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Abstract: Avocado is an economically important crop and widely cultivated in
the tropical and subtropical regions of China, whereas little is known about
its genetic diversification. Twenty-six EST-SSR markers were developed based
on avocado EST sequences. Molecular characterization was applied to assess
the genetic relationships among different accessions. In total, nine gSSRs and
nine EST-SSRs were selected to illuminate the genetic relationships within the
92 samples. Diversity parameters associated to the selected markers indicated
the relatively low genetic diversity and a certain degree of inbreeding in the 92
avocado accessions. Clustering method and principal coordinate analysis clearly
distinguished the accessions in accordance to the botanical races and geographic
regions by molecular characterization. Moreover, the botanical race or hybrids
of some unknown race accessions from different geographic origins could be
determined based on known genotypes in the same cluster.
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INTRODUCTION

Avocado (Persea americana Mill.), belonging to the family Lauraceae of the
order Laurales, is native to Mexico and Central and South America (Schaffer et al.
2012).Taxonomic treatments differ considerably in terms of the circumscription
and defining of infraspecific avocado entities. Moreover, researchers have long
considered that geographical isolation has likely resulted in the following three
ecological races of avocado: Mexican (P. americana var. drymifolia), Guatemalan
(P.americana var. guatemalensis), and West Indian (P. americana var. americana)
(Schaffer et al. 2012).Avocado is considered an significantly commercial crop in
China, and is nowadays broadly grown and adequately utilized in some provinces
such as Hainan, Guangdong, Guangxi, Yunnan, Guizhou, Fujian, and Taiwan in
Southern China (Zhang et al. 2015,Ge et al. 2017a). The climate regions in these
Chinese provinces comprise from subtropical to tropical, and conditions of the
Chinese culture are well-suited for avocado cultivation (Zhang et al. 2015,Ge
et al. 2017b).

The introduction and cultivation of avocado happen in 1918 in province
of Taiwan, China, for the first time (Papademetriou 2000), followed by the
clonally propagation of high quality cultivars and the development of avocados
with premium botanical and horticultural traits for the processing industry.
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Since the late 1950s, abundant avocado cultivars are successively brought into China from the USA, Israel, Mexico, and
other countries from Central America (Ge et al. 2017a). The selective breeding methods were initiated and continue
up to now, principally maintained by some national scientific research bodies and other state and private farms,
resulting in the breeding of more than ten superior avocado cultivars (Ge et al. 2017a). In addition, natural crossing
among avocado cultivars usually happens, creating several new avocado hybrids on state and private farms. Some local
varieties are also increasingly produced in somewhat remote area due to the distinct local geographical conditions. At
present, several superior native Chinese avocado cultivars are broadly grown in the southern China, and the areas of
avocado plantations have reached about three thousand hectares, with an average output of around 3 t ha*(Zhang et
al. 2015,Ge et al. 2017a).The avocado consumption in China has rapidly reached nearly18’000 t in 2016,compared to
just over 30 tin 2011(Ge et al. 2017a).

The avocado germplasm of these collections must be precisely identified to make it available for breeders all over
the world (Schaffer et al. 2012). Molecular characterization is requisite for investigating the genetic relationship in
avocado germplasm. Over the past two decades, some genetic relationship researches of avocado germplasm have
been carried out with different types of molecular marker, containing RAPDs (random amplified polymorphic DNA)
(Fiedler et al. 1998), VNTRs (variable number of tandem repeats) (Mhameed et al. 1997), RFLPs (restricted fragment
length polymorphisms) (Furnier et al. 1990,Davis et al. 1998), SSRs (simple sequence repeats) (Ashworth and Clegg 2003,
Schnell et al. 2003,Gross-German and Viruel 2013), and SNPs (single nucleotide polymorphism) (Chen et al. 2008, 2009).

Of the many DNA markers that have been developed, the SSRs, which are composed of repeated motifs between one
and six nucleotide bases, are generally preferred by plant geneticist and breeder because they are broadly distribution
in plant genomes, genetically multi-allelic, co-dominant, and well fitted for high-throughput genotyping (Ge et al. 2011).
The gSSR (genomic simple sequence repeat) and EST-SSR (expressed sequence tag - simple sequence repeat) markers
of avocado (Sharon et al. 1997,Ashworth and Clegg 2003,Borrone et al. 2007, Borrone et al. 2009) were developed and
applied to investigate the genetic relationship in avocado accessions maintained in the USA (Ashworth and Clegg 2003,
Schnell et al. 2003) and Spain (Alcaraz and Hormaza 2007, Gross-German and Viruel 2013), whereas, few researches
have examined the genetic diversity in avocado germplasm from China.

This study investigated the different geographic origins of avocado germplasm from Southern China, and in a
supplementary analysis, indicated a broadly and distinct visualization of genetic diversity and race identity in this avocado
germplasm. This study is expected to inspire a marked improvement in avocado breeding.

MATERIAL AND METHODS

Plant material

Ninety-two avocado accessions used in this study, including commercial varieties and local Chinese selections, were
selected as follows: 14 native avocado accessions from the Chinese Academy of Tropical Agricultural Sciences — CATAS,
20 from the Nanfeng State Farm - NFS, 7 from Xipei State Farm - XPS, 13 from Bayi State Farm - BYS, 6 from Xilian State
Farm - XLS, 12 from Lanyang State Farm - LYS [Danzhou city (lat 19° 31’ N, long 109° 34’ E and alt 20 m asl), Hainan
Province, Chinal; 13 from the Daling State Farm — DLS [Baisha city (lat 19°14’ N, long 109° 14’ E and alt 60 m asl), Hainan
Province, China]; 4 from the Mengmao State Farm — MMS [Ruili city (lat 24° 00’ N, long 97° 50’ E and alt 240 m asl),
Yunnan Province, China]; and 3 from the Guangxi Vocational and Technical college — GVTC [Nanning city (lat 22° 29’
N, long 108° 11 E’ and alt 100 m asl), Guangxi Province, China]. The commercial sale of the commercial varieties has
been authorized and permitted by the ministry of agriculture of China or departments of agriculture of the Chinese
provinces, while the commercial sale of the local Chinese selections has not yet been authorized and permitted by the
responsible government departments.

Marker development and genotyping

Avocado ESTs were acquired from the NCBI (http://www.ncbi.nlm.nih.gov/Entrez). Microsatellites within the
expressed sequence tags were identified by the program SSRHunter (Li and Wang 2005). The repeat motifs were set
as 1-6 bp, and the minimum number of repeats was > 5 for di-, tri-, tetra-, penta-, and hexa nucleotide. Primers were
also designed through software Primer3 (http://primer3.ut.ee/). A total of 26 EST-SSR primer pairs were developed and
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designated as “CATASpa”, to indicate Chinese Academy of Tropical Agricultural Sciences and Persea Americana (Tables 1
and 2). All primer pairs were produced by Genscript Biotech (Nanjing, China). Furthermore, 140 previously developed
gSSR and EST-SSR primer pairs were utilized. Primer pairs with the prefix “SHRSPa” were developed by Borrone et al.
2009, “LMAV” by Gross-German and Viruel (2013), and “AV” by Sharon et al. (1997). Genomic DNA was extracted using
the CTAB protocol as described by Ge et al. (2016), with minor modifications. Of the 92 accessions, five with higher
phenotypic polymorphism were selected to filter out 166 developed gSSR and EST-SSR primer pairs. Polymerase chain
reaction amplifications were conducted as described by Ge et al. (2011). The amplified fragments were separated on
6% denaturing polyacrylamide gels, which were stained as previously described (Sanguinetti et al. 1994).

Data analysis

For the gSSR and EST-SSR molecular analyses, only strong, reproducible and clearly distinguishable bands were used
and putative alleles were scored on a 1-7 scale, according to the band sizes for each primer pair. The genetic information
was investigated for nine gSSRs and nine EST-SSRs, based on the following parameters: number of alleles per locus
(A); observed heterozygosity (Ho); expected heterozygosity (H, = 1 —2p?), where p, is the frequency of the /" allele (Nei
1987); effective number of alleles (N, = 1/(1 - N ); Wright’s fixation index (F); the polymorphic information content (PIC)
calculated for each marker as PIC = 1 —Zpizj , Where P, is the frequency of the j* allele in clone i. Software GenAlIEx v6.5
(Peakall and Smouse 2012) was used to calculate A, Ho, He, Ne, PIC, and principal coordinate analysis (PCoA). Cluster
analysis was performed with PowerMarker v3.25 (Liu and Muse 2005), a neighbor-joining tree was constructed based
on the shared alleles, and software MEGA6.0 was used to visualize the phylogenetic tree (Tamura et al. 2013).

RESULTS AND DISCUSSION

The 92 avocado accessions comprised 17 commercial
varieties and 75 local Chinese selections collected on two ~ Table 1. Description of the 26 EST-SSRs

agricultural science research units and seven state farms. Primer name Repeatmotif T (°C)  Expected length (bp)?
Fourteen of the 17 commercial varieties came from CATAS, CATASpa-01 (AG)6 60 150
while only 3 commercial varieties were from the GVTC. CATASpa-02 (GA)5 59 237
Seventy-one of the 75 local Chinese selections were CATASpa-03 (TC)5(GGA)7 59 218
artificially selected on six state farms in Hainan Province, CATASpa-04 (AG)6 59 169
whereas the other four local Chinese selections (RLW-1, CATASpa-05 (CT)5 57 227
RLW-2, RLW-3, and RLW-4) from the MMS in Yunnan Province ~ CATASpa-6 (AT)5 54 224
were the result of natural unmonitored and unmanipulated =~ CATASpa-07 (AT)S 54 231
selection. Moreover, 18 Mexican accessions, 28 Guatemalan CATASpa-08 (ATC)6 57 221
accessions, 10 interracial hybrids, and 36 unknown race CATASpa-03 (AT)S 60 272
. . CATASpa-10 (TC)6 57 209

accessions were represented in the total of 92 avocado

. . . . CATASpa-11 (AG)5 56 202
accessions. The Mexican accessions were mainly collected CATASpa-12 (€17 <3 165
from NFS and XPS. Most of the Guatemal.an acces§|ons wgre CATASpa-13 ()5 < 223
from CATAS, BYS, DLS, and GVTC. The interracial hybrids CATASpa-14 (TA)S 57 223
came from CATAS and LYS, and all unknown race accessions CATASpa-15 (GA)11 57 243
from all seven state farms. CATASPa-16 (CA)6 58 168
From a total of 3089 avocado EST sequences, 278 (9%)  CATASpa-17 (TC)5 56 173
contained the SSR motif. A total of 26 EST-SSR markers were ~ CATASPa-18 (GA)> >7 202
ultimately developed. Thirteen EST-SSRs contained the AG/ ~ “ATASPa-19 (rQ)6 >7 188
TC motif, six the AT/TA motif and seven other motifs. The CATASpa-20 (AT)S >9 227
number of repeats varied between 5 and 12 (Table 1). The CATASpa-21 (AT} > 243
. - CATASpa-22 (CA)s 57 220
propor‘uon of avocado I?ST sequences containing the SSR CATASPa-23 (CCA)7 . 247
motif at present was higher (9%) than that reported by CATASpa-24 (GA)7 58 238
Gross-German and Viruel (2013) (4%). CATASPa-25 (TAT)S 53 223
A set of two Guatemalan accessions (RN-5 and RN-6),  _CATASpa-26 (ATAA)S 59 176

i i i i 1- T : optimum annealing temperature; ° Length determined on the basis of the
two interracial (Guatemalan x Mexican) hybrids (RN-1-GM chorassed Soquenes
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and RN-2-GM), and one Mexican accession (RN-16), presenting the different ecotypes, were applied to screen 166 gSSRs
and EST-SSRs. Of these, nine gSSRs and nine EST-SSRs were selected to assess the genetic relationship within the 92
accessions on account of testing standard. Diversity parameters associated to the said nine gSSRs and nine EST-SSRs were
listed in Table 2 and Table 3. A total of 38 and 30 alleles were revealed by nine gSSRs and nine EST-SSRs, respectively,
with an average of 4.22 alleles per gSSR and 3.33 alleles per EST-SSR. The PIC values, representing allele frequency and
diversity between these accessions, were on average 0.50 per gSSRs and 0.47 per EST-SSRs, respectively. The effective
number of alleles of the gSSRs varied from a low value of 1.48 for AVD0O03II to a high value of 4.08 for AVvO102, with
an average value of 2.52. The EST-SSRs ranged from a low of 1.64 for CATASpa-24 to a high of 3.16 for SHRSPa197, with
an average value of 2.29. The SSR markers were applied previously to ascertain genetic diversity among the Mexican,
Guatemalan, and West Indian ecotypes and interracial hybrids (Ashworth and Clegg 2003, Schnell et al. 2003,Alcaraz
and Hormaza 2007, Gross-German and Viruel 2013). These studies reported that the average number of alleles per SSRs
varied from 9.75 to 18.8, which was higher than found in this study. This provided evidence that the genetic diversity of
the avocado accessions in this study was relatively low. This could be due to the fact that 75 out of 92 avocado accessions
in this study belong to local Chinese avocado selections and wild varieties, which have gradually developed in relatively
isolated production zones without seed exchange among the local unique geographical environments of the state farms
of China, forming groups with similar genetic background. The relatively low genetic diversity of the avocado accessions
in this study was also indirectly confirmed by the observed and expected heterozygosity.

The Ho of the gSSRs varied from 0.00 to 0.32 (mean of 0.08) and the EST-SSRs ranged from 0.00 to 0.14 (mean of
0.04). The He of the gSSRs ranged from 0.32 to 0.76 (mean of 0.57) and the EST-SSRs from 0.39 to 0.68 (mean of 0.54).
The two parameters were compared based on the F value. For 18 markers, this parameter presented positively with an
overall mean of all gSSRs and EST-SSRs of 0.88, displaying an overall heterozygote deficiency. These results indicated
inbreeding to a certain degree in the avocado accessions in this study. This finding was in line with observations described

Table 2. Primer sequences of the 26 EST-SSRs

Primer name Forward primer (5’ = 3’) Reverse primer (5’ - 3’)
CATASpa-01 ATTGGAAGGCGGATAGGAGG GCCCCACACTTCTTCTCTCT
CATASpa-02 GCCTGATTCTGATGCAAGGG TACAAACAATGCGTGAGGGC
CATASpa-03 ATCTGGTGGGGAACTTGGAG CCCTCCTCATCAAGTCCTCC
CATASpa-04 CTTCCTCTGCAATCTCCCCA TGCAGACAAAGGAGCCATTG
CATASpa-05 CCCTCTCTCTCACAAAACGC GAGAGGCCGATGTAGAGCTT
CATASpa-6 GGAAGCCACCACCGAAATAC AACTGCCGTAACAAAGCGTG
CATASpa-07 TCAGCCTAGTCTTTCCCTGA CCTGCCAACTATAATGCTGCA
CATASpa-08 GACGGTGGGCAGATTGAAAA ATGGAGCCAACCCCAACTAG
CATASpa-09 TCAATGTAAAGACTGGGGAGACT CTTGAGGCTTGGAGTTCACA
CATASpa-10 AGGAACGGATGGATCGGATC TCCCCAATATCTTGTGCATTCG
CATASpa-11 AGGGAAACGGTATGCAAGGA TGAATGGGCTGGGTATCTCC
CATASpa-12 AGGGAAACTGTGCTCAAGGT TGACCCACCACAATCTTCCA
CATASpa-13 GCCCACCTCTTTCTTCCTCT TTATCGAGGGCAGCATGGAA
CATASpa-14 AGTGGGAGGAAGACAAGGTG TCCCTGCATAGCCACTACTG
CATASpa-15 AACAACACCTGGCCCATTTT TGTCAGCCTCGACCATCTTT
CATASpa-16 CTTTCCCTGCAAATCTCCGG GGACGATGTGGTGGAGTTTG
CATASpa-17 AAAGCAACCGAAACGATCCC AATGCTAACTGAAGAACCCTCT
CATASpa-18 ATGCCAAAAGGCCAACAGAG CTAAAGTTTCCTGGCCCAGC
CATASpa-19 ATTGACGCCATATTCTCCGC TCGAGGCGACAGATGAATGA
CATASpa-20 ACCAATCTCTGTGCCATCCA AGAGAAAATCACATGTCCCCAT
CATASpa-21 ATATGGGAAGCCACCACCAA ACATAAAAGCTGCTCCACGT
CATASpa-22 ACAGATCTTATCGCCTGAGC GGTTCTTCTGACCGTTTCTCA
CATASpa-23 ATCGAACCCCAATCACTCGT GCTGGGTCTCGTAGGTCTTT
CATASpa-24 AAAACCCAGGGCTAGAGGAC CGATGACTTTGGTTTTCGCC
CATASpa-25 GAGTGCAAACAAACAATCCCT GCCAGTCTGATTTGCCCTTC
CATASpa-26 GGCCATTTGATTCCCTCTTCC GGTCACCCAGGGATCATCTC
156 Crop Breeding and Applied Biotechnology - 19: 153-160, 2019



Molecular diversity in a germplasm collection of avocado accessions from the tropical and subtropical regions of China

in other studies on avocado genotypes using SSRs and EST-
SSRs (Schnell et al. 2003,Alcaraz and Hormaza 2007, Borrone
et al. 2007, Gross-German and Viruel 2013).

In addition, the newly developed EST-SSRs in this study
had a lower level of polymorphism than the gSSRs. This
finding is outstanding since the EST-SSRs lied in the coding
regions experience strong selective pressure and hence
often produce few variations. A lower polymorphic value
of EST-SSRs than of gSSRs was also reported for Brassica
rapa (Ge et al. 2011).

For the SSR analysis, genetic distances among all 92
avocado accessions ranged from 0.00 to 0.30. Cluster
analysis clustered the 92 accessions into two major groups,
with a genetic distance of 0.30 (Figure 1). The dendrogram
demonstrated a clear separation between Guatemalan
accessions and Guatemalan x Mexican hybrids from
the Mexican accessions. In cluster |, the 62 accessions
were clustered into two sub-clusters (genetic distance =
0.295); sub-cluster I-1 was composed of 44 Guatemalan
accessions, and divided into four groups consistent with
their geographical origins. Group I-I-1 contained three
Guatemalan varieties from GVTC, and group I-I-Il two
Guatemalan varieties from CATAS and 13 Guatemalan/
local Chinese selections and unknown race accessions
from DFS. Two Guatemalan varieties from CATAS and 13
Guatemalan /local Chinese selections and unknown race
accessions from BYS formed group I-I-11l, while group I-I-
IV included five Guatemalan varieties from CATAS and six
Guatemalan /local Chinese selections and unknown race
accessions from XLS. Sub-cluster |-l included 18 Guatemalan
x Mexican hybrids and unknown race accessions, and was
divided into two groups consistent with their geographical
origins. Group I-ll-l comprised two Guatemalan x Mexican
hybrids from CATAS and 12 Guatemalan x Mexican hybrids
and unknown race accessions from LYS, and group I-1I-II
was composed of four unknown wild races from MSF. In
cluster Il, the 30 accessions were grouped independently
into two sub-clusters (genetic distance = 0.28); sub-cluster
II-1 was clearly separated into two groups that reflected
geographical origins. Group ll-I-1 contained 20 Mexican/
local Chinese selections and unknown race accessions from
NFS, while group II-I-1I consisted of seven Mexican/local
Chinese selections and unknown race accessions from XPS.
Sub-cluster II-Il comprised only three Mexican varieties from
CATAS. In addition, cluster analysis demonstrated genetic
distances of 0.00 between some avocado accessions, e.g.,
between the accession NFS-11, NFS-12, NFS-13, and NFS-

0.30 0.25 0.20 0.15 0.10 0.05 0.00

Figure 1. Neighbor-joining tree calculated for the 92 avocado
accessions studied based on shared alleles for the 18 SSR and
EST-SSR markers. The avocado accessions were labelled by the
code + race (abbreviation). RN: Renong; XPS: Xipei State Farm;
NFS: Nanfeng State Farm; RLW: Ruili wild; LYS: Lanyang State
Farm; XLS: Xilian State Farm; BYS: Bayi State Farm; DL: Daling;
GY: Guangxi; G: Guatemalan; M: Mexican; GM: Interracial hybrids
between Guatemalan and Mexican; U: Unknown.

14 and NFS. Molecular characterization may show that these four accessions are identical. Therefore, morphological
characterization to analyze the genetic distance combined with molecular characterization is required.

Crop Breeding and Applied Biotechnology - 19: 153-160, 2019

157



Y Ge et al.

Figure 2 demonstrated the clustering situation of the 92 accessions on the first two principal coordinate values
through PCoA. On the basis of the first coordinate, which possessed 18.29% of the total variation, the accessions were
distinctly clustered into two sub-clusters. The Guatemalan accessions were distinguished from Mexican accessions and
Guatemalan x Mexican hybrids. On the basis of the second coordinate, which occupying 13.00% of the total variation,
we observed that the Mexican accessions were distinguished from Guatemalan x Mexican hybrids.

The greater genetic relationship between Guatemalan and Mexican accessions at the interspecies than intraspecies
level on account of SSR marker features in this study was in accordance with previous studies (Ashworth and Clegg 2003,

Table 3. Diversity parameters associated to the nine SSRs and nine EST-SSRs analyzed in the 92 avocado accessions

Primer name A Ne Ho He F PIC Size range (bp)
CATASpa-02 2 1.88 0.00 0.47 1.00 0.36 210-250
CATASpa-23 2 1.77 0.01 0.44 0.98 0.34 210-250
CATASpa-24 4 1.64 0.14 0.39 0.64 0.36 200-250
CATASpa-25 3 2.03 0.04 0.51 0.91 0.45 210-240
CATASpa-26 4 3.08 0.00 0.68 1.00 0.61 160-220
SHRSPa043 4 3.07 0.09 0.67 0.87 0.61 150-210
SHRSPa109 3 1.93 0.01 0.48 0.98 0.39 220-270
SHRSPa157 4 2.05 0.00 0.51 1.00 0.47 210-270
SHRSPa197 4 3.16 0.07 0.68 0.90 0.62 150-190
AVT-005b 4 2.33 0.00 0.57 1.00 0.51 280-350
AVT226 4 2.08 0.00 0.52 1.00 0.45 300-320
AVT372 4 2.52 0.00 0.60 1.00 0.53 220-310
AVDO03II 3 1.48 0.03 0.32 0.89 0.30 350-420
AVDO006 7 3.72 0.00 0.73 1.00 0.70 410-500
AVDO13 4 1.98 0.32 0.49 0.36 0.41 600-800
AVDO022 4 2.52 0.00 0.60 1.00 0.53 480-600
AV0102 6 4.08 0.00 0.76 1.00 0.72 250-410
LMAV19 2 2.00 0.40 0.50 0.20 0.37 220-280

A: total number of alleles; Ne: effective number of alleles; Ho: observed heterozygosity; He: expected heterozygosity; F: Wright’s fixation index; PIC: polymorphic informa-
tion content.

Principal Coordinates (PCoA)
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Figure 2. Principal coordinate analysis of the 92 avocado accessions based on genetic distances calculated from gSSR and EST-SSR
allelic data. RN: Renong; XPS: Xipei State Farm; NFS: Nanfeng State Farm; RLW: Ruili wild; LYS: Lanyang State Farm; XLS: Xilian State
Farm; BYS: Bayi State Farm; DL: Daling; GY: Guangxi; Red rhombus: Guatemalan; Green square: Mexican; Purple triangle: Interracial
hybrids between Guatemalan and Mexican; Yellow roundness: Unknown.
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Schnell et al. 2003, Alcaraz and Hormaza 2007, Gross-German and Viruel 2013). Besides, discrimination in this study
normally clustered the different accessions according to the geographic origin, while the finding that some accessions
derived from different geographic origins joined into the same sub-cluster was also reported. For example, several
Guatemalan, Guatemalan x Mexican hybrids, and Mexican varieties from CATAS were clustered with some local Chinese
selections and unknown race accessions from different state farms in the municipality of Danzhou, Hainan province
(Figure 2). One factor leading to this promiscuous clustering event was the occurrence of cultivar exchange among
researchers and breeders since the late 1980s. The CATAS, as a national scientific research unit, was commissioned to
popularize superior avocado varieties to breeders on adjacent state farms. Some commercial cultivars from CATAS may
be the male or female parent of some local Chinese selections and unknown race accessions from different state farms
in Danzhou, Hainan, which could be inferred from the results of our study (Figure 2). In addition, the botanical races
or hybrids of some unknown race accessions from different geographic origins could be determined based on known
genotypes in the same group. For example, DL-3, DL-4, DL-5, and DL-10 could belong to Guatemalan /local Chinese
selections based on other known Guatemalan/local Chinese selections in the same group.

CONCLUSIONS

A total of 26 EST-SSR markers were produced according to EST sequences of avocado. The 92 avocado accessions
(18 Mexican and 28 Guatemalan accessions, 10 interracial hybrids, and 36 unknown race accessions) were applied to
assess the genetic relationships based on nine gSSRs and nine EST-SSRs. The diversity parameters of these suggested
that the genetic diversity of 92 avocado accessions was relatively low and indicated a certain degree of inbreeding. The
92 accessions of different botanical races and from different geographic regions were distinctly differentiated by cluster
analysis and principal coordinates analysis. Moreover, the botanical race or hybrids of some unknown race accessions
from different geographic origins could be determined based on known genotypes in the same cluster.
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