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ABSTRACT. Axonopus compressus (Sw.) Beauv. is a perennial herb
widely used as a garden lawn grass. In this study, we used Roche
454 pyrosequencing, combined with the magnetic bead enrichment
method FIASCO, to isolate simple sequence repeat markers from
the A. compressus genome. A total of 1942 microsatellite loci were
identified, with 53,193 raw sequencing reads. One hundred micro-
satellite loci were selected to test the primer amplification efficiency
in 24 individuals; 14 primer pairs yielded polymorphic amplification
products. The number of observed alleles ranged from two to six,
with an average of 3.5. Shannon’s Information index values ranged
from 0.169 to 0.650, with an average of 0.393. Nei’s genetic diver-
sity values ranged from 0.108 to 0.457, with an average of 0.271.
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This first set of microsatellite markers developed for Axonopus will
assist in the development of molecular marker-assisted breeding and
the assessment of genetic diversity in A. compressus.
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INTRODUCTION

Axonopus compressus (Sw.) Beauv. (Poaceae) is a perennial herb native to South
America. In China, the wild germplasm resources of Axonopus compressus are mainly
distributed in the tropical and subtropical climate zones, such as Hainan, Fujian, Guang-
dong, Guangxi, Yunnan, and Guizhou (Liao et al., 2011). All A. compressus individuals
are polyploidy, with 2n = 4X = 40, 2n = 5X = 50, and 2n = 6X = 60 chromosomes (De-
lay, 1950). Because of its low height, easy propagation, fast growth, good elasticity, and
strong adaptability, 4. compressus has been widely used as a warm-season garden lawn
grass (Zhang and Xi, 2005; Zhou et al., 2005). Previous studies of 4. compressus have
mainly focused on germplasm investigation and its physiological characteristics (Jian and
Zhou, 2003; Guo et al., 2004; Xi et al., 2004a,b; Huang et al., 2012); however, the genetic
diversity of its wild germplasm resources is little known. Therefore, developing a set of
reliable and informative DNA markers to aid in assessing the genetic diversity of its wild
germplasm resources would be beneficial for the development of its breeding program.

Microsatellites, or simple sequence repeats (SSRs), are ubiquitous in eukaryotic
genomes (Zhang et al., 2010), and have become increasingly popular in genetic studies
because of their hypervariability, abundance, reproducibility, ease of scoring, and fast
throughput (Sun et al., 2008). Fast isolation by amplified fragment length polymorphism
(AFLP) of sequences containing repeats (FIASCO) has been proven to be the most effec-
tive magnetic bead enrichment method for isolating SSR markers (Sun et al., 2008; Yang
et al., 2009; Hou et al., 2011; Wang et al., 2014a). However, this method is laborious and
difficult to use, and cannot obtain a large number of SSRs in one experiment (Wang et al.,
2014b). Next-generation sequencing (NGS) has become a more efficient approach to gen-
erate superior resources for the development of SSR markers (Kumar et al., 2014; Huang
et al., 2014). To date, the most common isolation SSR methods using NGS have been
transcriptome sequencing and shotgun sequencing (Jenkins et al., 2013; Bai et al., 2014;
Kumar et al., 2014; Huang et al., 2014). In this study, we used Roche 454 pyrosequencing,
combined with the magnetic bead enrichment method FIASCO, to isolate SSR markers
from the 4. compressus genome.

MATERIAL AND METHODS
Isolation of microsatellite markers
Genomic DNA was extracted using a plant genomic DNA kit (Tiangen Biotech,

Beijing, China) from silica gel-dried leaves, according to the manufacturer protocol. Ap-
proximately 1 pg of genomic DNA was used to generate a shotgun library, following the 454
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Roche protocol. The shotgun library was further enriched by eight 5'-biotinylated probes:
(AG)10, (AC)10, (AAC)S, (ACG)8, (AAG)S, (AGG)8, (ACAT)6, and (ATCT)6, accord-
ing to the protocol of Li et al. (2007). The enriched products were subsequently sequenced
on one 16th of a picotiter plate using a Roche 454 GS-FLX+ System (Shanghai, China).
Microsatellite searching was performed using MISA (http://pgrc.ipk-gatersleben.de/misa/),
search parameters were set as ten repeat units for mononucleotides, six repeat units for di-
nucleotides, five repeat units for tri-, tetra-, penta-, and hexanucleotides, and the maximum
interruption between two SSRs to consider a SSR as a compound was set at 100 nucleo-
tides. Primer designing was conducted using Primer3 (Rozen and Skaletsky, 2000), and the
polymerase chain reaction (PCR) product size range was set at 100-400 bp; the remaining
parameters were set at default values.

PCR amplification and genotyping

A total of 24 individuals of 4. compressus from China and Australia (Table 1) were
used to analyze the polymorphisms of the microsatellite primers. PCRs were performed in a
total volume of 30 puL, which contained 30 ng of genomic DNA, 0.2 mM/L of each dNTP, 0.3
UM/L of each primer, 3 pL of 10X polymerization buffer, and 1 unit of Taq polymerase (Tian-
gen Biotech, Beijing, China), using a PTC-200 Thermal Cycler (MJ Research, Watertown,
MA, USA). The PCR was conducted as follows: an initial denaturation for 5 min at 95°C, fol-
lowed by 35 cycles of denaturation for 30 s at 94°C, annealing for 30 s at 48-60°C (optimized
for each locus, Table 2), extension for 40 s at 72°C, and a final extension step of 8 min at 72°C.
The PCR products were electrophoresed on an 8% native polyacrylamide gel and visualized
by silver staining. Allele sizes were estimated using a 100-bp DNA ladder (Takara, Dalian,
Liaoning, China) as a reference.

Data analysis

Polymorphism statistics, including allele number, Nei’s measure of gene diversity
(Nei, 1973), and Shannon’s Information index, were estimated using POPGENE v.1.3.2 (Yeh
et al., 2000). Genetic relationships between 24 individuals of A. compressus, based on Nei’s
genetic distance (Nei, 1978), were examined using the unweighted pair group method with
arithmetic mean (UPGMA) in POPGENE (Yeh et al., 2000).

RESULTS AND DISCUSSION

A total of 53,193 raw sequencing reads were obtained. Of these, 9735 sequences
(18.30%) contained SSRs and only 1942 sequences (3.65%) were fit for primer pair de-
sign. To test the primer amplification efficiency, we randomly selected 100 microsatellite
sequences to design primer pairs, and deposited these sequences in GenBank (KM 110835-
KM110934). Of the 100 primer pairs, 66 primer sets were abandoned because of the un-
successful amplification of target fragments. The remaining 34 primer pairs were tested
for polymorphisms in 24 individuals from China and Australia (Table 1); 14 loci displayed
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polymorphisms and 20 were monomorphic. The genetic diversity parameters of each pop-
ulation are presented in Table 2. The number of observed alleles ranged from two (Ac 019,
Ac 021, and Ac 094) to six (Ac 087), with an average of 3.5. Shannon’s Information index
values ranged from 0.169 (Ac 067) to 0.650 (Ac 091), with an average of 0.393. Nei’s
genetic diversity values ranged from 0.108 (4c 067) to 0.457 (Ac 091), with an average
of 0.271. As with other polyploidy species, traditional measures of genetic variability,
such as standard tests for deviations from the Hardy-Weinberg equilibrium and linkage
disequilibrium, could not be determined in A. compressus because the exact copy number
for each locus is currently unknown (Huang et al., 2009). The UPGMA tree indicated that
individuals In 1-In 8, In 11-In 12, In 14-In 15, and In 18-In 22 had close phylogenetic
relationships, and In 9-In 10, In 13, In 16-In 17, and 23-24 were more closely related
(Figure 1). One individual from Australia was most closely related to an individual from
Dingan, China. The identification of genetic relationships between individuals from dif-
ferent geographical regions will assist in parent selection for crossbreeding. This first
set of microsatellite markers developed for Axonopus is important in the development of
molecular marker-assisted breeding and the assessment of wild germplasm resources, in
terms of genetic diversity, in A. compressus.

Table 1. Details of sample locations of Axonopus compressus.

Individual No. and code Location Latitude Longitude
Inl Danzhou, Hainan 19.30 109.29
In2 Dingan, Hainan 19.41 110.20
In3 Dingan, Hainan 19.33 110.16
In4 Danzhou, Hainan 19.30 109.29
InS Baisha, Hainan 19.13 109.26
In6 Qionghai, Hainan 19.21 110.41
In7 Sanya, Hainan 17.27 109.20
In8 Wenchang, Hainan 18.30 109.34
In9 Wanning, Hainan 18.42 110.23
In 10 Guigang, Guangxi 22.59 109.36
In 11 Chengmai, Hainan 19.75 109.93
In 12 Qiongzhong, Hainan 19.24 109.84
In 13 Ledong, Hainan 18.81 109.17
In 14 Danzhou, Hainan 19.30 109.29
In 15 Haikou, Hainan 19.55 110.14
In 16 Menghai, Yunnan 21.41 102.02
In 17 Ledong, Hainan 18.44 108.51
In 18 Yingde, Guangdong 24.13 113.50
In 19 Canberra, Australia 35.29 149.13
In 20 Hekou, Yunnan 22.55 103.36
In 21 Ceheng, Guizhou 24.59 105.46
In 22 Zhangpu, Fujian 24.08 117.46
In 23 Wuzhou, Guangxi 23.41 115.25
In 24 Boluo, Guangdong 23.18 114.28
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Figure 1. Unweighted pair group method with arithmetic mean (UPGMA) tree illustrating the genetic relationships
between 24 individuals of Axonopus compressus, based on Nei’s genetic distance.
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