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Development and Characterization of Microsatellite
Markers in the Elaeagnus mollis Diels
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Abstract: Elaecagnus mollis Diels is an endemic and endangered tree in China. Twenty primer pairs were se-
lected by the combined biotin capture and identified in two populations of E. mollis. Nineteen pairs showed
highly polymorphic,and were selectively neutral and the locus CGY19 was monomorphic. One locus mani-
fested significant deviation from Hardy-Weinberg Equilibrium (P<C0. 01), which was probably caused by
the influence of selection. No significant linkage disequilibrium was detected among pairs of loci in each
pair. With a mean of 4. 225, the number of alleles per locus ranged from 1 to 9. The observed and expected
heterozygosity (H, and Hg) per locus ranged from 0 to 0. 900 and from 0 to 0. 847, respectively. The ge-

netic diversity levels of 2 natural populations of E. mollis were estimated by these 19 pairs of SSR markers
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obtained in this study. It showed that the mean genetic diversity was 97. 37 % ,indicating that the loss of ge-

netic diversity was not the cause of the endangerment of E. mollis. The significant fragmentation (Fspr =

0.0331) was tested between the two populations and it provided the evidence that the genetic variation

mainly existed in the populations. Furthermore,due to the frequent gene flow between populations (N, =

32.081 8),it also verified the Shannon’s information index (I = genetic similarity) was very high in each

population. On a long view, the new set of loci and the information of genetic diversity will be applied in the

mating system and population structure of this species and provide valuable information for its sampling

strategy,conservation and utilization.

Key words: Elaeagnus mollis Diels; microsatellite markers; population structure; conservation and utiliza-

tion.

Elaeagnus mollis Diels, an endangered shrub or
small deciduous tree,is endemic to Liiliang and Qinling
Mountains area of China"". The seeds of E. mollis con-
tain abundant nutritional ingredients such as fatty acid,
V¢, Vi and amino acids. Hence, the fact sheds light on
the unquestionable fact that E. mollis has become a
very precious yet rare wild woody oil tree species with
high value in economy and medicine” . Furthermore,
E. mollis is also a good greening tree species in the
Northwest of China due to its outstanding characteris-
tics of drought, cold and barren resistance, rapid
growth as well as developed root system, which are
helpful for windbreak and sand-fixation*"). However,
its distribution range is limited to a small area with a
small population size and it has been listed as a rare
and endangered species in China. To understand the
population genetics and evolutionary history of this
species is of great importance to take concrete measures
to conserve and effectively utilize its germplasm re-
source. Although 10 pairs of microsatellite markers for
E. mollis have been developed, they were all selected
from the Hippophae rhamnoides markers which were
selected from Vitis wvinifera without verification via

6] Biased even wrong conclusions

clone sequencing
would be obtained if using these markers in genetic
studies because Vitis vinifera and E. mollis share few
common features. Based on the above detailed analysis,
we reported a set of novel high-polymorphic microsat-
ellite markers for E. mollis,and the markers could be
employed to inspect the genetic diversity level of natu-
ral populations of E. mollis. To close, this paper pos-
sesses great reference value for studying its population
genetics structure, analyzing the reasons of endanger-

ment and providing valuable information for its conser-

vation.

1 Material and methods

1.1 Biological material and DNA extraction

A total of 96 individuals of 2 separated popula-
tions (40, 56 individuals from NLXKM, AQ, respec-
tively) were collected from Yicheng, Shanxi Province,
China, in 2014, and the leaves were dried with silica
gel. Total genomic DNA was extracted from these
dried leaves using the CTAB method” with some
modifications and Plant Genomic DNA Kit ( TIAN-
GEN Biotech (Beijing) Co. , Ltd). DNA quantity was
detected by agarose gel electrophoresis.
1.2 Marker procedure

Rsa | and Xmn | were applied to digest total DNA
(New England Biolabs,Ipswich, MA) in a 20 pL reac-
tion volume overnight at 37 °C and then the fragments
were ligated to the double-strand Super SNX-24 linker
(forward: 5'-GTTTAAGGCCTAGCTAGCAGAATC-
3'; reverse: 5'-pGATTCTGCTAGCTAGGCCTTAAA-
CAAA-3"). The ligated DNA fragments were hybrid-
ized with two kinds of single-strand bio-tinylated mic-
rosatellite probes [ 5'-(CA);-Biotin,5-(GA);-Biotin ]
whose products were captured by streptavidin-coated
paramagnetic beads (Dynal Biotech Dynabeads M-280
Streptavidin, Oslo, Norway) and gathered with a mag-
netic particle concentrator (MPC, Dynal Biotech Dynal
MPC-S, Dynal, Oslo, Norway). After that, the enriched
DNA was amplified via polymerase chain reaction
(PCR) with super SNX-24 linker-forward as a primer,
and the purified PCR products were randomly ligated
into the pGEM-T easy vector (Promega Corp. , Madi-
son, Wisconsin, USA) and then transformed into Esch-

erichia coli (TransGen Biotech, Beijing,China) Top 10
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competent cells.

Seventy-two positive clones were selected ran-
domly and sequenced orderly, and 56 (78%) reads
were tested containing microsatellite motifs. Of which,
40 sequences were selected for primer designing using
Primer premier 5. 0 software (Premier Biosoft Interna-
tional, Silicon Valley, California, USA). Finally, 20
pairs of primers (Table 1) were chosen because their
PCR products showed single and clear bands in the
agarose gel electrophoresis.

1.3 Amplification and sequence

One of the fluorescent dyes (FAM and HEX) was
labeled to the forward primer for polymorphism detec-
tion,and the following PCR was performed in 20 plL

reaction system containing 10 — 50 ng of DNA tem-

plate,2 pl. of 10 XPCR buffer (Mg Plus),1. 6 pl of
2.5 mmol/L dNTP mixture, 0. 8 pL of 10 pmol/L
each primer,and 0. 1 pL. of 5 U/ulL rTag DNA poly-
merase (TaKaRa , Dalian, Liaoning, China). Amplifica-
tion was carried out in a Master Thermal Cycler (Ap-
plied Biosystems, Foster City, California, USA) as fol-
lows:4 min at 94 °C,followed by 35 cycles of 30 s at
94 °C,30 s at Ta,90 s at 72 °C and a final extension at
72 °C for 10 min. The PCR products were detected by
an ABI 3 130 xl genetic analyzer alongside the GeneS-
can 500 LIZ size standard (Applied Biosystems, Foster
City, California, USA) and the microsatellite profiles
were analyzed by GeneMapper version 4. 0(Applied Bi-

osystems).

Table 1 Characteristics of 20 polymorphic microsatellite markers in E. mollis
Locus Primer sequence(5'—3") Repeat motif Size range/bp T./C GenBank Accession No.
CGY?2 ﬁ’: %?{g%%g?fk?gfgﬁ((((‘TTTTA (TG)s 309—331 52 KP216615
CGY3 E%ﬁ;ﬁtﬁ%;ﬁégéﬁg?&fﬁﬁé& AG (CA)q 273—277 54 KP216616
CGY4 gEX’???E’}&?EX??Q(X&TXX?SWA(’ (TCO) s 334—375 54 KP216617
CGYT g::i%E&GTﬁj%(%Xx\gg(T’;égg%?XAACCACTC (G 103124 o4 KP216620
CGYS Ei%ﬁé‘%ﬁ%ﬁ‘%ﬁ?@ﬁ?ﬁéﬁfﬁf&cé}c AC (GA) 1 161—171 51 KP216621
CGYY gi%ﬁ&t’%ﬁf%&;&ﬁ‘éﬂ%]\ (TG0 270—283 55. 5 KP216622
CGY10 E2&%{%&2&‘&6&3@?5%XTJAATLLTL (CA) 5 198—212 55. 5 KP216623
CGY11 II“{ ?‘ﬁ&’&k%%?ﬁf&ké&%k (CT)o 223—297 52 KP216624
CGY13 Ei iéggégéglﬁgéﬁéﬁ;ﬁ?ggéﬁACAA (G 230—236 53 KP216626
com EAMGETUIMGICT el s ke
CGY15 E=:ggzgaﬁiﬁzﬁgégiziiﬁ%gﬁfAGG (CA 410—1426 54 KP216628
CGY16 Etﬁﬁi&?t?é&’ktkﬁi‘ﬁi{%ﬁuII (GAs 297—315 54 KP216629
CGY18 1{; %ﬁgﬁ%ﬁﬁgg‘é?é%ﬁé@gﬁﬁé} (TG)s 370—372 52 KP216631
cGyzo F:CTGCCCGCATCAAAAGGA (AO), 169—187 52.5 KP216633

R:CTAGTTGGAGGCTCTTGGCTTT
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1.4 Data analysis

Forty individuals from populations NLXKM and
AQ (20 individuals per population) were aided to de-
tected the polymorphism of these markers using Arle-
quin software Version 3. 5. 1" with the following pa-
rameters : the departures from Hardy-Weinberg equilib-
rium (H-W) and the gametic linkage disequilibrium
between pairs of loci (LLD). Then the polymorphic SSR
markers were employed to analyze the genetic diversity
of the two natural populations of E. mollis. These pa-
rameters encompassed: the genetic diversity level (P),
the mean number of alleles (N, ) ,the effective number
of alleles (N.) ,the observed and expected heterozygos-
ity (Hy, and Hg) , the Shannons information index (1),
the Fixation index (F),the gene flow (N, ).and the

significant fragmentation (Fs;) were analyzed using

the computer program GenAlEx 6. 557,

2 Results and analysis

The mean number of alleles ranged from 1 to 9,
with an average of 4. 225. The observed and expected

heterozygosity per locus ranged respectively from 0 to

0. 900 and from 0 to 0. 847 with averages of 0. 462 and
0.516 (Table 2). The locus (CGY19) was monomor-
phic in both of the two populations. For the author’s
part, it should be avoided while studying the indige-
nous populations in future.

Among 37 tests of H-W expectations, 1 locus
(CGY3) in AQ population and 2 loci (CGY3,CGY4)
in NLXKM population showed significant departures
from H-W (P < 0. 01), but only 1 locus (CGY3)
showed significant deviation from H-W (P<C0. 01) in
both of the two populations, which was probably
caused by the influence of selection. Thus, this locus
should be avoided in future studies.

Tests of linkage disequilibrium for 380 pairs of
loci manifested that 1 pair of loci in AQ population
and 4 pairs of loci in NLXKM population exhibited
linkage disequilibrium,but none of them existed in
the two populations simultaneously. Therefore, the
conclusion can be drawn that they are probably not
a consequence of physical linkage.

Nineteen pairs of polymorphic SSR markers

obtained from our research were utilized to analyze

Table 2 Results of initial primer screening in E. mollis(N=20)

Locus AQ NLXKM
N, Ho Hg N, Ho Hg
CGY1 3 0.550 0 0.521 8 5 0.300 0 0.356 4
CGY2 3 0.650 0 0.619 2 3 0. 450 0 0.497 4
CGY3 3 0. 000 0 0.641 0 3 0.050 0 0.421 8
CGY4 3 0.350 0 0.421 8 4 0.250 0 0.561 5
CGY5 3 0.100 0 0.098 7 2 0.350 0 0.296 2
CGY6 4 0. 450 0 0.506 4 5 0.600 0 0.693 6
CGY7 7 0.500 0 0.620 5 6 0. 400 0 0.434 6
CGY8 4 0.500 0 0.479 5 4 0.600 0 0.559 0
CGY9 4 0.550 0 0.598 7 6 0.700 0 0.782 1
CGY10 7 0.800 0 0.841 0 6 0.750 0 0.726 9
CGY11 5 0.631 6 0.655 8 9 0.800 0 0.783 3
CGY12 8 0. 800 0 0.779 5 7 0.650 0 0.771 8
CGY13 3 0.650 0 0.635 9 3 0.350 0 0.309 0
CGY14 4 0.550 0 0.575 6 5 0.700 0 0.585 9
CGY15 8 0. 900 0 0.847 4 6 0.600 0 0.810 3
CGY16 3 0.650 0 0.578 2 4 0.550 0 0.702 6
CGY17 3 0.550 0 0.528 2 3 0. 450 0 0.609 0
CGY18 1 0. 000 0 0. 000 O 2 0.050 0 0. 050 0
CGY19 1 0. 000 0 0. 000 O 1 0. 000 0 0. 000 0
CGY20 4 0.450 0 0.483 3 4 0.250 0 0.275 6
Average 4. 05 0.481 6 0.521 6 4.4 0.442 5 0.511 3

Notes: N,. Observed number of alleles; Hp. Observed heterozygosity; Hi. Expected heterozygosity.
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the genetic diversity level of the two natural popula-
tions of E. mollis. The result indicated that all the four
populations of E. mollis had an average high level of
genetic diversity based on the percentage of Polymor-
phic Loci (P(mean) = 97.37%) ,and a low coefficient
of gene differentiation (Fs:=0. 033 1) between popu-
lations, which revealed that the genetic variation mainly
existed within the populations and primarily was due to
the frequent gene flow between populations (N, =
32.081 8). In this vein,it accounted for the reason why
the Shannon’s information index (I= genetic similari-
ty) was very high in each population. The mean fixa-
tion indexes (F) of the two populations was 0. 061 9
(SE=0. 036) , which showed that the populations of
this species slightly deviated from balance and had sur-
plus homozygotes at the population level (Table 3).
The endangered mechanism of plant is mainly de-
rived from the two factors both inside and outside of
species. The internal causes include the plant inherit-
ance, physiology , development, reproduction and so on,
whereas the external factors can be attributed to hu-
man disturbance, ecological environment change,
etc . At the species level, the result showed that the
genetic diversity indexes of E. mollis (N, =5. 105 3,
H,=0.515 9 and Hz=0.552 1) were not much dif-
ferent from the other two species in the same family
(Russian olive;: N, =4. 5, H,=0. 465 5, H; = 0. 548;
Hippophae rhamnoides: N, =6. 667, H,=0. 232 2, Hy
Table 3  Genetic diversity parameters of two natural populations

of E. mollis analyzed by 19 pairs of polymorphic SSR markers

Population

NLXKM AQ

40 56
P 100. 00 % 94.74%
N. 5.000 0 5.210 5
N. 2.687 0 2.846 1
I 1.067 9 1.100 2
Ho, 0.502 6 0.529 2
Heg 0.544 7 0.559 5
F 0.074 2 0.048 9
Fsr 0.033 1
N 32.081 8

Notes: N. No. of samples; P. Genetic diversity/ % ; N,. Number
of alleles; I. Shannons information index; Hp. Observed heterozygos-
ity; Hg. Expected heterozygosity; F. Fixation index; Fsr. Coefficient

of gene differentiation; N,,. Gene flow.

=0.389 DM This result showed that the genetic
diversity level of E. mollis was not low. However, what
causes this result is not evident. Two reasons may be
illustrated to accounted for this phenomenon: (1) the
genetic diversity of existing populations of E. mollis
may inherit from their ancestral population with a rich
genetic diversity because of the influence of the Qua-
ternary glaciation and anthropogenic activities; (2) out-
crossing which is an important mechanism to maintain
high levels of genetic variation within populations may
be also a vital reason™*!. Form a scientific view,it could
be verified by estimating the mating system of E. mol-
lis.

As has shown from the previous analysis, the level
of its genetic diversity may not be the main endange-
ring factor. As Wang and Qin said, the loss of genetic
diversity of E. mollis was more likely to be the end re-
sult of its endangerment rather than the cause of the
endangerment™'"!. Moreover, the successful cultivation
of E. mollis in many other areas implied that ecological
environment change was also not the main endangering
factor'"™. During two times field surveys, we got the
insight that the germination (no more than 30%) and
seed setting rate were extremely low, which may result
from inbreeding depression i. e. ,the increased homozy-
gosities of recessive genes caused by inbreeding will re-
sult in high mortality of the embryos. A low coefficient
of gene differentiation (Fs = 0.033 1, SE=0. 007)
was detected between the two populations and it
showed that genetic variation mainly exist within the
populations. These findings will facilitate and promote
the following studies in sampling strategies, conserva-
tion and utilization of germplasm genetic resources, es-

pecially for endangered species.

3  Conclusions

In this study, we provided 20 nuclear microsatel-
lite markers developed specifically from E. mollis, most
of which showed highly polymorphic, and were selec-
tively neutral. These markers will be useful in our fur-
ther studies on mating system, genetic structure and
gene flow of E. mollis. If properly used and studied, it
may provide valuable information for the recovery and

conservation of this endangered species.
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The genetic diversity level of E. mollis obtained in
our study was not low. Thus, it falsified the previous
wrong perception and proved that this was not the en-
dangered reason of this species. Given the fact that the
genetic variation mainly exist within the populations,

more individuals should be sampled within populations

in the further research on mating system of E. mollis to
understand the reproductive status of this species,
which can be used as a ladder to further explore the ef-
fective conservation and genetic improvement strate-

gies.
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