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Abstract

Background: Developing a core collection can deepen our understanding of the genetic diversity of
germplasm resources and lay the foundation for their rational utilization. Akebia trifoliata (Thunb.) Koidz
is an important oil crop, particularly in China, but there is no relevant research report about the core
collection of A.trifoliate.

Results: In this study, 28 simple sequence repeat (SSR) markers were used to assess the genetic diversity
and genetic structure of a natural population of A. trifoliata, including 955 germplasms, and to extract a
core collection. The genetic diversity of the natural population was moderately polymorphic. The average
number of alleles (N,), observed heterozygosity (Hp), expected heterozygosity (Hg), Shannon’s
information index (#), and polymorphic information content (PIC) were 3.71, 0.24, 0.46, 0.81, and 0.41,
respectively. Two sub-populations were identified, indicating a weak genetic structure. The core collection
was composed of 164 individuals (17.2% of 955 total germplasms in the population), and diversity
parameters differed significantly from those of a random core germplasm collection.

Conclusions: The genetic diversity of the natural population of A.trifoliata was moderately polymorphic,
and the genetic structure was weak. Moreover 164 individuals could represent the genetic diversity of the
995 individals. These results have implications for germplasm management and genomics studies in A.
trifoliata as well as for the establishment of core collections of other perennial liana species.

Background

Akebia trifoliata (Thunb.) Koidz belongs to the Lardizabalaceae family and Akebia Decne. It is mainly
distributed throughout China, Japan, North Korea, and Russia. In China, it is mainly found in the Yangtze
River Basin, Yellow River Basin, and Shaanxi-Sichuan Area [1]. A. trifoliata has a long history of practical
use in China as an important oil crop. Its seeds have a high oil content, with yields as high as 44%.
Moreover, A. trifoliata fruits have many seeds (i.e., 57—200 seeds per fruit). The oil contains more than 10
kinds of fatty acids, and the saturated fatty acid:monounsaturated fatty acid:polyunsaturated fatty acid
ratio is close to 1:1:1, fully conforming to the dietary nutrition standards recommended by the World
Health Organization and the Chinese Nutrition Society, the oil is widely consumed in rural areas in
southern China [2,3].

However, the species has been under considerable threat in China in the past few decades owing to
changes in farming systems, economic development, urbanization, and other human disturbances. The
natural wild species alone cannot meet the demand; therefore, it is important to accelerate germplasm
preservation and to select and cultivate high-quality species with high oil yields. However, research has
been focused on plant chemicals, and genetic analyses of A. trifoliata, particularly that of natural
populations, are limited. Moreover, information on population genetic diversity is critical for crop breeding
and production [4].
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Molecular markers provide powerful tools for the identification of plant genetic diversity and the
construction of core collections. Among different molecular markers, simple sequence repeats (SSRs) are
widely used in plant science owing to their high polymorphism, reliability, rapid and simple detection, low
cost, and easy operation [5]. However, to our knowledge, there had litter report on A. trifoliata genetic
diversity based on SSR markers [6]. We have collected 955 accessions of A. trifoliatan. Redundant
genetic resources present a challenge for the effective conservation, management, evaluation, and
utilization of germplasms. To resolve this issue, it is necessary to construct a core collection. Frankel
[71first proposed the core collection, which provides preliminary information on diversity in a large
collection. Core collections have since been developed for many oil crops, such as sesame (Sesamum
indicum L.) [8], maize (Zea maysL.) [9], and soybean (Glycine max) [10]. A majority of the core
collections include only 5-20% of the total germplasm but preserve most of the genetic diversity, thereby
reducing the cost and increasing the speed of the work process. However, thus far, there is no core
collection for A. trifoliata.

To evaluate the genetic diversity and genetic structure and to construct a core collection, 28 pairs of SSR
markers were used to analyze 955 A. trifoliata germplasms collected from China. The genetic diversity
and core collection provide a convenient resource for A. trifoliata breeding and protection as well as a
foundation for follow-up research.

Methods

Plant materials and DNA isolation

The 955 A. trifoliata germplasms, for which the collection location was unclear, were cultivated in
Taojiang experimental field of the Institute of Bast Fiber Crops, Chinese Academy of Agricultural Sciences
in 2012. Fresh tender leaves from each accession were placed in a liquid nitrogen tank, transported to the
laboratory, and frozen at -80°C until genomic DNA extraction. Genomic DNA was extracted using a Rapid
DNA Extraction Kit (Tiangen Biotech, Beijing, China). The purity and quality of extracted DNA were
evaluated by 1% agarose gel electrophoresis and determined using a NanoDrop 2000 spectrophotometer.

SSR analysis

Twenty-eight SSR primer pairs (Table S1) were synthesized according to Niu et al [6]. SSR-primed
polymerase chain reactions (PCRs) were carried out in a 10 uL reaction volume with 1x PCR buffer, 0.2
mmol/L dNTPR, 1 U of Tag DNA polymerase (Tiangen), 0.5 uL of forward primer (10 nmol/L), 0.5 uL of
reverse primer (10 nmol/L), and 0.5 uL of DNA from each accession. PCR was performed under the
following conditions: 94°C for 5 min, followed by 33 cycles each of 30 s at 95°C, 30 s at the primer-
specific annealing temperature, 30 s at 72°C, and a final extension of 10 min at 72°C. The PCR products
were separated on 8% polyacrylamide gels, and silver dyeing was conducted according to the methods of
Zhang et al [11]. Molecular weights were estimated using a DNA marker. The allele with the maximal
molecular weight was recorded as “A,” followed by B, C, D, etc. If only one band was obtained for a set of

primers, the germplasm was recorded as homozygous.
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Data analysis

PowerGene version 1.3.2 [12] was used to analyze the effective number of alleles (N,), Shannon—-Weaver
diversity index ('), genetic distance (Nei's genetic distance), observed heterozygosity (Hp), and expected
heterozygosity (Hg); PowerMarker version 3.2.5 [13] was used to estimate the polymorphic information
content (PIC) and number of alleles (N,). Based on Nei's genetic distances, a clustering tree was
constructed using PowerMarker, and visualized using MEGA version 7.0 and iTol [14]. Population genetic
structure was assessed using the mixed model and the correlated allele frequency model in STRUCTURE
version 2.3.4 [15] and Structure Harvester version 6.0 [16]. A principal component analysis (PCA) was
performed using NTSYS10.2 [17]. The variance analysis was implemented in SAS version 9.0 [18].

Extraction of a core germplasm collection

The stepwise clustering (SC) method can effectively preserve the genetic diversity of the original
germplasm [19]. Accordingly, in this study, SC was used to extract a core collection based on SSR
markers. First, genetic distances were calculated for the original collection, and a cluster analysis was
then performed according to the genetic distances. Next, a tree diagram was obtained. According to the
principle of clustering, the differences within groups are smallest at the lowest level; therefore, one of the
two genetic materials in each group were randomly selected to enter the next round of the cluster
analysis. If only one genetic material was available, it was used in the next round of the cluster analysis.
All retained genetic material was re-entered into the next round of the cluster analysis. The method was
repeated until the material met the set requirements to obtain the core collection.

Results

Genetic diversity of the natural population

A total of 104 alleles were detected at 28 SSR markers. As summarized in Table 1, N, per locus ranged
from two to five (mean, 3.71). Seventeen primer pairs amplified four alleles and five primer pairs
amplified two alleles, but only one amplified five alleles. N ranged from 1.2018 to 2.8556 (mean, 1.9873),
Hg ranged from 0 to 0.83 (mean, 0.2382), H; ranged from 0.1681 to 0.6521 (mean, 0.4604), Nei’s distance
ranged from 0.1679 to 0.6535 (mean, 0.4600), / ranged from 0.3083 to 1.1866 (mean, 0.8086), and PIC
ranged from 0.1538 to 0.5936 (mean, 0.4085). The PIC indicates that the 28 SSR markers were
moderately polymorphic (0.25 < PIC < 0.5); the most highly polymorphic SSR marker had 3.86 times
higher variance than that of the least polymorphic marker. Seven microsatellites exhibited high
polymorphism (PIC > 0.5) and four microsatellites exhibited low polymorphism (PIC < 0.25). The
heterozygosity of A. trifoliata is relatively low based on H, and Hc (i.e., 0.238 and 0.460, on average).

Genetic structure of the natural population
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A cluster analysis was performed to analyze the genetic relationships among the 955 A. trifoliata
accessions, and a dendrogram based on genetic distances is shown in Fig. 1. The cluster analysis
divided 955 germplasms into two main groups, accounting for 56.44% and 43.56% of the natural
population.

We evaluated K-values (population number) of 2-9 for a STRUCTURE analysis. The most significant
change in likelihood occurred when the K-value increased from 2 to 3 and the highest AK value was
observed between K = 2 and K = 3. Therefore, according to Evanno et al [20] (Fig. 2a), the optimal K value
in this study was 2. The division of the natural population into two subgroups (Fig. 2b) was consistent
with the results of the cluster analysis.

The PCA also divided most of the 955 A. trifoliata accessions into two populations, excluding only a few
germplasms (Fig. 3). These results were similar to those of the cluster analysis and STRUCTURE
analysis, supporting the division of the 955 A. trifoliata germplasms into two groups.

Extraction of a core collection

SC was used to extract a core collection using N, Nei's distance, Hy, and PIC over the 28 SSR markers as
indicators. The core collection consisted of 164 genetic individuals, representing only 17.2% of the
original genetic population. In comparison with the total natural population, the final core collection
showed 94.2%, 98.7%, 116.4%, and 116.73% of the variation based on N,, Hy, Nei's distance, and PIC
(Table 2). These results indicated that the core germplasm is representative of the entire genetic
population.

To verify the reliability of the results, three false core collections composed of 164 individuals were
randomly selected four genetic diversity indexes (N,, Hy, Nei's distance, and PIC) were estimated. As
shown in Table 3, all four indicators were significantly different from those in the newly established core
collection. These results support the validity of the method for extracting the core germplasm and further
suggest that the core germplasm effectively represents the entire genetic population.

Discussion

A. trifoliata is an important oil crop. Most studies of the species have focused on active components,
such as quinatic acid [21], triterpene saponins [22], and akebiaoside K [23]. Only a few studies have
evaluated the biology of A. trifoliata. For example, Zou et al. [24] studied recurrent somatic
embryogenesis and the development of somatic embryos. Niu et al [6] developed SSR markers via de
novo transcriptome assembly and Zou et al [25] showed the effectiveness of recurrent selection in A.
trifoliatabreeding. However, this approach is not conducive to the development of A. trifoliata as an oil
crop.

In this study, the collected 955 A. trifoliata germplasms were not registered, and so the geographical
origin of each germplasm resource was unclear, which limits our understanding of the genetic diversity of
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germplasm resources and the development of a core collection. However, SSR molecular marker
technology is not affected by geographical origin and complex factors, such as collection organs,
development period, and external environment, and results in high polymorphism, stable results, and
good repeatability.

Progress in A. trifoliata breeding has been slow, in part because it is a perennial plant and new plants do
not bear fruit for 4 years [26]. Therefore, the generation of new A. trifoliata varieties is time-consuming.
Furthermore, little is known about the biological characteristics of A. trifoliata, making it difficult to
choose good parents. A. trifoliata has many uses that may guide breeding. For example, the consumption
of A. trifoliata fruits is limited by the thick skin and abundant seeds [27], suggesting that breeding for thin
skin and fewer seeds will improve market value. Similarly, A. trifoliata can be cultivated for use as an oil
crop by focusing on seed properties. Molecular genetic markers are widely used in plant breeding, and
genetic diversity must be considered when identifying trait populations and choosing parental strains to
ensure the success of breeding. The results obtained in this study deepen our understanding of the
genetic diversity of germplasm resources and facilitate the rational utilization of germplasm resources.

In this study, an SSR analysis of 955 A. trifoliata germplasms was performed to evaluate genetic
diversity. In a previous study, 49 pairs of SSR markers were used to analyze 88 A. trifoliata germplasms
[6]; PIC and H, values were 0.43 and 0.2210, respectively, similar to those in our study (PIC = 0.41; H, =
0.2382), thereby verifying that the species is moderately polymorphic (0.25 < PIC < 0.5). Additionally, 14
pairs of EST-SSR markers have been used to evaluate polymorphisms in 106 individuals from four
natural populations of Dysosma versipellis (Berberidaceae) [28], with average N,, Hp, Hg, and PIC values
at 6.286, 0.296, 0.534, and 0.467, which were higher than the corresponding values in this study, but still
demonstrated a moderate level of polymorphism. With respect to other oil plants, A. trifoliata
polymorphism was similar to that in sesame (Sesamum indicum L.) [29] and peanut (Arachis hypogaea
L.) [30], but lower than that estimated in maize (Zea mays L.) [31], soybean (G. max) [32], and sunflower
(Helianthus annuus L.) [33].

Abundant crop germplasm resources are the basis of crop breeding. However, excessive germplasms
have various limitations. For example, it is difficult to precisely and rapidly identify useful resources for
plant breeders. The management and preservation of germplasm resources is expensive and time-
consuming; a core collection can effectively resolve these issues [34]. This study demonstrates the
feasibility of establishing a core germplasm collection in perennial oil crops and is the first core collection
established in A. trifoliata. Although core collections have been reported for some oil crops, most are not
perennial crops. The core germplasm represented 17.1% of all accessions, which is higher than the range
of 5-10% recommended by Brown [35] as well as the values reported in other plants, e.g., sesame
(Sesamum indicum L.) (28/277) [8], maize (Zea maysL.) (951/13521) [9], and soybean (G. max) [10],
whereas they are slightly less than those for the rubber tree (Hevea brasiliensis) (128/505) [36], ramie
(Boehmeria nivea L.) (22/105) [37], and Gympie messmate (Eucalyptus cloeziana F. Muell., family
Myrtaceae Juss.) (247/707) [38]. However, if we apply one additional filter, the N, and H, are reduced to
82.1% and 84.2% of those for the full population, and the core collection is reduced to eight genetic
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individuals. The maintenance of the vast majority of germplasm diversity should be a priority for guiding
the determination of an optimal fraction; accordingly, we did not aim for a low rate of germplasm
retention.

To the best of our knowledge, this study is the first to apply SSR markers to a large number of A. trifoliata
germplasms. Estimates of genetic diversity and genetic structure can provide a foundation for future A.
trifoliata breeding. The core collection can reduce the management cost and improve the protection of
germplasm resources. However, the establishment of a core germplasm collection is a dynamic process
and subsequent studies are needed to continuously improve the core collection of A. trifoliata.

Conclusions

This study showed moderate genetic diversity and weak genetic structure in the natural population of A.
trifoliata, based on 28 SSR markers. A core germplasm collection consisting of 164 germplasm was
generated, accounting for 17.2% of the original germplasm. Further, these findings confirmed the
feasibility of using SSR markers to establish a core collection for perennial vines and lay a foundation for
further breeding and genomics studies of A. trifoliata.
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Marker
s3
s4
S5
s13
s19
s22
s24
s25
s27
s28
s30
s32
s34
s40
s46
s50
s52
s57
s59
s67/
s68
s72
s’74
s77
s84

s89

Na

4.0000
3.0000
2.0000
4.0000
3.0000
4.0000
4.0000
5.0000
4.0000
4.0000
4.0000
3.0000
4.0000
3.0000
4.0000
3.0000
4.0000
4.0000
4.0000
4.0000
4.0000
3.0000
4.0000
3.0000
4.0000

4.0000

Ne

2.1867
1.2635
1.2018
2.4260
1.2717
1.9081
1.4441
2.8864
1.5906
2.8708
2.6522
1.3067
1.6833
2.0286
1.6737
1.5539
1.9707
1.6181
1.5182
2.0343
2.6354
2.2823
2.8566
2.3400
1.6493

2.6996

Ho

0.8331
0.0000
0.0000
0.3389
0.0597
0.3488
0.2630
0.4837
0.1328
0.4882
0.3899
0.1883
0.2664
0.2000
0.2225
0.0881
0.2440
0.3394
0.1046
0.0986
0.2705
0.2358
0.2374
0.0400
0.1595

0.2158

He

0.5430
0.2087
0.1681
0.5881
0.2137
0.4762
0.3077
0.6539
0.3715
0.6521
0.6233
0.2349
0.4062
0.5079
0.4028
0.3567
0.4928
0.3822
0.3416
0.5087
0.6210
0.5624
0.6504
0.5746
0.3940

0.6307
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Nei's

0.5427
0.2085
0.1679
0.5878
0.2136
0.4759
0.3075
0.6535
0.3713
0.6517
0.6230
0.2347
0.4059
0.5071
0.4025
0.3565
0.4926
0.3820
0.3423
0.5084
0.6206
0.5619
0.6499
0.5726
0.3937

0.6296

|*
0.8772
0.3772
0.3083
0.9884
0.4423
0.8338
0.5870
1.1603
0.6942
1.1866
1.1080
0.4760
0.7404
0.8584
0.7544
0.5908
0.8646
0.6975
0.6152
0.8766
1.0916
0.9275
1.1549
0.9219
0.7671

1.0835

PIC
0.4518
0.1881
0.1538
0.5184
0.2029
0.4180
0.2857
0.5917
0.3412
0.5936
0.5553
0.2217
0.3665
0.4434
0.3686
0.3030
0.4415
0.3494
0.3037
0.4509
0.5578
0.4834
0.5879
0.4787
0.3654

0.5599




|S92 4.0000 1.9091 0.0346 04764 04762 0.7087 0.3712|
‘S‘IOO 4.0000 2.1819 0.3846 0.5420 0.5417 0.9489 0.4854|

’Mean 3.7143 1.9873 0.2382 0.4604 0.4600 0.8086 0.4085|

Marker: the name of SSR marker
Na: number of alleles

Ne: effective number of alleles
Ho: observed heterozygosity

He: expected heterozygosity
Nei’s: genetic distance

I*: Shannon’s information index

PIC: polymorphic information content

Table 2 Comparisons of the genetic diversity among core collection and original genetic population

Original genetic population  Core collection  Retention
Number 955 164 17.2%
Na 3.7143 3.5000 94.2%
Ho 0.2382 0.2351 98.7%
Nei's 0.4600 0.5356 116.4%
PIC 0.4085 0.4752 116.3%

Table 3 Differences between genetic diversity of core collection and pseudo-core collection
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Na Ho Nei’s PIC
Core collection 3.5000 0.2351 0.5356 0.4753
First random 3.3929 0.2333 0.4436 0.3932
Secondrandom  3.3214 0.2374 0.4672 0.4154
Third random 34286 0.2399 0.4524 0.4018
P value <0.001 <0.001 <0.001 <0.001

Figures

Tree scale: 1t

Figure 1

Phylogenetic tree of 955 A trifoliate accessions based on genetic distance. Blue and orange indicate
different clusters.
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DeltaK = mean(|L"(K)|) / sd(L(K))

Delta K
[+)]

Figure 2

Population structure analysis of 955 A trifoliate accessions. (a) Delta K based on the rate of change of L
(K) between successive K values. (b) Population structure based on K = 2, Red: group 1, Green: group 2.
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Figure 3

Principal coordinate analysis of 955 A trifoliate accessions. Two circles represent two groups,Red:group
1,Blue: gupup two. The germplasm outside the circle is not in these two groups.
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