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Nan Golden Orange is a geographic indication plant of Nan province. It is also an important
economic crop. Having information on the genetic variation of Nan Golden Orange will be of
conservation benefit and genetic management, valuable to plan more proficient breeding programs.
The genetic variation was evaluated from 5 groups of Nan Golden Orange leaflets (30 samples in each
group), which were collected from 1. original Nan Golden Orange propagate vegetatively (G1) 2. seed
grown from original Nan Golden Orange (G2) 3. Nan Golden Orange farm (A) 4. Nan Golden Orange farm
(B) 5. Nan Golden Orange farm (C). These samples were investigated by 5 microsatellite loci. The
number of alleles per locus (A) ranged from 5.00- 5.40, allelic richness (A,) extended from 4.79-5.07
alleles, observed heterozygosity (H,) ranged from 0.92-0.97, effective population size (N.) was small in
the sample B. The bottleneck was found in sample G2. Genetic differences (pairwise Fsy) were found in
samples G1, G2, B, and C. Consistent with the dendrogram, sample G1 was different from other samples.
The genetic distance was the highest between G1 and B (0.166). The genetic variations in the Nan

Golden Orange were the result of management which demonstrated the importance of conservation
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and genetic management. Understanding sood propagation practices for preserving genetic diversity will

help maintaining the quality of the Nan Golden Orange in order to be conform with the quality of

geographic indication.
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(Multiple test) @28 Bonferroni correction (Rice,
1989) Ua¥aI1LNURIAUFUNUENIRUTNTITUIMN
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Table 1 Average allelic variability at five microsatellite loci of Nan Golden Orange, Nan province

Samples G1 G2 A B C Average
N 30.00+£0.00  29.60+0.55 30.00+0.00 30.00+£0.00  29.40+0.89  29.80+0.50
A 5.00+1.22 5.00+1.22 5.00+0.71 5.40+0.55 5.00+0.71 5.08+0.86
Ao 2.97+0.51 3.90+0.94 3.46+1.20 3.49+0.43 3.70+1.07 3.50+0.87
A, 4.99+0.21 5.00+1.22 4.97+0.71 5.38+0.53 4.99+0.71 5.07+0.86
H, 0.97+0.05 0.93+0.10 0.96+0.03 0.93+0.05 0.92+0.05 0.94+0.06
H, 0.66+0.06 0.73+0.09 0.69+0.09 0.71+0.03 0.71+0.08 0.70+0.07
Fis -0.48+0.07 -0.28+0.14 -0.41+0.18 -0.31+0.10 -0.31+0.17 -0.36+0.15

The indices included the number of samples in each group (N), number of alleles per locus (A), effective number of alleles (A.),
allelic richness (A,), observed heterozygosity (H,), expected heterozygosity (H,), fixation index (F;) (Fs values and probability of
significant deviation from Hardy-Weinberg equilibrium are given for each population. Values underlined indicate statistical

significance, p<0.002, after Bonferroni correction = 0.05/25)

n15U52Ldua1UU Effective population Infinite) NquA39819 B & 11.7 (6.1-23.4) Uaznqy
size (No) WuNaud18g1e G1 491u3uunAUAs - #3889 C & Infinite (67.5-Infinite) N15dan11e
Uszldly (Infinite) (Infinite-Infinite) NquAI8879 G2 ABYIA (Bottlenecks) wulaluna usag1e G2
#1 53.4 (16.1-Infinite) nqusiaeg1s A 51.4 (16.3-  (p-value<0.05) (Table 2)

Table 2 Estimates and 95% confidence intervals of contemporary effective population size (N,),
and the detection of bottlenecks based on Wilcoxon’s test for five population samples

at five microsatellite loci

Samples Effective population size (N,) Bottleneck test
N, Lower bound Upper bound TPM (P-value)
Gl Infinite Infinite Infinite 0.812
G2 53.4 16.1 Infinite 0.031
A 514 16.3 Infinite 0.156
11.7 6.1 234 0.094
C Infinite 67.5 Infinite 0.094
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AULANANNINRUFNITUTENTNUTEYINT
NAUAIBEFUENDIUIUTAMUUANFIIN
WUsNI3U (A1 Global Fer= 0.01559; AMOVA,
p=0.0000) NINAFBUANUUTUTIUNIWUTNTIH
AMOVA U731 1.56% v84A184UsUTIULANIN
AULANAIITENINUTEVING kA 98.44% VBIAIY
wsUTILRLAAIINAMLUANA1aTEnI saunT nly
Uszuns ledasigsinnnusinaseninsgvosngy
H1981991nA7 painwise For 526U p<0.005 WU
AULANA NN NRUTNTTUTENINNGUAIE G1 4
ANUUANANNISAUTATIUAUNAN G2 NJY B waznqy

C woildisnaannau Aluvasiingudlednedue &

Wugnssulusinedu (Table 3) dnsunisnageu
FYYLVNINUTNITY (genetic distance) YBINGY
Freghadiananunnlutieslassd 0.166 (G1:B), 0.141
(G1:G2), 0.110 (G1:C), 0.064 (B:C), 0.06 (G2:A),
0.055 (B:A), 0.048 (G2:B), 0.046 (G2:C), 0.043 (G1:A)
W 0.037 (A:Q) (Table 3) unuraAUFUTUTNIS
WUFNTINIINANTLEI NN NNUTNTTUNUD dudnes
U1y 5 ngudaeggninoenidu nquil 1 Ae ngu
#0819 A War C ngudl 2 Ao ngufiegne G2 wag B
33 2 nqudesiannsodndunguientuliluroed
ngue81e G1 gnamdunguiidamuuansiama

9 '

WugNITUINNGUdY (Figure 1)

Table 3 Pairwise Fsr values (lower diagonal) and genetic distance (upper diagonal) among

Nan Golden Orange

Samples G1 G2 B A C
G1 0.141 0.166 0.043 0.110
G2 0.04262 0.048 0.060 0.046

B 0.05179 0.00168 0.055 0.064
A 0.00398 0.00834 0.00644 0.037
C 0.03229 0.00031 0.00751 -0.00096

Values underlined indicate statistical significance (p<0.005, P-values adjusted for multiple comparisons using Bonferroni

correction = 0.05/10)
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Figure 1 Dendrogram of five population samples of Nan Golden Orange
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Wiy 0.130 91ndedunisAnuninusuiuLeada
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107



5ANTIVYLALANRASUITINTAEAT 39(3):100-110

9858719 0.051-1.00 uaziiAnady H, Wiy 0.511
(Ely et al,, 2012) dudnesurudadanunainuaiy
maugnssufideutnaguilefisuiunsdnuives
Barkley et al. (2006) iwuinfiwnsznadudiuiu 370
et Anwilagldiniesmnglulasusnimalayi 24
suntanuIILLeaian e unlellA18g 58I
3.30 upada wasdAnadslaesanvesel H, Wty
0.4318

dmdunmswudnau N, Areuthadeslung
Meg1e B i lviAndedunatianszuiunmsianisaiu
vosnguiiegsi Anviununsnsinsdanisiuiug
Tnensmeuisnduiugnieluamusiiulidnide
MNUVEIEY nnsasiiufiauinuasnsdananuiy
duduiignidenduduiusiauysaiualiifulse dq
Fuwus 1 fuazgnaoul 991uIuvanei wazia
L%ﬁﬂﬁ?‘lﬂ@ﬂﬁﬁﬂﬂﬂgﬂ%@LL%UIU?E)UﬂWTLJQﬂGi@lU Ex
oraduldldinsiinguiiesne B fidwau N, fives
wansfisloniafiuszvinsvosnqudiegne B azdian
wewelslelndanamiefinnisdsuuaininud
weadaddunau1a1nn1svInY2an1eiug Ny
(genetic drift) (Allendorf and Luikart, 2007 ) LtuLAgaiu
nswuanEABYIAlUfIeE1s G2 Muanifauszung
Sruaudria Fuslefiarsananusziinsgnlusses
Gusuldfimsnunuisiugildannnsneududnes
Uruduingalgnainisnoud Ssnadioy Aongu
feene G1 lunsinwnil Tagldsunsaduayuann
aundnvusugugnduuiu $1uau 260 du lul wa
2552 wEINTUIEIEAIN G1 Ao ngufiaEig
G2 TumsAnwiidaduduugnlud we. 2553 S
26 AU AINToYATNAULAAITIAIUFIAYVDINTT
TAN1INUS N130TeyaUseTRvo UR T uaZAS
MannuAnuglagAdadanisshwauvainvany
mariugnIsuiesiiiisaneiiordnuuascevanluds

Jusioly

AULANANNINRUFNITUTENTNUTEYINT
naufaogvdndnesuulunisdnuniwy
AMULUTUTIUNIIRNUTNTTURALAIAIIUA NS
WUFNTTU For 17fmemmm'waamﬁﬁaé’wﬁzymaﬁﬁ
FEMINNFUAIBE G AUNGY G2 NGy B uazngqu C
wilsifingsannngy A luvziinguiaog1ad ug
sugnssuliiiuddinadululufiemadeatuen
svegsiemaiugnssuiinuasudnigessmitengy G1
Aunguiaogedudnesiudug wudeafuunuds
anuduiusaiugnssulddalingusiedis 1 u
naufi QnueneenaINNaNBUY § 1588 W1aNI
sugnssuiinulunansdnuifsinigeandu 0.166
wawilAiady 0.077 daldindsvozvinamaiugnssud
sdlewisuiunis@neives Eley et al. (2012) &
Limau Madu (Citrus reticulata Blanco) ﬁlﬂqmiu
Uszinannalde Iszozvinaneiugnisuedomindu
0.170 ﬁy’aﬁmiwmsazﬁwmaﬁuqﬂiimﬁqﬂa’mL‘fJu
NAN19INNITTIVTINANINA LT T T szoEN19veiy
1nn31 500 Alawns Turngdinis@nwidsausy
aeludminuudswsaznguietiefiszozinady
Laivin 100 Alawuns
NnuanIsAnuEnsTLinnuiinseglasy
nsWARe e 1euHUBYSNBUVATT U TTANAY
vosduAveI Mewniifivanaduiauuusus
LagALvaInvateeusnIsugaiesanduify
flwautnu TomaiagiAanssaudufuszninaia
waznug L0 ululdAoudnegs (Spiegel-Roy and
Goldschmidt, 1996) uananiimuuUsusiuvosis
anaduiinaunntadevateusenisueniniiaainnis
Annsuandn 1wy maAnmsnaeiusiazisnnsi
THlumsueneius (Novelli et al,, 2006) fetiulunns
NuuwLUonsIansugnITILA By YTLEH

dneaufeelin1sKuIAN1 TS ag 1l Te Uy

108



Journal of Agri. Research & Extension 39(3): 100-110

f19819019A N¥1999 Kongpun (2009)
senuiianumaInansvesianadalunialise
AUl U19EANNANTNANT1UTERINNTTA N0
sEuinaug wasdinisveneugreuilaenisldiude

L4

Aa £ X a Yy o
AAIMNEANNVRIYNLNAVUU aumwmwmuﬂﬁméiﬂw

wus i ol uunasiugnssudmiunsuiudseiug
vzl uiuned miviugiAsugiafidouneselsn
YITINLATANTNLIREBY 11NNsANYIdNGLIeE
61 Wuundsiuguisidanumunzaudosannd
ANUVAINVIAIENIRUgNTIN 8 N, F1udumn lald
an1gAevIn wazda1ue19f dalauainng udu
dmdungusetnedu Anudedunalufienisiions
danasianunENENes luauAnNYRINIABIRAIW
wwImadansauiugineddeyaduuazanuidilase
Ms¥nwIANMAINYateNIsTUgnIBILon s e
Aanndudnesduliduldaudeiimuavesnis

Jufigusdnagimanssely
#3UNan153Y

AuLUTUTIuMausnssunuldlungy
f1eg19dudnesu Fandauiu 91n1A3 eevane
Tuanalulasueminalasisiunm 5 dums aguldssd
nauseg1dudnesuliauvanvatenglungu
FDYNULAT NUAULANANNIITUTNTTUTENINNGY
Tnslamgnguiogaduimoutnudaiy seduay
USSR UgNTINT uans1af uresusaz NGy
megradunaunanmsdanisiugnssududnesves
wazaud wandliiiuiianudidyesdnnis
WUGNTIN UMaINUG wavausnenugnIsududvosiu

ANANTSUUIZAA

lassmdeillasunisatvayusuyssuim

W BN15378N@TNMUNITITERAIF gUnsal
v ¢ A € awv a 9
Asimel Mduussloviaanisideanuminetde

wAlulagsvuemaaIuun
1% a
LONE1591999

Allendorf, W.F. and G. Luikart. 2007.
Conservation and the Genetics of
Population. New York City: John Wiley
& Sons, Inc. 642 p.

Barkley, A.N., L.M. Roose, R.R. Krueger and
T.C. Federici. 2006. Assessing genetic
diversity and population structure in
a citrus germplasm collection utilizing
simple sequence repeat markers (SSRs).
Theoretical and Applied Genetics
112: 1519-1531.

Do, C,, RS. Waples, D. Peel, G.M. Macbeth
B.J. Tillett and J.R. Ovenden. 2014.
NeEstimator v2: reimplementation
of software for the estimation
of contemporary effective population
size (N,) from genetic data. Molecular
Ecology Resources 14: 209-214.

Elcy, G.P.S., M.C. Mahani, Y.J. Park and N.M. Noor.
2012. Simple Sequence Repeat (SSR)
profiling of cultivated Limau Madu
(Citrus reticulata Blanco) in Malaysia.
Fruits 67: 67-76.

109



5ANTIVYLALANRASUITINTAEAT 39(3):100-110

Excoffier, L. and H.E.L. Lischer. 2010. Arlequin
suite ver 3.5: A new series of programs
to perform population genetics analyses
under Linux and Windows. Molecular
Ecology Resources 10: 564-567.

Goudet, J. 2001. FSTAT, a program to
estimate and test gene diversities and
fixation indice Version2.9.3. [Online].
Available https://www.scienceopen.com
/document?vid=79097bb4-ec3c-47c3-
94a1-47085d721e6b (15 January 2021).

Guo, S.W. and E.A. Thompson. 1992.
Performing the exact test of Hardy-
Weinberg proportions for multiple
alleles. Biometrics 48: 361-372.

Intellectual Property Department. 2013. Nan
Golden Orange. ECAP 3 geographical
indication Fiche. [Online]. Available
http://www.aseangidatabase.org/gidatab
ase/sites/ default/files/gidocs/
THGI0000053100065-en.pdf
(15 January 2021).

Kongpun B. 2009. Genetic Diversity of Citrus
spp. in Southern Thailand Based on
RAPD (Random Amplified
Polymorphic DNA) and Microsatellite
Techniques. Master Thesis. Prince of
Songkla University. 88 p. [in Thai]

Novelli, V.M., M. Cristofani, A.A. Souza and
M.A. Machado. 2006. Development and
characterization of polymorphic
microsatellite markers for the sweet
orange (Citrus sinensis L. Osbeck).
Genetics and Molecular Biology
29: 90-96.

Office of Agricultural Economics. 2018.
Mandarin. [Online]. Available
http://oae.go.th//assets/portals/1/
fileups/prcaidata/files/lime61.pdf
(8 July 2021).

Peakall, R. and P.E. Smouse. 2006. GENALEX 6:
genetic analysis in excel. population
genetic software for teaching and
research. Molecular Ecology Notes
6: 288-295.

Piry, S., G. Luikart and J.M. Cornuet. 1999.
BOTTLENECK: a computer program for
detecting recent reductions in the
effective population size using allele
frequency data. Journal of Heredity
90: 502-503.

Rice, W.R. 1989. Analyzing tables of statistical
test. Evolution 43(1): 223-225.
Rousset, F. 2008. GENEPOP’007: a complete
re-implementation of the GENEPOP

software for Windows and Linux.
Molecular Ecology Resources
8: 103-106.

Spiegel-Roy, P. and E.E. Goldschmidt. 1996.
Biology of Citrus. New York: Cambridge
University Press. 230 p.

Yeh, F.C, R.C. Yang and T. Boyle. 1999.
POPGENE VERSION 1.31 Microsoft
Window-based freeware for
population genetic analysis. [Online].
Available http://ftp.microsoft.com
/softlib/Mslfiles/ hpgl.exe
(25 January 2021).

110



