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Citrus is a common term and genus (Citrus) of flowering plants in the rue family, Kutaceae Citrus is
believed to have originated in the part of Southeast Asia bordered by Northeastern India, Myanmar
(Burma) and the Yunnan province of China. The taxonomy and systematics of the genus are complex
and the precise number of natural species is unclear, as many of the named species are clonally
propagated hybrids, and there is genetic evidence that even some wild, true-breeding species are of
a hybrid origin. One of the most popular sequences for phylogenetic inference at the generic and in-
frageneric levels in plants is the chloroplast #nL-triF region. We evaluated the seven taxa with the
triL-triF region to estimate phenotypic relationships within the genera Citrus, Poncirus, and Fortunella
in Korea. Alignment of the DNA sequences required the addition of numerous gaps. Sequence varia-
tion within Gitrus was mostly due to insertion/deletion. Within the genus Gitrus, C lomonia and C
sinensis were relatives and sistered with C aurantiumin the four phylogenetic analyses (MP, ML, ME,
and NJ). However, some external nodes were poorly supported.
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Table 1. Accessions used in the molecular study of the genus Cifrus including population locations

Code Korean name Scientific name Geographic origin

1 Gwanggyulnamu Citrus aurantium L. Soheul-eup, Pocheon-si, Gyeonggi-do, Korea

2 Yujanamu Citrus juncs Tanaka Bongseong-ri, Aewol-eup, Jeju-si, Jeju-do, Korea

3 Lemon Citrus limonia Osbeck Daecheon-ri, Ibanseong-myeon, Jinju-si,

Gyeongsangnam-do, Korea

4 Danggyulnamu Citrus sinensis (L.) Osbeck Bongseong-ri, Aewol-eup, Jeju-si, Jeju-do, Korea
Dyulnamu Citrus unshiu S. Marcov. Soheul-eup, Pocheon-si, Gyeonggi-do, Korea

6 Geumgam Fortunella  japonica Swingle var. Bongseong-ri, Aewol-eup, Jeju-si, Jeju-do, Korea

margarita (Swingle) Makino
7 Taengjanamu Poncirus trifoliat (L.) Rafinesque Daecheon-ri, Ibanseong-myeon, Jinju-si,

Gyeongsangnam-do, Korea
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Table 2. Synthetic Primer (5'-3’) used for Sequencing the #nL-frnF CP gene in genus Citrus

Name Sequences of primers Reference
Forward CGAAATCGGTAGACGCTACG Taberlet et al. [19]
Reverse ATTTGAACTGGTGACACGAG Taberlet et al. [19]
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it 471 @A Gitrus junes®] CAT 945 JERAAT DNA X golx @7] x8o] 22 Helo g Asts)ghrt=
N A AR RGN BEIRS B, BEURG GE, 1S RHIIEE HAEGD $A)Z 450 }iiE}(TabIe 6).
de2d Faol 44 Al 0.0072 A3 tH(Table 4). Col A TZ R Fro] 2284 714 =%om GollA A% 1523
Ahd o] Ao BAEE §44 A 07192 7+ o2 YT A&l e 24 Y4t AP 2dS A G}
A FARAE YRS AU U A 25 Bl TH(Table 7). ®] o] At F R 7]F-2 Hasegawa-Kishino-Yano
Hls) 74 ARt =% A1 3846.400 4 74 Yottt dFtol A AR 7|EE 3751.39)
BEE @7] Arid B %xl le(ohspanty 1ndex) e A 397422 FARBEIEE G71A18ke] o] /A ¥ vl 0.799]
FE ASS AFAUTHTble 5). 0 BTk 2 A9 AD 7 28} A 1312 w4 7+ 2 3ol7h Uekit
T8} Apol7h ol o7k o %klilﬂ} °f‘7l 274 BN EWU}(TalmaH THAE ASAM A F=7d W £
2 ApolE YehhA o B2 27 AolAM 005 B A HE A2 e 2900013081 o] 59 HE= 04825311, E}ohe
A5 Mol 22 HEs 7L A te AT S 8 E 01972 Yelgdth(Table 8). £84 9 A% Axe &9 #
& fle 237 veEth S UehEE §34 Wolg F7A7]E Fol e o
Table 3. Base frequencies of genus Citrus
Taxa A C G T Sites
C aurantium 0.280 0.130 0.122 0.468 671
C juncs 0.291 0.160 0.139 0410 707
C limonia 0.280 0.130 0.1229 0.468 671
C sinensis 0.283 0.126 0.1249 0.467 668
C unshiu 0.290 0.127 0.126 0.457 613
C margarita 0.302 0.128 0.136 0.433 616
C trifoliat 0.280 0.111 0.120 0.489 610
Mean 0.287 0.131 0.127 0.455 650.9

Table 4. The estimates of evolutionary divergence between sequences in a multiple alignment among species of genus Citrus using

trL-trmF analysis

Taxa 1 2 3 4 5 6 7
1 B
2 0.694 -
3 0.007 0.704 -
4 0.007 0.708 0.007 -
5 0.065 0.740 0.067 0.063 -
6 0.086 0.729 0.088 0.090 0.059 -
7 0.032 0.719 0.032 0.038 0.057 0.072 -

The taxon codes of first line are the same as those of first column are the same as Table 1.

Table 5. The disparity index (below diagonal) per site and index test (upper diagonal) for all sequence pairs in genus Citrus using

troL-trF - analysis

Taxa 1 2 3 4 5 6 7
1 - 1.519 0.000 0.000 0.343 0.990 0.013
2 0.012 - 1.742 1.589 0.499 0.231 1.855
3 1.007 0.000 - 0.000 0.418 1.108 0.000
4 1.000 0.000 1.000 - 0.334 0.962 0.000
5 0.000 0.104 0.000 0.002 - 0.115 0.369
6 0.000 0.206 0.000 0.000 0.026 - 1.008
7 0.240 0.008 1.000 1.000 0.000 0.000 -

The taxon codes of first line are the same as those of first column are the same as Table 1.
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Table 6. Maximum likelihood estimate of the pattern of nucleo-
tide sequences

Base A T C G
A - 11.26 315 6.69
T 6.96 - 6.38 3.06
C 6.96 22.84 - 3.06
G 15.23 11.26 315 -

Each entry shows the probability of substitution (r) from one
base (row) to another base (column). Substitution pattern and
rates were estimated under the Tamura-Nei model. Rates of
different transitional substitutions are shown in bold and those
of transversionsal substitutions are shown in italics.
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Table 7. Maximum Likelihood fits of 24 different nucleotide substitution models

Model Param BIC AlCc InL Invariant Gamma R

HKY 15 3846.4 3751.3 -1860.6 n/a n/a 0.7922
HKY+G 16 3848.6 37472 -1857.5 n/a 3.018 0.824
HKY+I 16 3850.6 3749.2 -1858.5 0.173 n/a 0.826
HKY+G+I 17 3854.5 3746.7 -1856.3 0 1.071 0.859
TN93 16 3854.7 3753.3 -1860.6 n/a n/a 0.792
T92 13 3854.8 37724 -1873.1 n/a n/a 0.807
TN93+G 17 3856.9 3749.2 -1857.5 n/a 3.029 0.823
T92+G 14 3858.2 3769.5 -1870.7 n/a 3.320 0.839
TN93+I 17 3858.9 37511 -1858.5 0.173 n/a 0.825
T92+1 14 3860 3771.3 -1871.6 0.156 n/a 0.844
TNI3+G+I 18 3862.8 3748.7 -1856.3 0 1.072 0.858
T92+G+I 15 3865.1 3770 -1870 0 1.498 0.870
GTR 19 3877.9 3757.5 -1859.7 n/a n/a 0.807
GTR+G 20 3879 3752.3 -1856 n/a 2.457 0.855
GTR+I 20 3880.5 3753.7 -1856.8 0.208 n/a 0.881
GTR+G+I 21 3884.8 3751.8 -1854.8 0 0.958 0.907
JCHI 12 4043.1 3967 -1971.5 0.291 n/a 0.500
]JC 11 4044.1 3974.3 -1976.1 n/a n/a 0.500
JC+G 12 4045.1 3969 -1972.5 n/a 2.736 0.500
K2+I 13 4047.5 3965.1 -1969.5 0.252 n/a 0.743
JC+G+I 13 4049 .4 3966.9 -1970.4 0 0.780 0.500
K2 12 4055.5 3979.4 -1977.7 n/a n/a 1.147
K2+G 13 4057.3 39749 -1974.4 n/a 1.675 1.296
K2+G+1 14 4062.9 3974.2 -1973 0 0.731 1.309

For each model, AICc value (Akaike Information Criterion, corrected), Maximum Likelihood value (Z20), and the number of parame-
ters are also presented. Non-uniformity of evolutionary rates among sites may be modeled by using a discrete Gamma distribution
(+G with 5 rate categories and by assuming that a certain fraction of sites are evolutionarily invariable (+/. Assumed or estimated
values of transition/transversion bias (XK) are shown for each model, as well. GTR: General Time Reversible; HKY:
Hasegawa-Kishino-Yano; TN93: Tamura-Nei; T92: Tamura 3-parameter; K2: Kimura 2-parameter; JC: Jukes-Cantor.
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Table 8. Results from Tajima’s neutrality test for trnL - trnF sequences of Citrus using trnl-friF analysis

M S ps

o I D

7 2900 0.482

0.197 0.160 -1.080

M=number of sites, S=Number of segregating sites, ps=S/M, G=ps/al, and n=nucleotide diversity. D is the Tajima test statistic.
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Fig. 1. The maximum parsimonious tree for Cifrus based on #rmL-frrF analysis using PAUP 4b10, exhaustive search, unweighted
parsimony analysis, gaps = fifth state) from the 751 aligned positions of the initial matrix. The values of bootstrap were

shown in side of vertical line.
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Citrus sinensis

Citrus auranltium

Citrus junos
Cilrus unshiu

B4 Fortunielia japonica var. margarita

—
0.05

Poncirus Irifolialta

Fig. 2. The maximum likelihood tree for genus Citrus based on trnlL-friF analysis using MEGAD. The values of bootstrap were
shown in side of vertical lines of branch were shown in below of horizontal line.
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Cilrus sinensis
Citrus aurantium
Citrus junos
Citrus unshiu

79 Fortunella japonica var. margarita

—
0.05

Pornicirus Frifoliata

Fig. 3. The minimum evolution tree for genus Citrus based on #rrL-frnF analysis using MEGAD. The values of bootstrap were
shown in side of vertical lines were shown in below of horizontal line.
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76 Forlunella japonica var. margarita
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Fig. 4. The neighbor-joining tree for genus Citrus based on #mL-trnF analysis using MEGAS. The values of bootstrap were shown
in side of vertical lines of branch were shown in below of horizontal line.
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