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A Study on Genetic Diversity of Neck Orange (Citrus reticulata Blanco)
Based on Random Amplified Polymorphic DNA (RAPD)
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Abstract

Neck orange has the original planting area in Chana District, Songkhla Province.
However, the planting area has dramatically decreased. The aims of this study are to collect and
assess genetic diversity of neck orange by using fruit morphology and DNA markers. In this study,
ninety-five samples were collected from Songkhla, Trang and Surat Thani provinces. Seventy-four
samples were using for fruit morphological characterization. According to fruit physical
characteristics, fruit weight was in the range of 201-250 g. An average fruit diameter was 7.52 cm.
The high of fruit polar was on average 1.0 cm with ranged from 1.01-1.50 cm Fruit chemical
characteristics including juice content was on an average 35.5 percent. Total soluble solids (TSS),
titratable acidity and the ratio between total soluble solids and titratable acidity (TSS/TA) were
ranged from 8-10 °Brix, 0.31-0.50 percent and 15.1-20.0, respectively. Genetic diversity of ninety-
five samples was analyzed by five RAPD primers including OPA-10, OPA-12, OPA-18, OPB-01,
and OPZ-11. Result from a dendrogram analysis based on RAPD markers, 2 clusters could be
separated with similarity coefficients ranging from 0.48-0.98 with an average of 0.73. Genetic
variability of neck orange progenies from 6 mother plants was investigated by two RAPD primers
(OPA-18 and OPZ-11. There were 1 to 4 seedlings per seed with an average percentage of
polyembryony was 42.5 percent. Therefore, seed propagation of neck orange may result in genetic

variation. Farmers can propagate by seeds but they have to prove that seedlings are nucellus.
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Orchards  Fruit weight  Fresh weight Fruit length  Fruit diameter  High of fruit polar  Peel thickness

no. e (g (cm) (cm) (cm) (cm)
1 241+£56.11 185+41.66 10.7+1.37 7.8+£0.31 1.0+£0.51ab 0.4+0.10
2 190£35.17 146+22.68 9.6+0.58 7.2+0.32 0.9+0.43ab 0.3£0.10
3 227+35.21 172421.25 11.0+0.73 7.6+0.36 1.3+£0.47a 0.4+0.12
4 180£22.26 138+15.57 8.6+£0.70 6.8+0.25 1.0+£0.25ab 0.3£0.05
5 260+53.86 184+34.67 10.4+0.78 7.6£0.31 1.3+£0.31a 0.5+0.07
6 140+0.00 160+42.43 9.3£0.35 8.0+0.07 0.5+0.00b 0.3£0.00
15 276+45.11 195+30.16 10.2+0.84 8.2+0.28 1.1£0.35ab 0.5+0.13
18 279+38.75 202+25.47 10.6+0.63 8.2+0.25 1.2+0.34ab 0.5+0.12
19 176+17.63 125439 .92 9.6+1.32 7.0£0.42 1.0+1.41ab 0.4+0.13
20 172+37.05 131426.90 8.8+0.91 6.8+0.27 1.0+0.20ab 0.4+0.08
F-test ns Ns ns ns * ns
C.V. (%) 24.17 17.82 8.67 7.66 23.69 18.97

v o

WA *= uAnANNUN NI Aeg s ATy (P<0.05), ns = Tulinnuuanaaneana (P20.05)

IC



22

o s ¥ o g A ¢ o g Ay @
msnﬁ 3 TUIAULNAANIN YA mmuma@ﬁﬁuyam mmumaﬂ‘ﬁ‘luﬁuym AagANINUII

< Y o
WAaAUIITNINIIUIU 10 wilag

The total Number of Number of Seed length
Orchards no.
number of seeds normal seeds abnormal seeds (cm)
1 8+3.14 542.75ab 34+2.01 1.3+0.23ab
2 6+3.75 4+3.12ab 1+1.41 1.3+0.17ab
3 7+3.91 54+3.41ab 2+1.59 1.3+0.28ab
4 8+2.76 542.98ab 3+1.85 1.4+0.18ab
5 4+2.82 1+1.77b 2+2.32 1.2+0.39ab
6 6+7.78 4+4.95ab 2+2.83 0.7+0.92b
15 8+3.71 6+3.31a 2+2.32 1.4+0.34ab
18 6+3.54 4+2.75ab 2+1.61 1.4+0.29ab
19 7+3.69 4+3.78ab 3+2.35 1.3+0.28ab
20 4+3.24 4+3.24ab 2+1.50 1.5+0.22a
F-test ns * ns *
C.V. (%) 24.22 33.21 30.37 17.04

HINYIHG *= 1AnA1AUNNadA0g19lTad 1Ay (P<0.05), ns = 1NTANNANAINNINADA

(P20.05)
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H 1 %’ g}/ <3 { z
M3199 4 quamraduyn laun Ysuaniau WSunavewishazaterild (Tss) Suunsa
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Orchards  Juice content Total Soluble Solids  Titratable acidity

TSS/TA
no. (%) (°Brix) (%)
1 42.88 7.7£0.64ab 0.5+0.14ab 17.3+4.23ab
2 42.29 8.0+2.20ab 0.4+0.07b 23.1+4.09ab
3 46.00 8.1+0.17ab 0.5+0.18ab 16.0+4.56ab
4 39.45 9.5+0.91ab 0.5+0.08ab 21.7+5.57ab
5 30.26 10.2+0.70a 0.5+0.10ab 23.6+5.95a
6 39.45 9.1+0.07ab 0.4+0.18b 26.5+12.29ab
15 26.96 9.5+0.81ab 0.4£0.11b 23.4+7.63ab
18 27.31 7.5+£0.45ab 0.5+0.14ab 17.444.35ab
19 29.10 8.5+1.17ab 0.6+£0.28ab 16.84+8.32ab
20 31.28 6.6+1.74b 0.8+0.22a 11.7+£2.96b
F-test ns * * *
CV (%) 12.04 3.02 20.60 14.55

v o

MINaIye *= LAnANAUNNaaAeE BT AT (P<0.05)
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DNA patterns No. of primer Percent (%)
Polymorphic 29 69.05
Monomorphic 13 30.95
Total 42
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Primer Sequence Amplified Monomorphic Polymorphic Percent
5'>3 fragments fragments fragments polymorphism
OPA-10 GTGATCGCAG 10 0 10 100
OPA-12 TCGGCGATAG 13 0 13 100
OPA-18  AGGTGACCGT 5 0 5 100
OPB-01 GTTTCGCTCC 12 1 11 92.31
OPZ-11 CTCAGTCGCA 10 0 10 100
Total 50 1 49
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1 month
Samples No. of seedling Height (cm) Stem diameter (mm) No. of leaves
1 2 3 4 1 2 3 4 1 2 3
Al 1 4.0 1.6 2
A2 2 3.5 3.5 1.3 1.2 2 2
A3 4 4.5 2.5 1.0 1.0 1.6 1.3 1.0 1.0 3 2 2
Bl 1 2.0 1.0 2
B2 1 5.5 1.6 3
B3 2 4.5 4.5 1.4 1.2 4 2
B4 2 3.5 3.0 1.1 1.1 3 2
BS 3 5.5 4.0 1.5 1.5 1.2 1.2 4 4 3
B6 3 3.0 2.0 1.0 1.2 1.0 1.0 4 3 2
Cl 1 3.0 1.5 2
C2 1 3.5 1.5 2
C3 2 4.0 2.0 1.4 0.9 3 2
C4 2 5.0 2.0 1.2 1.0 3 1 0
CS 3 1.5 1.5 1.0 1.0 1.0 1.0 5 5 5
D1 1 4.0 1.4 3
D2 2 2.5 2.0 1.1 1.4 2 3
D3 3 2.5 2.0 1.5 1.5 1.0 1.1 3 3 2
El 1 4.5 1.6 3
E2 2 3.0 1.5 1.2 1.1 2 2
E3 2 5.0 2.0 1.4 1.1 4 3
F1 1 3.5 1.6 4
F2 1 2.0 1.1 0
F3 2 4.0 3.0 1.2 1.4 3 2

F4 2 5.0 4.0 1.3 1.9 4 4
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2 months
Samples No. of seedling Height (cm) Stem diameter (mm) No. of leaves

1 2 3 4 1 2 3 4 1 2 3
Al 1 8.5 1.6 6
A2 2 8.5 5.0 1.5 1.5 5 6
A3 4 70 25 00 15 1.6 13 00 14 7 3 0
Bl 1 55 12 5
B2 1 115 1.7 7
B3 2 7.0 7.0 1.4 1.5 7 8
B4 2 65 40 1.7 12 7 5
BS 3 100 7.0 20 1.6 1.3 12 8 71 6
B6 3 4.0 50 4.0 12 129 13 5 6 6
C1 1 75 2.0 6
C2 1 7.5 1.8 5
C3 2 5.0 2.0 1.6 0.9 5 3
C4 2 7.0 2.5 1.6 1.0 6 2 0
Cs 3 2.0 20 40 1.0 1.0 1.3 5 5 5
D1 1 75 1.5 7
D2 2 5.0 6.0 1.2 1.7 4 6
D3 3 4.0 4.0 3.0 1.6 1.1 1.1 7 5 5
El 1 75 1.6 7
E2 2 55 2.5 1.6 1.4 4 4
E3 2 9.5 5.0 1.7 1.2 7 6
F1 1 8.5 1.6 8
F2 1 2.5 1.5 1
F3 2 8.0 6.0 1.7 1.6 6 8

F4 2 9.5 6.5 1.4 1.9 7 6
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3 months
Samples No. of seedling Height (cm) Stem diameter (mm) No. of leaves
1 2 3 4 1 2 3 4 1 2 3
Al 1 13.5 2.9 8
A2 2 125 8.0 2.0 1.8 9 12
A3 4 100 30 00 00 23 13 00 00 13 6 0
Bl 1 10.0 1.5 8
B2 1 11.5 2.1 17
B3 2 10.0 9.0 2.1 1.8 8 10
B4 2 100 9.0 2.1 1.6 707
BS 3 150 120 6.0 24 22 12 11 10 8
B6 3 85 65 60 2.5 1.9 1.6 9 10 6
Cl 1 12.0 23 7
C2 1 12.0 1.7 5
C3 2 105 3.0 2.5 1.9 10 7
C4 2 120 45 2.6 1.5 12 8
Cs 3 50 60 40 1.1 1.7 13 5 8 10
DI 1 11.0 2.1 10
D2 2 8.0 85 15 20 8 9
D3 3 9.0 80 6.0 17 14 16 9 9 8
El 1 13.5 25 10
E2 2 1.0 7.0 2.0 1.6 4 4
E3 2 16.0 8.0 30 20 12 9
F1 1 13.0 23 15
F2 1 75 2.4 20
F3 2 1.0 12.0 23 24 17 10

F4 2 150 10.5 2.4 1.9 10 10
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4 months
Samples No. of seedling Height (cm) Stem diameter (mm) No. of leaves
1 2 3 4 1 2 3 4 1 2 3
Al 1 14.0 3.4 10
A2 2 140 125 2.7 2.8 10 16
A3 4 120 3.0 0 0 24 13 0 0 4 8 0
Bl 1 10.0 2.1 12
B2 1 15.5 3.7 26
B3 2 11.0 9.0 24 23 10 10
B4 2 115 10.0 2.8 1.8 10 8
BS 3 150 120 6.0 34 28 1.8 12 12 10
B6 3 95 75 60 25 21 1.6 14 12 10
Cl 1 13.5 2.9 10
Cc2 1 15.0 33 10
C3 2 120 4.0 2.6 1.9 10 7
C4 2 150 5.0 34 18 12 8
Cs 3 50 60 5.0 1.1 1.9 1.8 8 8 10
DI 1 13.5 3.1 16
D2 2 9.0 110 25 27 8 10
D3 3 100 85 80 2.1 2.1 1.7 12 10 14
El 1 14.5 3.4 12
E2 2 135 75 35 20 14 10
E3 2 170 9.0 4.1 2.6 2 12
F1 1 14.0 3.7 16
F2 1 10.0 2.4 28
F3 2 115 120 27 24 17 14

F4 2 150 155 3.5 2.4 15 13
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5 months
Samples No. of seedling Height (cm) Stem diameter (mm) No. of leaves
1 2 3 4 1 2 3 4 1 2 3
Al 1 16.0 3.8 18
A2 2 18.0 16.5 2.8 3.1 16 24
A3 4 145 35 00 00 34 14 00 00 22 10 0
Bl 1 11.5 2.8 12
B2 1 19.0 42 36
B3 2 140 12.0 27 26 18 14
B4 2 13.0 100 28 20 12 10
B5 3 170 140 65 3.4 2.9 2.0 22 18 10
B6 3 100 9.0 6.0 2.8 3.1 1.7 18 16 10
Cl 1 14.0 3.6 12
C2 1 15.5 3.6 14
C3 2 130 5.0 3.1 1.9 14 8
C4 2 160 9.0 39 21 18 10
Cs 3 55 65 50 14 25 19 0 12 12
D1 1 16.0 33 26
D2 2 100 13.0 26 27 14 14
D3 3 1.0 105 8.0 2.1 2.1 2.0 12 12 14
El 1 15.0 3.6 18
E2 2 160 9.0 40 28 2 12
E3 2 180 9.0 4.1 26 28 14
F1 1 14.0 4.2 22
F2 1 11.0 2.9 30
F3 2 185 155 3.6 35 20 18
F4 2 200 175 3.8 3.3 26 20
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