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Development of Molecular Markers for Systematic Molecular Breeding in Citrus
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Citrus Family
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Global Warming
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Huanglongbing (HLB, Citrus Greening Disease)
- Pathogen : Candidatus Liberibacter spp.
- Vector : Citrus Psyllid

Psyllid

~e—— .o

i" Map of the different forms of HLB and of the two respective psyllid vectors
y Updated following data in www a ev/iocy, graft tramimiasbile dresies Huanglongbing JM Bow 2000
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Establishment of MAB System for Molecular

Breeding Program in Citrus

Molecular Markers For Agronomic Traits &
Protection of Breeder’s Right
Sequence Variation Structural Variation
(SNP, INDEL, SSR) (CNV, PAV, TE etc.)
Molecular. Biolo .
oY Omics Approaches
Approaches

Geneme lranscriptome

B ° Genetic resources/Core collectio

« Crossing population

« Domestic-bred citrus varieties
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Sweet orange Blood oranges
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MADSLGVS S CANTGE ECOL L RKC TEKY CEAXNQ AL L NN EFAA. ILRLK R VoL NTHURKKVOKCCKNNKEM-K

MSTSNASTSGVH K CANTER EOLLLRECTORTCEGRRILY IV N RH DFSL IR R AL NTHURKKL TAPHOQKQES -K
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Six different alleles on Ruby locus encoding
a MYB transcription factor of anthocyanin , . . N
production were identified; R, r-1, r-2, RP-1,
RP-2, RP-3 —
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(Butelli et al., 2012)
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CTV, Citrus Tristeza Virus

HMAXSZ 7} SRt 4= HiO|2A

= 2 2f(quick decline), 18 H

CTV M&d: -XILIE(P. trifoliata), L& citrus 293

Ctvl & Ctv2 : CTV resistant genes, 24 S X}

Ctv X2t A2t RAPD, ISSR, RAPD-SCAR, RAPD-RFLP Ot
MBC (map-based cloning)E ¢/2t BAC 20| E 22| &M

(stem-pitting) = Of7|

Ctv locusE -3 5l= BAC contig map &4
BAC contigdl CH et sequencing, gene prediction (R gene cluster, 7

CC-NBS-LRR)
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CTV Resistance Locus (Ctvl)

Sequence Analysis of a 282-Kilobase Region
Surrounding the Citrus Tristeza Virus Resistance Gene
(Ctv) Locus in Poncirus trifoliata L. Raf.!

Zhong-Nan Yang®?®, Xin-Rong Ye?, Joe Molina, Mikeal L. Roose*, and T. Erik Mirkov*

Department of Plant Pathology and Microbiology, Agricultural Experiment Station, Texas A&M University,
Weslaco, Texas 78596 (Z.-N.Y., M., T.EM.); and Department of Botany and Plant Sciences, University of
California, Riverside, California 92521 (X.-R.Y., M.L.R.)

Table I. Gene prediction in the Ctv region

Best Protein

1078

CTV.1 (F box protein| CTV.2 (cDNA Jp11- WD repeats)

25

CTV-J(-!__ trans-iikg)  CTV.4 (R1) CTV.5 (Sugar_tr) 50

CTV.7 (R2)

100

Gypsy-like A

——— 125

175

ID Designation Strand Region E Value Predicted Gene Product
Homolog
CTV.1 F-box protein + 306-5,092 Atlgl5740 le-57 F box protein with LRRs
CTV.2 cDNA Jp11 - 7,554-15,436  Atlgl5750 0 Similar to Arabidopsis protein with WD40
repeats
CTV.3 Aa_trans like + 39,061-40,533  Atl1g80510 e-165 Transmembrane amino acid transporter i&u M
B Vs Segi  Seg2 Seg3 Segd -
| CTV.4 R1 + 42,823-45,495  At5863020 e-172 CC-NBS-LRR disease resistance gene
CIV.5 Sugar_tr + 46,474-51,670  Atlgl1260 e-46 Monosaccharide transport protein Copia-ike B “ Copia-ike C M-
CTV.6 HYP protein + 94,464-95727  — No hits Hyvpothetical protein Seg5 CTV.6 (HYP)
CTV.7 R2 — 97,412-100,082  At5g63020 e-141 CC-NBS-LRR disease resistance gene
I CTv.8 R3 + 103,146-105,845 _ At5g63020 __ e-159  CC-NBS-LRR disease resistance gene I - le——— -‘ Copla-iike D
CTV.9 HYP protein — 107,061-111,553  AAF26974.1  3e-12 Similar to Arabidopsis unknown protein CTV.8 (R3) CTV.9 (HYP protein) Seg 6 ‘
CTV.10 HYP protein — 128556128822 No hits___Hvpothetical protein 5
VTN TS e e e Exléagl.sde;;:: e:.‘fktﬁzsveng;:iem ﬁ"& 4 g ‘mzznkz.znnzzuﬂ_'E 150
! ! o . . . CTV.10 (HYP)
CTV.13 cDNA Jp18 + 191,847-192,452  Atlgl5760 7e-47 Similar to Arabidopsis unknown protein
CTV.14 Nodulin-like — 193,527-198,154  At1g80530 e-173 Nodulin-like protein Copia-like E Gypsy-like B Mutator-like A Retrod
CTV.15 HYP protein - 213,663-214,283  At5g11090 le-17 Hypothetical protein -
CTV.16___HYP protein 4 217212219319 - No hits__Hypothetical protein CTV.11(R4E) Seg7
CIV.17 RS = 220,152-222,824  Al5g63020 €173 CC-NBS-LRR disease resistance gene Gypsy-like C
CTV.18 R6 225,244-227,929  At5g63020 e-154 CC-NBS-LRR disease resistance gene M
CIV.19 Expressed sequence tag — 230,517-231,818  BAA92411.1  1le-04 Similar to rice EST 520025 Seg8 CTV.12 (cDNA Jp19) CTv.13 CTV.14 (Nodulin-like)
(EST) 520025 (cDNA Jp18)
CTV.20 Movementlike = 234.797-255848 AAK68664.1 _ 4e-57 Plant virus movement-like protein Mutator-like B RatroS
CTV.21 R7 — 263,612-266,302  At5g63020 e-105 CC-NBS-LRR disease resistance gene I CTV.15 (HYP) CTV.16 (HYP, A7 (R5)
CIV.22 EST N38213 — 267,393-278,222  Atlgl5780 e-120 Similar to Arabidopsis EST N38213

(Yang et al., 2003. Plant Physiol. 131:482-492)

CTV.18 (R6) CTV.19 (EST S20025) 1 CTV.20 (Movement-like)

L em— |
CTv.20 Seg 9 CTV.21 (R7)

31A
i iH 22 HP genes B Rgenes

B Gypsy-iike retroclements [l Non-LTR

CTV.22 (EST N38213)

275

1kb

B copia-iike retroelements =
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CTV Resistance Locus (Ctvl)

« ‘Thong Dee’ =&F x B A} &7 W fef Aed/dd AS0| Cist
BAC £ 2 sequencing (27§ CC-NBS-LRR X}0)

H R Rcan2 Rcan3 S N H H Rcand Rcan5 Rcané RA

> > >> > e > > >

3 i ¢ A L ‘I _6|' A-l 71' E
1 50kb 100y | 150k 200kb 250kt o o o
Ctv sequence contig
I
R
<€ >

RH RS H NH H R
> " > €+ >t > P>

. . . | 1 : 22 M | E
1 50kb 100kb 150kb 200kb 250kb OT o 7:| o

ctv sequence contig

(USA Patent No. US2007/0074307 Al)
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CTV Resistance, A Transgenic Approach

Plant Molecular Biology (2006) 61:399-414 © Springer 2006
DOI 10.1007/s11103-006-0018-7

Refinement of the Citrus tristeza virus resistance gene (Ctv) positional
map in Poncirus trifoliata and generation of transgenic grapefruit (Citrus
paradisi) plant lines with candidate resistance genes in this region

Mamta Rai
Division of Gastroenterology, Department of Internal Medicine, University of Texas Medical Branch, 1108
The Strand, 301 University Blvd, Room 215-216, Galveston, TX 77555-0632, USA ( e-mail marai(@utmb.edu )

4.5 Kb
AA_ll‘anSporter T T B 24 T 24 20 T I T T 2 T2
4.5 Kb
R-1
5.7 Kb

SRR

Sugar_tr like

i Grapefruit varieties
R D . - CTV susceptible

4.7 Kb
Ctv 12/ cDNA Jp 1§ s————————

v R2 Transgenic Lines
- Absence of initiation of infection
- Slow spread

Life Sciences Research Institute, Biomedic Co., Ltd.
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Markers for Detection of Ctvl Locus

 Design of specific markers for the detection of 7 NBS-LRR genes

* Primer sets for multiplex PCR

CTV# #4 #7 #8 #11 #17 #18 #21 Set 1 Set 2

M S sl

Setl-#4,#7,#8, #17
Set 2 - #11, #18, #21

(Jeong et al., 2018)

Life Sciences Research Institute, Biomedic Co., Ltd.



Application of Ctvl Locus Markers to Citrus Genetic Resources

= Citrus Genetic Resources — 143 ea

Citrus group Species/Cultivar name T CTV#4 (R1) _ CTV#8 (R3) | CTV#11 (R4) | CTV#17 (R5) CTV#21 (R7)
. C. paradisi oz R E + + - - + + + + + + + +
Grapefruit — - = ——=
C. paradisi 'Star Ruby AEIRH| Odo|ZZRE + + - - + + + + + + + +
Kumgquat Fortunella crassi'folia 'Meiwe}' %mgé R - R R o - - - - N p n
Fortunella spp. 'Puchimaru ESN = - - - - + + + + - R + +
Lime C. latifolia 2t s * = = = a + + + + o o
C. aurantifolia 'West Indian Lime' olC| ozt - a = S + + + + - R + +
C. limon Elli= - - - - - - 2 2 o 2 + +
Lemon - . ;
C. limon 'Lisbon Lemon g|AED 2 - o = a o s + + + + + +
Mandarin C._reticulata ‘Ponkanj tgﬂ?:,; + + - - + + + + + + + +
C. reticulata (Seedless line) HUZESX} + + - - + + + + + + + +
C. maxima 2t + + - - + + + + o - + +
Pumello (Pomelo - ==
( ) C. maxima 'Mato Buntan' Op=2CH + + - - + + + + - - + +
C. sulcata o2 - - - - + + + + + + + +
Sour orange - p
: C. taiwanica s + + - - + + + + +
S C. sinensis 'Yoshida Navel' 23y = + + - - + + + + + + + +
2 C. sinensis 'Valencia Late' e N E S + + - - + + + + + + + +
Papeda C. sphaerocarpa CEH%-’H% + - - + + + + + +
C. junos '|TX|'(IH EH) + + - - - - i ar + + + +
Tangor C. iyo 'Miyauchiyokan' 2Ljo|of & + + - - + + + + + + + ¥
< C. iyo 'Ootaniiyokan' CH=o0|0fZt 4 4 = a ¥ + + + + + + +
C. reticulata 'Nova' Lt + + - - + + + + + + + +
Tangelo ; —
C. reticulata 'Lee Lee(2]) + + - - + + + + + + + +
Poncirus trifoliata EH X} + + + + + + + + + +
Trifolate orange P. trifoliata 'Flying Dragon' H|E + + + + + + + + + +
Citroncitrus spp. 'Swingle' A2Z2 A\EZRZ + + - - + + + + + + + +

-, hegative; +, positive

(Jeong et al., 2018)

Life Sciences Research Institute, Biomedic Co., Ltd.
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Application of Ctvl Locus Markers to Citrus Genetic Resources

= PCR amplification of full length genomic sequences for seven R genes
in a Ctv locus from P. trifoliata and its derivative cultivar, P. trifoliata
‘Flying Dragon’.

R genes in P. trifoliata R genes in ‘Flying Dragon’

#4 #1 #8 #11 #17 #18 #21 #4 #71 #8 #11 #17 #18 #21
(R7) (R2) (R3) (R4) (RS) (R6) (R7) (R7) (R2) (R3) (R4) (RS) (R6) (R7)

3 - - ‘et R TS e glay StV YD

”

(Jeong et al., 2018)

Life Sciences Research Institute, Biomedic Co., Ltd.




Application of Ctvl Locus Markers to Citrus Genetic Resources

 Korean Landrace Citrus — 12 ea

Group Scientific name Common name [CTV#4 (R1) [CTV#7 (R2) [CTV#8 (R3) [CTV#11 (R4) [CTV#17 (R5) [CINGRBRROMCTV#21 (R7) |
C. benikoji Hort. ex Tan. Gamza - - + + + - +
C. platymamma Hort. ex Tan. Byungkyul - - + + + - +
. C. sunki Hort. ex Tan. Jinkyul - + + + +
Mandarins -
C. nippokoreana Tan. Cheongkyul + + + + +
C. tangerina Hort. ex Tan. Pyunkyul - + + + +
C. leiocarpa Hort. ex Tan. Binkyul - + + + +
C. erythrosa Hort. ex Tan. Dongjeongkyul + + + + +
C. tachibana (Mak.) Tan. Hongkyul - + + + +
) C. pseudogulgul Hort. ex Shirai Sadoogam - + + + +
Non-mandarins -
C. grandis (L.) Osb. Dangyooza + + + + +
C. aurantium L. Jigak + + + + +
C. junos Yooza + - + + +
(Jeong et al., 2018)
« Ctvl locus®| 771 R gene set2 ®HX}(‘H|E' Zghof|2t =x).
E X~ | - 1 y = =
- £9|, R2, R6 FHXI= HXH('H| S =ghof Tt =XY.
* R7 #8X= CTV M2 8= 8 A2 =2 mWEhE.
* Ctvl locus nl'a'IE CTV x'I %I'g | o (:ol, EH% =1} o) qgoil %% 7|'o
- Y& FLERIC. maxima (Burm.) Merrill]2t 20| CTV MEE S = AR
22X AOoLt O]= Ctv2 locusOf 7|QE 715 M.

Life Sciences Research Institute, Biomedic Co., Ltd.
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Embryogenesis in most flowering plants

Protoderm

/ 3 \
£ Cotyledons -

Shoot apex

QOvule

Ground
meristem

, - Endosperm Procambium
{ nucleus

—Integuments

Terminal cell

@hh.h
Zygote
Seed coat

S
uspensor Endosperm

Basal cell

S E

Polyembryony in Citrus cultivar

- nucelius

— integument

zygotic embryo

— nucellar embryo

— nucellar tissue

seed coat
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Citrusgroup Species/Cultivar name Abbr. Embryo type Citrus group Species/Cultivar name Abbr. Embryo type

7 F ﬂ. o 1 x O_I 01' A1 o I Kurmquat Fortunella crassifolia YG P Lemon C limon LM p
= -IT -L — Fortunella spp. *Puchimaru’ PhA M C limon *Allen-Newrnan Eureka®  LM-AN  Mx
Purmello C grandis *Dangyooja’ DY) Mx C limon *Frost Nucellar Eureka’  LM-FN  Mx
E H *.I 7_' x* C hassaku PS M C limon ‘Lisbon’® RM Mx
(ol =N e C hassaku “Beni Hassaku’ HP M Lime C latifolia Li-Cl M
C maxima MD M Sour orange C aurantium Jigak’ J p
C maxima ‘Banbeiyu’ MB M C obovoidea KG P
C maxima ‘Mato Buntan’ MM M C sulcata SBK Mx
C pseudogulgul CH M C taiwanica 1D Mx
C pseudogulgul’Sadoogan’ SD M Tangelo C natsudaidai HK Mx
C tamurana IH M C natsudaidai GHK  MX
‘Kawanonatsudaidai®
Citrus spp. “Suyou’ Su M C natsudaidai ‘Shinamanatsu®  SGH Mx
Citrus hybrid “Haruka’ HRK Mx C natsudaidai “Tachibana LHO  Mx
Orange’
Grapefruit C paradisi GF p C natsudaidai HH Mx
“Whanggumhagyul’
C paradisi *Golden Special’ GS Mix Citrus hybrid *Minneola® MN P
C paradisi °P. Star Ruby’ SR P Citrus hybrid “Nova’ NV P
Sweet orange C sinensis ‘Fukuichi Navel® BIN P Citrus hybrid *Orlando® oL P
C sinensis “Hamlin’ HR P Citrus hybrid *Seminole’ SN P
C sinensis ‘Morita Navel SIN P Citrus hybrid *Sweetspring’ SS P
C sinensis *Sanguinelli’ SG P Citrus spp.'Sunholt’ SHT Mx
C sinensis *Seike Navel’ CGN P Tangor C fyo *Miyauchiyokan’ GN M
C sinensis *Shirayanagi Navel’ BU P C iyo *Ootaniiyokan’ DG Mx
C sinensis *Suzuki Navel® YMN % Citrus hybrid *56-423' 423 Mx
C sinensis “Tarocco’ TR P Citrus hybrid * Akemni’ JK Mx
C sinensis “Valencia Late’ V0L P Citrus hybrid * Amakusa’ CE Mx
C sinensis “Yoshida Navel® GV P Citrus hybrid * Ariake’ TGYM P
Mandarin C clementina CL-02 M Citrus hybrid ‘Ehime Kashi No. 28" AH28 M
C clementina *Fina Sodea’ CL-01 M Citrus hybrid “Harehime’ HM M
C erythrosa’'Dingjeongkyul’ DIK Mx Citrus hybrid “Harumi® HRM P
C kinokuni KJ M Citrus hybrid “Hinoyutaka’ BP P
C leiocarpa ‘Binkyul BN Mx Citrus hybrid *Kiyomi® CK M
C reticulata BG P Citrus hybrid *Okitsu No. 46’ Hl46  Mx
C reticulata (Seedless line) BG-seedless P Citrus hybrid *Okitsu No.47° H47 M
C reticulata * Daisy’ DSY Mx Citrus hybrid 'S-1129 S-1129 M
C reticulata ‘Dancy’ DS P Citrus hybrid *Satonokaori’ STNK  Mx
C reticulata *Kousyun® HC P Citrus hybrid *Seihou® TG-CB P
C reticulata ‘Nakano no.3’ JY3 P Citrus hybrid *Setoka’ SE: P
C reticulata *Page’ PG P Citrus hybrid *Shiranuhi® BJO1 P
C reticulata “Yosida Ponkan®  GJ 7 Citrus hybrid *“Tamami® ™ M
C sunkiJinkyul’ JG P Citrus hybrid “Tsunokaori’ JH P
C tachibana'Hongkyul' HG Mx Citrus hybrid 'Wonkyoah-dan- WK1 M

L|fe SCIEI baiseong No.1"




2 WEH| THEE Sssr O 7l

Cultivar with polyembryony

x Male genotype ~ Female fﬂ‘u
l aa (2n)

[EMCESR IO TSsRin
i 1 m 15

Genotypes of F1 plants 7 Male |
Gametes a a
A Aa Aa m F1 zygotic hybrid .ﬁ. j'\
A Aa Aa e

= 17 SSR Markers Showing Polymorphism among 6 Major Citrus Groups

- Public sequence DB

- Comparative genomics approaches

Life Sciences Research Institute, Biomedic Co., Ltd.
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177l polymorhic SSR markers
101 citrus genetic resources

Citrus group Species/Cultivar name o BM-CiSSR-082 BM-CiSSR-087 BM-CiSSR-093 BM-CiSSR-094 BM-CiSSR-100 BM-CiSSR-111
Grape fruit C. paradisi'P. Star Ruby' TAEFRH| 155 183/189 154/156 268/271 198/203 144
C. paradisi*Golden Special ZEAGA 152/156 189 152/156 268/274 198/203 140144
C. paradisi R EEE] 155 183/189 154/156 268/271 198/203 144
Kumquat Fortunelia crassifolia =y 158 189 145 265/273 2001203 141144
Fortunella spp. 'Puchimaru’ X0 158 189 145 265 203 137140
Lime C. latifolia apel 154/156/165 189 152 274 199/201 140144
Lemon C. limon = 154/156 189 152 2741277 1981201 140
C. limon 'Lisbon lemon' glAmy e 154/156 189 152 2741277 198/201 139
C. limon 'Allen-Newman Eureka Lemon’ e 154 184/189 152/156 270273 198/203 134140
C. fimon 'Frost Nucellar Eureka Lemon* SEAEQY T 154/156 189 152 2741277 1987201 140
Mandarin C. reticulata Bzt 154 189 152 274 198/203 1401144
C. reticulata (Seedless line) EHEES 154 189 152 274 198/203 141144
C. reticuiata "Yosida Ponkan' Mz 154 189 152 268/274 198/203 144
C. reticulata 'Dancy’ AL 154 189 152 268/274 198/203 144
C. reticulata ‘Daisy’ H0|x| 154 184/189 152/156 2710274 198/203 137140
C. reticulata 'Nakano no.3' =of3 szt 154 189 152 274 198/203 141144
C. reticulata 'Page’ H O[X| 151/154 189 152/156 2710274 198/203 144
C. reticulata 'Kousyun' Ty 154 189 152 274 198/203 140144
C. clementina = el 152/155 189 152/156 268/271 198/203 144
C. clementina 'Fina Sodea’ I|LbAE OF 154/156 189 152 2741277 198/201 140
C. erythrosa =X 150/155 189 152 274 203 137140
C. kinokuni MEX-TFD 154 183/189 152 2741277 2031206 140144
C. leiocarpa ulg 150155 184/189 152 271277 203/206 140
C. sunki A2 150/154 184/189 152 2741277 203/206 141
C. tangerina =3 154 184 152 274 198/203 140143
C. tachibana g2 150/154 189/192 152 2711274 203 140
C. hybrida 'Hayaka' E3 154 183/189 152 274 198/206 140
C. hybrida 'Mihocore' ns= 154 184/189 152 274 198/203 140
C. unshiu 'Imamura Unshiu' Sxex 154 183 152/156 2711274 198/206 140
C. unshiu ‘Chungchon’ Hxox 154 184 152/156 2711274 198/206 140
C. unshiu ‘Hyangmoongam’ ezt 154 184 1521156 2711274 198/206 140
C. unshiu'Aoshima 4 Gou' Hya s 154 184 152/156 2710274 198/206 139
C. unshiu 'Katayama Unshiu’ WA 154 184 152/156 2711274 198/206 140
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Genetic Crosses En}zmg{gpﬁﬁf & Used SSR markers | No. of tested plant | No. of genetic hybrid
Citrus hybrid 'Setoka' p BM-CiSSR-032 98 1
X C. maxima 'Banbeiyu’ BM-CiSSR-100
Citrus hybrid ‘Harumt' :
x C. maxima ‘Banbeiyu’ P BM-CiSSR-115b 38 0
C. reticulata ‘Nova' :
x C. maxima ‘Banbeiyu’ P BM-CiSSR-115b 98 0
C. reticulata 'Page' p BM-CiSSR-115b 48 3
X C. maxima 'Banbeiyu’ BM-CiSSR-077
Citrus hybrid 'Setoka' x C. maxima P BM-CiSSR-032 54 0
Citrus hybrid 'Kiyomi' :
x Citrus hybrid 'Seminole’ M BM-CISSR-013 ° °
Citrus hybrid ‘Ehimekashi No. 28’ M BM-CiSSR-012 5 5
x Citrus hybrid 'Orlando’ BM-CiSSR-087
. : . BM-CiSSR-012
Citrus hybrid 'Harehime' :
x Citrus hybrid 'Orlando’ M gmg:ggggg 2 2
N ItEH S O|a H L O=x L ~MI7F2 O|ls o
> W AHH HE = 2o SSR A0 = |3 H|E& B4= It 0%
oS = O]
7&°% 7|=4.

Life Sciences Research Institute, Biomedic Co., Ltd.




Life Sciences Research Institute, Biomedic Co., Ltd.




No. =359 24 384 e E EXHOrA THE X}

1 St = UZHEY A Hf (R ZtEMxsHR) SNP 42
2 2% o|s| 028 H#HO| R

3 =2 Ol 5| H28=x & & SAU7|=R
4 L2 (BAGER)xQHX|, CRS0215)x2 M| 22} 42T
5 | EALE} ols|o 28 xHZ otz HO|2
6 ) X3t FAH(E X 2txEAD adZHLA
7 ojL|e Z|1FULxEY 4204t
8 Aretet NEZt FAH|(MEFIxSHE) 4204
9 ACHEM LR =AY (7= MxsHR) 4204t
10 HEZM ZtEt=E2F Hol SHU7|ER
11 MES X3t FAH (X 2txEH A 4204
12 M HEXYE a2t
13 40 BUxM Ol = 4204
14 Ao HUxgZ 4204
15 M L Xzt #HO| 49

16 EHIZZA St S| Tl xEf A 2 2 a2
17 RN E DEZY HO| 482

18 N = g 2E g= FHH(ZELE 2[A& 2=xH 0|02 =) a2
19 EiLt=s Xzt F=4 0] (R X2} Hi Z=HY 2 4204t
20 ErLE A HE2F FHHRHA2FXx6H2) a2
21 Br1s H7xgZ ZHBATA
22 EtE3s HAUAMHAE (or M D) A A
23 Elz 2| A ZAxFortune BHCLHE 427
24 EEAED ZaA HAEZ Al by
25 SEHEHX]| AEEY X FoH(RMHIEYH ExE ) 4204
26 SHYE HOFRY FH B (A OFEUxSEHAY 4204
27 ojL& HO|of 2| & UAd 4204t
28 stet= OO 22 LAY 4204
29 | H2tEl1ZINM-1) o528 xH L EHMs

30 | HMEHEI2ZINM-2) o 5|H28=xH & EHs

31 | ME2tEI3Z(INM-3) 2x A& CILES

32 | H2tEl43 (INM-4) g x g EHs
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Fig. 1 A UPGMA tree based on genetic distances agiong 101 accessions of cifrus genetic resources using 17 polymorphic SSR markers. Open circle,
kumaguat group; black circle, pumello group; grey CirCteeeraBeeigtaueg

sssweae?y diamond, sweet orange group; black triangle, mandarin group; open
triangle, lemon group; grey square, lime group; black square, sour orange group; grey triangle, tangelo group; black diamond, tangor group; open
square, papeda and its hybrid groups

(Woo et al., 2019)
Life Sciences Research Institute, Biomedic Co., Ltd.
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