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Abstract

The genetic relationship between Zhaoqing local citrus breeds and other citrus and allied plants was studied
using the simple sequence repeat (SSR) molecular marker technique. Among 34 pairs of citrus SSR primers, this
study selected 13 primer pairs with high polymorphism to expand 83 bands with 100% polymorphism positive
rate. Through cluster analysis, this study effectively differentiated the species, breeds, and even strains of citrus,
poncitrus, and atalantia correa. Thus, SSR molecular marker techniques can adapt to the classification of the
status research of local citrus germplasm resources. A close genetic relationship was found among Zhaoqing
local citrus breeds. This study provided evidence that Citrus haniana Hort. ex Tseng Sihuihanggan is the female
parent of C. nobilis Lour. gonggan by combining morphological and other molecular biology research.

Keywords: local citrus breeds, simple sequence repeat, cluster analysis, genetic relationship, origin
1. Introduction

Guangdong Province is one of the major citrus-producing areas in China. Zhaoqing City is the no.1 producer in
Guangdong, with the largest output and total plantation area. By the end of 2011, the plantation area of citrus in
Zhaoqing reached 960 thousand mu (actual production area: 850 thousand mu) with a total output of 850
thousand tons. In this region, Citrus flamea Hort. ex Tseng shiyueju (Seedless) and C. nobilis Lour. gonggan are
the main breeds planted in most farms. These breeds are characterized by their thin peel, crisp pulp, meltable
residue, and sweet taste. Their superior qualities are well known all over the country (Ji, 2011).

Zhaoqing, Sihui County has a very long history of citrus plantation. The purposive plantation practice can be
found in the historical records compiled during the Han Dynasty. According to “Sihui County Annals” (edited in
the period of Emperor Guangxu during the Qing Dynasty), the citrus plants in Sihui earned their names ahead of
the breeds planted in other areas. Its abundant citrus resources included more than 20 massively cultivated breeds
(this figure may exceed 30 if all the strains were counted in). According to the “China Citrus Technology Book
(complied in 1992 by the Citrus Research Institute of the Chinese Academy of Agricultural Sciences),” Sihui has
more than 30 breeds of citrus, including more than 20 local breeds. Before the 1990s, C. haniana Hort. ex Tseng
Sihuihanggan was the dominant breed planted in Sihui. Later in the 1990s, however, C. flamea Hort. ex Tseng
wuyueju, C. nobilis Lour. gonggan, Citrus flamea Hort. ex Tseng bayueju and Citrus flamea Hort. ex Tseng
shiyueju(Seedless)became more popular in this region because of their more superior qualities. Furthermore, the
breed structure of the citrus in Sihui had been optimized through continuous technology improvement. After
years of dedicated promotions, C. nobilis Lour. gonggan and Citrus flamea Hort. ex Tseng shiyueju (Seedless)
are now the main breeds planted in Zhaoqing (Ji, 2011).

Citrus plants may easily hybridize, and open pollinations can also be easily carried out among them. Many new
local breeds or breeds with mutated genes are generated through natural hybridization, artificial cultivation,
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selection, and plantation because citrus plants can reproduce asexually, which makes their classification very
complicated. The citrus breeds currently planted in Zhaoqing are mainly the local ones coming down historically
whose parents and origin are not quite clear. No systematic research has been carried out on them and their
breeding. For example, according to Sihui County Annals (edited in the period of Emperor Guangxu in the Qing
Dynasty), C. nobilis Lour. gonggan originated locally from Sihui through the natural hybridization of orange and
tangerine. Although such breeds have been biologically classified and named according to their morphological
features, their classification status differs greatly because different scholars may have different systematic
classification methods for citrus plants. For example, C. nobilis Lour. gonggan is sometimes named as Sinocitrus
suhuiensis, Mandarin breed of Sinocitrus Tseng, or Citrus nobilis breed of Sinocitrus Tseng (Ji, 2011). Thus,
some breeds may have different morphological characteristics but very close genetic relationships. The status
classification of the citrus plants in Zhaoqing should be explicitly defined using modern classification
technologies to establish a theoretical basis for further research. Simple sequence repeat (SSR) markers are
widely used in scientific fields such as genetic diversity analysis, germplasm identification, genetic map
construction, and gene mapping because of their advantages, including high polymorphism, co-dominance,
reliability, and repeatability. A certain amount of SSR primers developed in the gene complexes of citrus plants
was adopted by many scholars in genetic diversity studies of lemon, pomelo, and fortunella (Wang, 2010; Pang,
2003; Riaz, 2003; Maria, 2003; Kijias, 1997).

In recent years, the author of the present article has studied the citrus breeds in Zhaoqing by covering the
following aspects: random amplified polymorphic DNA (RAPD) marking technique, chloroplast gene, isozyme,
quality analysis, nutrition test, breeding of new breeds, history, culture, and so on (Ji, 2007, 2010, 2011, 2012).
Furthermore, research results have established a certain theoretical basis for related studies on the breed
identification, fine breed selection, genetic relationship, and classification of these local citrus breeds. In the
research of C. nobilis Lour. gonggan’s origin, consistencies in the molecular and morphological evidence about
C. nobilis Lour. gonggan’s classification status were studied using the RAPD molecular marker method. The
possible female parent of C. nobilis Lour. gonggan—C. haniana Hort. ex Tseng Sihuihanggan was identified
through RAPD and chloroplast tRNA-Leu(trnL) gene evidence. Consequently, a new breed of seedless C. nobilis
Lour. gonggan was developed. Accordingly, this article aims to discuss the genetic relationship and origin of
various citrus breeds and related plant species using the SSR marker method. SSR primers were selected to
analyze local citrus, Sinocitrus, or other plants with very close genetic relationships. The results of the present
study may provide solid supporting evidence for their classifications and breeding work.

2. Samples and Testing Methods
2.1 Samples Tested

Thirty test samples are prepared (Table 1), including Citrus (28 samples), Poncitrus (1 sample), and Atalantia (1
sample, used as out-group). Breeds 1-20 and 36 are collected from Pomology Research Institute, Guangdong
Academy of Agricultural Sciences. Breeds 21-35 are collected from Pomology Research Institute, Zhaoqing
College. Among these breeds, C. flamea Hort. ex Tseng Mashiju, C. haniana Hort. ex Tseng Sihuihanggan, C.
haniana Hort. ex Tseng Sihuigan, C. flamea Hort. ex Tseng bayueju, C. flamea Hort. ex Tseng shiyueju(Big fruit
shape), C. flamea Hort. ex Tseng shiyueju (Seedless), and Citrus sinensis osbeck Lanhuacheng No.4 are the
citrus breeds present in the local plantation history. Currently, C. nobilis Lour. gonggan and C. flamea Hort. ex
Tseng shiyueju(Seedless) are the dominant breeds planted in this region. The scientific names used in “Chinese
Fruit Species: Citrus (Zhou, 2009)” are adopted for all the test materials.

2.2 Selection of SSR Primers

The primers described in References Riaz (2003), Maria-Teresa (2003), and Kijias (1997) are referred to, and 34
pairs of SSR primers are screened out (Table 2), which are synthesized by Shanghai Bioengineering Co., LTD.
Breeds C. grandis (L.) Osbeck (hongroumiyou), Poncirus trifoliata (L.) Raf, C. limon (L.) Burm. f.
Youlikeningmeng (Eureka Lemon), C. sinensis Osbeck Niuheerqicheng (Newhall Navel Orange), C. nobilis Lour.
gonggan, and Atalantia buxifolia (Poir.) Oliv. are selected to screen out the SSR primers further. A total of 13
primer pairs with high polymorphism are selected from the 34 pairs of SSR for the tests. The codes of primer
sequence with polymorphism are CTTO1, TAA1S5, SS18, TAA1, SS16, CSSR036, CMS30, CAC19, CMS24,
CMS14, CMS21, TAA3, CMS20.
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The amplification product is tested in 1XTBE buffer solution using 1.5% agarose gel electrophoresis.

Table 1. The name of samples tested

NO.  Latin or English name
Citrus grandis (L.)Osbeck(kekouyou)
Citrus tangerina Tanaka(jiangxihongju)

Citrus grandis (L.)Osbeck(hongroumiyou)

Poncirus trifoliata (L.) Raf

Citrus limon (L.) Burm.f-Youlikeningmeng(Eureka Lemon)
Citrus sinensis Osbeck Niuheerqicheng(Newhall Navel Orange)
Gongneiyiyuan(Miyauchi Iyokan)

Citrus reticulata Blanco xinshengxi NO.3penggan

O© 0 0 N L A W N~

Moketeju (Murcutt tangerine)

—_
(=]

Citrus nobilis Lour.Nangan No.20

[
—_—

Qiuhuijuyou(Fallglo Tangelo)
Citrus reticulata Blanco No.830
Nowajuyou(Nova tangelo)

_— = =
W

Citrus sinensis Osbeck Qingjiaqgicheng(Seike Navel orange)

—
V)]

Citrus sinensis Osbeck Fulingxiacheng

(Valencia Orange)

16 Citrus nobilis Lour. Xingjinwenzhoumigan(okitsu wase)
17 Citrus sinensis osbeck tangcheng

18 Citrus sinensis osbeck hongjiangcheng

19 Citrus grandis(L.)osbeck shatianyou

20 Citrus haniana Hort. ex Tseng Nianju

21 Citrus junons Sieb .ex . Tanaka

22 Citrus flamea Hort. ex Tseng Mashiju

23 Citrus haniana Hort. ex Tseng Sihuihanggan

24 Citrus haniana Hort. ex Tseng Sihuigan

25 Citrus nobilis Lour. gonggan

26 Citrus flamea Hort. ex Tseng bayueju

27 Citrus flamea Hort. ex Tseng shiyueju(Big fruit shape)
28 Citrus flamea Hort. ex Tseng shiyueju(Seedless)

29 Citrus sinensis osbeck Lanhuacheng No.4

30  Atalantia buxifolia (Poir.) Oliv.

2.3 SSR Test and Its Amplification Products

Modified CTAB (hexadecy! trimethyl ammonium bromide) method (Ji, 2011; Clark, 1998) is used to abstract the
genomes and total DNA. The purity and density of the DNA are determined using 1% agarose gel
electrophoresis and micro-spectrophotometer. The DNA sample (100 ng) is collected as the PCR template
according to the DNA density.

The PCR mix serves as the Hotstart system. The PCR reaction system includes:
DNA 100 ng.

MgCl, 2.75mmol-L™".

upstream primer/downstream primer 0.2 umol L™ separately.

dNTP 0.2 pmol-L™.

Taq polymerase 0.1 U.

The PCR reaction procedures are as follows:

104



www.ccsenet.org/jas

Journal of Agricultural Science Vol. 4, No. 11; 2012

35 circles.

® Storage at 4 °C.
2.4 Band Analysis

Pre-denaturation at 94 °C for 5 min.
Denaturation at 94 °C for 1 min.
Annealing at 53 °C for 1 min.

Stretching at 72 °C for 1 min.

Stretching at 72 °C for 10 min after the circulation.

The numbers of the DNA amplification and polymorphism bands of the tested samples are recorded according to
the existence of the SSR amplification bands to build up 1.0-type database. Cluster analysis is performed using
UPGMA, and a cluster tree is built using the NTSYSpc2.1 analysis software. Meanwhile, the genetic similarity

coefficient is calculated.

Table 2. SSR primer pairs of citrus for this paper study

No primer

Forward primers(5’— 3°)

Reverse primers(5’— 3°)

10

11

12

13

14

15

TAALI

CMS46

CMS31

CMS8

CMS47

CMS45

CSSR038

CSSR036

CSSRO050

CSSR052

SS17

SS16

CSSRO051

SS18

SS2

GACAACATCAACAACAGCAAGAGC
AAGAAGAAGAGCCCCCATTAGC
TCAAACATCAGACGAAGCAA
TGAATCTTTTGCCGAATTTTG
CGTGCAGAGAAACTCAGATCC
GCTGAAAAAGATTCATTTTGCC
CCAAACATCTGCGGATCC
AGAAGAACCCAGATTCCAAATG
GGATCCTCCACCATCTCGTA
TTCTTCTTCCATGCCGACTT
CGACCACTCCACCTACGATG
GCCGTTAATTCCTGCTTTCA
GCTCCTCGAATGAGAATGAAATGA
TGGTTGTGCGAAAATGAAGAGATA
AAAAATCGAAATCGAGCACCC
GAAGTAACGGAGAATTCCGATGAG
TTCACCACAAACGAAGACTCAGAC
CTGTAATCCACTCGGTAATCCGAC
CGAAGAAGAATTGAAAGAGCCAGA
CAACAGATTTGTTACTGGAAGGGG
TTCATTTGGAACAAAACCCAATTC3
GCTGCTAATCACAGCATCAAGAGA
AGTGAACTGTCCATTGGATTTTCG
GTGTTGAATCCCGACCTTCTACC
TAGGTTCTCTTTCAACCCCCTTTC
CTGCTTCGGCTGTAATTGTGATT
CCTCAGCTCTAGCAAAAGCACATT
AGAGGCTATAGATCGTGGATGCAG
TTTATTCACCGCTCAAGGACT
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TTAGGGGTGGAAAACATGGA
16 CSSR020 ACATTCGCATTCTCCACT

TTTGTCTCATCACCTTCG
17 SS15 GCTTTCGATCCCTCCACATA

GATCCCTACAATCCTTGGTCC
18 CSSRO15 ATACGATGCGTGAACTGC
TACCTTTCTTTCTCCTCTGT
19 AGl4 AAAGGGAAAGCCCTAATCTCA
CTTCCTCTTGCGGAGTGTTC
20 CATO1 GCTTTCGATCCCTCCACATA
GATCCCTACAATCCTTGGTCC
21 CCTO01 TCAACACCTCGAACAGAAGG

CCCACATGCTAGCACAAAGA

22 TAAS2 GATCTTGACTGAACTTAAAG
ATGTATTGTGTTGATAACG

23 cAGGY AATGCTGAAGATAATCCGCG
TGCCTTGCTCTCCACTCC

24 CACI19 ACAACCTTCAACAAAACCTAGG
AAGACTTGGTGCGACAGG

25 CMS30 AACACCCCTTGGAGGGAG
GCTGTTCACACACACAACCC

26 CMS24 TTATTGTCCCCAATTGTGAGC
TCCAGATTGAGGGGAAAAAG

27 CMS21 TAGGCCAAATCTTATTCATGCC
TCAGGGTCATAAGGAATGGC

28 CMSI14 TGGCTTCTCTTCTACTAGAACGG
ACGCCACGTAAGCAATAACC

29 CMS7 CAGGATGCTTGTTGGTGATG
ACAGTGGATACAAACATGCTGC
30 CACIs TAAATCTCCACTCTGCAAAAGC
GATAGGAAGCGTCGTAGACCC
31 CMSI0 TATGGTGGCAGATTAACAGCC
TACTCCGGAGAAAGATTTGGG
32 CMS20 GGAGCATATAAGCATAAACACC
AGGAAAACGCATAAACCGTG
33  TAA3 AGAGAAGAAACATTTGCGGAGC
GAGATGGGACTTGGTTCATCACG
34  TAAA45 GCACCTTTTATACCTGACTCGG
TTCAGCATTTGAGTTGGTTACG

3. Result Analysis
3.1 The DNA’s SSR Amplification Results of the Tested Samples

All 13 primer pairs are amplified with an appearance of clear polymorphism bands (Figure 1). The amplification
band number differs from primer to primer, ranging from 2 to 16 (polymorphism band number: minimum of 2
and maximum of 16). Among all the selected primers, CAC19, CMS30, TAA1, TAA1S, and CTTO1 have more
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amplification and polymorphism bands than the others. A total of 83 bands containing 83 polymorphism bands
are amplified. Each primer has an average of 6.4 polymorphism bands. The average polymorphism is 100%.
Regarding the local citrus breeds in Zhaoqing, 36, 33, 36, 28, 29, 34, 30, and 29 bands are amplified for C.
flamea Hort. ex Tseng Mashiju, C. haniana Hort. ex Tseng Sihuihanggan, C. haniana Hort. ex Tseng Sihuigan, C.
nobilis Lour. gonggan, C. flamea Hort. ex Tseng bayueju, C. flamea Hort. ex Tseng shiyueju (Big fruit shape), C.
flamea Hort. ex Tseng shiyueju (Seedless), and C. sinensis osbeck Lanhuacheng No.4, respectively.

15 16 17 18 19 20 21 2 23 24 25 W2 n 12 3 4 5 6 7.8 9 101 121318

=
|
-
-
-
-

Figure 1. Amplification results of 30 materials with CTTO1 primer
Note: M1: 1 Kb Marker; M2: 100 bp Marker; Nos. 1 to 30 are the test materials, see Table 1.

3.2 Cluster Analysis of the Tested Samples
Cluster analysis of the 1.0 data of all the bands is performed using UPGMA to build a cluster tree (Figure 2).
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Figure 2. Dendrogram for the 30 materials derived from cluster analysis of SSR data
Nos. 1 to 30 are the test materials, see Table 1.

All the tested samples can be accurately classified as citrus, poncitrus, or atalantia using genetic similarity
coefficient 0.7 as the criteria (Table 3). The 28 samples classified as citrus using genetic similarity coefficient
0.76 as the criteria can be further divided into six groups:

Group 1: C. grandis (L.) Osbeck (kekouyou), C. grandis (L.) Osbeck (hongroumiyou), C. grandis (L.) osbeck
shatianyou.
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Group 2: Moketeju (Murcutt tangerine), C. nobilis Lour.Nangan No. 20.

Group 3: Gongneiyiyuan (Miyauchi Iyokan), C. sinensis Osbeck Qingjiagicheng (Seike Navel orange), C.
sinensis Osbeck Fulingxiacheng (Valencia Orange), C. sinensis osbeck tangcheng, C. sinensis osbeck
hongjiangcheng.

Group 4: C. tangerina Tanaka (jiangxihongju), Gongneiyiyuan (Miyauchi Iyokan), C. reticulata Blanco
xinshengxi NO. 3 penggan, Qiuhuijuyou (Fallglo Tangelo), C. reticulata Blanco No.830, Nowajuyou (Nova
tangelo).

Group 5: C. nobilis Lour. Xingjinwenzhoumigan (okitsu wase), C. haniana Hort. ex Tseng Nianju, C. junons
Sieb .ex . Tanaka, C. flamea Hort. ex Tseng Mashiju, C. haniana Hort. ex Tseng Sihuihanggan, C. haniana Hort.
ex Tseng Sihuigan, C. nobilis Lour. gonggan, C. flamea Hort. ex Tseng bayueju, C. flamea Hort. ex Tseng
shiyueju (Big fruit shape), C. flamea Hort. ex Tseng shiyueju (Seedless), C. sinensis osbeck Lanhuacheng No. 4.

Group 6: C. limon (L.) Burm.f.Youlikeningmeng (Eureka Lemon).

Mandarin, tangerine, orange, lemon, and pomelo can then be differentiated from one another. These results
comparatively match with traditional botanical classifications. In Group 4, C. reticulata Blanco xinshengxi NO.
3 penggan and C. reticulata Blanco No. 830 are clustered into one category (0.93). According to the genetic
similarity coefficient (Table 3), all the other citrus breeds (except C. nobilis Lour. Xingjinwenzhoumigan (ckitsu
wase) and C. junons Sieb .ex. Tanaka in Group 5) are the unique ones from Guangdong Province with very close
genetic relationships in Group 5. Among these breeds, C. haniana Hort. ex Tseng Sihuihanggan and C. nobilis
Lour. gonggan (0.92), C. flamea Hort. ex Tseng Mashiju and C. haniana Hort. ex Tseng Sihuigan (1.00), and C.
flamea Hort. ex Tseng shiyueju (Big fruit shape) and C. flamea Hort. ex Tseng shiyueju (Seedless) (0.95) are
separately clustered into one category.

Table 3. Coefficient of genetic similarity of 30 materials

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 24 25 26 27 28 29 30
1.00

077 1.00

082 076 1.00

069 072 072 1.00

070 073 078 067 100

078 075 072 061 067 100

077 083 073 063 071 080 100

075 086 071 067 064 080 09 100

080 076 078 075 078 077 076 078 1.00

078 077 077 073 075 076 077 077 084 100

075 078 076 072 069 070 076 083 076 077 1.00

077 086 073 072 071 077 08 093 078 080 086 100

078 082 077 071 075 076 084 084 082 078 08 087 100

080 081 073 072 073 082 076 076 081 08 076 081 080 100

081 077 077 066 077 083 077 072 077 073 072 080 078 087 1.00

078 070 077 071 077 066 072 065 075 083 070 072 073 072 078 100

081 077 077 066 077 083 077 072 077 073 072 080 078 087 100 078 1.00

082 078 078 065 078 080 078 071 073 072 073 078 077 083 09 080 096 1.00

081 075 084 071 08 069 072 070 08 076 072 070 076 075 081 081 081 080 100

080 078 071 065 069 070 078 076 071 070 076 078 072 071 082 080 082 083 080 1.00

078 075 070 071 077 066 075 070 077 081 072 075 076 077 076 083 076 077 083 080 100

071 075 063 066 070 064 075 072 077 071 072 077 076 075 076 076 076 075 078 082 086 100

077 081 069 070 073 067 076 073 076 075 069 078 077 078 077 070 077 078 082 078 082 082 100

071 075 063 066 070 064 075 072 077 071 072 077 076 075 076 076 076 075 078 082 08 100 08 100

076 082 072 069 077 066 077 075 075 073 070 077 073 077 078 073 078 080 08 080 083 083 092 083 100

070 076 069 070 078 063 069 069 073 075 069 073 075 073 070 075 070 071 080 073 084 084 08 084 087 100

071 075 067 071 075 066 070 072 077 076 072 077 073 075 073 073 073 072 081 077 083 083 08 083 081 08 100

071 077 067 073 075 064 070 072 075 076 072 077 073 077 073 076 073 072 08l 077 08 08 08 08 083 094 095 100
070 078 073 075 076 067 073 071 081 077 069 076 075 08 08 077 08 076 08 071 08 08 076 080 08 083 08 087 100
069 067 065 071 067 061 063 065 070 066 067 067 066 067 064 061 064 060 073 060 069 064 067 064 069 067 071 069 072 1.00

Note: Nos. 1 to 30 are the test materials, see table 1.

4. Discussions

The SSR amplification results show that the positive rate of polymorphism is 100%. The amplification bands
generated by different samples tested with different primers vary greatly. The genetic similarity coefficient is
between 0.60 and 1.00, which shows a wide genetic backgroup of the selected test samples. A total of 83
amplification bands are found. Each pair of primer has an average of 6.4 bands, showing a comparatively high
richness. The clustering results show that the SSR molecular marker technique can reveal genetic diversity and
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differentiate citrus, poncitrus, and atalantia from one another. This technique can also further divide citrus into
different groups, including mandarin, tangerine, orange, lemon, and pomelo. The results are basically in
accordance with traditional botanical classifications. Two different strains (C. reticulata Blanco No. 830 and
Citrus reticulata Blanco xinshengxi NO. 3 penggan) of Citrus reticulata Blanco are clustered into one category
(0.93) and are used as test samples. These two strains can be clearly differentiated from each other. Meanwhile,
the different bud mutation strains (C. flamea Hort. ex Tseng shiyueju (Big fruit shape) and C. flamea Hort. ex
Tseng shiyueju (Seedless)) of C. flamea Hort. ex Tseng shiyueju are also used as test samples. These strains are
also clustered into one category (0.95) and can be clearly differentiated from each other. This method is proven
to be effective in identifying citrus species, breeds, and strains.

The citrus breeds planted in Zhaoqing mainly originated from Sihui. According to the subspecies classification
system proposed by Tanaka (1969, 1977), the citrus plants originated from Sihui are categorized into one species
(species in classification) named as “C. suhuiensis Hort. ex Tanaka.” This species is also pointed out to be
distributed in Guangdong Sihui to Guangzhou and Hainan Island, China. Zeng (1960) also classified citrus plants
from Sihui into a species called C. suhuiensis (Tanaka), including C. haniana Hort. ex Tseng Sihuihanggan, C.
haniana Hort. ex Tseng Sihuigan, and C. nobilis Lour. gonggan. These results imply the important position of the
different citrus breeds in Sihui. According to the results of genetic similarity analysis using the SSR molecular
marker technique, various citrus breeds planted in Sihui have a comparatively close genetic relationship and can
be classified into one category with C. nobilis Lour xingjinwenzhoumigan (okitsu wase). However, this category
also includes oranges C. junons Sieb .ex. Tanaka and C. sinensis osbeck Lanhuacheng No.4 (Rootstock).
Therefore, the genetic relationship between C. sinensis osbeck Lanhuacheng No. 4, which originated from Sihui,
and other local citrus plants should be studied in the future.

According to past studies carried out by the author of this article, Zhou (2009)’s viewpoint is supported by the
PAPD molecular marker technique. In addition, C. nobilis Lour. gonggan is confirmed to be a breed of
Sinocitrus Tseng Macroacrumen C. nobilis. C. nobilis jiaogan and C. nobilis wenzhoumigan are also classified
as C. nobilis. Studies on the chloroplast gene tmL speculated that C. nobilis Lour. gonggan is a natural hybrid
species, with C. haniana Hort. ex Tseng Sihuihanggan being its female parent. In this article, C. haniana Hort.
ex Tseng Sihuihanggan and C. nobilis Lour. gonggan are classified into one category, and C. haniana Hort. ex
Tseng Sihuihanggan is ascertained to be the female parent of C. nobilis Lour. gonggan by #mL and SSR evidence.

Sihui has been a very important trade center from ancient times to the present. Consequently, it serves as the
main hub for citrus breeds to be introduced from one place to another. Countless citrus breeds introduced from
other places, together with the locally originated ones, have formed a huge resource pool of citrus genes.
Different breeds have been generated in different periods through natural hybridization, bud mutation, and so on.
However, most of the new breeds generated (including C. nobilis Lour. gonggan and C. flamea Hort. ex Tseng
shiyueju (Seedless)) are only traditional farm types without any modern methods of breeding and cultivation.
Thus, many citrus trees produced through the reproduction method of air layering still exist in some old orchards.
These casual operations of breeding and plantations are considered as one of the main reasons why some citrus
gene resources in Sihui have been lost forever. In the 1990s, C. haniana Hort. ex Tseng Sihuihanggan was a
planted breed. This breed was replaced with some other breeds because it cannot cater for the taste of modern
people, causing it to be on the verge of extinction. For example, C. nobilis Lour. gonggan and C. flamea Hort. ex
Tseng shiyueju (Seedless) are currently planted breeds with different shapes. However, the analysis results of
PAPD, trnL, and SSR suggest that their very close genetic relationships are worthy of further studies.
Furthermore, they have shown great differences in the resistance to citrus vein phloem degeneration as well as to
anthracnose. Thus, each of them has special advantages. The abundant citrus gene resources in Sihui County can
be used not only as excellent materials for breeding new breeds, but also as suitable resources for related genetic
studies (Ji, 2011).

5. Conclusions

(1) The polymorphism positive rate of SSR molecular marking is high, with over 100% polymorphic bands. The
cluster analysis UPGMA in polymorphic bands can effectively differentiate the species, breeds, and even strains
of citrus, poncitrus, and atalantia correa. Thus, using SSR molecular marker techniques can adapt to the
classification of the status research of Zhaoqing local citrus germplasm resources.

(2) The cluster analysis result shows that a close genetic relationship exists among Zhaoqing local citrus breeds.
Historical background research suggests that these citrus species have different species because natural
hybridization leads to the exchange of genetic materials or because the reservation of bud mutation leads to the
formation of different species with similar genetic background.
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(3) The parent of citrus species with an unidentified parental origin cannot be identified using only one marking
technique. Morphological and molecular identification techniques should be combined to provide sufficient
evidence. Furthermore, the results of PAPD, SSR, chloroplast gene #nL, and morphology show that the female
parent of C. nobilis Lour. gonggan is C. haniana Hort. ex Tseng Sihuihanggan.

(4) Being an important citrus natural resource library of Guangdong Province, the citrus plants of Zhaoqing Sihui
are worthy of germplasm resource collection, preservation, research and redevelopment, and utilization.

References
Clark, M. S. (1998). Plant Molecular Biology-A labortory Manual. Heidelberg: Springer-Verlag, Science Press.

Kijas, J. M. H., Thomas, M. R., & Fowler, J. C. S. (1997). Integration of trinucleotide microsatellites into a
linkage map of Citrus. Theor Appl Genet, 94, 701-706. http://dx.doi.org/10.1007/s001220050468

Ji, Q. H,, & Guo Y. J. (2011). China Gonggan (Citrus nobilis Lour. ‘Gonggan’). Bei jing, Science press.

Ji, Q. H,, Guo, Y. J., & Li, Z. F. (2011). Pre laminary study on purity Identification for local citrus variety by
Using Molecular Method. South china Fruits, 40(3), 6-11.

Ji, Q. H., Guo, Y. J., & Liang, G. J. (2007). An analysis of Isoenzymes in relation to fruit quality of Gonggan
(Citrus reticulata Blanco var. gonggan). Journal Sichuan Agriculture University, 25(4), 425-430.

Ji, Q. H., Guo, Y. J., & Zhou, X. Q. (2012).A genetic background research on Citrus nobilis Lour. ‘Gonggan’
based on the chloroplast trnLL gene. Genetic and Molecular Research (accepted).

Ji, Q. H., Guo, Y. J., &Yao, J. M. (2010). Study on leaf mineral nutrient and its effect on fruit quality of Gonggan.
Southwest China Journal of Agriculture Sciences, 23(3), 786-790.

Ji, Q. H., Zeng, J. W., & Guo, Y. J. (2011). Using optimized random amplified polymorphic DNA (RAPD)
marker to identify the category status of Citrus nobilis Gonggan. African Journal of Biotechnology, 10(64),
13982-13990.

Pang, X. M., Hu, C. G., & Deng, X. X. (2003). Phylogenetic relationships among citrua and its relatives as
revealed by SSR markers. Acta Genetica, 30(1), 81-87.

Riaz, A., Darushi, S., & Stephen, M. S. (2003). Development and characterization of microsatellite markers in
Citrus. J. Amer. Soc. Hort. Sci, 128(4), 584-590.

Scarano, M. T., Nicasio, T., & Loredana, A. (2003). Flow cytometry, SSR and modified AFLP markers for the
identification of zygotic plantlets in backcrosses between ‘Femminello’ lemon cybrids (2n and 4n) and a
diploid clone of ‘Femminello’ lemon (Citrus limon L. Burm. F.) tolerant to mal secco disease. Plant Science,
164, 1009-1017. http://dx.doi.org/10.1016/S0168-9452(03)00088-8

Tanaka, T. (1969). Misundrstanding with regards Citrus classification and nomeclature. Bulletin of University of
Osaka Prefecture.Ser. B, 21, 139-145.

Tanaka, T. (1977). Fundamental discussion of Citrus classification. Studia Citrologica, 14, 1-6.

Wang, F. S., & Jiang, D. (2010). Studies on Genetic Background of important germplasm resources among citrus
Based on cpssR and EST-SSR Marker. Journal of Horticulture(china), 37(3), 465-474.

Zeng, M. (1960). Understanding of the classification of citrus experience and sort comments. China Fruits, 2,
31-37.

Zhou, K. L., & Ye, Y. M. (2009). China fruit notes -Citrus research. Beijing: China forestry publishing house.

110




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


