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a few have been domesticated. Pyrus communis (common 
pear) is a major cultivated Occidental pear species, while 
there are several cultivated Oriental pear species or types 
(Teng and Tanabe, 2004). The most commonly cultivated 
Asian pears are P. ussuriensis Maxim., P. sinkiangensis T.T.Yu, 
and P. pyrifolia Nakai. According to their geographic distri-
bution, cultivated P. pyrifolia is subdivided as Chinese white 
pear, Chinese sand pear, and Japanese pear (Teng et al., 2002; 
Teng and Tanabe, 2004).

Chinese white pear cultivars, which are widely cultivated 
in northern China, have long been mistakenly considered to 
be P. bretschneideri Rehd. Several studies involving different 
DNA markers have confirmed that Chinese white pear is ge-
netically similar to Chinese sand pear (Kimura et al., 2002; 
Teng et al., 2002; Bao et al., 2007, 2008; Tian et al., 2012; 
Liu et al., 2015; Jiang et al., 2015, 2016). Therefore, a revised 
nomenclature has been proposed for Chinese white pear 
(i.e., P. pyrifolia White Pear Group) (Bao et al., 2008). Japa-
nese pears and Chinese sand pears originated in Japan and 
southern China, respectively, and exhibit many similar mor-
phological characteristics. Although Japanese pears and Chi-
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 Summary
Pyrus ussuriensis Maxim. cultivars have long been 

considered to be directly derived from wild P. us-
suriensis, which is distributed in northeastern Chi-
na. However, recent studies have revealed that P. us-
suriensis cultivars are similar to Pyrus pyrifolia, which 
is extensively cultivated in China. To clarify the origin 
of cultivated P. ussuriensis, 12 primers of retrotrans-
poson-based sequence-specific amplification poly-
morphism marker were used to analyze the genetic 
relationships among 92 Pyrus accessions, including 
cultivated P. pyrifolia, cultivated and wild P. ussurien-
sis, and a few Occidental species. We obtained 1,143 
scorable fragments using 12 primer combinations, of 
which 871 were polymorphic (i.e., 76.20%). A dendro-
gram produced using Dice similarity coefficients and 
the unweighted pair group method with arithmetic 
mean indicated that wild and cultivated P. ussurien-
sis form a group parallel to the P. pyrifolia group, in 
which a few P. ussuriensis cultivars are scattered 
and further divided into independent subgroups. A 
Bayesian model-based analysis of population struc-
tures revealed that P. ussuriensis cultivars consist of 
two major genepools, with one originating from wild 
P. ussuriensis and the other from cultivated P. pyrifo-
lia. Our results suggest that cultivated P. ussuriensis 
originated from an interspecific hybridization be-
tween P. ussuriensis and P. pyrifolia. Our findings not 
only provide new insights into the origin of cultivated 
P. ussuriensis, but may contribute to the improvement 
of P. ussuriensis cultivars.
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Significance of this study
What is already known on this subject?
• Pyrus ussuriensis cultivars were believed to have 

been domesticated directly from wild P. ussuriensis. 
However, recent DNA marker-based studies indicated 
there is some genetic diversity between wild and 
cultivated P. ussuriensis, and cultivated Ussurian pears 
are similar to P. pyrifolia cultivars.

What are the new findings?
• A few P. ussuriensis cultivars are scattered in the 

P. pyrifolia group, and the majority of wild and 
cultivated P. ussuriensis are clustered independently. 
Additionally, P. ussuriensis cultivars are composed 
of two genepools, with one derived from wild 
P. ussuriensis and the other from P. pyrifolia.

What is the expected impact on horticulture?
• Our results suggest that P. ussuriensis cultivars 

originated from interspecific hybridizations between 
wild P. ussuriensis and P. pyrifolia cultivars. Therefore, 
extra-Ussurian pear germplasm should be used to 
improve P. ussuriensis cultivars in pear breeding 
programs. 

Introduction
Pears (Pyrus spp.) are one of the most important fruits 

produced in temperate regions worldwide. The genus Pyrus 
consists of more than 30 species (Rubtsov, 1944), and be-
longs to the subtribe Malinae of the tribe Maleae in the sub-
family Amygdaloideae of the family Rosaceae (Potter et al., 
2007). Pyrus species are divided into two native groups (i.e., 
Occidental and Oriental pears) based on their geographic 
distribution (Bailey, 1917). Among wild Pyrus species, only 
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nese sand pears are relatively independent in dendrograms 
generated from DNA marker data (Kimura et al., 2002; Teng 
et al., 2002; Bao et al., 2008), they are treated as the same 
P. pyrifolia germplasm. Additionally, P. sinkiangensis culti-
vars originated from hybridizations between P. pyrifolia and 
P. communis (Teng et al., 2001). 

Wild P. ussuriensis is native to northeastern China, far 
eastern Russia, northern parts of the Korean Peninsula, and 
the northeastern part of the main island of Japan (Kataya-
ma et al., 2016; Wuyun et al., 2013; Yu et al., 1974). Ussurian 
pears are commercially cultivated in northeastern China and 
some parts of northern China. Unlike the large P. pyrifolia 
fruits, which are eaten when they are firm and crisp right af-
ter harvest or storage, P. ussuriensis fruits are small (approx-
imately 100 g) and require a ripening process to become soft 
and edible with an intense aroma (Li et al., 2013).

Based on morphological characteristics and geographi-
cal distribution, cultivated Ussurian pears were considered 
to be directly derived from wild P. ussuriensis (Pu and Wang, 
1963). However, studies on the genetic relationships among 
Pyrus species revealed that P. ussuriensis cultivars are associ-
ated with Chinese sand and white pears (Kimura et al., 2002; 
Bao et al., 2008; Jiang et al., 2015). Although these studies did 
not include wild P. ussuriensis accessions, the results suggest 
the genetic background of cultivated Ussurian pears is com-
plex. Using simple sequence repeat (SSR) markers, Iketani et 
al. (2012) observed that the genetic structure of wild P. us-
suriensis is different from that of cultivated P. ussuriensis, and 
the latter is genetically much closer to Chinese white pear 
cultivars. They suggested that P. ussuriensis should be con-
fined to wild populations. However, they mislabeled some 
Chinese white pear cultivars as Ussurian pear cultivars, and 
included very few wild samples from China, which likely 
affected the accuracy of their results and conclusions. Two 
major groups of cultivated and wild P. ussuriensis were iden-
tified in another study (Cao et al., 2012). A recent SSR-based 
study involving samples from China and Japan that includ-
ed more primers than in previous investigations concluded 
that wild and cultivated P. ussuriensis species are genetically 
diverse (Katayama et al., 2016). Additionally, P. ussuriensis 
cultivars were determined to have more cpDNA haplotypes 
than wild P. ussuriensis (Wuyun et al., 2013). Based on long 
terminal repeat (LTR) retrotransposons, Jiang et al. (2016) 
developed 12 primers of sequence-specific amplification 
polymorphism (SSAP) markers to study the genetic diversity 
and relationships among Asian pears. They concluded that 
P. ussuriensis cultivars are composed of two major genepools, 
one of which is from P. pyrifolia, while the other is likely from 
wild P. ussuriensis. However, in that study, wild P. ussuriensis 
samples were not included. Therefore, a study including wild 
and cultivated P. ussuriensis lines is needed to clarify the ori-
gin of P. ussuriensis cultivars.

In this study, we included cultivars from the main Asian 
pear groups and wild P. ussuriensis. We used SSAP markers 
associated with retrotransposons covering the whole pear 
genome to evaluate the population structures and genetic 
relationships among Asian pears, and to reveal the origin of 
cultivated P. ussuriensis in China.

Materials and methods

Plant materials 
A total of 92 Pyrus accessions, including cultivated P.  

pyrifolia (Chinese white and sand pear groups), cultivated 
and wild P. ussuriensis, and three Occidental pear species 

were analyzed. Details regarding these samples are provided 
in Table 1.

DNA extraction 
A modified CTAB protocol was used to extract DNA from 

silica gel-dried young leaves collected from Pyrus accessions 
(Doyle and Doyle, 1987). The purified DNA was dissolved in 
TE buffer (Tris-HCl and EDTA, pH = 8.0). The DNA quality and 
quantity were assessed using 1% agarose gel electrophore-
sis and a BioSpectrometer (Eppendorf, Hamburg, Germany), 
respectively. The DNA samples were stored at -20°C for sub-
sequent analyses.

Sequence-specific amplification polymorphism analysis
We used 12 polymorphic primers that were designed by 

Jiang et al. (2016) based on the conserved LTRs of 10 Pyrus 
subfamilies (KF806690–KF806699). These primers (Table 
2) were used for the SSAP analysis, which was conducted ac-
cording to the method described by Jiang et al. (2016), with 
minor modifications. Briefly, genomic DNA (500 ng) was di-
gested with EcoRI and MseI (New England Biolabs, Ipswich, 
MA, USA) then ligated to EcoRI/MseI adapters with T4 DNA 
ligase (Takara, Dalian, China). The samples then underwent 
a pre-amplification step involving EcoRI and MseI primers. 
The pre-amplification products were diluted (1:10) with TE 
buffer and then used as templates for selective amplifica-
tions conducted with a combination of one LTR primer and 
one adapter-specific primer. The polymerase chain reaction 
(PCR) amplifications were completed in a 20-μL sample con-
sisting of 2 μL 10× PCR buffer, 200 μM dNTPs, 8 pmol tail 
primer, 2 pmol adapter-specific primer, 10 pmol LTR-specific 
primer, 1 U rTaq polymerase, and 1 μL pre-amplified DNA. 
The PCR conditions were as follows: 94°C for 5 min; 12 cycles 
of 94°C for 30 s, 65°C for 1 min, and 72°C for 1 min (the an-
nealing temperature decreased by 0.7°C per cycle); 24 cycles 
of 94°C for 30 s, 53°C for 1 min, and 72°C for 1 min; 10 min 
at 72°C. Amplicon sizes were determined using an internal 
size standard (GeneScan 500 LIZ; Applied Biosystems, Fos-
ter City, CA, USA). The amplified fragments were separated 
and detected using an ABI 3700XL Genetic Analyzer (Applied 
Biosystems). 

Data analysis
Data for all SSAP bands (70–500 bp) were exported from 

GeneMapper, version 4.0 (Applied Biosystems) to Microsoft 
Excel. We converted the data to a binary matrix indicating 
the presence or absence of specific fragments for all individ-
uals (“1” for present, “0” for absent). POPGENE, version 1.32 
(Yeh, 1997) was used to calculate the total number of bands, 
number of polymorphic bands, and percentage of polymor-
phic bands. 

To interpret the genetic relationships among Pyrus acces-
sions, a dendrogram was constructed using NTsys-pc based 
on Dice similarity coefficients and the unweighted pair group 
method with arithmetic mean (UPGMA) (Rohlf et al., 1998). 
The Bayesian model-based clustering program STRUCTURE 
2.3.3 (Pritchard et al., 2000) was used to analyze population 
structures and assign individuals or predefined groups to 
clusters according to the admixture model. The SSAP data 
were analyzed 10 times for each K value (i.e., 1–10; number 
of homogeneous genepools). We included 200,000 Mon-
te Carlo Markov Chain iterations after a burn-in period of 
200,000 iterations. The STRUCTURE 2.3.3 results were com-
pressed and uploaded to the STRUCTURE HARVESTER web-
site (http://taylor0.biology.ucla.edu/structureHarvester/) 
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to obtain the most likely K values. We used the CLUMPP and 
DISTRUCT programs to visualize the results (i.e., average of 
10 independent simulations).

Results

Characterization of retrotransposon-based sequence- 
specific amplification polymorphism markers

The 12 SSAP primer combinations produced 1,143 
scorable bands (70–500 bp) for the 92 analyzed accessions. 
Of these, 871 bands were polymorphic (i.e., 76.20%) (Table 

3). The Ppcr4/M-AAT and Ppcr3/M-AAC primer combina-
tions produced the highest (100%) and lowest (36.08%) 
proportions of polymorphic bands, respectively. 

Genetic relationships among Pyrus accessions 
A dendrogram consisting of all 92 analyzed Pyrus acces-

sions is presented in Figure 1. When the Dice similarity coef-
ficient was 0.48, the Occidental and Oriental pears clustered 
separately. Additionally, the dendrogram was divided into 
six major groups when the Dice similarity coefficient was 
0.56. All P. pyrifolia accessions fell into the Group I, except for 

Table 1-1. Details regarding the analyzed Pyrus species and cultivars.

Code Taxon1 Accession Origin Leaf source2

Chinese sand pear group
1 P. pyrifolia Nuodao Zhejiang, China WSGR
2 P. pyrifolia Rentouli Zhejiang, China WSGR
3 P. pyrifolia Jingxiqingpi Guangxi, China WSGR
4 P. pyrifolia Guanyangzaohe Guangxi, China WSGR
5 P. pyrifolia Hongshaobang Sichuan, China WSGR
6 P. pyrifolia Cangxixueli Sichuan, China CPGR
7 P. pyrifolia Fuyuanhuangli Yunnan, China CPGR
8 P. pyrifolia Xiongguhuoba2 Yunnan, China WSGR
9 P. pyrifolia Xiongguhuoba1 Yunnan, China WSGR
10 P. pyrifolia Haidong Yunnan, China WSGR
11 P. pyrifolia Baozhuli Yunnan, China WSGR
12 P. pyrifolia Zhenghedaxueli Fujian, China WSGR
13 P. pyrifolia Mandingxueli Fujian, China WSGR
14 P. pyrifolia Bingzili Fujian, China WSGR
15 P. pyrifolia Weiningdahuangli Guizhou, China CPGR
16 P. pyrifolia Xingyihaizi Guizhou, China CPGR

Chinese white pear group
17 P. pyrifolia Suli Anhui, China CPGR
18 P. pyrifolia Anhuixueli Anhui, China WSGR
19 P. pyrifolia Zisu Anhui, China CPGR
20 P. pyrifolia Jinli Shanxi, China CPGR 
21 P. pyrifolia Chuili Shanxi,China Shanxi
22 P. pyrifolia Ganzi Shanxi,China Shanxi
23 P. pyrifolia Gaopingdahuangli Shanxi, China Shanxi
24 P. pyrifolia Tieli Shanxi, China Shanxi
25 P. pyrifolia Daaoao Shandong, China CPGR
26 P. pyrifolia Qixiaxiaoxiangshui Shandong, China CPGR
27 P. pyrifolia Jinanxiaobai Shandong, China CPGR
28 P. pyrifolia Laiyangcili Shandong, China CPGR
29 P. pyrifolia Xiangchun Shanxi, China CPGR
30 P. pyrifolia Fengxianjitui Shanxi, China CPGR
31 P. pyrifolia Dadongguo Gansu, China GPI
32 P. pyrifolia Jingchuan Gansu, China CPGR
33 P. pyrifolia Lintaoxueli Gansu, China GPI
34 P. pyrifolia Gangubapanli Gansu, China GPI
35 P. pyrifolia Wudumaili Gansu, China GPI
36 P. pyrifolia Taojiazhuangfenhongxiao Gansu, China GPI
37 P. pyrifolia Wushanyanguohong Gansu, China GPI
38 P. pyrifolia Yali Hebei, China CPGR
39 P. pyrifolia Xuehuali Hebei, China CPGR
40 P. pyrifolia Qiubaili Hebei, China CPGR
41 P. pyrifolia Mili Hebei, China CPGR
42 P. pyrifolia Shuibaili Hebei, China CPGR
43 P. pyrifolia Fojianxi Hebei, China CPGR
44 P. pyrifolia Taihuang Hebei, China CPGR
45 P. pyrifolia Xinglongma Hebei, China CPGR
46 P. pyrifolia Fenhongxiao Liaoning, China CPGR
47 P. pyrifolia Jinchuizi Liaoning, China CPGR
48 P. pyrifolia Haichengcha Liaoning, China CPGR
49 P. pyrifolia Eli Liaoning, China WSGR
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Table 1-2. Details regarding the analyzed Pyrus species and cultivars (continued).

Code Taxon1 Accession Origin Leaf source2

Accessions of P. ussuriensis
50 P. ussuriensis Manyuanxiang Liaoning, China CPGR
51 P. ussuriensis Nanguoli Liaoning, China CPGR
52 P. ussuriensis Saozhoumiaozi Liaoning, China CPGR
53 P. ussuriensis Hongbalixiang Liaoning, China CPGR
54 P. ussuriensis Tianqiuzi Liaoning, China CPGR
55 P. ussuriensis Huagai Liaoning, China CPGR
56 P. ussuriensis Balixiang Liaoning, China CPGR 
57 P. ussuriensis Xingchengxiehuatian Liaoning, China CPGR
58 P. ussuriensis Qiuhuang Liaoning, China HAAS
59 P. ussuriensis Yanbiandajianba Liaoning, China HAAS
60 P. ussuriensis Daxiangshui Liaoning, China HAAS
61 P. ussuriensis Xiaoxiangshui Liaoning, China HAAS
62 P. ussuriensis Fujiahuoba Liaoning, China CPGR
63 P. ussuriensis Reqiuzi Liaoning, China CPGR
64 P. ussuriensis Longxiang Liaoning, China H445
65 P. ussuriensis Yaguang Hebei, China CPGR
66 P. ussuriensis Qingmian Hebei, China CPGR
67 P. ussuriensis Jingbaili Beijing, China CPGR
68 P. ussuriensis Ruanerli Gansu, China GPI
69 P. ussuriensis Jinxishanli Liaoning, China CPGR
70 P. ussuriensis Shanli24 Hebei, China CPGR
71 P. ussuriensis P. ussuriensis1 Heilongjiang, Chia HAAS
72 P. ussuriensis P. ussuriensis2 Jilin, China HAAS
73 P. ussuriensis P. ussuriensis3 Liaoning, China HAAS
74 P. ussuriensis P. ussuriensis4 Jilin, China HAAS
75 P. ussuriensis P. ussuriensis5 Heilongjiang, China HAAS
76 P. ussuriensis P. ussuriensis6 Heilongjiang, China HAAS
77 P. ussuriensis P. ussuriensis7 Jilin, China HAAS
78 P. ussuriensis P. ussuriensis8 Jilin, China HAAS
79 P. ussuriensis P. ussuriensis9 Jilin, China HAAS
80 P. ussuriensis P. ussuriensis10 Heilongjiang, China HAAS
81 P. ussuriensis P. ussuriensis11 Heilongjiang, China HAAS
82 P. ussuriensis P. ussuriensis12 Heilongjiang, China HAAS
83 P. ussuriensis P. ussuriensis13 Heilongjiang, China HAAS
84 P. ussuriensis P. ussuriensis14 Heilongjiang, China HAAS
85 P. ussuriensis P. ussuriensis15 Heilongjiang, China HAAS
86 P. ussuriensis P. ussuriensis16 Heilongjiang, China HAAS
87 P. ussuriensis P. ussuriensis17 Heilongjiang, China HAAS
88 P. ussuriensis P. ussuriensis18 Heilongjiang, China HAAS

Occidental pear species
89 P. cossonil P. cossonil 830 Uncertain NCGR
90 P. gharbiana P. gharbiana 789 Morocco NCGR
91 P. mamorensisi P. mamorensisi 834 Morocco NCGR
92 P. mamorensisi P. mamorensisi 841 Morocco NCGR

1 Classification of Chinese white and sand pears is based on a study by Bao et al. (2008).
2 WSGR: Wuhan Sand Pear Germplasm Repository, Wuhan, Hubei, China; CPGR: China Pear Germplasm Repository, Chinese Academy of 

Agricultural Sciences, Xingcheng, Liaoning, China; GPI: Gansu Pomology Institute, Gansu Academy of Agricultural Sciences, Lanzhou, Gansu, 
China; HAAS: Heilongjiang Academy of Agricultural Sciences, Harbin, Heilongjiang, China; NCGR: National Clonal Germplasm Repository, USA.

‘Zhenghedaxueli’ from Fujian province, which was present in 
Group III. Group I members were further divided into sub-
groups, with only a few cultivars clustering together accord-
ing to their geographic origin. Most wild and cultivated P. us-
suriensis accessions were clustered together in Group II, and 
were subdivided into two groups at a Dice coefficient of 0.61. 
Three P. ussuriensis cultivars (‘Jinxishanli’, ‘Qingmian’, and 
‘Ruanerli’) were not included in Group II, but were scattered 
in Group I instead. The well-known Ussurian pear cultivar 
‘Jingbaili’ was associated with Occidental and Oriental pears, 
and formed a single-cultivar group (Group IV). The P. ghar-
biana and P. mamorensisi Occidental species from northern 

Africa first clustered together in Group VI, and then further 
clustered with another Occidental species (i.e., P. cossonii).

Population genetic structures
We used the admixture model of STRUCTURE 2.3.3 to 

infer the population structures of Pyrus accessions. To esti-
mate the optimal number of genetic clusters in STRUCTURE 
2.3.3, we calculated ΔK values (Figure 2). The highest ΔK val-
ue was observed for K = 2, indicating that a model with two 
genepools captured a major split in the data. Barplots of the 
proportional allocations to each genepool at K = 2 and 3 are 
presented in Figure 3. At K = 2, all accessions were composed 
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of two genepools (Figure 3). Nearly all accessions of P. pyrifo-
lia were composed of one genepool (represented in red). The 
majority of wild P. ussuriensis consisted of another genepool 
(represented in green). Almost all P. ussuriensis cultivars and 
accessions of Occidental pears were composed of admixtures 
of two genepools.

The second highest ΔK value was observed at K = 4 (3.33), 
and was similar to that obtained at K = 3 (3.29). At K = 4, no 
additional clusters were detected and the bar plot diagrams 
were similar to those at K = 3. Therefore, only bar plot dia-
gram of the population structure at K = 3 were shown in 
this paper (Figure 3). At K = 3, the 92 accessions were clas-
sified into the following four groups: (1) Occidental pears 
composed of one gene pool (represented in green); (2) P.  
pyrifolia, including Chinese white and sand pears (dominated 
by a genepool represented in purple); (3) wild P. ussuriensis 
collected from northeastern China, with a relatively pure ge-
nepool shown in red; and (4) Ussurian pear cultivars mainly 
consisting of two major genepools (half purple derived from 
P. pyrifolia and half red from wild P. ussuriensis) (Figure 3). 

Discussion

Polymorphism of retrotransposon-based sequence- 
specific amplification polymorphism markers in 
Asian pears

Several DNA markers have been developed in recent 
years (Biswas et al., 2011; Katayama et al., 2016). Advances 
in various DNA marker techniques have improved the detec-
tion of genetic diversity and structure in plants (Bajpai et 
al., 2014; Kaczmarska et al., 2015; Wojnicka-Poltorak et al., 
2015). Retrotransposons are mobile genetic elements that 
are amplified through RNA intermediates, and in eukaryotes 
are classified as either LTR or non-LTR (Boeke and Corces, 
1989). The LTR retrotransposons are abundant in plant 
genomes, and are present at high copy numbers. Addition-
ally, they are widely distributed and highly heterogeneous. 
Therefore, they can serve as particularly useful markers for 
analyzing polymorphisms among individuals (Waugh et al., 
1997; Berenyi et al., 2002; He et al., 2012; Liang et al., 2015). 
Sequence-specific amplification polymorphism markers 
are the most popular LTR retrotransposon-based molecu-
lar markers, and have been used to study plants, including 
cashew (Syed et al., 2005), Vicia species (Sanz et al., 2007), 
rye (Bolibok-Brągoszewska et al., 2012), and super sweet 
corn (Ko et al., 2016). In Pyrus species, retrotransposons ac-
count for 42.4% of the genome, and retrotransposon-based 
insertion polymorphism and retrotransposon-based SSAP 
markers have been developed (Jiang et al., 2015, 2016). In 
the present study, SSAP markers were used to reveal the 
genetic relationships among the main Asian pear cultivar 
groups. We generated a lower proportion of polymorphic 
bands (76.20%) than in our previous studies using the same 
SSAP primers (98.80%) (Jiang et al., 2016) or AFLP markers 
(89%) (Bao et al., 2008). This result may have been because 
the samples in the current study were less genetically di-
verse. Because of their low production costs and the relative 
simplicity of screening genomes with markers, SSAP mark-
ers may be more widely used in future investigations of pop-
ulation structures and genetic relationships in Pyrus species.

Genetic relationships among Pyrus species and cultivars
A total of 92 Pyrus accessions mainly consisting of Chi-

nese white and sand pear cultivars, Ussurian pear cultivars, 
wild P. ussuriensis, and four accessions of three Occidental 
pear species were analyzed using retrotransposon-based 
SSAP markers. The generated dendrogram and STRUCTURE 

Table 2. Primer combinations used for polymerase chain reaction amplifications.

Primer code Forward sequence Reverse sequence
1 Ppcr3F: AATCTTGTATGTTGGTGGAATC tail-M-ACT / tail
2 Ppcr1F:TGGACTTTAGATTGGGTTGTGG tail-M-ACT / tail
3 Ppgr1F: CAATGTTGTGGCAGGTATTCA tail-M-ACC / tail
4 Ppgr1F: CAATGTTGTGGCAGGTATTCA tail-M-AGC / tail
5 Ppcr2F: CCAGCATTTTCAACATTACCA tail-M-AAG / tail
6 Ppgr4F:CTAGCGAAGGTCACAAACTTGA tail-M-ACC / tail
7 Ppcr3F: AATCTTGTATGTTGGTGGAATC tail-M-AAT / tail
8 Ppgr4F:CTAGCGAAGGTCACAAACTTGA tail-M-AGG / tail
9 Ppcr3F: AATCTTGTATGTTGGTGGAATC tail-M-AAC / tail
10 Ppcr1F: TGGACTTTAGATTGGGTTGTGG tail-M-AGG / tail
11 Ppcr4F: CTTGTTGCTTCCCTCCTTTCT tail-M-AAT / tail
12 Ppcr3F: AATCTTGTATGTTGGTGGAATC tail-M-ACG / tail

Primers were previously designed by Jiang et al. (2016). Tail indicates the M13 primer (5’ TGTAAAACGACGGCCAGT 3’); M indicates the MseI 
adaptor (5’ GATGAGTCCTGAGTAA 3’).

Table 3. Polymorphisms of sequence-specific amplification 
polymorphism markers.

Primer combination Nb1 Pb2 Pp3

1 ppcr3/M-ACT   103   98 95.15%
2 ppcr1/M-ACT   103   42 40.78%
3 ppgr1/M-ACC   103 102 99.03%
4 ppgr1/M-AGC   103   79 76.70%
5 ppcr2/M-AAG     86   67 77.91%
6 ppgr4/M-ACC     86   83 96.51%
7 ppcr3/M-AAT     86   83 96.51%
8 ppgr4/M-AGG     86   76 88.37%
9 ppcr3/M-AAC     96   35 36.08%
10 ppcr1/M-AGG     97   50 51.55%
11 ppcr4/M-AAT     97   97 100%
12 ppcr3/M-ACG     97   59 60.80%
Total 1143 871 76.20%

1 Total number of bands.
2 Number of polymorphic bands.
3 Percentage of polymorphic bands.
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Figure 1. Dendrogram of 92 pear accessions produced using Dice similarity coefficients and the UPGMA method. ●: Chinese 
sand pear cultivars; ○: Chinese white pear cultivars; ★: cultivated Pyrus ussuriensis; □: wild P. ussuriensis; ※ : Occidental pear 
species.

Figure 2. Delta K and mean LnP(K) values for 92 accessions according to STRUCTURE analysis.
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plot revealed that two types of cultivated P. pyrifolia (Chinese 
white and sand pears) were genetically indistinguishable. 
They were classified in the same group in the dendrogram 
(Figure 1) and the same cluster (with a similar genepool) in 
the STRUCTURE plot (Figure 3). These findings support our 
previous suggestion that Chinese white pear is a P. pyrifolia 
ecotype or cultivar (Bao et al., 2007). They are also consis-
tent with the results of Bao et al. (2008), Jiang et al. (2015, 
2016), Kimura et al. (2002), Liu et al. (2015), and Teng et al. 
(2002). Although cultivated and wild P. ussuriensis clustered 
together in a big group, they were clearly differentiated in 
the dendrogram (Figure 1) and STRUCTURE plot (Figure 
3). Their genetic relationships will be discussed in greater 
detail in the next section. The grouping of Occidental pear 
species was consistent with their genetic relationships and 
geographic distributions. 

Origin of cultivated Ussurian pear
The possibility that Ussurian pear cultivars were do-

mesticated from wild P. ussuriensis was first proposed in the 
1940s following a field survey of Pyrus species in northeast-
ern China (Kikuchi, 1946). Chinese scientists also believed 
that the cultivated Ussurian pear was derived from wild P. us-
suriensis (Pu and Wang, 1963). However, some DNA mark-
er-based studies indicated that P. ussuriensis cultivars are 
similar to P. pyrifolia cultivars (Kimura et al., 2002; Bao et al., 
2008; Jiang et al., 2015). Other studies confirmed that P. us-
suriensis cultivars cluster independently of P. pyrifolia (Teng 
et al., 2002; Bao et al., 2007). These contradictory results im-
ply that the origin of cultivated Ussurian pear might be much 
more complicated than previously believed. Wild P. ussurien-
sis plants mainly grow in the northern part of northeastern 
China (Wuyun et al., 2013). In contrast, the Chinese P. us-
suriensis cultivars are mainly native to the southern part of 
northeastern China and some areas of northern China, such 
as Hebei, Shanxi, and Gansu provinces (Pu and Wang, 1963), 
where Chinese white pears are extensively cultivated. There-
fore, it is likely that cultivated P. ussuriensis originated from a 
hybridization between wild P. ussuriensis and Chinese white 
pear cultivars, leading to morphological differences between 
wild and cultivated Ussurian pears. Cultivated P. ussurien-
sis plants have larger flowers, longer peduncles, and larger 

fruits than wild P. ussuriensis plants (Wuyun et al., 2015). 
Additionally, the ripened fruit of some Ussurian pear culti-
vars, such as ‘Nanguoli’, are very juicy and strongly aromatic, 
which is in contrast to the wild Ussurian fruits.

Our dendrogram (Figure 1) and STRUCTURE plot (Figure 
3) indicate that cultivated Ussurian pears originated from a 
hybridization. At K = 2 and 3, the STRUCTURE plot revealed 
that wild P. ussuriensis consists predominantly of one major 
genepool, while the genotypes of cultivated P. ussuriensis 
consist of two genepools. The genepools of cultivated Us-
surian pears are derived from wild P. ussuriensis and culti-
vars of P. pyrifolia (Figure 3). Using the same SSAP primers, 
Jiang et al. (2016) concluded that one of the two major ge-
nepools in P. ussuriensis cultivars is from cultivated P. pyrifo-
lia. Because wild P. ussuriensis samples were not included in 
the Jiang et al. (2016) study, they could only speculate that 
the second genepool is derived from wild P. ussuriensis. Our 
results confirm that the second genepool in Ussurian pear 
cultivars originated from wild P. ussuriensis (Figure 3). Based 
on analyses of nuclear SSRs (nSSRs) and two hypervariable 
cpDNA regions between accD–psaI and rps16–trnQ, Wuyun 
et al. (2013, 2015) concluded that wild P. ussuriensis exhib-
its low genetic diversity. The gene flow of wild P. ussuriensis 
may have been restricted by its limited distribution in the 
northern part of northeastern China, which experiences low 
temperatures (Katayama et al., 2016).

Although all of the wild P. ussuriensis accessions and a 
large proportion of the P. ussuriensis cultivars clustered to-
gether in Group II of the dendrogram (Figure 1), they were 
further divided into distinct cultivated and wild subgroups. 
This is consistent with the results of a study conducted by 
Cao et al. (2012), in which SSR markers were used to assess 
the genetic diversity of wild and cultivated P. ussuriensis. 
Wuyun et al. (2015) analyzed the nSSRs and cpSSRs and also 
concluded that wild and cultivated Ussurian pears in China 
are genetically diverse. It should be noted that four Ussuri-
an pear cultivars (‘Jinxishanli’, ‘Ruanerli’, ‘Qingmian’, and 
‘Jingbaili’) did not cluster with the majority of Ussurian pear 
cultivars, but were scattered in Group I, which consisted of 
P. pyrifolia cultivars, or were independently clustered. These 
findings further indicate the complexity of the genetic back-
ground of cultivated Ussurian pears. 

Figure 3. Population structure of 92 Pyrus accessions revealed using an admixture model and Bayesian model-based clus-
tering programs. At K = 2, red and green bars represent the P. pyrifolia and wild P. ussuriensis genepools, respectively; at K = 3, 
purple bar represents P. pyrifolia genepool, red bar represents wild P. ussuriensis genepool and green bar represents Occiden-
tal pear genepool.
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Conclusions
This is the first study to reveal the genetic relationships 

between wild and cultivated P. ussuriensis in China using ret-
rotransposon-based SSAP markers. We determined that wild 
P. ussuriensis naturally distributed in northeastern China is 
composed predominantly of one genepool, while cultivated 
P. ussuriensis accessions mainly from Liaoning and Hebei 
provinces consist of two major genepools, with one derived 
from wild P. ussuriensis and the other from P. pyrifolia culti-
vars (including Chinese white and sand pears). These find-
ings indicate that cultivated P. ussuriensis originated from 
a hybridization between wild P. ussuriensis and cultivated 
P. pyrifolia. Thus, retrotransposon-based SSAP markers may 
be useful for revealing the complex hybridization origins of 
other Pyrus species.
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