 2.71 24 129 0.56 23.04 | 24.84
17.01.12 | 1796 | 1147 82.8 2.30 2.2 13.2 0.53 2491 | 26.47
17.01.19 | 1388 | 118.2 84.3 2.11 0.4 13.6 0.53 25.66 | 27.16
17.01.26 | 1245 | 1153 85.0 1.81 2.0 12.5 0.48 26.04 | 24.55
17.02.03 | 154.7 | 119.8 83.5 2.26 0.0 16.7 0.70 23.86 | 30.47
11-132 16.11.16 | 278.0 | 114.0 85.4 3.12 1.0 11.2 1.12 10.00 | 29.54
16.11.22 | 2596 | 118.7 85.4 3.01 0.0 11.8 0.93 1269 | 33.35
16.12.15 | 2549 | 118.1 84.5 2.94 0.0 13.3 1.05 12.67 | 32.93
16.12.22 | 241.4 | 113.3 85.2 2.56 1.6 12.8 1.07 11.96 | 30.81

<29 10. 11-109(zh) 2 11-132(-%)>

5. #A# 4% re-sequencing datag ©]-&3F #3537 SNP, SSR marker
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short reads
(Resequencing data)

Sequence pre-processing

Alignment to reference genome

\

raw SNP detection of sample Consensus sequence extract

I |

\ A v

Generate SNP matrixamong samples -
and SNP filterging SSR detection of samples

v v

SNP annotation SSR annotation
(classification of SNPs, gene description) (classification of SSRs, gene description)
Application of filtered SNP Application of SSR
+ Comparing SNP between samples * Reference SSR primer design
« Polymorphic SNP selection * In silico PCR
« primer design + Comparing product size between samples

- * Polymorphic SSR selection

(2) &4 %9
(7}F) Sequence pre—processing

Short reads® Axz FAL $ste] SolexaQA (v.1.13) package [1]1¢] DynamicTrim¥}
LengthSort Z& 1S A3 vl DynamicTrimS phred scoreo] Wi} short read?] %z
9] bad quality baseE ZHefa YA cleaned read® AASE HAHLS S35,
LengthSort:= DynamicTrimol A UH B base’} #€ read® A A= A4S =3}
DynamicTrim® phred score > 20<, LengthSort #}7d 2 short read length > 25bp AF-&3}%
=3

(1}) Alignment to reference genome

AAe BA4E 533 cleaned readsE& BWA (0.6.1-r104) [2] Z2 235 AME3ste] /3
Aol mappinge T3t T mapping = AAeE AlEAASE ABEZES] raw SNP (In/Del)
< detectionst”] #1% A HH o =ZA BAM format®] LS s, b9 54 o] ¢fof
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18 @e A,

maximum number of gap extensions (-e) = 50
- seed length (-I) = 30

- maximum differences in the seed (-k) = 1

- number of threads (-t) = 16

- mismatch penalty (-M) = 6

- gap open penalty (-O) = 15

- gap extension penalty (-E) = 8

(t}) Raw SNP detection 2 consensus sequence 2

Clean readsE XA A o] mappingste] A ¥ BAM formate] 3¥-S SAMtools (0.1.16)
[3] Z2a3& AF83}o] raw SNP (In/Del)S detectiond}3l, consensus sequences F% oI
i, theol w4 ool & 7l #E AME SHS

- minimum mapping quality for SNPs (-Q) = 30

- minimum mapping quality for gaps (-gq) = 15

- minimum read depth (-d) = 3

- maximum read depth (-D) = 270

- min indel score for nearby SNP filtering (-G) = 30

- SNP within INT bp around a gap to be filtered (-w) = 15
window size for filtering dense SNPs (-W) = 15

(2}) Generate SNP matrix
AU 7Fe] SNP H 24
AMEZE & SNP matrixE 24 advh 24 25 E=7dA9 vludte] 4 raw SNP
positions FE=E st FHFo 22EE T5otaL, o wl, Wl G (non-SNP loci)S 419
consensus sequenceZ%-E ¢ ¥+ filling FAHS matrixE 24 skt o] % Al

°] SNPH]WE &3 mis—calling® SNPE ZHsti, SNPE & T3 7|+ ot &7 3t

o,

“r SNP 98 78 7|E
B Homozygous: SNP read depth > 90%
B Heterozygous: 40% < SNP read depth < 60%
B 7|E}: Homozygous/Heterozygous S8 2 LES £ Q= AR

o
4
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(v}) Classification of SNP
Calling® SNP #E ZTFdA9 YAAHARE 7|9 =2 ‘intergenic/genic-region’ &2 5

3}al, genic-region< T}A| ‘cds/intron region’ &% AlF EFE 3 5



A 2 SNP¢l 7% (polymorphic SNP)E A4k 3}t

(A}) SNP wh#A 7jd

H =% 7+ polymorphic SNP#E = targeto & 3ol HRM(High Resolution Melting)-&
SNP v}AE 7Ist . 228y primer Y A1 Ao, target locioll 9153k th&k3st Ho] (SNP,
In/DeD)& <13 primerE tlAQIsh=t] oz o] A= SNPF+= viA FH diAfoA Aled 4
o)t} primers Primer3 (v2.3.5) [6] ZE2 1S Al&3lo] t}&o x4 o]go+= 7|2 e v

Z3E= primerE Ul Al dth. ©o]%F in silico PCRS 3&te] Ao 3 W A=
primerE AW %31 o]= F% 3} primer set $HE 2 5 3T
0| Product size Primer size Melting temp.
SNP 80~150 bp 20~24 bp (optimum  20bp) 55~65°C (optimum 60°C)
In/Del 80~200 bp 20~24 bp (optimum  20bp) 55~65°C (optimum 60°C)

(o}) SSR detection
Clean readsE ¥+ A mappingdte] A ¥ consensus sequence <2 MISA (v1.0)
T2 o] &3t raw SSRS detection dFSITE SSR detection =71 ofgjel 7t}
+ definition(unit_size,min_repeats): 2-6 3-5 4-4 5-3 6-2 7-2 8-2 9-2 10-2

+ interruptions(max_difference_between_2_SSRs): 20

LT =

(1) Sequence pre—processing

<3 8 DynamicTrim data &7 %>

d éiﬁ'gtlﬁm No. of reads Avg.(tl).srgth Total length(bp)  Trimmed/raw* cgs:g;:*
ojY| 2t 61,125,934 88.58 5414,433,293 87.70% =27 27X
_________ MN) 61125934 7514 4593141805 7440% 77
#| L b of 63,547,946 88.54 5,626,547,120 87.66% 58 34X
.- I 63547046 7513 4774480849 7439% T
Ho| = 63,505,767 88.53 5,622,214,623 87.65% 2835%
N . I 63505767 7530 478L8AL037 _ 7455%
AQEAIA 62,435,349 88.79 5,543,520,618 87.91% =27 77X
(SS) 62,435,349 7445 4,648,392,066 73.71% )
4ea 501,229,992 81.81 41,004,571,411 81.00%

¢ Trimmed/raw: Total length of trimmed read / total length of raw read
¢ Genome coverage: Zt ME9| Total read length & 0= genome size(=367 Mb)Z L}=

pa

_58_



<% 9. LengthSort data =74 %>

S | Avg. Length . G
desacr:i‘gti%n No. of reads V9 (b;)ng Total length(bp)  Trimmed/raw cos:gg:*
53,696,252 93.01 4,994,042,255 80.89% _
o 53606252 8319 4467207107 7236% T
BB 55,912,620 93.05 5,202,723,438 81.06% =26.83X
_________________________ 55912620 8303 4642398481  7233% .
55,751,090 93.09 5,189,756,814 80.91% _
o N o 5575100 8338 4648452650 7247% s
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% e
4ea 439,625,116 88.12 38,739,918,783 76.52%
¢ Trimmed/raw: Total length of trimmed read / total length of raw read
¢ Genome coverage: 2t ME9| Total read length & 0| = genome size(=367 Mb)Z Li+ %t

(2) Alignment to reference genome

<3 10. Summary of read mapping>

Mapped region*

Sample No. of total reads No. of mapped reads (percentage %)

MN 107,392,504 86,059,978 (80.14%) 280,403,556 (95.00%)
"""" BB 111825240 87195417 (77.97%) 286546457 (97.08%)
"""" SN 111502180 88641673 (79.50%) 279952511 (94.84%)
"""" ss 108905192  8506L650 (7811%) 277461526 (9400%)

¢+ Mapped region: 2410 ALZEl reference genome(301Mb) CHH|, read mapping &|0f cover sl= HY.
¢ Percentage: Mapped region/(reference genome — reference | N & 2})

(3) Genome-wide SNP and SSR

(7}) SNP and SSR detection of sample

(D SNP detection
7t AME9] raw SNPE o] &35t 7 4 FE3ke] 53 SNP matrixs 2dstal, I 7|&
< &3 SNPE< ‘homozygous/heterozygous/7| B} 38 &2 &3t Th.
<3 11. Summary of SNP detection>
No. of No. of
Sample No. of total SNP Homozygous Heterozygous No. of 7|E}
_______ MN 1829362 594235 59288 642239
... ] 1929155 324571 709336 895248
_______ SN 1951697 597401 654503 699793
SS 2,027,582 792,029 574,344 661,209

¢ No. of Homozygous : Reference genome0| mapping=l ME92| reads2| 90%7t &Lst SNP type2 LIEILE= HAR

¢ No. of Heterozygous: Reference genome0f mapping&!
LIMX|= reference genomell SUSH typeS LIEIH=
¢ No. of 7|E}: homozygous/heterozygous@ 2 2%t

AL
e

FAICK], wiynkel[BB], Alv=[SN], w1yl 2 2HMN], 29

o] &3t =3 matrixs A5 Y J|FS

o Z o
= =2 =

FEs) Ad A 4

ME9| readsQ| 40%~60%2t =5t SNP typeg LIEIL|D,
P
o

d

A

=
=
o

e
=
HATT

o
32

E XX g

====%

[SS]¢] polymorphic SNP
23138 SNPES
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‘homozygous/heterozygous/71 B} F@ o2 F& At

<3 12. Summary of SNP detection of all samples>

Sample No. of total SNP H orﬂg.zycgous H etglr?)'z;; ous No. of 7|E}
_______ K o _.211327 669908 603065 840298
_______ SN 199226 60338 659145 706692
... BB ] 1949413 . 327843 . 716336 f 905,234 .
eSS 2055718 . 802550 581571 ! 671,597 _____.

MN 1,845,532 600,077 596,992 648,463

¢ No. of Homozygous: Reference genome0| mapping&l E9| reads2| 90%7t &Lot SNP type=a LIEtL= AL

¢ No. of Heterozygous: Reference genome0 mappingZEl ME9| reads2| 40%~60%%t 5o+ SNP type= LIEIL{ D,
LIHX|= reference genomelt 5 LSt typeS LIEtL= H2
¢ No. of 7|E}: homozygous/heterozygous@ 2 L2% 4 Q= AL
@ SSR detection
Z} A1E 9] raw SSRS o] &3l e 4% F 1He] % SSR matrixE sy, 2H 7+
S B33 SSRES motif @2 F/3FA T}
<3t 13. Summary of SSR detection>
Motif type Ref. MN BB SN SS
_______ p2* . 188%2 16171 16568 16037 15664
_______ P3* . 1leor 9832 . 9%4 9770 9598 ___
_______ Pa* 5971 A9 496 4905 4827
_______ PS* . 10%% 9172 914 8971 8899
_______ P6* 196031 1e8887 167664 167255 165330
_______ P7t /59087 4938 48924 48764 48092
_______ P& 2169 1739 17236 17142 16811
_______ PO* 9553 7278 7162 7125 6974
P10* 3,646 2,534 2,538 2,481 2,380
Total 337,470 285,557 284,093 282,450 278,575

¢ p2: di-nucleotide 0fl) (AC)6

¢ p3: tri-nucleotide Of]) (AAG)5

¢ p4: tetra-nucleotide 0fl) (AAGT)4

¢ p5: penta-nucleotide 0f) (AAAGT)3

¢ p6: hexa-nucleotide 0l) (AAAAGG)2

¢ p7: hepta-nucleotide 0f) (CAAAAAT)2

¢ p8: octa-nucleotide 0f]) (CGTATTCA)2

¢ p9: nona-nucleotide 0f]) (ATGAATACG)2

¢ pl0: deca-nucleotide 0f) (ATGAATACGG)2

HAICKI], wiYytal[BBI, A7 =[SN], vy 2 2HMN], Z=9E2=>=Y[SS]]  polymorphic
SSRE F=E317] 8 3ld AZES o] 83t 53 SSR matrixs 2 3FA )
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<3 14. Summary of SSR detection of all samples>

Motif type Ref. CK MN BB SN SS
P2* 18,635 14,637 15,954 16,340 15,814 15,453
P 457 929 9717 9789 9653 9477
______ pa* . >928 4715 488 4919 4866 4792
______ P> 1089 8678 9092 9065 8898 8820
P6* 195,240 165,333 168,321 167,124 166,697 164,805
""" P7* 58812 48424 49219 48763 48598 47934
TR asa e drasa anama 170 16751
P9* 9,512 7,101 7,258 7,149 7,104 6,954
_P10* 3622 2440 G 2527 2531 24722374
Total 335,675 277,473 284,280 282,854 281,188 277,360

¢ p2: di-nucleotide o) (AC)6

¢ p3: tri-nucleotide Of]) (AAG)5

¢ p4: tetra-nucleotide 0fl) (AAGT)4

¢ p5: penta-nucleotide 0f) (AAAGT)3

¢ p6: hexa-nucleotide 0fl) (AAAAGG)2

¢ p7: hepta-nucleotide 0f]) (CAAAAAT)2

¢ p8: octa-nucleotide 0f) (CGTATTCA)2

¢ p9: nona-nucleotide 0f]) (ATGAATACG)2

¢ pl0: deca-nucleotide 0f) (ATGAATACGG)2

(1}) Classification of SNP and SSR

D Classification of SNP

<3t 15. Summary of SNP classicication by genome structure>

Sample t oT;;' SolflP 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 UTR. 76852 19585 20869 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 35,171 151,836 140,102

BB 192915 ____ UR 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 ¢ 82322 19314 33086 29,922
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 ______UR_ ¢ 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

X BZEQAH|(Citrus clementing @] STXF BAHO| overlapk|= A7t EX5H7| I{20]| (Exon+Intron)OjA{ Q| &
SNPLEZEOZ countt|EZ "Genic-region”’Q| £X|o} ZHX| &AS £+ US.
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@ Classification of SSR

<3t 16. Summary of SSR classification by genome structure>

Sample to"t‘a“’l- _é,’sz Region P2 P3 P4 P5 P6 P7 P8 P9 P10
Intron 3,063 1,263 1,151 1,358 23,290 8,156 2,781 913 386
CDS 124 1,205 35 80 16,565 1,845 571 679 54
Ref. 335,675 UTR 975 581 293 429 7,369 2,378 683 269 119
‘Genic-region 4013 2938 142 1802 45474 11,920 3904 1 1787 53
Intergenic-region 14,879 8,663 4,549 9,194 150,557 47,167 17,789 7,766 3,110
Intron 2,693 1,094 961 1,111 20,597 6,986 2,244 684 267
CDs 105 1,047 28 67 15,240 1,681 517 592 42
SN 281,188 UTR 892 501 261 367 6,603 2,067 550 202 88
Genic-region 3556 2548 1201 1491 40870 10321 3207 1 1420 381
Intergenic-region 12,481 7,222 3,704 7,480 126,385 38,443 13,935 5,705 2,100
Intron 2,696 1,088 952 1,075 20,101 6,787 2,193 675 274
CDS 111 1,015 28 71 14,982 1,638 497 573 42
BB 282,854 UTR 870 507 256 347 6,465 2,005 536 196 83
Genic-region 3545 2514 1190 1438 40,031 10032 3123 1387 382
Intergenic-region 13,023 7,390 3,766 7,703 127,633 38,892 14,113 5,775 2,156
Intron 2,662 1,084 966 1,112 20,588 6,940 2,270 692 278
CDS 113 1,049 30 74 15,235 1,646 510 589 43
SS 277,360 UTR 857 497 253 367 6,619 2,060 551 206 81
“Genic-region 3501 2537 1199 149 - 40861 10241 3232 1426 387
Intergenic-region 12,163 7,061 3,628 7,403 124,469 37,851 13,579 5,548 1,993
Intron 2,698 1,099 979 1,141 20,793 6,986 2,284 711 278
CDs 112 1,064 32 68 15,327 1,701 521 604 43
MN 284,280 UTR 880 504 260 366 6,664 2,122 558 207 83
Genic-region 3,551 2,572 1,218 1,519 41,191 10,387 3,257 1,460 389
Intergenic-region 12,620 7,260 3,718 7,653 127,696 39,001 14,102 5818 2,145
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(4) FF3F o] & 9 ulz st
(7}) SNP

D Polymorphic SNP detection
7+ 53 SNP matrixoll A Bl Z ko]l 594 SNP #= vlwsle] 42 SNPQ 7 -$-(polymorphic SNP)S A3} o},

<3f 17. Summary of polymorphic SNP detection between samples>

No. of SNP loci. Hlw =gt Polymorphic  loci* Non-polymorphic  loci*
oo CKvsBB 442250 . 9138%0
i KwsSN 655300 o 985k67
3851837 CKvsMN_ 729630 93825
____________________ SSvBB k24062 82295
CK, SS vs BB, SN, MN 30,189 158,705

* No. of SNP loci: M=7ro| H ot Total SNP Z}. (=SNP matrix loci)
* Polymorphic loci: H|WMHE 7H0] &< SNP Z0|M MZE polymorphism & EO|&
* Non-polymorphic loci: Hlm &S ZH0| S SNP HOIA ST genotype 2 B2

K
N
Wy

ol

@ HRM (High Resolution Melting) primer design
Polymorphic SNPE target® ® 3t¢] HRM primers t#F¢1ats], Ao 4 3hy
A1 reference genome A €S AME 3Tt

o
Hi
o,
N
Ho
:?L_',
e
I
ot
N
M
Lo
i<}

B34S AXY primer U

<3t 18. Summary of HRM primer-set>

Hlm CHAH No. of polymorphic SNP* No. of HRM candidate No. of primer No. of recommend*
e CKvsBB o A42250 6710 644 283%
________________ CKvsSN /6301 544143 99216 . 3%Au
________________ CKvs MN___ 729630 ____eo74/4 1lel8 _AAT9T .
i SSvsBB ! 624062 . 517863 . 101865 _________________.49688
CK, SS vs BB, SN, MN 30,189 24,995 6,130 4,333

¢ Polymorphic SNP: H{nME 7t0f S SNP Zt0A| M Z polymorphisme& EO|& AL
¢ No. of recommend: C|X}QIEl primer-set 0| A product sequencel| E7|ME0| B 5 read mappingt|0| basel| H|w}%E
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(t}) SSR

(D Polymorphic SSR detection & primer design
7+ 4 =% E3%F SSR matrixoll A Bl A E 7ho] B SSRFHAEZ v wdte] A Z polymorphic A€l 7 $-(polymorphic SSR)Z

<3% 19. Summary of polymorphic-SSR detection between samples>

2] at

o

No. of SSR loci TE CK vs BB CK vs SN CK vs MN SS vs BB
~_Polymorphic loci 29115 2176 2120 30763
272,570 _Non-polymorphic loci 180442 175016 175555 175393
SR T Unknown loci 39728 4ozl 40380 43107
Ambiguous loci 23,285 24,067 24,515 23,287
* No. of SSR loci: M=7r9| H{uw 7t=9oF Total SSR Zf. (=SSR matrix loci)
* Polymorphic loci: 7t&t PCR 2 =&5t0] EF 70 ofl & product size O X}O|& HO|l= 42
* Non-polymorphic loci: 7}4 PCR2 TlSto] EF 7o oA product size | XI0|7t Q= AR
* Unknown loci: primer @90 MEEEO0| ZAAM(base=N)E|0 0| 7t4 PCRE 8K 23 HUE & 4+ Q= 42
* Ambiguous loci: 7t4F PCR =& A|, genome 0| multi-band 2 LtEHE 7t540| o, O|2 QI & 7t 0|4 product size & H|WE = Q= 42,
3 20. Summary of SSR primers>
H| m CH & No. of SSR primer No. of Recommend
____________________ CKvsBB______ ooms 37
____________________ CKvsSN T e T T
ks MN T 32,020 T s
SS vs BB 30,763 3,994

* SSR Primer. 7% PCR= #ﬂofoq =3 M0 ofa product sizeQ| X}OF HO|= 4%
* Recommend: £F 7t 0|4 product sizeQ| X}0|E EO|X|2t, 1 0|7t SSR Y LHO| EXst= HL2E Mz
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6. SSR vHAE o] &3 & ugy) A
7h AauE 3o

(1) A&

o 3] W28 & (AH28) ¥ 7+ (BG) wuj=x3r & 671 F1 A&(11-49, 11-109, 11-132, 11-10,
11-26, 11-129)¢] 2 AlZo] & Biomedic® gDNA Extraction Kit (Cat. No. BM-K140)&
°]§-3}le genomic DNA (°]3} gDNA)E F&3 F & A3 A5 A& 23]
oo R = (3] H28%) 3 FE(H I DNAMol e MY A B )& A& Th

(2) alzhul A

(7F) M13-tailed PCR % genotyping

10 pte] PCR ®WHg 8949 genomic DNA (~10 ng)¢} #12He 10 nMe] M13-tailed forward
primer 0.2 e, reverse primer 1 ek 6-FAM labeled M13
(5'-TGTAAAACGACGGCCAGT-3) primer 1 ¢, DSBio HSTM mix 5 @, B+ SHFTFE H
7Fske] &3%Hek 3 ABI 2720 thermal cycler (Applied Biosystems)E ©]-83F¢] MI13-tailed
PCRE 333t PCR HH8-2 94TCol A 583 WA (heat denaturation)dtal, o]ojA 153]
AbolZ 2] PCR WH3(94TC 30%, 58C 30%, 72T 30%<9 2% W3} Alo]=)3} 203] Alo]F 9
PCR WEE(94TC 30%, 53T 30x, 72T 30%9 &% W3}l Alo]&)& dA&Este] 8k & nmpx]ut
o= 72TCoA 3083 HF 414 (final extension) WH&& A|AY. W&ol F& ® PCR T%
222 1.0% agarose geldlA A7) 5S &3] &0 ¥ ABI 3730 Genetic Analyzer
(Applied Biosystems)E &3}9] genotyping= 2 A8t} Genotyping 2 ¥+ GeneMapper
v4.1 (Applied Biosystems)S %3lo] #2433t}

| < [ =T

i

(1) A=
672 AFZEZHE gDNAE FE53% & A7dsS T3 SASFALAHE w1 A|A])
o]
AN

10 ng/ul ©3te] TE=E AFPo] ALgat
(2) SSR "}# genotyping= &3¢k nlghul A4t

(7h) 3| w285 et WA 2ke] v SSR mhAAE

of 3] 28 & 9} = 71kl S Hol= 2719 SSR A (Bm-CiSSR-162, Bm-CiSSR-165)
£ A stEntel eHy A A AL, 53 EYF]. Bm-CiSSR-162 w7 9] 4§, o 3] #|28
Sl 194, 209 bps (base pairs) 2719 27) dldFHAE HE=5MH, Hd A= 186, 206
bps 2719 27 EFHAAE HESHE Bm-CiSSR-165 vl 2] -, ol s W285 o A &= 402
bps (base pairs) 2719 1/} HFAXES A3y, Hol A= 417 bps 2719 170 HHH+

s A&
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(1) M13-tailed PCR % genotyping

670 A8 gDNAe°] thal BMCi-SSR-162¢} Bm-CiSSR-165 27] wm}# S o] &3&to] z}z+
MI13-tailed PCRE F33 & dA7]dsS T3 &AsF (29812, fragment analysisE
genotyping= 43 3}

il

125358458 ~6 1 273 .45 6
SSR-162 SSR-165

N e e v e

<% 12. BMCi-SSR-162¢} Bm-CiSSR-165 »FA & ©] &3 PCR 4t=9 Hd7|45 23>

RE BE 9 g7 FlA%S ths] fragment analysisE %3 genotyping 3 A3= & 21
I 2o
<E 21. A3 W28 xH 7 wrl Z3%ke] 670 F1 AlEo| th3l genotyping 53 23>
T A Bm-CiSSR-162 Bm-CiSSR-165
H| -3 11-10 186/194 402
11-26 209 0/417
11-129 186/194 402/417
& 11-49 209 0/417
11-109 194/209 402
11-132 186/194 402

BMCi-SSR-162 wl#AE ©] &3 genotyping A, 271 H]&3 A5 (11-10, 11-129)%} 17H-C4
9 AR11-132)7F 2E(194 bp)I FE(186 bp)e] Wy FHAES ztes Ao 1 Fo] ul
v frel AR S o2 13).

BMCi-SSR-165 7} Z o] &3} genotyping 23}, 1702 ¥ &3 A5 (11-129)+= 2 (417 bp)
7 F(402 bp)ol dE FHAE SAll ZhHou 1719 HE AE011-26)9 1] $ 9
A= (11-49)9] 45, F2o] dig-fHdAwH417 bp) H ATk FEo oAyt 7&%&1 ke
o] Aem wiw] ¥ AAE W Ed, 1 olae v 2tk BM-CiSSR-165 &4
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Aol tal) ZEGERER) A= stk i HFdARRke] & o AdE A H(homozygote) &

2 Jgds = oy HAAZE gHFHAATE o] 3 S(heterozygote) FHIZ EA|SH7] wf ol
A7 Ao Aadn, & RGPS A BM-CiSSR-165 fd &9 E 3% Asdda=
& A2 null allele) FEl®= EAets Ao® AlRET ek FE iHFdAE 2
= )94l (gamete) o] Aol o8] el @ Fl 2|2 A= BM-CiSSR-165 &4 2] (u}7)o] o
3l (32 dEfrAAve] AEE & Uth

AEAo=m w28 <7t wujzFol A FHg v&3 34%(11-10, 11-26, 11-129)
¢ 29 2 15(11*49, 11-132)2 EEAYR) T FE(EE)3] wgte] o Algo= ot
2A=3

£3 dn BAAL 48 BB [ZRAE 24RaA(RAY ¢ R Fegd dn 23
A A, A7) R (Fuel e, AT ARG Eske] WHATE Fal AL
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2R RARE HAd FAE 9A gt FFOR AN AT P & olFolA
A grob wjstel PE FHL FAAE Aol oWtk EH walsk ol FolA FAt F4uY

w o gel S0 s wibu W] FAuel sl fFHe] 9y #F F ol
of Aeke 4EAY WREES R FALAYt BASFAL, e FARE EAM 4 EAL
Figol Hol, wilE ol A FAE wolste] Wi FFL AU otk o2 A B
ol eFE Wl £Fow so] N2y FFL Qdt 4IA ojelge] Ak AT
Gyl WEF EAAEE YA/, ol FuF F JE /1%L Fustm, PARY EAE
g #u Sar FuE 2ATE oolt 24, A, Sy, JERYL RROE &
of | AASGon, o]5F ooltt £F X $AS wul £FeIA Hhd 387)e] o)A
4749 FAE sty o5l el AT 7 FANA FPE W dobAE foro
2 A%e A% 3 - 20 A e BobAE FYSD Yo BE AT, o] ES ¥el 345
of Zt7te] HYA AAE FANAG

A8 X AH2FE wujsto] 42 wajgA Zd 2ol fF=AllA SSR makerE ©]-&-3}
A3

TE F433 o]Eol4 DNAZ Bestel, £Fs BARE T2 st 13 Awd 10
%% SSR ZeholnF o PCRS +d 9o, o5 FolA iz et gag A
2B ofd 1R $AHE RRowgn 4AeTrE FRew @ 2ol Aw 5 W
3 o] WlAle o|WA o] e, PCR W= AHow TRo H: wgAE TR @
F e

a9 4 2otk £F X $A5 23elA G498 A9 A WAl mE ool 2R o
Mg AFoZ FA @ AolA 3-20 A9 BF del ww, o & Ao wabujsh el F

Aul AEeol EAE7] witeol o
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4, A3 &5 we] 23 wge] 8 SSR marker A

FAg X Ad2F, oty 25 X FASGERE ozl Fafoll A wgA| el FA4u) oAl &
Tt 9t B8 A oot} 2F2EEH gDNAE #E|dlal, °o]5S Microsatellite
S g Aot

o]
MS PCR Amplification TR = Qe nAE AAukst

o
of
glj

- BMCi-SSR-A set Primer®] PCR 5% & ¢l3ll, 1 ul (>50 ng/ul) gDNA, Z+7} 0.2ul primer
(F/R, 10 pmol/ul), 5ul Taq polymerase Mix & &313lo] #3510 ul 3= PCRE %33t
th PCR =312 th&53 2t 95 COﬂ’ﬂ 3w WA F, 94T 30%, 60C 30%, 72T 30% (35
cycle)s T T 60ToA 30 FHIFHESA17]13L, 2% agarose gel oA 7] 53}
TEHE AHEE =S %L?JOPME}.

- BMCi-SSR-B set Primer= 1 ul (>50 ng/ul) gDNA, Z+Z} 0.2ul primer (F/R, 10 pmol/ul),
5ul Taq polymerase Mix & &&3}o] H%10 ul #9 & PCRE st on, 95C A 587+
dwd 94T 30%, 55C 30%, 72T 30%(35 cycle)= gt & 72Tl A 10837 #HF WS
= AZ % 2% agarose geloll A M7 F et SEE A= M=E FAe3H

- BMCi-SSR-C set Primeri= 1 ul (>50 ng/ul) gDNA, Z+Z} 0.2ul primer (F/R, 10 pmol/ul),
5ul Tag polymerase MixE &3%talo] =10 ul ¥ & 3o PCRES A3Psta, gt 94T A
SaZk dWAd % 94T 30%, 58T 30% ,72TC 30i(15cycle)% T & 94T 30%, 53T 30x
72C 30%(20 cycle)E 33+ Z72ToA 787 HE03S A 713 29% agarose geloﬂ/ﬂ 7]
Fsote] THE AEEAMEE Sl

A719 5ol A 2ol 7F &lH Al & o] Microsatellite Genotyping = 93814 1 ul gDNA(>50
ng/ul), Z+7} 0.2ul SSR forward primer (10 pmole/ul), 1ul forward primer5 e FAM dyeE &
ol primer(10 pmole/ul)®} 1ul reverse primer (10 prnole/ul)—El AFg3to] 94TCol A 587 9w
A 94T 30%, 58T 30%, 72T 30x(15cycle)s 3t & 94C 30%, 53T 30x, 72T 30%

(20 cycle)E F33tal, 68ColA 3087 HF Wgsle] TZH MES W7 JFste] wMe=EE
getA T o] FgenotypingS T3] AL FEZ Daﬂﬁ sldet & 1 ul & FH3oh
ule] &gy Egsta 95TCoA 383 dHAAIZ]aL 4T

A Zw3s] A3l ABI 3730
Sequencers ©| 83} genotypingS 7 a3} GeneMapperv4 1 AZEQOE ALL3o] AT

g A

B E 2oz AT ot FFTS YA S=Z SSR marker A set (66 set), B
set (40 set), C set (10 set) & 116 set= o= PCR 33 A3} A set 115, B set 8%,
C set 3%9 SSR markerol A =Fo]7}F YEE= A 8IS AL, o] ol A Tio}ﬂ] ZfolE B



o]= A set 3%, B set 8F, C set 4 ¥, F15702] SSR markerE A9 (Fig. 1.)3tth. o] 27
AE ¥ SSR markere= 7—}7—}4 forward primer?] 5% o] FAM modificationS &}¢] fragment
analysis’} 7FsshAl st o] 2 A modification® primer&i¢] 834 PCR, genotyping=S <
gstdet. 2 A3 BMCi-SSR-012,MCi-SSR-013, BMCi-SSR-032, BMCi-SSR-055,
BMCi-SSR-082, BMCi-SSR087, BMCi-SSR-093 BMCi-SSR-100 BMCi-SSR-107, & 9% 9]
SSR markerel A gtete A2, oty 2FE 78 7 ASS e

s e | My | FERPmam Rant BMC-55R012
e g | e
- [ —— —— —— T Y ¥ —)
i - |
[ L= LT ap Tl 4 ] e —
L)
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s S %3] Screening® 116 citrus SSR maker set ZolA HA3} A
A 2F, ot 2F3Y FF ol 7hed AR FdH HF 9 setE ol &sto] FAY

2 HAE TEetal, AA Fgo] ThedA dotr ] fdte] FAIst X AA2F
5 wHjste] L2 114 seeds, 387 seedlingsoﬂ/ﬂ gDNAE ¥#g8la, 7} primers X33Oz
PCRE sttt F-AI8te} 2FA1F9 FF o] 7Fsd 9 set T SSR-012, SSR-093 F+
set7b #4138t X AHd=F5 728 9,1914

Hb SJ 3-23-33-43-53-64 5-1
=

% 6. SSR-012 makerE o] %= 2} o] A
HAE Folr) oA gDNAZS 2 919

ok Hb: A 8}, SJAd A2

Hb SJ 1-11-21-31-41-51-61-7

Hb SJ 3-23-33-43-53-6 4 5-1

Hb S) 5-25-35.45-55-6 5-76-1 _ Hb SJ 6-26-3 7 8.1 B-2B-

Y 7. SSR-093 makerE ©]&3 FXg X AH2F ngA i 2 A 7t F Ao A
H A ol A S ol A gDNA% 283 PCR 3 24
o} Hb:5-A 3}, SJA A2
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F 1 FAEe A Al I v
20154 9¢ 17 2015110914 20159114169 2015 312¢€16Y
% xo] Eyu | E wmo] FPu [ E mol Fu | E o] FFu]
pl 67.11 73.78 1.10 7793  80.81 1.04 84.42 86.2 1.02 8298 8854 1.07
p2 73.36  76.89 1.05 83.23  84.07 1.01 88.83  89.68 1.01 9198 91.31 0.99
p3 7356 7711 1.05 81.90  84.58 1.03 83.89  87.82 0.99 91.83  89.97 0.98
p4 7146 7112 1.00 76.32  76.65 1.00 47 o SR 4 3
jois) 65.18  64.61 0.99 76.96 7221 094 80.98  74.78 0.92 8.11  78.08 0.92
pb 55.60  65.74 1.18 66.22 6577 0.99 74.04  80.35 1.09 7518  84.64 1.13
p7 66.01 75.55 1.14 7702 8411 1.09 84.96 91.84 1.08 8.7 94.52 1.10
p8 6248  62.88 1.01 64.93 63.4 0.98 75.34 72.8 0.97 81.02 7387 0.91
P9 68.87  67.36 0.98 71.79 6841 0.95 8734  80.16 0.92 86.23  77.46 0.90
pl0 64.61 63.73 0.99 66.78  64.74 0.97 8152  79.28 0.97 7852  15.07 0.96
iy 1.05 1.00 1.00 0.99
H1 74.61 8491 1.14 7995  87.06 1.09 9448  103.7 1.10 90.33  92.87 1.03
H2 69.48 7856 1.13 7197 7954 1.11 87.11 95.65 1.10 83.15  94.23 1.13
H3 7583  82.01 1.08 74.08 779 1.05 89.29  93.61 1.05 87.05 9243 1.06
H4 7045  74.78 1.06 69.05 7858 1.13 84.72  95.27 1.12 84.14  94.65 1.12
H5 69.22 7 1.11 716 77.88 1.09 8859  91.67 1.03 8462  89.63 1.06
H6 67.69 77.1 1.14 69.36 7772 1.12 8854  94.88 1.07 856 9315 1.09
H7 70.04 87.24 1.25 75.37 90.5 1.20 88.96 107.8 1.21 86.81 106.2 1.22
H8 7648  91.02 1.19 79.2 86.02 1.09 96.44  115.1 1.19 9154 1131 1.24
H9 65.2 73.18 1.12 6843  76.15 1.16 7829  86.48 1.10 81.11 86.5 1.07
H10 | 6776  80.62 1.19 71.63 83 1.16 83.24  93.88 1.13 83.71 9795 1.17
by 1.14 1.12 1.11 1.12
P 1-10 : A@AF
H 1-10 : ¥4 3}
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7. FAS vpde A} wj A T AR Alse] dH 54 24
7F. AT WE Ry

2014 11 F-A st wpddEar wjdAl e kAo FA|stel A ghupeell zb 3 Al )
AS AFstA F714F 2 FAF vu F4 Y. e 9 =A(N-1,Atago,Japan) &
gk, FA4RES 0.IN NaOH= A Adte] FAsto =z ghqbete] At dth a3 s
st A5 1-5gS 50% ACN 50 mLE 7h8te] 303 =53 F&33)]) 3t FE2=2
ze) gne2 35A3 & Sep-Pak C18 cartridge(Waters)E 34171 & 045 pm
membrane filter(Woongki Science co. Ltd., Seoul, Korea)® <] #}3F S HPLC(Waters 2695,
Waters Associate Inc., Milliford, MA, USA)Z ®EAggch 4 Z49S Prevail™
Carbohydrate ES(4.6x250 mm, 5 upm, Grace, Japan), #=7|+= ELSD, o]sido=Z+
acetonitrile®} 32} SHTE 7322 T B9 08 mLeY £E= ol AAT FEld T
S TEEE Az 7t ZFEA(Sigma)s HPLCE #4138t 42 mEiidoziE A
Zatgdrh 1A BS993 HPLC =A< Prevail™ organic acid(4.6 x 150 mm, 3 pm,
Grace, Japan) Z# & AFE3}e] PDA 210 nmollA A3 o, o5 Ao 2= pH 258 %24

# 25 mM KH,PO, &S &9 05 mLe H£E= oA A &8 24 Ja= F74h £+

E A3} retention timeS W] 3dlo] AL, FFarA o2 HE AT

HE Mo
2o

4 23 20149 119 S5 FA3e] 9= 117 - 120 Brix, A 119 - 162 %=
e om mpreEat AiA Y] B9 9% 116 - 131 Brix, AFEEF 096 - 1.15 %22

ST ol WA} it N5 S YAS depe] Mol 4 B 2050 62
& AR ehfe], ETQ LAt vske] gatol WEL tebdth. ot ARA} 119
FeATE £ Uet AL E Gvein, wASe S5 Bk 4 gl fof 3
Fajo] o] FolAx, Fwsk Aol Huets, A FFol o Aske] FakAl theht Eaht
97 et gAe SR 5 e dudth 3 AwAE 129 Fohe £ 97 A5
F Qe B4S 23 9S vehie, o 54 =3 4 @l wa Asikmalic acid) F%
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=i
= g F4l

% 2. 20149 % FAs) v a; A ) A FAse] {714k

Oxalic Tartaric Malic Citric Total Sugar

E 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 1.42 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
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

HB @ A3 gz

P1, P2 : vz A f A
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o
Lo
ol\
1
)
ok

A 2015 10258 1297bA] AlgAdA el 3 7] A3 457
A

et W= Wstel B AR WItE A vlueidt. 3x % AR Wt A Ale A
< 20149 % 11€¥ A Hlste] zpol= SR RE, FA|8ke} vluste] 2 - 8% AF dEFo] whal
Aol dH dojypz EAS HYow, FEXsE tE gty f7)ab 24 ZelE yEeldTh
olgjgt A¥E T uf At FAslo] H]ste] 7)o ZF3H7}F Thedt s FFl 2 T
S5 Ho] Fuf o]F EAZ Auj FRe AN FERFE S, A H S Dyl sto]
Am 73 D AR ®BAo] o] Fojxok s, Al V] FAR F& AFE WAHA ZITh

#F 3. FARe s FE 8 At ¥}
20154 104 20154 114 20154 12¢

AR 3= ke 3= Ak = Qi
PL-1 104 1.21 12.8 0.91 136 0.89
PL-2 11.0 1.21 114 1.04 139 0.85
PL-3 9.4 1.42 12.4 0.96 136 0.98
B 10.70 1.21 12.10 0.97 13.70 0.91
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
B 10.73 1.29 12.43 0.98 13.70 0.94

@9 ¢ B =(Brix), AH3HF(%)
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#4. F-Aghet AdAEe] Feld o R I W (&+91: g/100g)
2015 104 20154 114 20159 124
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 2.13 2.11 6.29 10.53 2.06 2.00 6.94 10.99
A 1.42 1.40 3.60 6.42 2.05 2.00 6.13 10.18 2.01 1.91 7.41 11.33
HB-1 1.46 1.44 3.19 6.09 213 211 5.37 9.60 2.25 2.13 7.32 11.71
HB-2 1.58 1.54 3.56 6.68 2.42 2.40 6.22 11.03 2.45 2.30 7.58 12.33
HB-3 1.68 1.59 4.55 7.82 2.28 2.25 572 10.25 2.21 2.08 6.90 11.20
= i 1.57 1.52 3.77 6.86 2.27 2.25 5.77 10.29 2.30 2.17 7.27 11.75
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F 5 FAge ATAE 7 dF % & W) (91t g/100g)

20153 10€¥ 201543 11€ 20153 12€
Oxalic Malic Citric Oxalic Malic Citric Oxalic Malic Citric
Component . . . Total . . . Total . . . 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

ot 0.063 0.053 0.243 0.359 | 0.060 0.217 0.086 0.363 0.128 0.273 0.033 0.434

A=A 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

& i 0.080 0.052 0.262 0.393 | 0.038 0.208 0.084 0.342 0.138 0.259 0.017 0.414

H =} 0.027 0.006 0.046 0.073 | 0.001 0.050 0.016 0.040 | 0.006 0.023 0.005 0.022
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8 W A AbiAl vl A

HE ST AN FA YA gEFel FEHS Aokl R40l¥, %3t o] oy,
G715k Zale] F olel Aol FAsk Fyslel Fdstl As) Bk Fx Bl Y& B
2 AT K%Y A% PPoE WFA FES o §H, 4 FEUR wEol wFAE
g4 e BES £FH] 9@ AAdE FTRE] W),

ofell (5°) Hpo]lQoefirt FHsta = FA 3 LalAJo} @A, niE A s, HET
o 71 wikAe]l e AY 50-100 uMS 12-24A17F A &te], wiSAS =3t Flow
cytometry @ £4& Fsto] vl @4 oFE Ao, A2 TR A U
of wte} 40-100%2] wiFAlE A & 4 ey, 2o Ffolles 24T AR BF SAA
= yguth ol2A ZdE F59 7IW A E ol &3 wgA e VsS GRSt

3 6. Wb wiekol ol A wiEAl = 233 vl @43

Meterial Treat Treatment Number 23
@) 2,4 A
Lemon 5d 24hr 57 24
@ 2,441 A
® 2,4¥) A
® 44 A
@ 2,4¥) A
& 5d 24hr 97h A ® 2,400 A
® 2,440 A
©) 44 A
@ 2u) A
3d 24hr 471 A @ 441 A
€) 44 A
® 4u) A
Valencia orange
5d 24hr 37H A ® 404 A
@) 44 A
7d 24hr 271 A ® 2,48 A
7d 12hr 174 A © 494 A
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9 13. 280A1 < 480 A) 2] Flow cytometry 23}, @kl AJo
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L ] & et ¥ T e i
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Hj<=Al 22 E dto] FAY wikAE Flwo cytometry 338 ¥4 &

2
iz 20 A YeEb AL, Aol A 2u A Esie] gl &Ad
oh A ZRIA oF QRIX] wi kA 2uhA] thxot, Br ElAJol Q@ RIx
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> S 33 e 2w
O 2015 %= ol e =4 ests] (69), I3 (79) + Ho| =
FAfoll 25 ok FE RO A o] Fofxl & Y2 TR e FAbeh TR

Wge et 2k

N

1. =4 &4 3] (20159 64)

- Next generation sequencing analysis of Two Progenies That Originate from Ovule
culture and Bud mutation of Shiranuhi mandarin ((Citrus unshiu X Citrus sinesis) X Citrus
reticulata).

Gyoeng Lyong Jeon', Hyun jeong Oh!, Sunyung Yoon!, Kyung Hwan Boo!, Youngchul

Park®, Sanghyun Lim? Ho Bang Kim?
1. Bio—Agr, Co., Ltd., 102-1 Shinkwang-ro Jeju-si Jeju Korea
2. Life Sciences Research Institute, Biomedic Co., Ltd., Bucheon 420-852, Korea
3. Citrus Breeding Center, Jeju Special-Self Governing Province, Agricultural Research &

Extension Services, Jeju 697-828 Korea

To investigate the genomic difference between the two progenies and mother plant
Shiranuhi mandarin called 'Hallabong(HB)’ we performed the next-generation sequencing
analysis. One of the progeny BA-37 that present early ripening, different fruit shape
originated from ovule culture of immature seed of Shiranuhi mandarin another progeny
named as 'sunneat’ comes from bud mutation has early and deeply coloring characters.
Between the three citrus relatives 3,002,876 SNP loci were identified, and the results give
the 52,550 polymorphic loci HB vs BA-37. 51,767 polymorphic loci HB vs. suneat, and
23,380 polymorphic loci BA-37 vs sunneat. The results of polymorphic SSR detection give
the 48,896 SSR loci and the 1,481 polymorphic-SSR loci HB vs BA-37. 1,518
polymorphic—SSR loci HB vs. suneat, and 1,324 polymorphic-SSR loci BA-37 vs. sunneat.

2. $=5F5H3] (20159 74)

- Identification of Hybrids using SSR markers from Polyembryonic Citrus Breeding
Lines.
Sun-Yung Yoon!, Hyo-Min Ahn', Hyun-Jeong Oh! Kyung-Hwan Boo!, Ho-Bang Kim?

Gyoeng-Lyong Jeon's
! Bio-Agr, Co., Ltd., 102-1 Shinkwang-ro, Jeju 690-813, Republic of Korea
2 Life Sciences Research Institute, Biomedic Co., Ltd., Bucheon 420-852, Republic of Korea

Polyembryony in many citrus varieties is an impediment in breeding because it makes

hard to identify hybrids after crossbreeding. So, it has become imperative for developing

efficient methods to distinguish zygotic seedling generated from polyembryonic seed
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depending on citrus variety. Simple sequence repeat(SSR) marker is one of useful systems
for such purpose. However, SSR markers to separate zygotic seedlings derived from the
crossbreeding between ‘Marita unshiu’ (Citrus unshiu) ’'Seongjeon’ and ‘Shiranuhi
mandarin’ [(C. unshiu x C. sinensis) x C. reticulata] 'Hallabong’ have not been developed
yvet. In this study we tried to identify an effective SSR marker to screen zygotic seedling
after crossbreeding between ‘Seongjeon’ and ‘Hallabong’. For this investigation, 387
seedlings were generated from 114 seeds produced from crossing those two varieties. A
total of 116 SSR markers were tested to identify a special marker for distinguishing origin,
zygotic or nucellar seedling. As a result, two markers, SSR012 and SSR093, were found to
be more effective than other markers. These two SSR markers might be useful to select

zygotic individuals in crossbreeing between ‘Seongjeon’ and ‘Hallabong’.
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A o
a2 A B Al = 214
A= (0)
A7 d g 184 79 2,107 26.7
- 2~ E}1] 35 19 52 27
° Z 99 70 29 356 12.3
H=E84 36 48 1,186 24.7
s A 375 175 3,701 -

2P d To = dujAdl S =
Lol wrfEle] 41947 FAE 5
(Table 2).

Table 2. 22PA% Tl RO wnlgr 4 35 TR

. R
W uf Z= 3 AR A A
T A=(7N)

= 390 67 257 3.8

A B2 148 30 54 1.8

o A g 163 62 634 10.2

S8 eI 25 5 65 13.0

7] e} 752 385 3,184 8.3

3 7 726 164 4,194 -
3APd o=, Tl EEQl A o5 v2Re, S WELS] 3 5ol HAS5A EAS AW A
2], = S wHjEkdar, o]lF 1,697/ ¥4

LERIQUA, REQUMAE FEOoR dto] F 2860719 %
S FEelo] 18633709 T4 5
awHj R FEo] mE 2aes

=5 =, A, BEadX7F 242 58.69%,
Bt =57} 56.27% = 46.06% 5 YEFH X

Aol wle Eetom, iR o] mE Haha

R
ol
ol
o



‘ol 3] w283 64.53%, ‘A7’ 56.16%, ‘FHWMEFQ 53.66%, H-A3 41.59% ol Atk mwu)
of e Y 95 Bage WAL 687, RReAA 33, B 087 w0l A,
v 2R wE g 5 Fage Fwelel’ 17270, ‘473 17070, ‘F-A 3 647, ol 3
ﬂﬂ28§’ 3.370 ol A vh(Fig. 1)
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% A E 2 # 450 204 67 0.33
2 = 274 141 765 5.42
&g 392 288 2,338 8.1
of| 3] |28 & E & # 385 271 47 0.2
AsE = 379 187 76 0.4
] 100 64 1,640 25.6
e Ri= B 2 # 82 41 317 7
A= = 36 12 49 41
i) Al 2,360 1,697 18,633 -
EEE ég 7 58 56.27 46.06 'E—gé jz {l 53 16 41 -
| F el
10 =" |4 J = G ] reidll|
P R EELE;E e = ol e ‘mﬁs;l; ;&ﬂéﬂao\ =X S
F o T oo
= a0 3.3 =
KO =0 . . Kio e e 6.4
oo s = Et== = e = oisioizas =elloueiel =R S
wHH &2 & WHH &2 &
Fig 1. 3] ¥4 9 wio] e 23hg 2 $25 o
‘n = ' = -~ . . ) 1
i p & v . 2, é ¢ - L]
= ¢ - ° ‘oé):o & '-A‘j%‘; ! » L3
'\ '.. * » > L) # & L h_ ° 3 €
* " i I. f | Y ta LN ] io.-‘ . ¢
?° ° .‘* ° - °



Apd o= dujgdQl A AT, S e, ‘o8| W28%, ‘et S| W, ‘W|stoFE R O =5t
‘wRodAx ‘grRzmedx] AAde] 5L 1415702 ol mujste], 5213702 FAE 5
alo] TE st oh(Table 4).

Table 4. 42hd % whajd REo] wujrsf 9 g5 T2

RSB H2 AL A A HAT F2OR)

olErEHE 12 4 5 1.3

bl R 79 30 142 47

EK65 16 4 16 4.0

olErEY = 131 102 1,861 182

= e e 152 46 143 3.1

F7ad 152 62 850 13.7

olErEH= 86 50 228 46

B 213 96 358 3.7

ol 3] W28 & Fd e 145 100 692 6.9

El 25 131 70 8 0.1

EK65 12 7 25 3.6

B 123 31 83 2.7

a2 3] 7] & d e 147 90 745 8.3

EK65 4 2 3 15

ol g o Fdag 8 6 42 7.0

LSS 4 2 12 6.0

Eiy A 1,415 702 5,213 -

MEAS PRl P F ohgdl 7] HAE fEste] ol Hao] Hsbuo] YREAL %

ol ¢EFATE At g r/}(Flg 3).
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a5 e
f

S

Fig 3. A7AxEH = Alg wmAdAe A5 3 2393 27 2F3/2(201549 119)

s w1l

45 2 ZEAe] A ALr|EES Hu e w2 UC Riverside there] 74 ¥y
A SEAlzEe] TRAIARD 1201449 A9 MAMAAE o] &t AAE YEdlE a#t

)
©

40.0(MINOLTA, CR-400) °’¢ + 7k W= Wdste] 7I&s dAsiioh. 542 +8
F odEs Fdvor Add & i val A 5o sjdets AEe A5 A
(Fig. 4a), ¥ == i Alse] #98 DIAAR § 1~94o]9] $AF 50173 a3

o

S A4S B2 Bstel A

[«

Fal lok(Fig 4b).

L a"b" Color Difference

OAL*=+4.03
Aa* = -3.05
Ab* = +1.04
AE"=5.16

L) ~9 ()

th AEERTEY 2 55 &4

(1) F=2reh

o 3l w285 et ‘W7ol wuj %3 D2VBKI39: @A EAMomE yyMo] wj§ Hoa
EE =2 5A4S YEUtH(Table 5, Fig. 5). 871+ dE

o’ o B w288 (ar ) AT B dk)ef vl zskA v Hu o] FHal

A Hzle] 5t dE FFT Uiv] BAAH] IS AoE AuFo FITHS

[ala FPFAY AEFRITEA(EFYHE 2015-698)S =3 oH(Fig. 5).

2
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Table 5. Bl =4 e FF2 A 54
I} 3 =7 T s TR 5y 2 =
ZArD =} .

(g) (mm) (mm) (°Brix) (%) o A (FIagh)

2015. 11. 30 103.7 64.0 48.0 13.2 1.45 0.0 0.0 375

2015. 12. 28 144.8 2.2 53.0 13.6 1.27 0.6 0.6 40.6

2016. 01. 04 120.7 65.5 53.14 13.1 1.17 0.0 1.0 41.0

2016. 01. 11 138.4 72.9 54.5 13.2 1.09 1.2 1.2 40.7

ETERIEZANE TAA

3R fHs ko] 241 ()

o [FCBR
%2 8 o D-2VBK0139 =3 F A ‘d%ﬁﬂ

s, 122

g0 2 g ()

(2) ebetetet S

Bebebeh FEe QReA EgE EFF APise] olxwelziH AHud
dF1zo H&] 87 d== ¢F 2°Brix =7 =S
=g e A7 ANEE dehhE e 3
Aolg ngvh ‘Hetue F2Y FES 9E
e oe 2 Ael® el ta L%
6). metA Eretee FEYe 27 E5E
webd] oETel Ha FA(FE)lt FeAA el oja) Folst ek weksof
55292 H9tkFig. 7).

oz AolE HItHTable 6, Fig.

Table 6. Ehebeber Fxae] #4154

=7 974 FA 9= A= FHy  Hy Iy HE5  HFS5 A5
(mm) (mm) (g) (°Bx) (%) Lzt agk bk L3k afk b#k
E}FA—E]—E]— 949 9¢ 353 449 36.8 11.34 1.71 56.1 -51 134 495 12.2 329
=4 10¢€ 109 385 51.1 491 1261 0.96 54.9 12.8 24.9 39.2 17.3 24.3

o)1 99 99 366 461 414 9.07 177 584 64 158 503 7.4 30.1
=24 109 109 402 528 608 1025 093 565 2.8 259 390 151 224

TR 2AY

O
=
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Fig. 6. 24745 ¢4 A%

n

‘ 20171 028 072!
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T
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Applicant -
= =
[ ]
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2 eIt i
Invento = =
Name
= &
EIC]
= =51-2016-0142202
umi PATENT-2016-0142202
&
= = Sol= | wce=s [aomsos
EEEE T IECEETEI

stated in this certificate at the Kore

BrgFAA HIA 27 BE 98 UES o8 FHS 27 AFS A by Fol
shifoln, mEe] A% 2 FAL PAAE WSS o] & FRe BLHolT YRS o] g3l
A A% F uRe 957 PN thdel ol wAstY 45 Afel dAd wr
A AL kel WAEE EAA A 5o 27 e ol

4 g strh(Fig. 8).
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thé Korean Intellectual Property O
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ed as stated in this

EFAITRONIAS, ALY, A= 51, RGO,

2115 ITHEAL T8 emH,
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=3kl vH(Fig. 10).

el e A

2 | .0 . 2
Lzeas] EE A% - S0 AmEEA FE AL 99 AnSA
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gl

(Sunshine Yellow)

Finger lime

1

hsrlo] 9 A1(F) 20144 29 19 K231592

=
e
3 o)
Ar oF
EOE!
oE [

Finger lime
(Collette)

2

() 20144 2¢¥ 1¥ K231593

]
H

)1\_]:

(e]

ol

Finger Lime
(Ricks Red)

3

() 20151 149 69¢ K247093

4 Kassia Lime

() 20151 149 69¢ K247094

3

}‘\l.

[e]

gl

5 Troyer Citrange

(57 201541 1¢¥ 69 K247095

]
H

)1\_]:

o

gl

Cleopatra
Mandarin

6

A(F 0159 1€ 219 K252377

o2k

Fiacld

7) et

=z

S

3

el

o

o

7 Dwarf Kaffir Lime

A(F) 0159 1€ 219 K252378

o2k

gl

8 Red Centre Lime

hsrlo] 9 AI(F) 154 1Y 212 K252379

9 Bush Lemon

K256566

Frsrte] @ARRI(E) 016 78 B

Arnold Blood
Orange

10

) 20161 7€ 89 K256567

SSICE

[O
o

gl

W REo® &&

11 Nules Clementine

) 20161 7€ 289 K256568

A

oA
o

West Indian
Seedling

12

A o A&
itk 20159 o= %7)

5]

-
s

20133 9

&tol 7

=(330m’)

AT

[e)
=5

3

N

)

Fa oh(Fig. 11).
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m)E ZAstel A WA R EE(1,0007)E

= ¢EsAT(Fig. 12).
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Fig. 12. 27123 ft=8 93 AAdsh¢2 B =4 §TXF 24
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Fig. 13. %< sk¢-2u W&

o
L
ofo

o
)
u|a

)

2. el RE(FASHolM e 7] gkl A A

R ER T

A AR 2015~20161d AT AFA] sl 91213 FEHte] LAA(F) VARAESTAT
20 FERFEFNMFAFEL N7 A e JHEE FLe FolAM AH AF
gto] RS Fal wlE st QlesE § 90, 105, 125, 145, 1804 el & A 3 3}
AeTE & dgol me A =27, 455 =
ot

vl ¥ % (embryo rescue)
FaE B H9 o E5HS AAS o aga 7y egs
13k 70% LZ(v/v)ell 30 AE ©

AH sk 2



of E717F T3 AAE & HAHAS Jog HAet TAE QAT F wE FEE s 7

= st tHFig. 14).

F-2] 8} wiuj kol Agtek wjA o] FFE TFHe7] f8te] MS (Murashige and Skoog, 1962),
MT (Murashig and Tucker, 1969), B5 (Gamborg et al, 1968) WjA|& ©]-&3}% 31, sucrose
3%, malt extract 500mg/L, adenine sulphate 25mg/L+agar 0.8%, pH 585 ¥ &S 2 H7}slH
o8 v JHAES 2~3FF MSHIXE 7]Eo = 3 FAHIA] (sucrose 3%, BA 1mg/L,
NAA Olmg/L)Oﬂ At vl ¢S sk

AT F 90¢ @ AERZFEY wf vl AEs =201S FHsk7] skl MS #iAE 7
Eujx] 2 3}, sucrose (30, 50, 70g, 90g, 120g/L)¢} GA3 (0, 05, 1, 2.5, bmg/L) =5 g
3tk ®3k malt extract 500mg/L, adenine sulphate 25mg/L+agar 0.8%, pH 585 35 °o %
A7bstAek. v wigE MAES 457 S MSHIAE 7|20 =2 3 FA 8 A (sucrose 3%, BA
Img/L, NAA 0.1mg/L)ol Alu]dS s

Fig. 14. Embryo rescue from the ‘Shiranuhi’ Mandarin [(C. unshiu x C. sinensis) x C.

reticula'lx ‘Sanguinelli’ (C. sinesis) Hybrid

A5 EL

AT & =z T2 oF 307H9‘r TS ZH AL ZF ul wl A =
45 AAG A ol &tk AHATE FA dS °

Biomedic® gDNA Extraction kitE ©]&3t4] genomic DNA FZ3}%tl. #&l¥ genomic
DNA®°] <3 #H& Z}7Z} DeNovix DS-11+Spectrophotometer (DeNovix, Wilmington, DE,
USA)¢} of7tZ 2~ A A7|95E &3 28t

PCR-RAPD ©v}# A4t

A B AdAde] (Rr e (o]gg o} 1), ‘BEQ Eﬂx] (o]
o H=EYS, ‘2EFH e tiste] wite) wd RAPD
SV kit (GenoAll) & ©]&3}% genomic DNAE —%%0}93
o] -3} A tH(Table 9).

2o} 2), BRI AR ‘&Y
ol A& 93] Exgene Plant
. EZgolm = 20709 ZElolw =

ﬂ;g
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Table 9. RAPD primer using zogotic embryo detection.

Primer Primer
No. Sequence (5'—3’) No. Sequence (5'—3)
name name

1 A01 CAGGCCCTTC 11 All CAATCGCCGT
2 A02 TGCCGAGCTG 12 Al2 TCGGCGATAG
3 A03 AGTCAGCCAC 13 Al3 CAGCACCCAC
4 A04 AATCGGGCTG 14 Al4 TCTGTGCTGG
5 A0S AGGGGTCTTG 15 Al5 TTCCGAACCC
6 A06 GGTCCCTGAC 16 Al6 AGCCAGCGAA
7 A07 GAAACGGGTG 17 Al7 GACCGCTTGT
3 A08 GTGACGTAGG 18 AlS8 AGGTGACCGT
9 A09 GGGTAACGCC 19 Al9 CAAACGTCGG
10 Al10 GTGATCGCAG 20 A20 GTTGCGATCC

125uL9] PCR ®hg-gofol] ‘F-x 35} 9} ‘B}23 ¢ a4"e] genomic DNAZ Fd 2= 50pmol 2]
primer, 6.25ul.9] 2X Tag Mix(Dongsheng Biotech)®} Hit FHFE H7bste] &33 &
ABI 2720 Thermal cycler (Applied Biosystems)Z ©]&3}o] PCRS 4333t PCR ¥H3-&
94T 587t & WA (heat denaturation)stal, o]o]A 353 A}o]&eo] PCR WHS-(94T 60%,
3BT 30%, 72C V%)= dAFs] FAd F wAHow 72TdA 73t HF Al (final
extension) W& Al TE WEgo] FEH PCR 3% AHE2 1.0% agarose geldl A A7]9 5 <
&3l glskait

SSR (simple sequence repeat) 2 Genotyping 4

BE(HA )Y FE ] genomic DNAS 302 3le 7 5(2016)2] & wzhujel F44)
& SSR vlA BMi¥ forward (-TGTAAAACGACGGCCAGTGAATTGGGAGGACGA
ACTGA-3) and reverse (5-CGAGCCCTAGACAGAGATGG-3), BMilll forward (5-TGT
AAAACGACGGCCAGTCCGATACAGCACAAAGCAAA-3) and reverse (5-TGGAAAGAG
AGAAGCCAAGC-3), BMill5 forward (5-TGTAAAACGACGGCCAGTCGGTGTGTATT
GGGTACACG-3) and reverse (5-TGGAAAGAGAGAAGCCAAGC-3) SSR Xglo|HE o]
Stttk SSR WA S tisiA 10uLe] PCR WH&&dlo] Ry} F9o] genomic DNAE
gow ZFzF 10uMe] M13-tailed forward primer 0.2ul, reverse primer lulL®} 6-FAM labed
M13 (5-TGTAAAACGACGGCCAGT-3") primer lul, DSBio HSTM mix 5ul, ¥ THFT=
HA7Fste] =33 3 ABI 2720 Thermal cycler (Applied Biosystems)S ©]-83Fe] M13-Tailed
PCRS 4333tk PCR W82 94T 587 & WAl (heat denaturation)dlal, o]oj A 153
AtolEe] PCR WHS(94C 30%, 58T 30%, 72T 30x)3} 203 Alo]=<] PCR WHS-(94T 30%,
53C 30%, 72T 30x)s dAEste] a3 5 wpxjHog 72ColA 3021 HE 417 (final
extension) W& Al TH WEgo] TEH PCR 3% AHELS 1.0% agarose geldl A H7]|95S
Z3] &2ls 3 ABI 3730 Genetic Analyzer (Applied Biosystems)E £3}¢] genotypingS 2
Al 8} i T

Genotyping Z2 ¥+ GeneMapper v.4.1 (Applied Biosystems)E £3to] 2189t} PCRAME
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o] peak sizet LIZ-500< size standard® A}-&3le] 2 = A},

B -E
3 L FAe] FepAel 54
AFFE F Agel mhE PASS FALY wwjAA e 32 wddAe wet 37, 7
9 aEe 44%Et A4 S7ew, 180206 97t 2 Qlh(Fig. 15),

B \Weight e
70. | = - 180
—u— N idth
=5 L 150
. == ength == - 140
E so - I 120 2
=5 =
= a0 | 100 &
2 =
£ s0 20
60
20
a0
10 | S
o

180
Days after pollination

Fig.

[(C. unshiu x C. sinensis) x C. reticula’]l* ‘Sanguinelli (C. sinesis) Hybrid

15. Characteristics of fruit growth after pollination in ‘Shiranuhi’ Mandarin

= W7 7R A vERd whd ol
3 %¥e YeErH vk (Table 10).

(Flg 16) o]o
A sh wwlEARe] g
ot

Table 10. Total seeds and number of embryos per seed dissected from fruit of different

developemntal stages.

Davs Total Normal Abnormal Length of No. of Embryos
Y Seeds seeds seeds seed (mm) per seeds
90 12.67+5.09a” 12.30+5.09a 0.37+£0.55¢ 6.11+0.87d 9.03+7.44c

105 10.04+5.35ab 10.07+5.14ab 0.33+0.65¢ 7.62+0.87c 9.02+2.94c

125 10.04+4.75ab 8.20+4.66bc 2.20+£3.27b 8.78+1.07b 13.58+5.69b

145 11.87+4.88ab 7.17£3.99bc 4.70+3.26a 9.48+1.11ab 16.61+5.26a

180 8.40£5.72b 5.40+5.03¢c 3.00+2.94h 10.13t1.21a 17.16+6.47a

"Mean separation within columns by Duncan’s multiple range test at 5 % level. .
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4 DAP 145 DAP 180

DAP 125

DAP 9 DAP 105

Fig. 16. Embryos and seed dissected from fruit of different developmental stages.

R oA o] ol whE w) wj kA o] A3}

s of wal wolg&-S 90d o] Ft 25.0%, 105Y ] 58.1%, 125¥€ ] 69.6%, 145

A 74.9%, 1800l 70.7%% 145947HA= @A F7bstthrE L o] Hasks A&l

el HAE 1069 7HA = ol HAA ko, 12569 28.9%, 145¢ 55.4%, 180¥ 59.3% = # A

A S7tskdth FESF Al wE Wolsd wsoe FolArt A= vbHel wix e FRF
o

71 & 3t (Table 11).

Table 11. Effect of Inorganic elements components of media on das after pollination (DAP)
of embryo germination and rooting of ‘Shiranuhi’ Mandarin [(C. unshiu x C. sinensis) x C.

reticula’lx ‘Sanguinelli’ (C. sinesis) Hybrid after 2-3 weeks of culture.

DAP Midia type Germination Rooting
(A) (B) (%) (%)
90 MT 45.04+24.49" 0
MS 42.05%19.56 0
B5 21.97+16.82 0
105 MT 58.00+ 3.77 0
MS 61.81+11.5H 0
B5 54.44+15.26 0
125 MT 69.60+ 8.81 28.33+12.13
MS 73.31+11.46 29.69+14.02
B5 66.00+ 8.67 28.60+12.58
145 MT 74.64+ 7.86 4853+ 7.40
MS 73.88+ 5.56 61.22+ 3.89
B5 76.11+10.87 56.34+ 8.12
180 MT 66.90+ 6.62 55.00+ 7.33
MS 72.34+10.88 58.06+11.86
B5 72.88+ 6.34 64.78+ 6.36
(A) DAP ok sk ok
(B) Midia type NS NS
(A) x (B) NS NS
"Mean * SE.

NS, ok

Nonsignificant or significant at 2= 0.001, respectively.
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AFT & WNAAM= A =0 FHANA= AEES sucrose 120g/LeF GAs FA4 2T
of W& 71 =& ok 99.7%E YEetl oy wolg-& sucrose bg/Let GAs Smg/Lol A 7F <k
79.0%4 =A YEsT 288 sucrose 3g/LeF GAs Smg/LYuw] 215%% b ol
sucrose F%=7F wow GAys =7l =55 & TAE e A4S YE Atk (Table 12).

Table 12 Effect of different concentration of Gibberellin 3 (GA3) and sucrose on survial,
germination, rooting from 90 days after pollinagion (DAP) of in ‘Shiranuhi’ Mandarin [(C.

unshiu x C. sinensis) x C. reticulalx ‘Sanguinelli’ (C. sinesis) Hybrid after 4 weeks of

culture.
Sucrose GA3 Survival Germinaiton Rooting
(g/L) (mg/L) (%) (%) (%)
30 0 72.86+9.11abed 23.57+15.63c Ob
0.5 72.82+24.82abcd 39.25+20.90bc 4.17+4.25b
1 87.78+5.93abed 60.66+8.41ab 5.01+1.65b
2.5 70.94£10.32bcd 54.7+10.83abc 3.81£5.39b
5 69.57+6.08cd 59.01+4.26abc 21.45+12.98a
50 0 91.17+8.33abcd 41.49+20.21abc Ob
05 79.78+3.34abcd 40.14+12.96bc 1.11+0.91b
1 71.12£20.75bcd 50.03+11.42abc 1.25+1.77b
2.5 98.52+1.39ab 66.35£5.05ab 5.58+2.56b
5 94.86+4.16abcd 78.97+7.87a 15.23+3.16a
70 0 97.50+2.97abc 63.47+4.57ab Ob
05 66.87+£5.79d 49.48+4.99abc 4.07+4.29b
1 86.81+14.87ahcd 54.09+7.27abc Ob
2.5 93.70+5.47abed 57.59+13.45ahc 5.32+6.38
5 96.45+0.36abc 64.82+6.70ab 2.35+1.75b
90 0 94.21+5.01abcd 68.08+3.79ab Ob
05 99.52+0.67a 69.30+10.41ab Ob
1 92.32+4.37abed 70.29+5.50ab Ob
25 98.33+1.36ab 63.22+18.07ab Ob
5 81.37£3.45abcd 54.29£14.07abc 0.37£0.52b
120 0 99.68+0.45a 67.15+0.92ab Ob
05 93.33+9.43abcd 57.40£18.61abc Ob
1 90.67+8.22abcd 51.74+4.49abc Ob
25 97.78+3.14abc 66.23£14.00abc Ob
5 97.43+2.37abc 48.92+15.72abc 1.33+1.89b

All materials were cultured on MS medium + 0.8% agar + malt extract 500mg/L, Adenine sulphate

25mg/L+ 0.8% agar, pHb5.8

Data represents mean value *

SE of three replicates. Mean values followed by same letters within a

column are not significantly different according to Duncan’s multiple rage test (DMART) at 5 %

level.
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Aol Fagh Az WAL JAvH(F, 2013). dF Aol o 5] A3 FFS FE
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W) FFoll= FAVE ol A ST 2oj= ¢ FFTEANA ARSI US oH
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AT FAsel 479 2] wgE x7) Awar] 98kl PCR-RAPD v}
2 SSR u}ﬂﬁ Olﬁfﬂﬁt‘r xw} I Egeixm%ﬂl) 7%%) thskel PCR-RAPDE
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Fig. 17. PCR using RAPD primer in ‘Shiranuhi’ Mandarin [(C. unshiu x C. sinensis) x C.

reticula’] and blood orange.

Ao o8& 3709 SSR whA el e PCR S3&4t=S gls A+ Fig. 183 #Zth

BJ .SG B+S 01 06 10 14 23 27 BJ SG B+S 01 06 10 14 23 27

BJ SG B+S 01 11 06 13 131 21 BJ SG B+S 01 11 06 13 131 21

BJ SG B+S A07 A11 A15 A16 B17 B19

BJ SG B+S A07 A11 A15 A16 B17 B19

Fig. 18 PCR analysis using SSR94, SSR111, SSR115 primer in ‘Shiranuhi’ Mandarin [(C.
unshiu x C. sinensis) x C. reticula]x ‘Sanguinelli’ (C. sinesis) Hybrid. BJ, Shiranuhi, SG,
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AeTE 5 Aol mE T4 SSR &4 43 wgaf= 90”44 100%, 1059 30%, 1259

=2 80dolM = HEHA FAH(Fig. 19). T2 FHAHQ ZF # wjdA =T
Ay= Table 139 2t JdesE 5 dgoue 4
j )

12.1%, 1059 7.6%, 1259 6.8%, 145¢ 1.0%, 1804

2 5}
o} v]s=%k AeS YEeERY At olEF Tl AA]). o] = Rangan 5(1969)¢] 2}dolA SlFF4i &
100~120¢ uwj m<&u) Egude B3 wEwE 98 ZAyetn ASste Aol B
T

WAFTE e EEAFE BlEA4E 4

g
e FFol ) AFVh g FERT wie dge] o AdREE FFo wE ¥ £
AThE B % 9t De pasqual®t Puglia(1998) n#u= FAlufo] oj& 2l das wy, +
A e ASE w2l 271k A bede =Y 4 Advhn vy stk Be
AT AnAE BRI AR T Agol wek ) A5 AR 3

Hola o] wujFEAE Z7|o Fste] ] Fuidsts Aol =& gE
reld AoE dAdEn, wepa, & AFAe] HIu 2748 VlEs &88te 3 #F
TEAARE, A1, 338)& AYa Je vy AE(FE7, whdi 5) F5oR 48
gz} bsa Aoz JgE
-;:,aa =
100100 e ——
'.:_:,gtss s
100 B SSRITT WSSRILS
2 mea . *e  ssmn
2
- 50 o
: 2030 » =
3 10 10 - I
o 105 w5 W5 10 s VR
Day after pollination (DAP) :
i;szm—x. s ¥
S " SSR115

Fig. 19. Screening of zygotic seed by day after pollination in ‘Shiranuhi’ Mandarin [(C.

unshiu x C. sinensis) x C. reticulalx ‘Sanguinelli’ (C. sinesis) Hybrid.
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Table 13. SSR genotyping anysis of ‘Shiranuhi’ Mandarin [(C. unshiu x C. sinensis) x C.

reticula’lx ‘Sanguinelli’ (C. sinesis) Hybrid.

No. of No. of SSR Zygotic ratio (%)
DAP No. of seed analyzed genotfyping Seeds Embryos
embryos confirmed
90 o8 134 7 12.1 5.2
105 118 614 9 7.6 15
125 103 858 9 6.8 0.8
145 98 675 1 1.0 0.1
180 97 576 4 4.1 0.7

AAE AduFe S S48 Fol 719G Este] v das-

M SRt Jok(Fig. 20).

=
[0p!
P!
=
ME
i
N o
offt
)
ne
2
™

In vitro Ex vitro grafting

Fig. 20. Zygotic plants of blood orangex ‘Shiranuhi’ Mandarin [(C. unshiu x C. sinensis) X
C. reticulatal Hybrid.
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