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ABSTRACT

Most citrus rootstocks in Korea are seedlings of trifoliate orange. It is mainly known as
nucellar origin, but at a low rate, self-fertilized origins are mixed, and it is hard to identify
visually. If some self-fertilized seedlings are mixed, the nonuniformity of citrus planting stocks
will appear. Therefore, this study was conducted to evaluate the frequency of self-fertilized
seedlings and to improve the uniformity of seedlings through selected SSR markers that
identify nucellar and self-fertilized seedlings in trifoliate oranges. Fifty-seven SSR markers
based on the transcript analysis of twisted ‘Flying Dragon (Poncirus trifoliata cv. Flying
Dragon)’ and straight Flying Dragon originated from self-fertilization, fifty-three SSR markers
reported for distinguishing citrus varieties in Korea, and seven polymorphic SSR markers of
trifoliate orange reported abroad were included and applied. Twenty SSR markers were
selected, identifying that they were heterozygous in the twisted Flying Dragon and
homozygous in the straight Flying Dragon. A total of seven representative SSR markers,
capable of double checking in one plant, were finally selected. As a result of origin analysis
by applying the selected SSR markers to common trifoliate oranges, more self-fertilized
origins were detected from small plants than large plants when two seedlings were grown from
one seed. In particular, the biggest plant did not have a self-fertilized origin when several plants
were gown from one seed sown in vitro. Also, when the frequency of self-fertilized seedlings
was evaluated in the first year and second year nursery, the self-fertilized origin was detected
with 4.0% in large seedlings and 26% in small seedlings in the 1st year after sowing. Plants
with poor growth were rogued and degenerated in the second year after sowing, and their self-
fertilized origins were identified at a rate of 5.5%. The origin of citrus rootstocks was
efficiently identified in this study using SSR markers. Utilizing these will not only increase
the uniformity of the production of citrus planting stocks, but also make it possible to detect

whether self-fertilized rootstocks influence plants with nonuniform growth of citrus.
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sk vz vl AtH(KOSIS, 2021; MAFRA, 2021). #Ee &35 FAs=
& fel Al FFA J5E AE5S FaE Auste] Aarsa 9ok dEs
ol gt WA g U ANE dFd £ glow Ao kY FA| A,
A=A 9 A=A AEg A sk AgA L S
AqME g dEew Ao diyi ®WAE AREstn ok WA (Poncirus

trifoliata) v <% (Rutaceae) o] &3t TEF= w75 c d9 ol 2

W gl dis AE 3ol war WdAel et WAIA 2 nkole A9
s AYE & s 540 Wi 3 #Holth(Chae et al,, 2013)

BA= FAE et WAE W E R S e ol whe dAg

(monoembryony) X+ ThHlA (polyembryony) & WX &=H|, @u] A=

Zbe ERe Aol Uuart el SxE etk el SR B
Hj7F 7=, 1 5 A e EEhEe Aol et Ao oS XA
ol FAAo R kA3t AU (apomictic embryo) 7} WHEE7] wjFof Al A9

BE= sk AAZE b 2o A Wi 782 4 AtH(Andrade—Rodriguez

2005; Kepiro et al., 2007; Kishore et al., 2012). B} thjAdoly, &
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AWt WA (Poncirus  trifoliata) 9 V1§ ®A(Poncirus trifoliata cv. Flying
Dragon) & A&=A=5%E o] &35l

g ®BAe AFSEAAE s7lsd e 2 AEAEA A,
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F1aL, SSR markers #gol= AT =9 A (=H-A] ¥, 34.9138°N,
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2018) & F7tste] o] &at3th(Table 1). AA A& F 117712 SSR primers
= 9] F4u 2 A7k el 4ol o] &5kl vk (Table 2).

SSR markers #dS $1%F PCR €9¢ 42 10ng genomic DNA, 10X PCR
buffer, 10mM dNTPs, 10pmol <&k primer, 0.5U Taq plus DNA
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Korea) oA A 7|9 % 3+ t}2 gel documentation system (Azyre Biosystems,
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Table 1. SSR markers screened for identifying nucellar and self-fertilized seedlings in this
study

Source of SSR markers No. of marker's Reference
used for screening

SSR markers designed by ‘Flying Dragon’

. . 57 -
transcriptome analysis
SSR rparkers for 1flent1ﬁcat10n of citrus 53 Woo et al. (2020)
varieties reported in Korea
Pglyrporphlc SSR markers reported in 7 Kamiri et al. (2018)
trifoliate orange
Total 117




Table 2. The sequences of SSR primers screened for identifying the nucellar and self-fertilized

origin in trifoliate orange seedlings

Primer name

Sequence (5> — 37)

10

11

12

13

14

15

16

17

18

19

20

21

BRS_SSRO1

BRS_SSR02

BRS_SSR03

BRS_SSR04

BRS_SSRO05

BRS_SSR06

BRS_SSR07

BRS_SSRO08

BRS_SSR09

BRS_SSR10

BRS SSR11

BRS_SSRI2

BRS_SSRI3

BRS SSR14

BRS_SSRI5

BRS_SSR16

BRS_SSR17

BRS_SSR18

BRS_SSR19

BRS_SSR20

BRS SSR21

WM W T W M W M ™ T W T oM ™ W T T " W T T ™ W T W om " T ) T T

CATTTAGCTGCCTTTCAAAATC
GAATATTCCGTAAGCTGTTCTCTC
ATTAGGGATCCAGATGTCATTAAC
AATGACCTTTTCGTGAGATATGAG
ACAGTCAACTGAACGTTGATAAAG
ACAAGTACTGCTTATATTCCATGTG
CTAAAGGCAACACTTCTTCTTACA
TCACTGCAGATGAAAAACAGAT
CTTCTCTCGCTTTCTAAAACCAT
GGTTTAATTCTAAATCAGCAGCTC
TTGGTTCTGGATTTCAACTTTC
CTTTATCATCCCCAATATAGATGC
TACACCCTTGTAAGAGACTGTTGA
GTTAAGTCCCAAAAAGGAGTTTG
TCTAATAACGTGTGCAAAGATAGC
CTTCACAGGATTTGAAGATGAGTC
GTCATTCACCACCACTCACAAG
CAGTTTAACTTTTTCTTCGGGTGT
AGGCGAATTATTGAACTGGATACT
ATGTAGCTAGCAGCAACTAAGCA
CAAGTTAAAGGCTTCTTTTACGAC
TATAGATTATGGAAGCACAGCAAC
GCTTAATAAACCTTCTTGGTGAAG
AGTTGTAGGAGTGACGAAAATAG
TATAACTGCCAATACCGTTATCCT
GGACGTTTTGTTTGTGATTACTG
CATCACATCTCAAACTAAACAGTTG
GTGTTCCAAATGACAGTTGTTG
TGAGTCTATGAGATGCTCTTCTTG
GATTTTCCTCACATCTTTCTTCAC
GATATTATAAGTGCTTTCCCCTGT
GATTATGAAACCCTAACTCGGTAA
GATAACGAGTCATTGGAGATCATT
ACACTTTCTTTGAACGGACTAAAC
TGTTGTAGCAGAAGGAGTAGTCAA
TTCCTGAGAAGCTCTAAAACTCTT
ATTGCACTATTTTCGTCACTCCTA
AAGTGGGCAACAAAAAAGATGC
CTTGCCAGATAATAATTCAGTGTG
GCCTTTAAATAGTATTCGGTGAGA
GACTACCAATGTCGTAGGGTTTAG
CCTTGCAGTCAACAAGATATGAT

7



Table 2. (continued)

No.

Primer name

Sequence (5°— 3”)

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

BRS SSR22

BRS_SSR23

BRS_SSR24

BRS_SSR25

BRS_SSR26

BRS_SSR27

BRS_SSR28

BRS_SSR29

BRS_SSR30

BRS_SSR31

BRS_SSR32

BRS_SSR33

BRS_SSR34

BRS_SSR35

BRS_SSR36

BRS_SSR37

BRS_SSR38

BRS_SSR39

BRS_SSR40

BRS SSR41

BRS SSR42

AmA@TmM M@ AT AITTAITAIATAIATMATAIATMAITATI I TITRI T A TR

ATGGAAGTAATTGGTAGAACTGGA
ACTGGGATCAGAATTAACATCATC
GGTCAAGATTTGGAGGAGTAAAC
CTAATATCCATGGAAGCCTCATCT
GGCAATAACATAAGTTCCTCAAAG
GGTGATAATTTCACACTACCACAA
GATCATGTTACATTCACCCATCTA
AGGACATGGAGTGTATATTTTCGT
CAAAAAGCAGACTTTGGATTTC
TATTCTTATTCTTCTCGGCGATAC
CGATCCTTGAACAGTTTCTATCTT
AGATAGACATTGAAAAGACCTTGC
AGCAAGTGATGATGAGGATATAAAG
CTGAAAGGTGCATATAATTCAGTG
CACAAGGTCATTAACAAGAGTGTC
CAACTGATTATATAGCTGCTCTCG
TTTCAGTGGCTTTATTTGCTTC
AGAAACCTGGCTTGTAAAGATTC
GTGTGGGTTCTCAACATCTACTAA
CAGGTCCTTATTTTAACACAATCC
ATCAGATGGTTCAGTCCTATAATG
TATGAGCAAGAATCCTGAGATTAG
CTTTTGACAAATTGGAGGAAGATC
GTAGCAGCAAATTTCTTTAGTGTC
GACGTGGAACTCTTAAACCCTAT
GATTAGCAGCAATAACAGGTGAG
CTTCCACGTGTCAAGTCAAATCAT
ATGTTGGATGAACCAAGGGAGTAT
GTTTAATAAGTTGAATGGGTCGATC
CAGATCCAATAACAATTCCGGCA
ATCTAGGGTTTGGGAATTTCAAC
TTCACAGCCTCCATGTCTATAA
CACGCTTTATGTTGCTGGTAAAC
TTCAGCTTTTACTTGGTTTACCTC
GATATCTTCAAACCGGATCCTAAC
TCGAAGATTTACAAGGTTTGTTTCTG
CATCCACTTCACTATCAGTTTCTC
TCAGCCAGTTAACAACACAAGCA
GTTAGCTATGGCCTATGTATAAGTG
AGCTTGTGTTTGGTTTGAAGTGTAG
CATCTCCCTCCTTATCTGAAACAT
TCGATATTCGAAGACTGGAAGAATG

8



Table 2. (continued)

No.

Primer name

Sequence (5°— 37)

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

BRS_SSR43

BRS SSR44

BRS_SSR45

BRS_SSR46

BRS_SSR47

BRS_SSR48

BRS_SSR49

BRS_SSR50

BRS_SSR51

BRS_SSR52

BRS_SSR53

BRS_SSR54

BRS_SSR55

BRS_SSR56

BRS_SSR57

BM-CiSSR-012

BM-CiSSR-013

BM-CiSSR-032

BM-CiSSR-043

BM-CiSSR-073

BM-CiSSR-077

AmM®emME®WMAIMATMAITAMAIMATAITAMATATANATAITAITITRITRTDRI T

CTATCTATCTGTCTATAGCCATCT
ATCTTGTTTCAGTACGAACTCGTC
TCTCTTATAGCCTAGCTATTCCGA
TGCAGTTTGGCTCGATTACTATA
AGGATTCGTTGAAGGAAGTGGA
CTAACCAAAGATGATCCCTACAAG
TAAACACCAAGACAGACTAGCAAC
TCGATCAGGTGCATTTAATCTAAC
CTAACGCAGATGGAGCATTAAATC
GACGTCAGTCATCACCAACAATTA
CTGCTGATTCTGTAAATGTTTCTG
TGGGTCTTTCTATTCTTCTCAAATG
AACTGAACTCGGAGGATTCATAGT
GAAGTGCCAAGAAATGCAAAGAGA
GTGTTGATGAATTCTTGTTCGAAG
TCGTTAGCATCACTCTATGGAATGT
CTTCCCAGGTCTCAATCTCATA
CAACAGCAACATCTTCTCTTACGT
TACTGCCTCCTCCTAAACCTATAT
CTCACGGAATGGTCAGTTTATGT
AGAAACTTTATTCCGGGTCGTGA
TTCCGATAATCGCGTTAAGAGTTG
GAAACTAAATTGACGGAGTGTTTGT
GAGCATTCAGACATTTGAGGATT
AATGGCTTCTTTCAGCTGCTTATC
TGGGTTCATTGTGAATTGGTTTGTG
GAGATTGACTTTGTGGTGGTTAC
CTTTACAAACACAAACAGCCTGCA
TCGTGGAATTGAATCTCTCAAATTC
GTGTTTGATTGCAGGCAAATTCTC
TGTAAAACGACGGCCAGTGGGCTCAGTTCTTCTCTACTC
GCATTAGGCTTCTCTCATACC
TGTAAAACGACGGCCAGTGGTGGCATACATACATACATACA
GCAACATCTGGAACTACTCA
TGTAAAACGACGGCCAGTGCCTGAGTTTCTTTGTTATG
CATTCCATCGTCTCCTATTGT
TGTAAAACGACGGCCAGTATTAGTGCGGGTAAGATGAA
AAGGATTTGGTGTAGGAAGTAA
TGTAAAACGACGGCCAGTCGGACAAGGAGATGAAGATAG
TTCTAACAGCACCAAGCAG
TGTAAAACGACGGCCAGTTGTATTTATTTCTGACTACGACC
ATGCGTTTGGTGTGTGTT

9



Table 2. (continued)

No.

Primer name

Sequence (5°— 37)

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

BM-CiSSR-082

BM-CiSSR-087

BM-CiSSR-093

BM-CiSSR-094

BM-CiSSR-100

BM-CiSSR-111

BM-CiSSR-115b

BM-CiSSR-137

BM-CiSSR-159

BM-CiSSR-162

BM-CiSSR-165

BM-CiSSR-201

BM-CiSSR-202

BM-CiSSR-203

BM-CiSSR-204

BM-CiSSR-208

BM-CiSSR-210

BM-CiSSR-217

BM-CiSSR-218

BM-CiSSR-221

BM-CiSSR-224

WM W d W m W ™ WM W™ ™o ™ ™™ ™1™ 1 ™™ W d W W wom ™o ™o ™ T

TGTAAAACGACGGCCAGTACCTGAGCCCTTTTTGGTTT
GCCAGATCAAGGCTCAAATC
TGTAAAACGACGGCCAGTCAGATCCTATTGCAGAGGCA
GCCCATTTGTATTGCCATTT
TGTAAAACGACGGCCAGTCCCCCTCTTCTTTCACACAA
GGTGAGCAGCCATCTTCTTC
TGTAAAACGACGGCCAGTGAATTGGGAGGACGAACTGA
CGAGCCCTAGACAGAGATGG
TGTAAAACGACGGCCAGTGTTTTCAGCTGGATTCGAGG
CACGTGTCCTCCTGGAACTT
TGTAAAACGACGGCCAGTCCGATACAGCACAAAGCAAA
TGGAAAGAGAGAAGCCAAGC
TGTAAAACGACGGCCAGTCGGTGTGTATTGGGTACACG
GCTTTTTCGAAAGCGTCAAG
TGTAAAACGACGGCCAGTGCAACGTGTACTGACGCTTG
GCTCGTATCTGAAGCTCGCC
TGTAAAACGACGGCCAGTATGACCTCAAACGGTGAGCA
CTTCCACATCCGAACCGACA
TGTAAAACGACGGCCAGTGCTAGGGTTCCAGACTTCCAG
GATTTGGCCGATCGAAAGCC
TGTAAAACGACGGCCAGTAGCAACTTAAGGTCCTTCACGA
TTCTCTGCTCTGCTGTGCAT
TGTAAAACGACGGCCAGTCAACAGTACCTGATGGTCCG
TTCTGAAATCCAGTCCCCTC
TGTAAAACGACGGCCAGTCCCTCTTCAAGAACTGAGCC
CACCAGCTGTTTGCTGTTTT
TGTAAAACGACGGCCAGTACAACGCACCAAGTCAATGT
GTTGCGTCATCCATTTTGTC
TGTAAAACGACGGCCAGTCCATGACCCACTTTCCCTAC
ATTCGGGTAGGTTGAAATCG
TGTAAAACGACGGCCAGTGGATGCTTGGCCTGATTTAT
ATTGTCACCGAAGCACCATA
TGTAAAACGACGGCCAGTGCCAGGATTGAAGGGTTTTA
TGTGAACAAGGGCAACAGAT
TGTAAAACGACGGCCAGTATAATGGAAGCGTCGGATTC
GCCTAACGGCCAGAGTTTAC
TGTAAAACGACGGCCAGTTATGTCTACTGGTCGCAGGC
GTTGTCCCCTTGATACCACC
TGTAAAACGACGGCCAGTGGTCCTTTGGAGAAGGTTG
CATGACCAAATGTCGGGTTA
TGTAAAACGACGGCCAGTAACCCCTTGTCAAGTGATCC
TCTTCTTCAGTTGGTGCCTG

10



Table 2. (continued)

No.

Primer name

Sequence (5°— 37)

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

BM-CiSSR-225

BM-CiSSR-226

BM-CiSSR-230

BM-CiSSR-238

BM-CiSSR-239

BM-CiSSR-240

BM-CiSSR-241

BM-CiSSR-243

BM-CiSSR-245

BM-CiSSR-246

BM-CiSSR-247

BM-CiSSR-248

BM-CiSSR-249

BM-CiSSR-253

BM-CiSSR-254

BM-CiSSR-256

BM-CiSSR-258

BM-CiSSR-260

BM-CiSSR-262

BM-CiSSR-264

BM-CiSSR-266

M IMAEMAMAME WM AMA T AMAMA W AME®TAIMAE T A WA ME®TAT R TR ™

TGTAAAACGACGGCCAGTGTAAGGGGTTGTGAGGCAA
CAACAGGTTTCGACCATGAC
TGTAAAACGACGGCCAGTATTAAGGCTGGAAATGCCA
ATTCTGCTGACGCTTCAATG
TGTAAAACGACGGCCAGTTCCATCAGCCATTCCATCTA
ATCTGAACCCTCCAATCCTG
TGTAAAACGACGGCCAGTACTATGCGGCTCGAACTTTT
TCACCTTCACAACCGAACAT
TGTAAAACGACGGCCAGTACATGCCATAGGAAGCAAC
CACCTTCTCATCAATCACGG
TGTAAAACGACGGCCAGTGCTGCTGCTGCTAGTTTGTC
AAAGATGGCAATGGGTTAGG
TGTAAAACGACGGCCAGTGGTCCTTTGGAGAAGGTTGA
CATGACCAAATGTCGGGTTA
TGTAAAACGACGGCCAGTCCATCCCTGTAAATTCCACC
ATTGGTCGTTTCCTTTCCTG
TGTAAAACGACGGCCAGTTTTCCCAGGAGCTTACCAAG
TGCGTTCCATGGTCAGTATT
TGTAAAACGACGGCCAGTCCCTAGGGAAATTTGGGAAT
GCACTCGAGAGTTCTCGTTAAG
TGTAAAACGACGGCCAGTATCTGTGTTTGGTCGCATGT
GGAAGATTACCGGACTTGGA
TGTAAAACGACGGCCAGTGCTCGGTTCTTGCATACTGA
GTCTGCAAACCCTGTTGATG
TGTAAAACGACGGCCAGTATGGGCAAGAACAGGAAATC
CCATAGGATTTGCATGAGGA
TGTAAAACGACGGCCAGTAATTTCCTGCTCCAAACCAG
TCCAACAACTTGAACACGGT
TGTAAAACGACGGCCAGTTAAAATCCCTCGGAAACAGG
CTTTGCATGTTCAACGTTCC
TGTAAAACGACGGCCAGTCTCTCTGAACCTGACACCGA
TTTTCTCCACCCTTTCAACC
TGTAAAACGACGGCCAGTGGTAAGCACCTGCAAACTGA
ATTATGCAATTCCTCCTGGC
TGTAAAACGACGGCCAGTTCATCTGAACGGACCACAAT
TAACTGCACTTGCTTCCCTG
TGTAAAACGACGGCCAGTCAGTTTCATCCCACTGATGC
ACCAAGCGTCCTTAACAACA
TGTAAAACGACGGCCAGTAGGGGTGCTGAGCATAAAAT
ATACCCCGTCGTGGAATTAG
TGTAAAACGACGGCCAGTCGTAGCCAAAACTCCCAAAT
CCGAAGATGGAGGGAACTAA

11



Table 2. (continued)

No.

Primer name

Sequence (5 — 37)

106

107

108

109

110

111

112

113

114

115

116

117

BM-CiSSR-268

BM-CiSSR-270

BM-CiSSR-271

BM-CiSSR-272

BM-CiSSR-273

mCrCIR02G12

mCrCIR02D04b

mCrCIR03D12a

mCrCIRO03F05

mCrCIR02D03

mCrCIR02A09

mCrCIR07C09

W ™ ™®X™m®WH®WDT®XT®™DRX ™™D ®™®X ™™™

TGTAAAACGACGGCCAGTTCTGTGGCTCACTTCACTCC
GAAGACGACAGATGCTGGAA
TGTAAAACGACGGCCAGTTGCTGTAAGTGCAGTGCAAA
GGGACGAGCATCTTCCTTTA
TGTAAAACGACGGCCAGTCCCCCAAAATGCTGAGTAGT
AAAGGGAGAGAGTTGGCTGA
TGTAAAACGACGGCCAGTATAGGTCCCCACAATGGAAA
GGGCATAAATGAATTGGGTC
TGTAAAACGACGGCCAGTGCATCATACGTTCAAGCCAC
TCTTGTGCTCTCCTGTGACC
AAACCGAAATACAAGAGTG

TCCACAAACAATACAACG

CTCTCTTTCCCCATTAGA

AGCAAACCCCACAAC

GCCATAAGCCCTTTCT

CCCACAACCATCACC

CTAAGGAAGAGTAGAGAGCA

TAAAATCCAAGGTTCCA

CAGACAACAGAAAACCAA

GACCATTTTCCACTCAA

ACAGAAGGTAGTATTTTAGGG

TTGTTTGGATGGGAAG

GACCCTGCCTCCAAAGTATC

GTGGCTGTTGAGGGGTTG
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m 23 g nz

1. ¥ & BRI A7ked 2 FA9 2 82 SSR markersd] A2

HE BAE BE HE5U(twisted) E719F 7HA19 9 F (Fig. 1A) S 7M1= A
o] SAeoltt. 1y Ak FAle A olHd FH AdHo] AltAH =2
(straight) &7]¢F 75 7H= WIAEH 99 (Fig. 1B)= 7H Jlo= 484
)t (Andrade—Rodriguez et al., 1995; Mademba—Sy et al., 2012). 182 =%
HEd A9 AEAelAM ol TAZ Yehl= SSR markers= HIFEH 2%

A7FEd A=A el A

rir

SAATAE Uetd = V] wEel Akl 3w 4
vl e ol Thsd ¢ e Zlolth(Fig. 2).

A9 239 HE WA vEHER AP vE BAE 47 20704 e
o] 117709 SSR primersE 23+ A3 F 20702 SSR primersE 1xF A1t
e = Sl3ltH(Table 3). ©] T FHAS Haseta vFEH 2] vlE A
A 270 ©)7¢e] SSR markerselM EEHE& YERES double checke] 7hsgt
& 7704] SSR primersE #H& A@stlth(Table 4). F 20702 H|HEH A=A
= B E "2 3y 2000 AE SSR markersE°] EHATHS Kol

A ol ol AEAVE AA ATk AEAolARE e SSR markers

N

FAo M= FHEHEA g HPolAY B ol AEA [T HFHEH
o7 BAATW AAZE FAMY A5-9 styE AZE ) Khan et al. (1988) 9]

osb ®Atel A isozyme A OE AR AW FAE WEE] 72

i

Ak Stk TR olF AEA daAE Ay % FAuE TR

= isozyme w4 59 F7F4<d



Fig. 1. Two phenotypes of ‘Flying Dragon’ trifoliate oranges. Twisted (A) and straight (B).
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Twisted ‘Flying Dragon’ 1 Twisted ‘Flying Dragon’ 2
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Fig. 2. Agarose gel electrophoresis of SSR markers amplified with some SSR primers in two
representative plants of twisted ‘Flying Dragon’ trifoliate orange (A) and with BRS12
(B), BRS18 (C), BRS36 (D), BRS45 (E), BM-CiSSR-218 (F), BM-CiSSR-248 (G) and
mCrCIR07C09 primer (H) in 20 plants of straight ‘Flying Dragon’. M, 100bp
molecular size marker; Ho, homozygous genotype; SFD, straight ‘Flying Dragon’.
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Fig. 2. (continued).
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Table 3. Genotyping of twenty straight ones with twenty SSR primers selected from twisted ‘Flying Dragon’ trifoliate orange plants

Plant no. No. of
SSR primer homozygous
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 primers

BRSI12 He He He Ho He He Ho He He He Ho Ho He Ho Ho He Ho He Ho He 8
BRS13 He Ho He He He He Ho Ho Ho He He He He Ho Ho He Ho Ho He He 8
BRSI16 He Ho He Ho He He Ho He He He Ho He He He He Ho Ho Ho He He 7
BRS17 He He He He He Ho He He He Ho He Ho Ho Ho He He Ho He He He 6
BRSI18 He Ho He Ho Ho He He Ho Ho Ho Ho Ho Ho Ho He He Ho He He He 11
BRS26 He Ho He Ho He He He He He Ho Ho Ho He He Ho Ho He Ho He He 8
BRS30 He He He He He He He He He Ho Ho Ho He Ho Ho He Ho He Ho He 7
BRS31 He He He Ho He Ho Ho He He He He He Ho Ho Ho Ho Ho He He He 8
BRS32 Ho He He Ho Ho Ho Ho He He He He He Ho He He He He Ho Ho He 8
BRS36 Ho He He Ho He Ho Ho Ho Ho Ho Ho Ho Ho Ho He He He Ho Ho He 13
BRS39 He He He Ho Ho He He Ho Ho Ho Ho Ho Ho He He Ho He He He He 9
BRS45 He He He Ho Ho He He Ho Ho Ho Ho Ho Ho He He Ho He He He He 9
BRS48 He Ho He He He He He Ho Ho Ho He He Ho He Ho Ho He He He He 7
BRS49 He He He He Ho He Ho Ho Ho He He Ho He He He He Ho He He He 6
BRS54 Ho He He He He He Ho Ho Ho He He He He Ho Ho He Ho Ho He He 8
BRS56 He He He He Ho He He He He He Ho He Ho He Ho He He Ho He He 5
BM-CiSSR-218 He He He Ho Ho Ho Ho He He Ho Ho He Ho He He He Ho He Ho He 9
BM-CiSSR-248 Ho Ho He Ho He He Ho He He He Ho He He Ho Ho Ho He Ho He He 9
BM-CiSSR-249 He He He Ho He He Ho He He Ho Ho He Ho He He Ho Ho Ho He He 8
mCrCIR07C09 He Ho He Ho Ho Ho He Ho Ho He Ho Ho Ho He Ho Ho He Ho He He 12

He, heterygous; Ho, homozygous genotype.
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Table 4. Information of SSR primers selected for identification of self-fertilized seedlings in this study

Product size

SSR primer Sequence (5* — 37) Repeat motif (bp) Tm (°C)
BRS12 F : GCTTAATAAACCTTCTTGGTGAAG
(CTG)s 173 52
R : AGTTGTAGGAGTGACGAAAATAG
BRS18 F : TGTTGTAGCAGAAGGAGTAGTCAA
(GAA)s 194 55
R : TTCCTGAGAAGCTCTAAAACTCTT
BRS36 F : GTTTAATAAGTTGAATGGGTCGATC
(TGA)s 170 54
R : CAGATCCAATAACAATTCCGGCA
BRS45 F : AGGATTCGTTGAAGGAAGTGGA
(CGG)s 197 54
R : CTAACCAAAGATGATCCCTACAAG
BM-CiSSR-218 F : TGTAAAACGACGGCCAGTTATGTCTACTGGTCGCAGGC
(GGGAT)4 236-444 55
R : GTTGTCCCCTTGATACCACC
BM-CiSSR-248 F : TGTAAAACGACGGCCAGTGCTCGGTTCTTGCATACTGA
(TGA)s 316-327 55
R : GTCTGCAAACCCTGTTGATG
mCrCIR07C09 F : GACCCTGCCTCCAAAGTATC
(GA)IN11(GA)9 240-256 55
R : GTGGCTGTTGAGGGGTTG
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2. ARt Bzl 7ty W FAH8] ¥ SSR markers®] A&

ATsd71ed 249 FAE g5 108712 FAellA AR} 553
ok thl ARl ®AbE F FAOlA ofe] e BEIF BT 4 Sl & FAReA]
st Mol Enb AeE BEE 8870, & FAfelA F e BUb A BES 20709
of. 3 FAbel A g Aj e Rk Ae BEoM o 4070 MFska, ¢ FA
A ¥ JHe B AF HE ZF 207 RF AAske] Add 7709 SSR
markers& %433t}

Ank WAk AAA g FAkelA gk el HrE 2wk B 407Kl = 10704
b F3AEE vehdda = N9 B @A 207 ®A A 407) B
< TMA7ZE sFAES debdo] A7k vlee 42 25.0% 2 17.5%% JE
Wtk (Table 5). ©] T & AANAM 5.0%, 22> AN 12.5%7F A7MFEH o=

HEaEoe] g FApolA WA £ Ufe BHE S F ESEG A2 EEolA ¢

¥, A4S A4EE ANEIA Bl B A FAT + Atk ot

Al

Chil g kel A = ulel F=An) ko] 3 W kA A FA A A

[‘Q{I.’z

7 A E AR H AT (Koltunow, 1993; Villegas—Monter 2022).

sk, AA Lt ®BaF F2F 60704 Abs 8078 HEE] At S wEds A
170A7F 5838 8e Yehdo] 21.3%7F A7FEAd oz SEEdT. o] Uut
Bte] 27FEA ) vl go] B ow dezl 5~10% W Rt & Holgl
t}(Khan et al., 1988; Roose et al., 1988). Ut ®A}po| A 2A7F44 &l v &2

A, A2k 283 F4a o wek g=2A yebdo s €84 itk (Khan et al.,
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1988; Moore at al., 1988). 18|22 & Ao =4 Yepd 27l H&o]

Azt D Ao B3 AT AAA e Bk AT A7 Besn

i KopRt
g 29 AelA HiEg duk B FAE A6 AT AARE HFe
% SSR markers& #&3to] A7prEA wlES BrRsloh AF 1dAe] A

A7 g wlES 2 A7) A JdolAM 4.0%, 18] 22 779 AR Huke
A 26.0%%2 YER & HEHET 22 Qi 7ty nlgo] =] JERRh
(Table 6, Fig. 3). T3 Fydoz: vg & 1dx A4 Hao] 3¢, A4
el BlES 15.0%% YElY o] AldelA EAE 21.3% Rtk SHgkom dnt
Aow d#fx 5~10% WelRth=s 3t ols 35 & 1dak A4 JdelA
T AA TR 77t Bgdste] & A7) A4 Hay 22 37] A4 o
2 g8 B wEelw, & A7) AA HECA ATbeA vlEo] wof
B A7l g 9FS F AR Bt vk BF % 1dxke &

7] AABRE 7Aool 4.0%% FHEE e ddbx oz ez zrbeA vl &

N

°f

i

ry
i)
fa)

o @9 SHE F 2dae] 448 BE AwedE gl 6.6%
o W& vehgrh ol Auk Waeld] BAHOoR elnl 5~10%°) Wl
gglow HA Alo] A5 sl B A AAEe] THE A3 #AY

= o7 Aztydt
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Table 5. Frequency of self-fertilized seedlings detected by SSR markers in the small sealed field

Seedling type No. of sowed seeds No. of seedlings No. ogeseecllﬁlii:gr:ilized 1StGerm1nat1ng Orderznd
Single 40 (66.7)° 40 10 (25.0) - -
Double 20 (33.3) 40 7 (17.5) 2 (5.0) 5 (12.5)
Total 60 (100.0) 80 17 (21.3) - -

? Frequency (%).
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Table 6. Frequency of self-fertilized seedlings evaluated by SSR markers the 1st year (seedling)
and 2nd year (transplanting) nursery (n=2)

Year after sowing Plant size Self-fertilization frequency * (%)
Ist(seeding) Large 4.0 +0.04Y

Small 26.0 £0.02

Mean 15.0 £0.03
2nd(transplanting) Large-Small 6.6 £0.02

? One replicate consisted of 50 plants.

Y Mean =+ standard error.
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Fig. 3. Classification of common trifoliate oranges by plant size in 1st year after sowing. Large
(A) and small (B) seedlings.
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3. SSR markers& ©]&-& Ut ®A FA9 7lWdel 54 Bt

ol vl FAtel A o] AR HARE w FFoll whet FAE 2 4w
el vlEel zkol7t = Ao® dE A Atk (Yun et al, 2007). o] A3 9]
7 WA FAeA 2709 wol A EA7F dojA = Aol 2wmA Lol AEA)
A, 28l B¥EY AR Aol &2 AR AkEF fel wgel
%7 YeEtH(Table 5, Table 6). 1322 718 o= 892 FA5 7| yuF
stol ofe] AMAZE B E A FA FAe vEd Fxe] diE EAEA
ct.

710 35 40719 BAF FAZRFE 1171(27.5%) 2] FAAA g 7o AR
7b AR St 1471(35.0%) &1 FAkelA 2709 A EZE 1ean 1570
(37.5%) 9] FAtellA 370 o] ABHE7F Akt (Fig. 4 2 Table 7). ©]¢]
gt SSR markers® #8433, 3 FAlA @ Jhe AAAEIE AR A=
1171 =& 3707F A7k falE gRlEo] A7k fai7t 27.3% % e
b FAkel A 2709 AAEIE Ak A= 1478 FAelA e A=A 2870

Z 47 AREI AEP o gelEoe] 14.3%E5 UEhii, BF S AR
A A=A o] BelEgth. 37) o]Are] AABIF A ASoA= 157 A}
oA LS A=A 5671 T 271 ABETF ArErEAd o gelHo] 3.6%% UE
Wk 1 % dhvhe P A AARCA, @ shus 2vA 3719 AR
A ATbEg o2 Uelsith(Fig. 5). 2822 F 95709 AAHelM A7t e
2 e AAHEE iR, 9.5%2 HEE yEwt o] F 3k e AR}
A BEAME 377 A7 fElER 3.2%E JERA L, T ol o] AR

7F Ag BEoa= 2WA =7)o AMHOA 53%, 183 3HA = 4
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719 AAGAA 1.1%% A} (Table 7).

aJHEE S FA4A 270 ol AR WARS W g

rig
>,
0%
1
Ir

FAMY FEo] i aRY A Holst AR At ow yehd g
o] FSkt} o] T A¥= Al ARV FA - ARt A
oA Aol AafRly] oz AZE . Koltunow et al. (1993) 9} Aleza
et al. (2010)°l 9t vl Zha TRl A7kl 9 v e i zo]
= Ao wkE A A 8L A Gkl tiE A W ol TteA ] Aol

2 wgsty] wRolth webd A7RE Rt FAMEn AESe] wolet]
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Fig. 4. In vitro trifoliate orange having single germinated seedling (A), two germinated
seedlings (B), three or four germinated seedlings (C) and seedlings separated with plant
size from four germinated seedlings (D).
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Table 7. Frequency of self-fertilized seedlings evaluated by SSR markers in vitro seedlings

No. of self-fertilized

Germinating order

Seeding type No. of seeds No. of seedlings seedlings st ond 3rd or 4th
Single 11 (27.5)* 11 3 (27.3) 3 (27.3) - -
Double 14 (35.0) 28 4 (14.3) 0 (0.0) 4 (14.3) -
Triple or more 15 (37.5) 56 2 (3.6) 0 (0.0) 1 (1.8) 1 (1.8)
Total 40 (100.0) 95 9 (9.5 3 (32 5 (5.3) 1 (1.1)

? Frequency (%).
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No. of seedling
11 1-2 21 22 23 24 31 3-2 33 34 ’ 1-1 1-2 2-1 2-2 2-3 24 31 32 33 34

Primer BRS12 — Primer mCrCIR07C09

(—%_\

B s B G e oas TR O aas S

S ) S

Fig. 5. Distinguishment of nucellar or self-fertilized origins by SSR markers amplified with BRS12 and mCrCIR07C09 primers in vitro germinated
trifoliate orange plants. 1-1 means the 1st seedling germinated from ‘1 seed’, 1-2 means the 2nd seedling germinated from ‘1 seed’ etc. M: 100
bp molecular size marker; S: self-fertilized genotype.
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V. 2%

s
& AL Brhsdeh AEY R SRR AR EAS HW gE BE

d

Aol YehiA dv a8 PR ®Ba AR Ak W FAN s
Tnehs SSR v AEE Tl A felel WEE dvbekal o] A
= ®oled #g&staat & d7E st A= A9 nlE WA ApkA
el vFEEE Fe HlE WAkl vlE ®WARARA 24 7IRke] SSR markers
5770, =l Bae zha FF 7 SSR makrers 5371, 18]l 9]FelA Hiid
2] A SSR markers 7715 A F 117702 SSR markersE 483131 T
FAEd @A olFAFA R, 2 BFEE M= TIHTAE dehi=
SSR markers 2071& A@stgi o, o] F & JfA|e|A] double check?} 7hs &t
TNE HF Adsiolch AdkEl SSR markersE ARE BAbo] AE5ko] {2 4
= AAE A3, 3 Tkl oo B BARe W 2 AEARY A2 AEA
oM o W A7krEA FdE gelglon, ZdskEEe] oy JAE AAS

w7 2 AR E AbeAe] el sorth @ SR 1

1o,
_“‘:_l,
ofN

rL
Wi
Al

AR A F 717 2 AAHANE 4.0%, Z2 AYRAE 26.0%02 A7HEA
fFE7E FERlE Tk Aol EaFet MAE 7 ZEAIR k5 2dak g2 ekl
M A7l 6.6%2 HlEE
o] A7k 2 FAN fEE agdeRE R £ glolen, oF &3}
W g R ALY #UAS =Y BEE A ASo]l Eddt Al

A7 Fel A e GF ool hal Fele] sk @ el
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