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ABSTRACT

The study was carried out to evaluate the morphological and genetic
characteristics of two variants, buk—dangyooza (BDY) and sol—dangyooza (SDY)
with a comparison of common dangyooza (DY), a Jeju landrace citrus, growing in
Gawkji—ri, Aewole—up, Jeju, Korea. The leaf morphology of BDY was very similar
to that of common DY, however a little different from that of SDY. The fruit
morphology showed a very similar tendency among three variants, in which the
fruit size, peel thickness, and peel hardness of BDY were a very similar to those of
DY being large, thick and soft, respectively. However, those of SDY being small,
thin, and hard, were different from those of SDY and DY. These fruit characteristics
were related to puffiness indicated as a specific gravity. There was a great
difference of flavonoid content in fruits, which was especially distinguishable in pulp
than peel. The pulp of SDY showed higher flavonoid content compared to that of DY
and BDY by 1.1-1.4, 1.4—-1.8, 1.7-1.9, 2.1-2.3, and 2.1—2.4 times, In narirutin,
naringin, rutin, neohesperidin, and hesperidin, respectively. The karyotype on CMA
banding pattern was same with 1A + 3B + 1C + 7D + 6E in all three types of DY.
The sequence alignment of chloroplast DNA trnL—trnF region indicated by PCR
amplification also was the same in all three types of DY. Therefore, the study
indicates that morphological and genetic variations for DY variants, Jeju landrace
citrus might be caused by a variation induced from the seedling of nucellar origin,
not sexual hybridization. Further research is needed on genetic and epigenetic

variations in the future
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4. §=A| trnL-trnF intergenic 599 W0 4]

AE=A2 DNAE F=3F & trnlL-trnF intergenic 9= universal primerE A}&
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lo] =31 tHJung et al., 2005). PCR 5% 20ng genomic DNA, 5ul 2X HS™ Taq
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primere] 0.2uL=2 ZA¥ 10uLe HEZHS ABI 2720 thermal cycler(Applied
Biosystems, Foster City, CA, USA)E o] 83} 95Tl A 5%3F initial denaturation $-
95Tl A 30% denaturation, 55TCeo|A 30% annealing, 183 72TCelA 1%

extension= 303] wHE3 & 72T A 108 59t extensiono = F3J5}9i ).

N

PCR Z¥% AHE2 Biomedic® Gel & PCR purification Kit(Biomedic Co., Ltd.,
Korea)E o]&3dle] AAS 3 7|14 49S dGTP Big Dye® Termiater v3.0 Reaction

Cycle Sequencing Kit(Applied Biosystems, USA)S AF-g&3lo] A A 351t}
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Fig. 1. Phenotypes of leaves and fruits from common dangyooza (DY), buk—-dangyoza (BDY), and sol-dangyooza (SDY).



Table 1. Morphological characteristics of leaf in three different types of common

dangyooza (DY), buk-dangyooza (BDY), and sol-dangyooza (SDY).

Varietal Leaf Leaf apex Leaf length Leaf width Size of
type shape shape (cm) (cm) petiole wings
DY Elliptical Acuminate 10.4£0.27 5.0+0.1 Small
BDY Elliptical Acuminate 10.21+0.5 4.8+0.3 Small
SDY Ovate Acute 10.5£0.4 6.5+£0.4 Medium

“Data presented means*SE (n=10).
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Fig. 2. A specific gravity calculated by correlation between the volume
weight of fruits of buk-dangyooza (BDY) and sol-dangyooza (SDY).
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Table 2. Morphological characteristics of fruits in three different types of common dangyooza (DY), buk—dangyooza (BDY),

and sol-dangyooza (SDY).

Varietal type . . Fruit Fruit Fruit Peel thickness .
Frult(w)elght length diameter firmness (mm) (%Srg() A%;;ty

g (mm) (mm) (kgecm 2) ¢
DY 323.0x47.07 94.5+8.1 93.9+4.5 3.16+0.15 12.5£0.6 10.8£0.3 3.1+0.1
BDY 336.4+12.9 98.7+3.0 96.2+1.3 3.52+0.08 11.8+0.7 9.0£0.3 3.2+0.3
SDY 240.8x7.5 84.0£2.0 79.6x£2.7 4.33+0.09 8.9+£0.3 10.5x.4 3.5£0.2

"Data presented means*SE (n=10).
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Table 3. Individual flavonoid concentration (mge100mg™! FW)in three different types of common dangyooza (DY), buk-dangyooza

(BDY), and sol-dangyooza (SDY).

DY BDY SDY
Flavonon
Pulp Peel Pulp Peel Pulp Peel
Rutin 914.54+35.95% 2320.31£120.15 825.15+32.60 1605.47£65.70 1553.44+£56.46  2814.37%£129.30
Narirutin 165.25+6.87 191.12+10.98 213.76x7.68 242.88+9.27 231.82£9.20 188.31+8.85
Naringin 2126.25+95.59 3234.51£166.73 1644.30£61.60 3028.63%+112.84 2895.95+111.15 3532.71%£159.19
Hesperidin 32.66+2.70 108.70+6.17 36.78+1.42 104.73+4.61 77.511£3.62 155.13%£10.29

Neohesperidin 1225.67£59.50 3445.06£181.75

Nobiletin

Tangeretin

- 113.20+4.23

- 68.77+1.86

1134.21+44.14 2654.91+£104.85
- 113.47%+4.61

- 62.45+£1.40

2595.72£105.55 4547.19+210.24
- 117.51+3.86

- 57.44+1.01

“All data presented means=SE(n=3).
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BDY 1A + 3B + 1C + 7D + 6E 1C + 7D + BE

Scale bar represenmts 5 pm,

Fig. 3. CMA/DAPI stained somatic chromosomes in buk—dnagyooza (BDY) and sol-dangyooza (SDY). Alphabetical letters are
labeled according to the number and distribution of CMA positive bands. A: two telomeric and one proximal bands, B: one
telomeric and one proximal bands, C: two telomeric bands, D: one telomeric band, E: no band. The gray regions signify CMA

positive bands. Scale bar indicates 5 pm.
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4. G5 A| trnL-troF intergenic £919 €714 <d EA
A=A DNA 242 2o TAKY Fadlet FA3AE d0T 5 = W

stypoltt(Jin et al., 2019). $9=A| trnL-trnF intergenic 99 leucine—tRNAE

codingdt+= trnl. % #}¢} phenylalanines codingdt+= trnF F4AF Alole] J9&

ul

det=d, dubdo® Al 71X 99 =, trnl intron, trnl 3'exon, trnL-trnF A}o] <]
intergenic non-coding @FHow FAHO FEZHEE= PCRE F33HKim et al.,
2008). & ATolA o5 F9E& PCR TFF A& Figdol AAsl=dl, BF2 370
AE EFAlA J4EA trnl-trnFe AVIAES A om 361bpsE FYUSHA
Eb Tl o= ko] AdolA HojE P UdX|9 A o5 FfrAt Wo] AlEEol

wzt 71l opbds EHekA BelFa
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fgi.
I 10 20 30 40 50 50 0 20 50 100 110 120 130
py) [TTCARGTCCCTCTATCCCCACCCCARRAARRGCCTATTGACTCCCTARCCATTTCTCCTACCTTCTCCTTTTTTTGTTAGTGGTTCARRAGTCGETAGETTTCTCATCTATCCTACTCTTTTCCATTTCE
TCAAGTCCCTCTATCCCCACCCCARRAARKGCCTATTGACTCCCTARCCATTTCTCCTACCTTCTCCTTTTTTIGTTAGTGGTTCARRAGTCGGTAGGTTTCTCATCTATCCTACTCTTTTCCATTTCE

ShYJ |TTCARGTCCCTCTATCCCCACCCCARRARRLGCCTATTGACTCCCTARCCATTTCTCCTACCTTCTCCTTTTTTTIGTTAGTGGTTCARARGTCGGTAGGTTTCTCATCTATCCTACTCTTTITCCATTTCC
Congensus [ITCAAGTCCCTCTATCCCCACCCCAARARRGGCCTATTGACTCCCTARCCATTTCTCCTACCTICTCCTTTTTITIGTTAGTGGT TCARARGTCGGTAGGTTTCTCATCTATCCTACTCTTTTCCATTTICE

131 140 150 160 170 180 190 200 210 220 230 240 250 260

1 1
BYJ ARAAGGATATGGGCAGAATTTTTTTCTCTTATCACARGCCGTATGGTCTATACGATATATGTAGARATGARCACCTTTGAGCARGGAATCCCCGTTTTARTGATTCCCARTCCATATTATTGCTCATACT
BOYJ ARAAGGATATGGGCAGAATTTTTTTCTCTTATCACARGCCGTATGGTCTATACGATATATGTAGARATGARCACCTTTGAGCARGGARTCCCCGTTTTARTGATTCCCAATCCATATTATTGCTCATACT
s0YJ  ARAAGGATATGGGCAGAATTTTTTTCTCTTATCACARGCCGTATGGTCTATACGATATATGTAGARATGAACACCTTTGAGCARGGARTCCCCGTTTTARTGATTCCCARTCCATATTATTGCTCATACT
Consensus ARAAGGATATGGGCAGAATTTTTTTCTCTTATCACARGCCGTATGGTCTATACGATATATGTAGARATGAACACCTTTGAGCARGGARTCCCCGTTTTARTGATTCCCARTCCATATTATTGCTCATACT

gﬁi 2 280 290 300 310 320 330 340 350 360 I 380 a0

DY) GRAACTTACARRGTCTTCTTTTTGATGATTCAAGAARTGARATTCCCCTCCCARGACTTTTAATCCCTGTTTATTTTTITAATTGACATAGACCCAAGTCATCTAGTARGATGAGRACGGTGTGTCGGARA
BOYJ GAAACTTACARRGTCTTCTTTTTGATGATTCARGARATGARATTCCCCTCCCARGACTTTTAATCCCTGTTTATTTTTTAATTGACATAGACCCARGTCATCTAGTARGATGAGAACGGTGTGTCGGARA
50¥J GRAAACTTACARAGTCTTCTTTTTGATGATTCAAGAARTGARATTCCCCTCCCAAGACTTTTAATCCCTGTTTATTTTTTAATTGACATAGACCCAAGTCATCTAGTARGATGAGAACGGTGTGTCGGARA
Consensus GARACTTACARAGTCTTCTTTTTGATGATTCAAGARATGARAT TCCCCTCCCARGACTTTTAATCCCTGTTTATTTTTTAATTGACATAGACCCAAGTCATCTAGTARGATGAGAACGGTGTGTCGGARA

?ﬂi 400 410 420 430 adi
YJ TOHGTCGGGATAGCTCAGCTGGTAGAGCAGAGGACTGAAAARTCCTCGTGTC
BO¥J TOGTCGGGATAGCTCAGCTGGTAGAGCAGAGGACTGAAARTCCTCGTGTCI

S0¥J TOGTCGGGATAGCTCAGCTGGTAGAGCAGAGGACTGARARTCCTCGTGTC
Consensus THGTCGGGATAGCTCAGCTGGTAGAGCAGAGGACTGARARTCCTCGIGTCH

tenF

Fig. 4. Nucleotide sequence alignment and amplified DNA barcode (chloroplast trnL-trnF) region in three different types of common

dangyooza (DY), buk-dangyooza (BDY), and sol-dangyooza (SDY).
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