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icrosatellites, also known as simple sequence repeats
(SSR), are distributed in the eukaryotic genome
and are the primary component of the eukaryotic genome
repeats, consisting of 2 to 6 nucleotide tandem repeats
(Queller et al., 1993; Freimer and Slatkin, 1996; Tamura
and Satodate, 1996). SSRs are abundant in the genome and
are codominantly expressed and widely distributed. Based
on their polymorphism, SSRs are widely used in genetic
structure analysis, germplasm identification, paternity
testing, genetic linkage map construction, QTL mapping,
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Microsatellites, also known as simple sequence repeats (SSRs), are a type of DNA marker that are highly
polymorphic in the genome. However, the microsatellite markers available for the red swamp crayfish
Procambarus clarkii are limited. In this study, a sizeable number of microsatellites were identified using
the data of the P. clarkii genome survey generated from Illumina Hi-Seq PE sequencing. A total length of
1,625 Mb genomic sequences of P. clarkii were assembled based on 124 Gb raw sequencing data. Based
on a Kmer analysis, the P. clarkii genome size was projected as approximately 3.6 Gb. A total of 336,275
SSRs (simple sequence repeats) identified motifs were identified. There were 167,999 the most common
type di-nucleotide repeat motifs (49.94%). The second most common repeats were the tri-nucleotide ones
(131,405, 39.09%). A total of 312,454 microsatellite loci had flanking sequences. A subset of 56 primer
pairs was randomly selected for the PCR experiments to validate the SSRs that had been identified.
Forty-six primer pairs (80%) had PCR products that matched the sizes expected, and the products from
40 primer pairs (71%) exhibited polymorphism. Thirty-nine P. clarkii individuals were analyzed for their
primer sets, and 22 were identified. The average allelic number in the 22 polymorphic loci was 3.6. The
22 microsatellite loci all had good polymorphisms. Among them, the polymorphism information content
of the 12 loci is greater than 0.5, which is highly polymorphic.
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and marker-assisted selection breeding (MAS)
(Weissenbach, 1993; Yue et al., 2008, 2010; Liao et al.,
2009; Gulcher, 2012; Andriantahina et al., 2013; Liming
et al., 2013; Miah et al., 2013). To achieve these research
purposes, it is necessary to obtain a sufficient number of
SSRs. The traditional technique for isolating SSRs is based
on using SSR-related probes to screen genomic libraries,
which is inefficient, difficult, and time consuming. In recent
years, next-generation sequencing (NGS) technologies,
which have found wide use in exploring genomic
information in both non-model and model organisms, have
provided a more efficient method to isolate SSRs in many
organisms, especially non-model organisms (Xiong et al.,
2012; Kang et al., 2014; Loughnan et al., 2015; Heras et
al., 2016; Ariede et al., 2018).
The classification of Procambarus clarkii includes
the arthropods, crustaceans, Decapoda, and the family
Lobaridae, and they are commonly known as crayfish.
The red swamp crayfish (P. clarkia) is native to northern
Mexico and the southern USA, and it has spread to Europe,
Africa, Asia, and other parts of the Americas, and it has
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become an invasive pest (Gherardi, 2006). It was brought
to China in 1929 (Yue et al., 2008) For more than half a
century, its natural population has developed rapidly and
has been widely distributed in most provinces and cities
in China, especially in the lower and middle parts of the
Yangtze River, where it has become a dominant population.
Over the years, it has become an important species in the
aquaculture industry due to its high protein, low fat, rich
nutrition and delicious flavor (Wang et al., 2005; Shen et
al., 2014).
So far, studies on crayfish using microsatellite
markers have primarily focused on the evaluation of
germplasm resources and germplasm quality of the
original crayfish population in different river basins (i.e.,
the genetic diversity analysis of the population of the
original crayfish in different regions) and the identification
of relatives of the original crayfish population. Little is
known about the genetic linkage map construction, QTL
character localization, and MAS of P. clarkii. Traditional
methods have developed very few SSRs (<50) in P. clarkia
(Belfiore and May, 2000; Harris and Crandall, 2000; Zhu
and Yue, 2008; Li et al., 2012; Shi et al., 2018), which
limits these studies. This study utilized Solexa sequencing
technology to perform a genome survey of P. clarkii and
isolate large-scale polymorphic microsatellites.

MATERIALS AND METHODS
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Animal collection
A crayfish farm in Xuyi, Jiangsu Province, China,
served as the source of the P. clarkia samples. The
muscle tissue of the crayfish served as the source of the
genomic DNA for sequencing. The total genomic DNA
was extracted using the standard procedure of proteinase
K and phenol-chloroform. A Nanodrop spectrophotometer
(Madison, WI, USA) was used to quantify the genomic
DNA, and the DNA was sized using a 0.8% agarose gel.
In the analysis of population genetics, the total DNA was
separately extracted from the muscle tissues of 39 P. clarkii
individuals using the same method.
DNA sequencing
Library construction involved the use of approximately
5 ug of qualified genomic DNA. The libraries were
prepared following the manufacturer’s instructions
(Illumina, San Diego, CA, USA). Briefly, qualified DNA
samples were subjected to random interruption using a

De novo assembly
The raw reads that were generated by the Illumina
Hi-Seq sequencer were first trimmed by removing the
adapter sequences. The pair end reads were removed when
the low quality bases (quality scores less than 5) contained
in the single-ended sequencing reads exceeded 20% or
the content of the “N” base in the single-end sequencing
reads was greater than 10% (Erlich et al., 2008; Cock et
al., 2010). The subsequent assembly was performed using
the high-quality reads that resulted from this procedure.
Before the genome assembly, we used a k-mer based
analysis to estimate the genome size and heterozygosity
ratio. The read sequences were aligned using the SOAP de
novo software (http://soap.genomics.org.cn/ soapdenovo.
html) with default settings, and we adopted the De Bruijin
graph data structures to construct the contigs (Pevzner
et al., 2001; Li et al., 2009; Luo et al., 2012). Using
the connection relation between the reads and inserted
fragment size information, the contigs were assembled
into the scaffolds.
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Covaris ultrasonic crushing instrument to grow 350 bp
DNA fragments, and the whole library was prepared using
the steps of end repair, adding an A tail and a sequencing
joint, purification and PCR amplification. The constructed
library was sequenced using Illumina Hi-Seq at Beijing
Novogene Ltd, China. The genome data have been
deposited in the NCBI Sequence Read Archive (SRA)
(accession number: PRJNA554704).

Genome size estimation
A K-mer-based analytical method was used to
estimate the heterozygosity and genome size (Marcais
and Kingsford, 2011). In brief, we iteratively selected a
sequence of K bases from a continuous sequence. If the
length of each sequence is L, then the K-mer length is K,
then L-K+1 K-mer can be obtained, and we use K=17 for
analysis. The genome size = the K-mer count/the peak of
the depth distribution.
Identification of microsatellite loci
Simple repeats in the DNA sequences were detected
using the SSR search software. The detection software
is composed of three modules. The first module is used
for the detection of all the simple repeat sequences of the
DNA sequences, and the second module is used to filter
the results from the first module to eliminate simple repeat
sequences that are too close, while the third module is to use
primer 3 to design primers (Rozen and Skaletsky, 2000).
The design conditions of the SSR primers are as follows:
(1) the optimal length of the primer is 24; (2) the minimum
length of the primer is 20; (3) the longest primer length is
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28; (4) the optimum annealing temperature of the primer
is 63 °C; (5) the minimum annealing temperature of the
primer is 60 °C; (6) the maximum annealing temperature
of the primer is 65 °C; (7) the maximum temperature
difference of annealing between a pair of primers is 1 °C.
SSR marker validation and population genetic analysis
To test the amplified quality of the SSRs identified,
a 56-primer pair subset was selected and amplified using
genomic DNAs of a panel of 4 individuals. Using the
specific amplification products produced from the primers,
the SSR polymorphisms were further evaluated and were
amplified consistently across the individuals using an
additional 39 individual samples.
The PCR reactions were performed in a 25 μL
reaction system that contained 3 μL DNA (~30 ng), 1 μL
reverse primer and 1 μL forward primer (10 μM each),
12.5 μL 2× Taq PCR MasterMix (Takara, Dalian, China),
and supplemented with distilled water. The PCR reaction
procedure was as follows: 3 min at 94 °C followed by
30 cycles of 94 °C for 30 s, annealing at 60 °C for 30
s and at 72 °C for 30 s, with a final extension of 72 °C
for 10 min. The alleles were separated on 12% denaturing
polyacrylamide gels, which were stained using 0.1% silver
nitrate (Bassam et al., 1991).
The size of the bands in the polyacrylamide gels was
calculated using Quantity One software (http://www.biorad.com) to determine the genotype of the samples. The
number of alleles (Aa), observation heterozygosity (Ho),
expectation heterozygosity (He), and the effective allele
number (Na) was counted using PopGene32 Software
(version 1.32) and used to evaluate the polymorphisms of
the microsatellite loci.
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Supplementary Table 2). The heterozygosity rate was
0.88% and the repetition rate was 77.65% (Supplementary
Table 2). Estimates indicated that the average GC content
of the P. clarkii genome was 45.21% (Fig. 1B).
The initial assembly was performed using kmer 41;
the total number of contigs was 3,711,514; the length
of contig N50 was 879 bp, and the total length of of the
contigs was 1,535,295,243 bp (Supplementary Table 3).
The total number of scaffolds was 2,940,268; scaffold N50
was 1426 bp, and its total length was 1,625,211,665 bp
(Supplementary Table 4).

Genome survey and assembly
After strict filtering of the sequencing data generated
by the Illumina Hi-Seq PE sequencing, high quality
clean data was obtained. The sequencing quality met
the requirements (Q20= 93.78%, Q30= 86.75%); the
sequencing error rate was normal (<0.05%), and the
nucleotide database comparison results showed that
there was a small amount of manson’s schistosome
contamination. The collected output data totaled 120.59
Gb (Supplementary Table 1).
The genome features can be estimated from the
sequences obtained by sequencing prior to genome
assembly. We used a k-mer-based analytical method
to estimate the genome size and heterozygosity. The
survey analysis indicated that the genome size obtained
by (kmer-number/depth) is approximately 3627.30 Mbp,
and the modified genome size is 3579.38 Mbp (Fig. 1A,
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Fig. 1. Results of a genomic survey using Illumina
sequencing. (A), A K-mer (K=17) analysis to estimate
the genome size of Procambarus clarkii. The x-axis is the
depth (X); the Y-axis is the proportion that represents the
frequency at that depth divided by the total frequency of
all depths. (B), GC content and average sequencing depth.
The X-axis represents the GC content, and the Y-axis
represents the average depth. The red region represents the
relatively dense part of the points in the scatter plot.

Microsatellite loci discovery and primer pair design
By filtering out the SSR sequences at both ends of the
sequence (less than 100 bp from both ends of the sequence),
a total of 336,184 SSR sequences were detected. Among
them are 312,455 SSRs designed with primers and a length
distribution of 12~136 bp. The statistical results of the
SSR sequence length distribution designed are shown in
Table I. The length of the SSR units is concentrated in 2~6
bp, and the length distribution of the SSR units is shown
in Table I.
The di-nucleotide repeat motifs totaled 167,908, and
they are the most common type of repeat motif (49.94%).
The second most common was the tri-nucleotide repeats
(131,405, 39.09%). This was followed by tetra-nucleotide
(29,536, 8.79%), penta-nucleotide (5,870, 1.75%), and
hexa-nucleotide (1,465, 0.44%) repeat units (Table I).
The relative abundance of the special repeat motifs is
highly variable. Figure 2A shows the composition of the
primary motifs in the di-nucleotide repeats: AC/GT (48,
420, 28.82%), CA/TG (40, 128, 23.89%), GA/TC (28,
813, 17.15%) and AG/CT (24, 503, 14.59) %), reaching

X. Zhang et al.

4

Table I. Frequency of simple sequence repeats (SSRs) in Procambrus clarkii.
Motif
length

7

8

9

10-13

14-17

18-19

22-25

>25

Total
number

%

6

Repeat number
54610

29750

18315

11961

20545

10089

3810

3494

15425

167908

49.94

11598

5133

2580

1495

2038

389

219

111

96

131405

39.09

5811

2268

1188

638

327

347

182

117

43

13

29536

8.78

1133

516

218

70

36

62

15

5

1

0

5870

1.75

1117

244

59

21

11

7

5

1

0

0

0

1465

0.44

Total

103175

35292

69051

36310

21614

13826

22997

10676

4151

3649

15534

336184

100

%

30.68

10.49

20.53

10.8

6.43

4.11

6.84

3.17

1.23

1.08

4.62

4

5

Tri-

79642

28104

Tetra-

18602

Penta-

3814

Hexa-

Di-

15.57%, 13.27% and 13.81% of the total, respectively. The
motifs GC/GC (526, 0.31%) and CG/CG (389, 0.23%)
were relatively small. The AAT/ATT motif (14,242) was
the most common (10.84%) tri-nucleotide motif, followed
by CAC/GTG (10,980, 8.36%) and TAA/TTA (10,749,
8.18%),while CGC/GCG (458, 0.35%), CCG/CGG (327,
0.25%) and CGA/TCG (267, 0.20%) were relatively
rare (Fig. 2B). Figure 3 shows the calculations of the
frequency distributions from the di-nucleotide to the
hexa-nucleotide repeats. Most of the repeat sequences
were concentrated in a domain that consisted of low
copy numbers, and fewer sequences were observed as the
copy number increases. The most abundant di-nucleotide
repeat sequence was a repeat with 6 copies (32.52%).
The most abundant tri-nucleotide repeat sequence was
a repeat with 4 copies (60.61%). Table I provides the
number of each repeat sequence under the copy number
of its repeat unit.
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Fig. 3. The amplification band of scaffold1946501 loci for
39 individuals of Procambrus clarkii. The M is Marker;
150 is 150 bp, and 100 is 100 bp.
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Fig. 2. Distribution of SSR motifs in Procambarus clarkii.
The Y-axis represents motif types and the X-axis represents
the count of motifs in whole genome of Procambarus
clarkii.
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Of all the 336,184 SSR sequences, 312,455 SSRS
could be designed for their corresponding primer pairs that
reached 92.91% of the total identified microsatellite loci.
These microsatellites represent potentially amplifiable
microsatellite loci (PAL).

SSR validation and population genetic analysis
To conduct validation, a subset of 56 PAL was
randomly chosen. These loci provided the source of
primers for tests with the genomic DNA from a panel of 10
individuals. Amplicons were successfully produced from
46 primer sets (80%), and they matched the sizes expected.
Nine primer pairs did not produce any amplification
products. Six sets of the 46 primer sets generated
monomorphic products in all the individuals tested.
In an analysis of 39 P. clarkii individuals with 22 primer
sets, 78 alleles were detected, with the number produced at
each site ranging between 2 and 6. The average number of
alleles was 3.6. The mean observed heterozygosity (HO)
ranges between 0.2 and 1 and averages 0.559. The average
expected heterozygosity (HE) ranges between 0.337
and 0.821 and averages 0.615. The content (PIC) ranges
between 0.269 and 0.746 and averages 0.515. The primer
pairs for 22 microsatellite loci sequences are available in
Supplementary Table 5, and the amplification result using
one of primer pairs is shown in Figure 3.

DISCUSSION
Genome size estimation by genome survey sequencing
As a type of non-model species, there is little
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knowledge of the P.clarkii genomic landscape. Illumina
Solexa sequencing technology supplies a quick and easy
platform to explore genome sequences. The K-mer method
has been used successfully in genome surveys to estimate
the genome size of non-model species, which lacked prior
knowledge of its size (Yu et al., 2015; Shi et al., 2018;
Zhao et al., 2019). It was estimated that the genome scale
reached 3.4 Gb based on our data. The proportion of the
heterozygote rate was approximately 0.88%, and the P.
clarkii genomic sequences had a repeat ration of 77.65%.
in conclusion, the P. clarkii genome is large and complex
with a high sequence repeat ratio and a high heterozygote
rate. The genome size of the marbled crayfish Procambarus
virginalis was determined to be approximately 3.5 Gb
using genome sequencing and was estimated to be 3.3 Gb
based on K-mer frequencies (Zhang et al., 2019). A 3.4 Gb
estimated genome size of P. clarkii is similar to that of the
closely related P. virginalis, which leads us to believe that
our estimate of the size of the P. clarkii genome is within
reasonable limits. The P. clarkii genome size is estimated
to be approximately 8.50 Gb by flow cytometry and 1.86
Gb with genome survey sequencing in a former study
(Shi et al., 2018). There are also some other differences
between our data and those of Shi, including the fact that
the the repeat ratio of the P. clarkii genomic sequences was
high (~91.05%), and the proportion of the heterozygote
rate was approximately 0.69%, in the study by Shi. The
difference between our study and that of Shi may be due
to the fact that the genome survey sequencing used to
estimate the genome size of large and complex genomes is
inefficient. The distribution of the K-mer depth is affected
by the presence of genomic heterozygotes and repeats.
However, since genome survey sequencing can provide an
initial global view of a genome, we believe that the results
of both our study and that of Shi could provide a degree
of reference for a future P. clarkii whole genome project.
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Highly efficient method to explore SSRs
The traditional methods that are used to explore the
SSR markers have a low efficiency and are time consuming.
Therefore, the published number of SSRs in P. clarkii is
limited (Belfiore and May, 2000; Zhu and Yue, 2008). In
this study, we used the Illumina genomic survey to explore
an extensive set of the 336,184 microsatellite loci in which
312,455 loci are PAL. The enormous number of SSR
loci in P. clarkii will provide better selection that is more
convenient for the research on genetic linkage mapping,
genetic diversity analysis, and the MAS breeding of this
organism.
The di-nucleotide repeats contributed to nearly half
(49.96%) of the genome SSRs in P. clarkii, while the trinucleotide repeats comprised the second largest proportion

(39.08%). The di-nucleotide repeats was reported to be the
most common in many species, including some crustaceans,
such as the Chinese mitten crab (Eriocheir sinensis) and
the Chinese shrimp (Kong and Gao, 2005; Xiong et al.,
2012). AC/GT (28.82%) and CA/TG (23.89%) was the
most abundant motif, while GC/GC and CG/CG was the
least frequent in the P. clarkii genome, which is typical for
many other eukaryotic genomes (Ross et al., 2003). This
is also the case in the freshwater Chinese mitten crab.
Both belong to Crustacea Decapoda. However, there is a
different scenario for the AT/AT and TA/TA motif, which
totals 14.95% in P. clarkii and less than 0.01% in E. sinensis
(Xiong et al., 2012). The lowest frequency of the GC or CG
repeats are observed in most organisms, including fungi
and plants (Toth et al., 2000). AAT/ATT (10.84%) was the
most frequent tri-nucleotide repeat in our dataset, as it was
in humans (Toth et al., 2000) and pistachio (Motalebipour
et al., 2016). However, the other tri-nucleotide repeats, such
as AGC, AGG, and AAG, were the most frequent motifs
in E. sinensis, fruit fly and Chinese shrimp, respectively
(Schug et al., 1998; Kong and Gao, 2005; Xiong et al.,
2012). These results indicate that the relative frequency of
the di-nucleotide motifs is more conserved than those of the
tri-nucleotide motifs.
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Dependable SSR markers based on genomic information
In a total of all 336,184 SSR sequences, 312,455 SSRS
can be designed by their corresponding primer pairs, which
reached a high ratio (92.91%). We randomly selected a
subset of 56 PAL from a total of 312,455 to examine using
PCR amplification. Forty-six primer pairs, which reached
80%, yielded amplicons that matched the expected sizes.
A high validation rate indicates that the SSRs examined
in this study are reliable and of high quality. A population
with 39 P. clarkii individuals was analyzed with 22 primer
sets. Adjusting for the null alleles, the mean number of
alleles per locus, HE, HO, and PIC are 3.6, 0.615, 0.559,
and 0.515, respectively, demonstrating that the P. clarkii
individuals have a relatively high genetic diversity.

CONCLUSION
In conclusion, the P. clarkii genome size was
estimated to reach 3.6 Gb based on an analysis of K-mer in
this study. A total length of 1,625 Mb genomic sequences
of P. clarkii were assembled based on 124 Gb raw
sequencing data, and a total of 336,275 SSR motifs were
identified, in which 312,455 SSRS can be designed for
their corresponding primer pairs. We believe that a high
number of newly developed SSRs will result in a useful
resource for genetic research in P. clarkii.
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Supplementary Table 1. Sequencing data output statistics.
Library

Insert
size

Raw reads
(bp)

Raw Base (bp)

Effective Clean base (bp) Error
Q20
rate (%)
rate (%) (%)

DES02111-S

350bp

401,986,051

120,595,815,300 100

120,595,815,300 0.05

93.78

Q30
(%)

GC content
(%)

86.75

42.86

Supplementary Table 2. Statistics of shrimp genome characteristics obtained by Kmer=17 analysis.
K-mer

K-mer number

K-mer depth

Genome size (Mbp)

Revised genome size
(Mbp)

Heterozygous ratio
(%)

Repeat
(%)

17

83,427,961,764

23

3627.30

3579.38

0.88

77.65

e
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c

K-mer, analyzes the size of the selected kmer; K-mer number, the total number of kmers obtained by Soapdenovo software; K-mer depth, kmer depth,
which is the expected value corresponding to the Poisson distribution; Genome size, calculated genome size, K-mer number/K-mer Depth, in M (mega);
Revise genome size, the corrected genome size, eliminating the error caused by the error kmer, in M (mega); Heteozygous ratio, the heterozygosity ratio,
calculated according to the formula (7) of 5.1; Repeat: The repetition rate obtained by kmer analysis is calculated as a percentage of the total number of
kmer of 1.8 times the main peak as a percentage of all kmer numbers.

Supplementary Table 3. Contig assembly result statistics.
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Tatal length (bp)

Total number

Max length (bp)

N50 length (bp)

N90 length (bp)

1,535,295,243

3,711,514

61,160

879

130

ri s

Supplementary Table 4. Scaffold assembly result statistics.
Tatal length (bp)

Total number

1,682,115,001

2,940,268

O

N50 length (bp)

N90 length (bp)

81,806

1,426

159

e
n
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n

F

Max length (bp)

scaffold137841 11.7

AGCAGTGATCACCATACCAATCTG

Primer1

63.312

62.503

CAGAATGTTTGTACTGTAACGCTGC

CTCTTGGGTGGCTTAATCTCCAT

TATATGAGACGTTTACACGGGGCT

GGACAGTCTTCTTCTGCTGTCCTC

tm of
Primer 2
primer 1

62.2

62.79

62.95

63.02

tm of
primer 2

(AAT)10

(GATT)11

(TC)12

(AGC)10

7

5

5

3

1

1

0.77

0.7 0.75

0.8

0.5 0.43

Repeat unit of num- Ho He
SSR
ber of
alleles

0.69

0.67

0.7

0.37

Supplementary Table 5. The genetic parameters of 10 individuals of Procambarus clarkii in 22 microsatellite loci.

1
scaffold1524733 14.4 CAACGGGAGATTGGGTATGTCTAA
63.105

63.42

scaffold2027925 11.2 GTGCCCCAACAACCACTCTATATC
62.933

62.921

62.926

TTTCTTCCATCCTTCTTTCCTTCC

AGCTCATAGGTTCGAATCGTCATC

TGTAGTATCTGTGCTTACGACGCC

63.05

62.93

62.69

(GAAG)10

(ATT)10

(ACC)10

4

2

4

0.2 0.49

0.7 0.48

0.5 0.75

0.42

0.35

0.66

PIC

2
scaffold1893661 16.2 TGTGTGCTGATTCATGTGTGTACC

scaffold1526357 14.2 GCTTCATGTTGGGATTCTTGGATA

5
scaffold2055415 12.4 GAAGACAGGGAATGTGTGTGTTTG

scaffold2039339 11.1 TCTTGTTTGTACCTCAGTCTGGTCC

No. Loci

4

3

7

6
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scaffold256173 15.6

TGACTGTCTTGCAGGCAGAACTAT

TTGGATCAGTGTTTTTGCAAGTGT

TGATATGATAGGTTGGGTTGGGTT

TCTGTAGTATTACACCGCGCACAT

62.96

62.59

62.9

(TGTA)10

(AACCT)10

(TACAC)10

3

3

4

0.6 0.7

0.5 0.51

0.7 0.71

0.59

0.41

0.61

62.532

8
CACGAGAAAATTGTCATCATTACGTC 62.96

12 scaffold1351069 13.5 GAGGGAAGGGTTGAAGAGAAAGAG 62.958

11 scaffold1188287 13.9 CATTTTGACATGCAAACAAGTATTGA 62.191

CCTACTATGGCCTTGTTCCATCTG

TACGCTAGACTTGTTAGCGGCTTT

63.68

63.07

63.12

62.7

(AGACAC)7

(TAGGT)10

(GGAA)10

(ATTG)10

4

4

4

6

0.4 0.67

0.7 0.6

0.8 0.77

0.6 0.82

0.57

0.51

0.61

0.75

CCCAGTGTTGGAGACTGTGTCTT

63.422

62.947

62.794

CCAGAGGATGTCTTCTTGGACAGT

CCCCTGCTATCGCTACTGACTTAT

63.11

62.06

AGTTGGTTTAGTGCATACAGAGTCCA 62.37

(AGTAC)9

(GTATAA)10 4

(AACCT)10

0.5 0.54

0.8 0.7

0.4 0.34

0.46

0.6

0.27

GTTTAGGCTCAGTTGAGGCTTGC

TGAAAGAACTGCAAATTACTGCCA

15 scaffold2029901 9.5

GGTATTATCCTCGTGTGGCTTACG

62.91

17 scaffold1940553 16.4 CGATGTTTCGCCTCCAATCTATTA

16 scaffold488809 14.2

14 scaffold1867767 15.6 GAATCAAAACCAAACAGGGTTGTC

F

CTCTTTCCAAGCTTCACTCCCTCT

TCACACAATCTGTTTTCCTTGGAG

CATCATAATCCCATTGTACCTTCTCA

63.6

62.59

62.33

(GGGAGA)11 3

(AGACAG)9 2

(TTTA)11

3

3

0.3 0.56

0.3 0.52

0.4 0.68

0.44

0.37

0.57

20 scaffold796857 10.6

62.754

GCCAGAGAATTAGGACCAAATCAA

62.71

(TAGGT)12

2

3

0.2 0.44

0.5 0.51

0.33

0.41

O

62.108

18 scaffold1092139 15.3 TAACGATTCCCAGAAAATCAGGTT

63.642

21 scaffold1792375 12.7 TTAACACGAGCCTCTCTTTTTGCT

(GCA)10

0.52

63.51

AGCAGCTGATGTCTCAAGGAAAGT

3.6364 0.6 0.62

GACGAATTTGTTGGCCATGTG

i
l
n
62.939

22 scaffold770215 12.6

Ho, observed heterozygosity; He, expected heterozygosity; PIC, polymorphism information content.

Mean

GGGAATGTTGCACTGTGTTGG

19 scaffold1946501 10.0 GAGAGAAGGGAAAGGAGGAGACAG 63.161

e
n

2

13 scaffold1598717 14.0 CCGTGTATAATTTGGCTTAGGTTAGG 62.152
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62.799

scaffold260377 14.0

A
t

10 scaffold1022879 17.4 CAATGTTTTTGTAAGCGTTGTTGC
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