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Clade-Specific Sterol Metabolites in Dinoflagellate
Endosymbionts Are Associated with Coral Bleaching in
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ABSTRACT Cnidarians cannot synthesize sterols (which play essential roles in
growth and development) de novo but often use sterols acquired from endosymbi-
otic dinoflagellates. While sterol availability can impact the mutualistic interaction
between coral host and algal symbiont, the biosynthetic pathways (in the dinoflagellate
endosymbionts) and functional roles of sterols in these symbioses are poorly under-
stood. In this study, we found that itraconazole, which perturbs sterol metabolism by in-
hibiting the sterol 14-demethylase CYP51 in dinoflagellates, induces bleaching of the
anemone Heteractis crispa and that bleaching perturbs sterol metabolism of the dinofla-
gellate. While Symbiodiniaceae have clade-specific sterol metabolites, they share features
of the common sterol biosynthetic pathway but with distinct architecture and substrate
specificity features of participating enzymes. Tracking sterol profiles and transcripts of
enzymes involved in sterol biosynthesis across time in response to different environmen-
tal cues revealed similarities and idiosyncratic features of sterol synthesis in the endo-
symbiont Breviolum minutum. Exposure of algal cultures to high levels of light, heat, and
acidification led to alterations in sterol synthesis, including blocks through downregula-
tion of squalene synthase transcript levels accompanied by marked growth reductions.

IMPORTANCE These results indicate that sterol metabolites in Symbiodiniaceae are
clade specific, that their biosynthetic pathways share architectural and substrate
specificity features with those of animals and plants, and that environmental stress-
specific perturbation of sterol biosynthesis in dinoflagellates can impair a key mutu-
alistic partnership for healthy reefs.

KEYWORDS coral bleaching, symbiosis, sterols, Heteractis crispa, Symbiodiniaceae

orals and sea anemones are marine invertebrates of the phylum Cnidaria. Many are

symbiotic species that engage as hosts in mutualistic partnerships (symbioses) with
photosynthetic, algal endosymbionts (1). The major symbiotic algae associated with
cnidarians are members of the dinoflagellate family Symbiodiniaceae, which has high
phylogenetic diversity (2). Annotated genomes are available for several taxa of the
family, including Symbiodinium microadriaticum (clade A) (3), Breviolum minutum (clade
B, formerly S. minutum) (4), Cladocopium goreaui (clade C, formerly S. goreaui) (5), and
Fugacium kawagutii (clade F, formerly S. kawagutii) (6). The dinoflagellate endosymbi-
onts supply their cnidarian hosts with photosynthetic products (7) while benefiting
from using CO, and nutrients in the host’s waste products and their stable position in
the water column with exposure to light (1). As the reefs provide numerous socioeco-
nomic and ecological benefits in addition to high biodiversity (inter alia, tourist and
recreational attractions, shoreline protection, and fisheries), there are urgent needs for
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self-fertilization.

Geitonogamy involves pollination of flowers by pollen from other
flowers on the same plant. In hermaphroditic plants with multiple
flowers in anthesis at the same time, this mode of pollination is likely
to be near ubiquitous (de Jong et al., 1993; Harder and Barrett, 1995;
Vaughton and Ramsey, 2010). In self-compatible species, geitonog-
amy may incur fitness costs because of inbreeding depression (i.e.,
the reduction in fitness of selfed seeds relative to outcrossed seeds),
seed discounting (i.e., a reduction in the production of outcrossed
seeds because seeds are selfed), and pollen discounting (i.e., a de-
crease in outcross siring success because self-pollen deposition re-
duces opportunities for cross pollination) (Lloyd, 1992; Busch and
Delph, 2012). Because of these mating costs, geitonogamy is com-
monly recognized as a pervasive and non-adaptive by-product of
floral display size leading to the evolution of diverse floral strategies
that function to limit geitonogamy (Lloyd, 1992; de Jong et al., 1993;
Barrett, 2003). However, if geitonogamy is both ubiquitous and un-
avoidable, it is worth considering how self-compatible plants cope
with geitonogamy after ovules are selfed, but this has not been ex-
plored in the literature on plant reproductive ecology.

In this essay, we propose a novel hypothesis for how self-
compatible plants may take advantage of the benefits of reproductive
assurance through geitonogamy while avoiding the seed discounting

cost after geitonogamous selfing has occurred. We propose that af-
ter ovules are selfed through geitonogamy, they can mature into
seeds, providing reproductive assurance if cross-fertilized ovules are
limiting, but that selfed ovules will be preferentially aborted if cross-
fertilized ovules are abundant. Such post-fertilization mating flexi-
bility in stochastic pollination and fertilization environments may
allow geitonogamy to provide reproductive assurance with limited
seed discounting costs. It is important to emphasize that according
to the hypothesis we propose here geitonogamous seed discounting
can be reduced but not pollen discounting, which may still be sig-
nificant (Harder and Barrett, 1995).

Our hypothesis depends on the key assumption that maternal
parents can selectively abort ovules fertilized by low-quality pollen
(self-pollen or pollen of close relatives) when resources are limiting
but not when resources are abundant; i.e., there is plasticity in selec-
tive embryo abortion. For example, in several studies fruit or ovule
abortion was lower and progeny vigor higher in intact flowers or in-
florescences than in those receiving hand-thinning treatment, indi-
cating that otherwise viable embryos were aborted when resources
were limiting (Stephenson and Winsor, 1986; Casper, 1988; Rocha
and Stephenson, 1991; Melser and Klinkhamer, 2001). However, there
is also evidence indicating that selective embryo abortion caused
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1 | INTRODUCTION

Hopea hainanensis Merrill & Chun is a large evergreen tree that can
grow up to 20 m. Itis found in tropical lowland forest of Hainan Island
and northern Vietnam (Li et al., 2007). Hopea hainanensis is known
for its highly valued timber which is extremely durable and suitable

| Liang Tang?

Abstract

Microsatellite markers were isolated and characterized for Hopea hainanensis Merrill
& Chun, an endangered tree species with scattered distribution in Hainan Island and
northern Vietnam. Twenty-six microsatellite markers were developed based on next-
generation sequencing data and were genotyped by capillary electrophoresis on an
ABI 3730xI DNA Analyzer. Twelve markers were found to be polymorphic in H. hain-
anensis. GENODIVE analyses indicated that the number of alleles ranged from 2 to
6 per locus, and the observed and expected heterozygosity varied from O to 0.755
and from 0.259 to 0.779, respectively. Primer transferability was tested with Hopea
chinensis Hand.-Mazz. and Hopea reticulata Tardieu, in which 3 and 7 microsatellite
markers were found to be polymorphic, separately. The results showed that H. reticu-
lata and H. hainanensis had similar levels of genetic diversity. A neighbor joining den-
drogram clustered all individuals into two major groups, one of which was exclusively
constituted by H. hainanensis, while the other consisted of two subgroups, corre-
sponding to H. reticulata and H. chinensis, respectively. The 12 polymorphic microsat-
ellite markers could be applied to study genetic diversity, population differentiation,
mating system, and fine-scale spatial genetic structures of H. hainanensis as well as
its close relatives, facilitating the conservation and restoration of these endangered

but valuable Hopea species.

KEYWORDS
Dipterocarpaceae, endangered species, H. hainanensis, microsatellite markers, next-
generation sequencing

for making boats and building bridges and houses (Li et al., 2007).
As a result, adult trees of this species had been overly logged, lead-
ing to a reduction of 50%-70% population in the last three hundred
years (Ly et al., 2018). The remaining population of H. hainanensis
is severely fragmented and isolated in a few reserves in Hainan

Island. This species is scarce in its natural habitat and is assessed as

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2020 The Authors. Ecology and Evolution published by John Wiley & Sons Ltd.
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ABSTRACT

The protein-coding genes and pseudogenes of Cuscuta australis had the diverse contribution to the formation and evolution of parasitism. The codon usage pattern
analysis of these two type genes could be used to understand the gene transcription and translation. In this study, we systematically analyzed the codon usage
patterns of protein-coding sequences and pseudogenes sequences in C. australis. The results showed that the high frequency codons of protein coding sequences and
pseudogenes had the same A/U bias in the third position. However, these two sequences had converse bias at the third base in optimal codons: the protein coding
sequences preferred G/C-ending codons while pseudogene sequences preferred A/U-ending codons. Neutrality plot and effective number of codons plot revealed that
natural selection played a more important role than mutation pressure in two sequences codon usage bias. Furthermore, the gene expression level had a significant
positive correlation with codon usage bias in C. australis. Highly-expressed protein coding genes exhibited a higher codon bias than lowly-expressed genes.
Meanwhile, the high-expression genes tended to use G/C-ending synonymous codons. This result further verified the optimal codons usage bias and its correlation

with the gene expression in C. australis.

1. Introduction

The central principle is one of the core principles of biology, and the
triple codon is the most important part of biological activity when the
genetic information is transmitted from mRNA to protein. Each codon
corresponds to one amino acid, and each amino acid refers to up to six
codons or at least one codon [1]. The multiple codons encode the same
amino acid are the synonymous codons with each other [2], but the
frequencies of synonymous codons usage are not equal during protein
synthesis [3]. The usage of codon in different genes or species has a
preference for some certain codons [4]. The codon preference of sy-
nonymous codon usage, known as codon usage bias (CUB), is wide-
spread in the genomes and reflects non-uniform use of codon for gene
encoding and plays a role in the gene regulation [5-8].

Selection-mutation-drift, included natural selection, mutation pres-
sure and gene drift, was the representative theory to explain codon
usage bias [9-12]. The assessment of the factors for CUB included the
relative synonymous codon usage (RSCU), neutrality plot, effective
number of codons (ENC), parity rule 2 bias analysis and frequency of
optimal codons (FOP) and so on. And the different selection of above
indictors was used to measure the CUB among different species or
conditions [13-16]. Besides, the GC component of genes was an

* Corresponding authors.

important feature to assess the CUB, and GC content in the third posi-
tion of a codon (GC3) is considered to be the direct reflection for codon
usage pattern [17]. In general, the G/C-terminated codons are more
frequently used in monocotyledonous plants, and A/T-terminated co-
dons are more common in dicotyledonous plants [18-20]. Moreover,
gene expression levels and gene length were associated with the for-
mation of CUB [8], and the codon usage pattern of higher expression
genes was biased [21]. In addition, the relationship between codon
preference and gene expression was also reported in Trypanosoma brucei
[22], Escherichia coli [23] and Drosophila [24].

Cuscuta australis, a root and leafless parasitic model plant, uses a
specialized haustorial organ to extract water and nutrients through
vascular connections with the hosts [25-27]. Although the extract of C.
australis is an important medicinal component for the treatment of
sores, measles and liver diseases [28], the mainly investigate of C.
australis still focused on the evaluation of parasitism [27] and the
functional effects of bidirectional movement between host and parasite
[26]. Recently, a high-quality reference genome of C. australis was as-
sembled and released in Dodder Genome Database (DGD, http://
groups.english.kib.cas.cn/epb/dgd/) [27], which provided a genome-
wide insight for the annotated protein-coding sequences and pseudo-
genes sequences of C. australis. The codon usage bias can be used as an
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Abstract

Melatonin (N-acetyl-5-methoxytryptamine) is an essential molecule which regulates plant growth and development and
alleviates the damaging effects of abiotic stresses. To evaluate the important functions of melatonin in response to salinity
stress, the effects of exogenous melatonin on the antioxidant system and growth of tomato (Solanum lycopersicum L.) under
150 mM NacCl stress were investigated. The application of 100 M melatonin compensated the growth inhibition caused
by salt-stress. Melatonin treated seedlings had an increased fresh and dry masses of shoots and roots. The application
of 1 - 200 uM melatonin notably enhanced the relative chlorophyll content (SPAD index), root characteristics, and gas
exchange in tomato seedlings subjected to salt stress compared to seedlings treated with salt stress alone. Moreover,
melatonin pretreatment minimized accumulation of reactive oxygen species and improved activities of antioxidative
enzymes including catalase, superoxide dismutase, glutathione reductase, and ascorbate peroxidase.

Additional key words: abiotic stresses, antioxidative enzymes, chlorophyll, NaCl, oxidative damage, photosynthesis.

Introduction due to high concentrations of Na’, thus causing changes

in of enzymatic activities, protein synthesis, respiration,

Environmental stress, such as salinity, directly impacts
plants growth and development through osmotic and
particular ion effects, and by leading to oxidative
stress due to enhanced reactive oxygen species (ROS)
production (Hasanuzzaman et al. 2013, Jiang et al. 2017).
According to Ahuja (2010) and Zhang et al. (2011),
many environmental stresses as drought, salinity, extreme
temperatures are devastating for crops causing yield loses.
Kaya et al. (2013) and Peng et al. (2017) declared soil
salinity as a global problem. As described by Khan and
Hemalatha (2016) and Liu et al. (2018) photosystems
get impaired, production of reactive oxygen species is
accelerated, and growth is reduced due to excessive NaCl
concentration. Firstly, cellular organelles are damaged

and photosynthesis. Secondly, an imbalance in nutrients
is resulted due to salinity, as it causes a decline in uptake
and transport nutrients towards the shoot. Further, plants
face a physiological drought condition as salinity hurdles
root water uptake due to decreased osmotic potential of
soil (Ruiz-Lozano et al. 2012).

Melatonin  (N-acetyl-5-methoxytryptamine) is an
organic compound with low molecular mass and exerting
various biological activities; it represents a ubiquitous
molecule in all living organisms from bacteria to mammals
(Hardeland et al. 2011, Reiter et al. 2014, Nawaz et al.
2016). The first discovery of melatonin in higher plants was
reported by Dubbels et al. (1995) and Hattori et al. (1995).
Later on, clear occurrence of melatonin in all organs of
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Abbreviations: APX - ascorbate peroxidase; CAT - catalase; c; - intercellular CO, concentration; E - transpiration rate; EL - electrolyte
leakage; GR - glutathione reductase; g - stomatal conductance; MDA - malondialdehyde; PDM - plant dry mass; PFM - plant fresh
mass; Py - net photosynthetic rate; RDM - root dry mass; RFM - root fresh mass; ROS - reactive oxygen species; SOD - superoxide
dismutase.
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Abstract

Hopea hainanensis Merrill & Chun (Dipterocarpaceae) is an endangered tree species
restricted to Hainan Island, China and a small part of Northern Vietham. On Hainan Island, it
is an important indicator species for tropical forests. However, because of its highly valued
timber, H. hainanensis has suffered from overexploitation, leading to a sharp population
decline. To facilitate the conservation of this species, genetic diversity and population struc-
ture were assessed using 12 SSR markers for 10 populations sampled across Hainan
Island. Compared to non-threatened Hopea species, H. hainanensis exhibited reduced
overall genetic diversity and increased population differentiation (AMOVA: Fst = 0.23).
Bayesian model-based clustering and principal coordinate analysis consistently assigned
H. hainanensis individuals into three genetic groups, which were found to be widespread
and overlapping geographically. A Mantel test found no correlation between genetic and
geographical distances (r=0.040, p=0.418). The observed genetic structure suggests that
long-distance gene flow occurred among H. hainanensis populations prior to habitat frag-
mentation. A recent population bottleneck was revealed, which may cause rapid loss of
genetic diversity and increased differentiation across populations. Based on these findings,
appropriate strategies for the long-term conservation of the endangered species H. haina-
nensis are proposed.

Introduction

Earth’s biodiversity is rapidly declining as a consequence of agricultural expansion, overexploi-
tation, deforestation, pollution and climate change [1-3]. Approximately 40% of plant species
are threatened with extinction [4]. Conservation genetics, a new discipline that applies the
concepts and tools of population genetics to biological conservation, is aimed at preserving
endangered species from extinction [1]. Endangered species are commonly characterized by
small, fragmented populations and restricted gene flow among populations [3]. In small, iso-
lated populations, mating occurs more frequently among relatives, and a shift to selfing may
be observed in hermaphroditic plants. Inbreeding leads to homozygosity in detrimental
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Abstract

Based on an updated taxonomy of Gesneriaceae, the biogeography and evolution of the Asian Gesne-
riaceae are outlined and discussed. Most of the Asian Gesneriaceae belongs to Didymocarpoideae, except
Titanotrichum was recently moved into Gesnerioideae. Most basal taxa of the Asian Gesneriaceae are found
in the Indian subcontinent and Indo-China Peninsula, suggesting Didymocarpoideae might originate in
these regions. Four species diversification centers were recognized, i.e. Sino-Vietnam regions, Malay Penin-
sula, North Borneo and Northwest Yunnan (Hengduan Mountains). The first three regions are dominated
by limestone landscapes, while the Northwest Yunnan is well-known for its numerous deep gorges and high
mountains. The places with at least 25% species are neoendemics (newly evolved and narrowly endemic)
which were determined as evolutionary hotspots, including Hengduan Mountains, boundary areas of Yun-
nan-Guizhou-Guangxi in Southwest China, North Borneo, Pahang and Terengganu in Malay Peninsula,
and mountainous areas in North Thailand, North Sulawesi Island. Finally, the underlying mechanisms for

biogeographical patterns and species diversification of the Asian Gesneriaceae are discussed.

Keywords
Didymocarpoideae, endemic, species diversification, limestone landscape, monsoon, long-distance dispersal
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Abstract

Hainan Island harbours an extraordinary diversity of Gesneriaceae with 14 genera and 23 species, amongst
which two species and one variety are recognised in the genus Oreocharis. These three Oreocharis taxa are
all Hainan-endemics and show a complex geographical distribution pattern with considerable morpho-
logical intermixtures. In this study, we combined DNA (nuclear ITS sequences and cpDNA #rnL-trnF
and ycf16) to evaluate genetic delimitation for 12 Oreocharis populations from the island, together with
morphological similarity analysis using 16 morphological traits. The results showed Hainan Oreocharis
taxa were monophyletic with relative low genetic diversity within populations, highly significant genetic
differentiation amongst populations and a significant phylogeographical structure. The 12 populations
formed three genetically distinct groups, roughly correspondent to the currently recognised two species
and one unknown lineage. The PCA analyses of morphological traits indicate three distinctive groups, dif-
fering mainly in petal colour and corolla shapes. The roles of river and mountain isolations in the origin
and distribution of these three lineages are discussed.
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Abstract

A new species of Gesneriaceae, Oreocharis jasminina S.J.Ling, EWen & M.X. Ren from Hainan Island,
south China, is highlighted and described. The new species is distinguished by its actinomorphic co-
rolla, narrow floral tube and ovate anthers hidden in the floral tube. The new species also showed clear
geographic and altitudinal isolation from the three currently-recognised Oreocharis species on the Island.
Molecular phylogenetic analysis, based on nuclear ITS1/2 and plastid #rnL-trnF sequences, supported the
delimitation of the new species, which forms a single lineage with all the other Oreocharis species from
Hainan Island. The roles of geographic and floral isolation in the evolution of the new species and its af-

finities are discussed.
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Article history: Heavy metals in soil are harmful to human health via the food chain, but little is known about the
Received 12 June 2020 mechanism of reducing bioavailability of Cd or Pb to maize (Zea mays L.) by applying complex amend-
Received in revised form ments to soil. A field experiment was conducted at a tropical site in Hainan Province, China, that had

23 August 2020
Accepted 25 August 2020
Available online 28 August 2020

been subjected to soil pollution by Cd and Pb from past mining activities. There were ten treatment
groups comprising a mixture of biochar, hydroxyapatite (HAP), manure, and plant ash in varying pro-
portions and at three different rates. Compared with untreated soil, all treatments increased pH by 2—3
Handling Editor: X. Cao units in bulk soil or 1-2 units in rhizosphere soil. For all amendments, the concentration of Cd in all parts
of maize plants was decreased compared with unamended soil, but this effect was much smaller for Pb.
The greatest effect was found with a mixture containing the ratio of HAP:manure:biochar:plant ash as
6:4:2:1 when applied at 20.1 t ha~’. The dominant microbial group in contaminated soil was Proteo-
bacteria. There is evidence that this group can immobilize Cd by mechanisms that include biosorption
and bioprecipitation. It was concluded that the mixed amendments containing biochar, HAP, manure,
and plant ash can be useful in decreasing Cd uptake by maize. The amendment in this study likely

* Corresponding author. College of Ecology & Environment, Hainan University, Haikou, Hainan, 570228, PR China.
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ABSTRACT

Plastic mulch film residues (PMFR) accumulated throughout mulching years can result in serious envi-
ronmental problems, especially in hotter areas with frequent farming (e.g. the tropics). The effects of
long-term mulching on the soil-microbe-plant system, however, are largely unknown. As mulching years
is positively correlated with PMFR concentrations, we used a controlled pot experiment to investigate the
effects of mulching years (20a: The concentration of PMFR is about 2 g kg™, 60a: About 6 g kg~1) on rice
growth, rhizosphere bacterial communities, and soil organic carbon (SOC) under different soil pH con-
ditions. Mulching years reduced rice growth; 20a showed more negative effects than 60a on rice tillers
number and biomass. PMFR changed the composition, diversity, and metabolic function of the rhizo-
sphere bacterial communities. The content of SOC decreased as mulching residues increased; total
organic carbon (TOC), soil organic matter (SOM), Fn (355), and humification index (HIX) declined by
30.24%, 55.97%, 59.74%, and 70.24%, respectively. Furthermore, significant correlations between bacterial
communities and SOC were observed in the soil-microbe-plant system. PMFR showed stronger negative
effects on rice growth in acidic soil (pH 4.5); however, in basic soil (pH 8.5), there were stronger
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Nordic Journal of Botany Hiprage lushuiensis, a new species from the Hengduan Mountains, northwestern
2020: 02436 Yunnan Province, China, is described and illustrated here. This species was found
doi: 10.1111/njb.02436 z}_)rrohwi.ng at .thj'm.argi'n og an open 1Eorest 1in ;he Nujiang 1Gorgie og Lusliluli City. [—gpz‘.agﬁ
ushuiensis is distinctive for its pink petals, 2 or more calyx glands, and large and pin
Subject Editor: Michael Gilbert samara with white hairs. This species is isolated in the deep gorge (25°51'N, 98°51'E,
Editor-in-Chief: Torbj6rn Tyler altitude 917 m), at the northern edge distribution range of the genus. These distinctive
Accepted 27 January 2020 morphological differences and the geographic isolation suggest a history of long-dis-
Published 21 March 2020 tance dispersal and allopatric speciation. Hiptage lushuiensis has a shorter filament but

larger herkogamy than related species, suggesting that H. lushuiensis may have adapted
to other pollinators with short but fat body such as Amegilla or Bombus spp.

Keywords: Asian flora, Malpighiales, taxonomy, tetrapteroid clade

Introduction

Hiptage Gaertn. (1971, p. 22) is a genus of woody lianas in the Malpighiaceae grow-
ing mainly at forest edges, riversides or on limestone hills in tropical and subtropi-
cal Asia (Chen and Funston 2008, Ren 2015). The genus comprises ca 30 species
(Anderson et al. 2006, Chen and Funston 2008, Ren et al. 2013, Ren 2015), of which
seven are endemic to China (Chen and Funston 2008). Due to the dominating sum-
mer monsoons in Asia (Ren 2015, Jiang et al. 2017), Hiptage reach to more than 25°
northern latitude in Yunnan, Guangxi, southeast Tibet and South Guizhou in south-
western China, and some narrowly-endemic Hiprage species are found here (Chen and
Funston 2008, Ren 2015, Yang et al. 2018, Tan et al. 2019).

Hiprage is distinctive by its diagnostic three-winged samara and mirror-image flow-
ers with heteranthery (Ren et al. 2013, Yang et al. 2018). Mirror-image flowers are a
sexual polymorphism in which the style is deflected either to the left (left-styled lower)
or the right (right-styled flower) (Barrett et al. 2000, Jesson and Barrett 2002), and it
is recognized as a specialized insect-pollination mechanism (Jesson and Barrett 2002,
Ren et al. 2013). The three-winged samara makes the fruit flying in a helicopter-like
mode, an adaptation facilitating long-distance dispersal (Davis et al. 2002, Ren 2015,
Qian and Ren 2016, Tan et al. 2018).

NORDIC SOCIETY OIKOS

. © 2020 Nordic Society Oikos. Published by John Wiley & Sons Ltd
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We studied a previously unreported form of mirror-image flowers in Rhabdothamnopsis sinensis (Gesneriaceae)
endemic to China. The style in R. sinensis remains straight throughout the blooming period, while the basal part
of the floral tube bends either to the left or right side, causing the style to lean towards the right or left side of the
floral tube. R. sinensis has two epipetalous fertile stamens with twisted filaments, moving the fused anthers
located at the opposite side of the style. This floral syndrome results in reciprocal mirror-image flowers in a
relative simpler way as compared to typical types of mirror-image flowers. Pollinator observations revealed that
the bending of the floral tube and twisted filament block the entrance to the floral tube, rendering long-tongued
bumblebees as pollinators by transferring pollen with the side of the thorax. R. sinensis is self-compatible and the
pollen-ovule ratio is strikingly low (37.41 & 11.90). Thorax pollination probably is the main reason for such low
pollen wastage because the thorax suffers less grooming than the abdomen, which is the main pollen-carrying
part in other typical mirror-image flowers. The unusual type of mirror-image flowers described here suggests
a specialized pollination adaptation with limited but high-fidelity pollinators.

1. Introduction

Mirror-image flowers are a highly-specialized sexual polymorphism
in which the style deflects either to the left or right side of a flower in the
same species (Todd, 1882; Barrett et al., 2000; Jesson and Barrett,
2002). Depending on whether or not there are fertile stamen(s)
deflecting to the opposite side of the style, mirror-image flowers can be
classified as reciprocal or nonreciprocal mirror-image flowers (Jesson
and Barrett, 2002). Mirror-image flowers can be expressed at two
fundamentally different patterns of organization, i.e. the left- and
right-styled flowers can be produced either on the same individual
(monomorphic enantiostyly) or on different individuals (dimorphic
enantiostyly) (Jesson and Barrett, 2002, 2003).

Typical mirror-image flowers have no obvious floral tube and sexual
organs are presented to pollinators for buzz-pollination (pollinators
vibrate poricidal anthers to release pollen) (Todd, 1882; Jesson and
Barrett 2002, 2005). Normally, mirror-image flowers are pollinated by
large-bodied insects such as bumblebees or carpenter bees (Miiller,
1883; Jesson and Barrett, 2002, 2003). These insects can touch the

deflected style and stamen(s) respectively with their left or right side
and consequently facilitate pollen transfer between left- and right-styled
flowers (Fenster, 1995; Jesson and Barrett, 2002, 2005; Lin and Tan,
2007). Therefore, mirror-image flowers can increase the precision of
cross-pollen transfer (Jesson and Barrett, 2002) and the spatial separa-
tion of the deflected style and stamen (herkogamy) is crucial for
touching the left or right side of the pollinator’s body, and is the key trait
for successful pollen pickup and deposition (Ren et al., 2013).

As a medium-size pantropical family, Gesneriaceae is well known for
the high occurrence and diversity of mirror-image flowers (Harrison
et al.,, 1999; Lu et al., 2019). Mirror-image flowers in Gesneriaceae are
restricted to the Old World subfamily Didymocarpoideae, and are
known from about 80 species from seven genera (Lu et al., 2019). In
contrast to most angiosperms, mirror-image flowers in Didymocarpoi-
deae are mainly nonreciprocal, with several distinct floral traits such as
united anthers and an obvious floral tube (Harrison et al., 1999; Lu et al.,
2019), suggesting a specialized pollination mechanism and distinct
evolutionary histories of mirror-image flowers in this subfamily.

Here, we report a previously undescribed type of mirror-image
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1 | INTRODUCTION
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Abstract

New populations of endangered plants may establish outside of protected areas
if a suitable habitat becomes available. However, it is unclear whether such
populations are genetically uniform, as a result of a founder effect, or whether
they contain genetic variation resulting from continuous gene flow from
source populations, and subsequent recruitment after establishment. We
addressed this by examining haplotype variation in the endangered orchid,
Anacamptis robusta, which has formed a new population outside of its protec-
ted area within the past 20 years. To assess population growth, the number of
A. robusta flowering plants were counted every year for 22 years in both the
new population and populations within the reserve. Haplotype diversity and
fine-scale structure were examined with spatial autocorrelation analysis, both
in the new population and representative populations from the protected area.
The number of flowering individuals in the new population increased from
9 to 2,277 between 2003 and 2012, whereas within the reserve flowering popu-
lation sizes varied between years. Seventeen of 23 haplotypes detected for
A. robusta were detected in the new population, with seven of these occurring
more frequently in the new population than reserve populations. In the new
population, there was strong fine-scale spatial structure of haplotypes, similar
to patterns found in large populations from the protected area, suggesting mul-
tiple colonization events and subsequent local recruitment. This highlights
that ongoing demographic and genetic monitoring of plant populations is vital
to improve our understanding of population colonization and the conservation
of narrow endemics.

KEYWORDS

Anacamptis, colonization, distance matrix regression, plastid minisatellite, population expansion

unavailable (Bazzaz, 1991). The ability of endangered
plants to colonize such new habitats is crucial for their

Populations of endangered plants can colonize new habi-
tats that may not necessarily occur within protected areas
(Jdrvinen, 1982; Thomas, 1994). Indeed, human-mediated
habitat disturbance or changing ecological conditions
may open suitable habitats that were previously

long-term persistence (Ackerman, 1998; Honnay &
Jacquemyn, 2007). However, endangered species tend to
have specialized ecological requirements in order to com-
plete their life cycles (Swarts & Dixon, 2009; Tsuji &
Kato, 2010), which may reduce their ability to colonize
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Abstract

Dalbergia odorifera T. Chen seedlings do not grow well in the typical red soils of tropical
regions. Eighteen culture substances filled with different substrate combinations and propor-
tions of red soil, coconut coir powder, deciduous leaf powder, and sand were used as to deter-
mine their effects on the growth, root system development, dry matter accumulation and
allocation, leaf relative electrolyte leakage, chlorophyll content, root superoxide dismutase
activity, root malondialdehyde content, and total soluble sugar content of D. odorifera. Results
demonstrated that different substrate combinations and proportions had different effects on
the performance of D. odorifera. All mixed substrates were better than any single substrate.
The suitable substrate combinations and proportions of sand, coconut coir powder, and
deciduous leaf powder mixed with red soil improved the growth, root architecture, and physio-
logical characteristics of D. odorifera seedling. For example, groups C1_, (coconut coir/red
soil = 2/2, v/v, the same below) and C3., (red soil/sand = 2/2) exerted the best effects on plant
growth and biomass accumulation. Groups C1_,, C2., (deciduous leaf powder/red soil = 2/2),
and C3., remarkably enhanced root system development. Group C6 (coconut coir/red soil/
sand = 1/1/1) substantially promoted root nodule development. Group C3_; (red soil/sand = 3/
1) exhibited the best effects on physiological characteristics. On the basis of the comprehen-
sive evaluation of Euclid’s multidimensional space mathematical model, we found that the
suitable substrate combinations followed the order of C1., > C3_4 > C2.,. This research pro-
vides scientific guidance for the proper seedling culture of D. odorifera and the rational utiliza-
tion of solid wastes such as coconut coir and deciduous leaves of Ficus elastica.

Introduction

Dalbergia odorifera T. Chen, also named yellow flower pear, is a species that belongs to Family
Leguminosae. This tree can reach 10-15 m in plant height [1]. D. odorifera is a fragrant
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Distribution Patterns of DNA
N6-Methyladenosine Modification in
Non-coding RNA Genes

Yu Li't, Xiao-Ming Zhang?t, Mei-Wei Luan’, Jian-Feng Xing', Jianguo Chen3* and
Shang-Qian Xie™
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University, Haikou, China, ? College of Grassland, Resources and Environment, Inner Mongolia Agricultural University,
Huhhot, China, ° School of Life Sciences, Hubei University, Wuhan, China

N6-methyladenosine (6mA) DNA modification played an important role in epigenetic
regulation of gene expression. And the aberrational expression of non-coding genes, as
important regular elements of gene expression, was related to many diseases. However,
the distribution and potential functions of 6mA modification in non-coding RNA (ncRNA)
genes are still unknown. In this study, we analyzed the 6mA distribution of ncRNA genes
and compared them with protein-coding genes in four species (Arabidopsis thaliana,
Caenorhabditis elegans, Drosophila melanogaster, and Homo sapiens) using single-
molecule real-time (SMRT) sequencing data. The results indicated that the consensus
motifs of short nucleotides at BmA location were highly conserved in four species, and
the non-coding gene was less likely to be methylated compared with protein-coding
gene. Especially, the BmA-methylated INcRNA genes were expressed significant lower
than these genes without methylation in A. thaliana (p = 3.295e-4), D. melanogaster
(o = 3.439e-11), and H. sapiens (p = 9.087e-3) all four species. The detection and
distribution profiling of 6mA modification in NCRNA regions from four species reveal that
B6mA modifications may have effects on their expression level.

Keywords: non-coding RNAs, model species, DNA methylation, gene expression, 6mA modification

INTRODUCTION

DNA methylation, refers to the addition of a methyl group (CH3) to the DNA molecule,
plays a critical role in epigenetic regulation of genes expression. Previous studies have paid
more attention to 5-methylcytosine (5mC) in eukaryotes genomic DNA (gDNA) due to its
abundance and significance (Zhang et al., 2006; Zilberman et al., 2007; Law and Jacobsen, 2010;
Jones, 2012). In contrast, N6-methyladenosine (6mA) has been found at a significant level and
commonly characterized in prokaryotes. Particularly, 6mA modifications in bacteria are involved
in diverse biological processes such as DNA replication, DNA mismatch repair, host-pathogen
interaction, and gene expression (Ratel et al., 2006; Wion and Casadesus, 2006). Recently, 6mA
has been identified as a novel epigenetic mark in eukaryotes (Sun et al, 2015). And owing to
the developed high-through sequencing technologies, 6mA modifications have been detected in
diverse eukaryotes such as Chlamydomonas (Fu et al., 2015), Arabidopsis thaliana (Liang et al.,
2018), Caenorhabditis elegans (Greer et al., 2015), Drosophila melanogaster (Zhang et al., 2015), Mus
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Structural variation (SV) represents a major form of genetic variations that contribute to
polymorphic variations, human diseases, and phenotypes in many organisms. Long-read
sequencing has been successfully used to identify novel and complex SVs. However,
comparison of SV detection tools for long-read sequencing datasets has not been
reported. Therefore, we developed an analysis workflow that combined two alignment
tools (NGMLR and minimap2) and five callers (Sniffles, Picky, smartie-sv, PBHoney, and
NanoSV) to evaluate the SV detection in six datasets of Saccharomyces cerevisiae. The
accuracy of SV regions was validated by re-aligning raw reads in diverse alignment tools,
SV callers, experimental conditions, and sequencing platforms. The results showed that
SV detection between NGMLR and minimap2 was not significant when using the same
caller. The PBHoney was with the highest average accuracy (89.04%) and Picky has the
lowest average accuracy (35.85%). The accuracy of NanoSV, Sniffles, and smartie-sv was
68.67%, 60.47%, and 57.67%, respectively. In addition, smartie-sv and NanoSV
detected the most and least number of SVs, and SV detection from the PacBio
sequencing platform was significantly more than that from ONT (p = 0.000173).

Keywords: structural variation, long-read sequencing, PacBio and ONT, SV caller, Saccharomyces cerevisiae

INTRODUCTION

Structural variation (SV) is generally defined as a large-scale structural difference region of genomics
DNA that are inherited and polymorphic in species (Mills et al., 2011). It accounts for the greatest
number of divergent base pairs, including insertion (INS), deletion (DEL), inversion (INV), duplication
(DUP), and translocation (TRA)/breakend (BND) (Weischenfeldt et al., 2013). SV represents a major
form of genetic variations and contributes to polymorphic variations and phenotypes in organisms.
Somatic SVs revealed that the deletion and rearrangement of chromosomal structure result in gene
suppression and phenotypic transform, such as cancers (Stankiewicz and Lupski, 2010; Patel et al., 2014)
and neurological disorders (Weischenfeldt et al., 2013; Brand et al., 2014). The genomic deletion of D.
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ABSTRACT: A palladium-catalyzed tunable imidoylative cycliza-
tion of multifunctionalized isocyanides to construct diverse imine-
containing heterocycles has been developed. Oxazol-S(4H)-one
derivatives were obtained exclusively when allyl-2-benzyl(or allyl)-
2-isocyanoacetates were used in the reaction with aryl triflates as
electrophiles, whereas cyclic ketoimines were generated in the
presence of aryl iodides with the allyl ester group remaining
unreacted. The reactions proceeded smoothly under mild

conditions with a wide functional group tolerance.

B INTRODUCTION

Selective catalytic transformation of organic molecules is one
of the most challenging tasks in modern synthetic chemistry.'
The construction and modification of nitrogen-containing
heterocycles are of vital importance, which are ubiquitous in
natural products, pharmaceutical chemistry, and material
sciences. In this regard, divergent heterocycles could be
accessed by conditions-controlled selective reactions from the
same molecules, which could facilitate the assembly of complex
compounds.” For example, a solvent-controlled site-selective
(2/3 position) alkenylation reaction of indoles was developed
by the Gaunt group in 2005.” Tunable cyclization of 2-aryl
cyclic 1,3-dicarbonyl compounds with alkynes and alkenes
leading to fused or spiro N-heterocycles was reported by the
Lam §roup using palladium or ruthenium catalysis, respec-
tively.” Very recently, Fan and co-workers reported an elegant
annulation reaction of 2-arylindazoles with maleimides for the
divergent synthesis of indazo-lo[2,3-a]pyrrolo[3,4-c]-
quinolinones or spiroindolo[1,2-b]indazole-11,3’-pyrrolidi-
nones, which could be simply switched by resorting to
different additives.” ™

In the past decades, isocyanide was widely investigated in
transition-metal-catalyzed insertion reactions,” multicompo-
nent reactions,’ cycloaddition reactions,” and even biorthog-
onal reactions’ because of its diverse reactivities. As an
equivalent of carbon monoxide (CO), C1 insertion reactions
of isocyanide under palladium catalysis have been applied in
the construction of numerous N-containing compounds.'’
Because of the adjustable R group of isocyanides, an efficient
access to N-heterocycles by the strategy of functionalized
isocyanide was successfully developed, in which multiple atoms
(including both nitrogen and carbon atoms of isocyanide)

© 2020 American Chemical Society

7 ACS Publications
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were introduced to the formed cycle, demonstrating the
advantage over carbon monoxide-participated carbonylation
reactions. For instance, camptothecins,11 indoles,'? oxazoles,"®
phenanthridines,'* f-carbolines,'” tetrasubstituted imidazo-
lones,'® and cyclic imines'’ were successfully prepared by
applying this approach. In 2017, the Zhu group developed the
first enantioselective palladium-catalyzed C—H bond imidoy-
lation reaction via a desymmetrization strategy (Scheme
1a)."™ Later on, a site-selective imidoylative cyclization was
reported by the same group (Scheme 1b)."” The selectivity of
the formation of six- or five-membered ketoimines was tuned
by using bulky Ad,PnBu or bidentate DPPB as the ligands.
However, to the best of our knowledge, selective and tunable
cyclization of isocyanides bearing different functional groups,
which could offer divergent access to different types of
heterocycles, remains unprecedented. Herein, we developed
the first palladium-catalyzed imidoylative cyclization of multi-
functionalized isocyanides, affording diverse imine-containing
heterocycles. Oxazol-5(4H)-one derivatives were obtained
exclusively when allyl-2-benzyl(allyl)-2-isocyanoacetates were
conducted in the reaction with aryl triflates as electrophiles.
When aryl iodides were used as the coupling partner, cyclic
ketoimines were generated selectively with the allyl ester group
remaining unreacted. A wide range of functional groups were
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ABSTRACT: Gritzel's dye-sensitized solar cells (DSSCs) can readily convert 164
sunlight into electricity, attracting considerable attention of global scientists. The
fabrication efficiency of DSSCs was greatly limited by the slow fabrication (~3.5—24
h) of quasi-solid (QS) electrolytes to date. In this study, novel composites of SiO,
aerogel with graphene (GR), multi-walled carbon nanotubes, or polyaniline were
proposed in the fabrication of QS-state electrolytes. The morphology of these
composites was characterized. The gels with SiO, aerogels as QS electrolytes of
DSSCs can be rapidly cured in ~3 s. Using the screen-printing technology, these QS
electrolytes can be readily utilized to construct the QS-DSSC to provide high
efficiency and great stability. The photovoltaic parameters and interfacial charge-
transfer resistances of the QS-DSSC incorporated with our synthetic composites were
investigated in detail. Specifically, the SiO, aerogel composed of GR (SiO,@GR) as a
gel can greatly improve the performance of QS-DSSCs up to 8.25%. It is likely that
these SiO, aerogel composite electrolytes could provide a rapid curing process in the
preparation of QS-state DSSCs, which might be useful to promote the development of DSSCs for future industrialization.
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B INTRODUCTION

Gritzel’s dye-sensitized solar cells (DSSCs) have attracted
worldwide attention in the renewable energy field due to their

To solve these current problems of electrolytes, many efforts
have been made on the development of nonvolatile liquid
electrolytes (such as ionic liquids)'’~*° and the modification of
liquid electrolytes incorporating gelling agents (such as
polymers,”' ~** inorganic nanoparticles,”"*> and supramolecu-
lar or low molecular mass organogelators**~>*). In the gelling
solidification approach, a quasi-solid (QS) sol—gel electrolyte
in three-dimensional (3D) network structures can be
generated through physical or chemical cross-linking to inhibit

ease of manufacturing, low cost, and environmental friend-
liness." The photovoltaic performance and the long-term
stability of DSSCs are highly dependent on the properties of
electrolytes.” Specifically, the electrolyte serves as an electron
donor, which can effectively reduce the oxidized dye. In

addition, it plays a crucial role as an electron acceptor on the
counter electrode, which is readily reduced by the electrons
from external circuit, thereby completing the internal
circulation of solar cells.””” The traditional liquid electrolyte
is composed of an iodide/triiodide (I"/15) redox couple and
additives in volatile organic solvents (such as acetonitrile®'? or
ethylene carbonate'"'?). Using this I"/I; and the cobalt liquid
electrolyte, the power conversion efficiency (PCE) can reach
up to 12.4 and 14%, respectively.”'* However, the organic
solvents are greatly volatile and can easily leak out due to their
evaporation. Therefore, a tight sealing technology is necessarily
required during the fabrication of DSSCs. Furthermore, the
corrosive I ion generated in the electrolyte can partially
absorb visible light,"*~'® limiting the long-term stability and
the PCE of DSSCs.

© 2020 American Chemical Society
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the leakage of the electrolyte and to improve the long-term
stability of DSSCs.””™>* As compared to the polymers as
gelling agents, specifically, inorganic materials with abundant
pores and large surface areas can bring about effectively
interfacial interactions with liquid electrolytes to greatly
improve the conductivity. More importantly, the presence of
inorganic particles can significantly increase the viscosity of
electrolytes without affecting the PCE.>*73¢ To date, SiO,,
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Abstract

Background: Mango is one of the world’s most important tropical fruits. It belongs to the family Anacardiaceae, which
includes several other economically important species, notably cashew, sumac and pistachio from other genera. Many
species in this family produce family-specific urushiols and related phenols, which can induce contact dermatitis.

Results: We generate a chromosome-scale genome assembly of mango, providing a reference genome for the
Anacardiaceae family. Our results indicate the occurrence of a recent whole-genome duplication (WGD) event in
mango. Duplicated genes preferentially retained include photosynthetic, photorespiration, and lipid metabolic genes
that may have provided adaptive advantages to sharp historical decreases in atmospheric carbon dioxide and global
temperatures. A notable example of an extended gene family is the chalcone synthase (CHS) family of genes, and
particular genes in this family show universally higher expression in peels than in flesh, likely for the biosynthesis of
urushiols and related phenols. Genome resequencing reveals two distinct groups of mango varieties, with commercial
varieties clustered with India germplasms and demonstrating allelic admixture, and indigenous varieties from Southeast
Asia in the second group. Landraces indigenous in China formed distinct clades, and some showed admixture in

genomes.

Conclusions: Analysis of chromosome-scale mango genome sequences reveals photosynthesis and lipid metabolism
are preferentially retained after a recent WGD event, and expansion of CHS genes is likely associated with urushiol
biosynthesis in mango. Genome resequencing clarifies two groups of mango varieties, discovers allelic admixture in
commercial varieties, and shows distinct genetic background of landraces.

Keywords: Mango genome, Whole-genome duplication, Photosynthesis, Urushiol, Germplasm

Background

Mango, commonly known as the “king of fruits,” is one of
the most popular fruits in the world [1]. Mango is widely
cultivated in tropical and warmer subtropical areas in the
world. India, China, and Thailand are the top three
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producers. In 2016, the global production of mango was
46.5 million tons, which ranks as the fifth most produced
fruit crop worldwide (http://www.fao.org/faostat/). Mango
fruits are mainly consumed fresh, while some are proc-
essed into products like nectar, juice, jam, and powder [1].
The fruits demonstrate attractive visual appearance and
offer a favorable sensory experience to consumers, making
them growingly popular among world consumers. Never-
theless, like many other Anacardiaceae plants such as poi-
son ivy, sumac, and cashew, mango produces phenolic
compounds (e.g., urushiols) that can induce contact
dermatitis, an undesired quality for fresh mango consump-
tion [2]. The biosynthetic pathways for these compounds

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
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Origin and evolution of biodiversity hotspots in Southeast Asia
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Abstract: Southeast Asia has the largest archipelagos and probably has the most complex geological history in the world.
The overwhelming monsoon climate further promotes the extremely rich biodiversityin Southwest Asia. A large number of
primitive taxa of angiosperms including Austrobaileyales and Nymphaeales were found in this region. Several tropical groups
such as Cyrtandra, Aeschynanthus, and Begoniaare distributed in Southeast Asia, especially in Borneo Island and Indo-
China Peninsula. Thus, Southeast Asia is not only a ‘ museum’ of early angiosperms, but also acts as an ‘ evolutionary
front’ for some tropical taxa. Based on the plant distribution pattern, climate, and geographic history, the whole of

Southeast Asia can be divided into four phytogeographic regions, i.e., Indo-China Peninsula (a part of Indo-Burma
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Population structure and dynamics of Schefflera octophylla
in Tongguling Hainan Province
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Abstract: Schefflera octophylla is the dominant species of coastal forest in Tongguling National Nature Reserve in Wen—
chang Hainan and is also a common associated species of tropical forests in other areas of Hainan. Based on the field

investigation of sample plot ( 2.56 hm’) the dynamic characteristic changes of S. octophylla population were
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Study on plant community diversity and inter-specific relationship of coastal rain
forest, semi-deciduous monsoon forest to deciduous monsoon forest in coastal

hills of Sanya City, Hainan Province

LU Angit, LI Donghai?, YANG Xiaobo?*, WU Liixin?

(1. School of Life and Pharmaceutical Sciences, Hainan University, Haikou 570228, China; 2. School of Ecology and Environment, Hainan University,
Haikou 570228, China).

Abstract To explore the changing trend of species diversity and interspecific relationship of the forests in Sanya coastal hills
(from east to west) from coastal rain forest to semi-deciduous monsoon forest and deciduous monsoon forest, the
phytocoenological investigation methods were used to investigate those three types of vegetation communities in our field
works. The species diversity in different types of vegetation were analyzed by the species richness index (deL), Shannon-
wiener index (H), Simpson Index (P) and Pielou evenness index (E). The interspecific relationships in different types of
vegetation were analyzed by association coefficient (AC), co-occurrence percentage (PC) and Spearman’s rank correlation
coefficient test. The results showed that: (1) dominant species gradually changed from hygrophilous species to drought-
tolerant species during the process of ecological sequence change from coastal rain forest to semi-deciduous forest and then to
deciduous forest; (2) the change trend of species diversity was positively related to the annual precipitation, which decreased
gradually from east to west; (3) interspecific relationship of the three vegetation types was relatively loose; while the intensity
of interspecific association in coastal rain forest was relatively high, and shows likeness between the se mi-deciduous monsoon
forest and deciduous monsoon forest. Those indicated that the co-existence of species was weakened from coastal rain forest
to deciduous monsoon forest while the repelling competition was strengthened. In conclusion, the species composition,
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Analysis of haplotype diversity of an invasive leaf-eating
pest Opisina arenosella

LI Youjia', YANG Fan', LU Baoqian’, HE Rongxiao', CAI Bo’
(1 College of Forestry, Hainan University, Haikou 570228, China; 2 Environment and Plant Protection Institute,
Chinese Academy of Tropical Agricultural Sciences, Haikou 571101, China;
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Abstract: [Objectivel Opisina arenosella is an important invasive leaf-eating pest that attack Palmae plants.
The goal was to analyze the distribution characteristics of haplotypes of O. arenosella in native and invaded
zones, and reveal the insect source information of O. arenosella invading China. [ Method] A total of 172
samples from 16 geographical populations were analyzed by mitochondrial COI gene, and the genetic
relationship of O. arenosella from India and invading areas (China, Malaysia and Thailand) was compared.

[Result] Twelve haplotypes were identified in 172 sequences with fragment length of 625 bp. Fifteen variation
sites were detected in the haplotype alignment. Two obvious haplotype branches were formed, one of which was

composed of 11 haplotypes IN1-IN11 and they were all from Indian populations. Haplotype IN1 was shared by
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HE: [EWIBTEFTEREL K ERE P ERAR T H AL AIFN T, hKBRLE R
A AEEREENAERESE. [FE] ETRUTEBUREKE, EBHH 19882018 FiEH B FH
RFDFEE. BUMMERIDREE, HA K TG LR G FUEME AR R A BOR N7 23 335
WP, YESERMH A TEM<0. 4 8, FANMIEERM, T LHREARAEHRE 1,00 LTE, *H3F
BRI A, EXABENERATEmAFRRE NP H. [£R] 1988—2018 F[H, H#EHE&£
REEERMERT 3N &, 1988—2005 £ 84Kk LA, 2006—2008 F T &K%, WWEZEARIFMTRE,
B 2018 FHEEHERTAEEN10.50x10°t, AT EERE, BRAKFTE R EAHEM, 2005554 F
W%, 2006 FHIAKKREETHE, 202008 FRRATEEN 7.41x10" t, ERHFFAEEN 1.01x10° t, #
A ERAH G ERE)N T e g0yt 12, 5 2018 4 H i A 51 #7168, 80 kg-hm”, HrHusk 51 17 4 23. 05
kg-hm™, 2018 F R E Z R A, AL MX ECHMERASATERS, BH0FHBXREEK, 2P
R 57 5 d R R (R A 288.50 Fn 40. 35 kg-hm), FAKZ RS (4414 61.66 18,83 keghm”).
BIFEHRE, 1988—2018 S5 ) & & £ R AT HEMBLALTREAT, KEHFRE1.0—-1.5,
AR R LR IVE, MAEFEARTEHEM. 2018 &, EFXAETEMFTEMHE LA N 2. 66 fn 4,59, FEH
FHEVIR, AHBHRTEHRM, EFTLTFZLKF, #MEH 0.36, F 1%, ®FBXNRTFNERRE,
G EEERETRERRRE, NFEEFALENE AR, 2018 FHBEN I THE 1.99
(LA An 132 (AT ). E KBUACT b, s A & 3R 75 e, 2018 4 2 LI N e e # k&, 4 3. 39,
HOT AR, A 0.73; MFAERWIORE AR, K7 AHEM R BRM, 4 0.50, 7Rk 8k F IR 7 R
Bk, MAFEATEYHNRTE, NOMEFA 2. 31, RERIN, B& 5 R 000 UL E IR 04 304
FAPBHGEELTHEXRERNCKR, NZEQAE, €% AT%AET (L) KENREGTRE. &7
FEHME, FERZHET (L) dFEHAREGEZGEM. (ER] IREAE MM ER T, FEHE
EHHERAATRE, RBEBERFEANCTRLN. Hib, RREFH T EFRALENL E R FHRT5 L9
EH LR XBAMARAERE L, FRRRD FEERIOEHREARNAEAN LA EE BT GLTHR
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: BHEHAEEURRLATHE. GHRAEF TAHRKETRALE, P THRLGELERE. K
XAE B R E R b gk & B ASAR A, A NUFER # & (NUtrient flows in Food chains, Environment and Re-
sources use), HEIF E B ITH 1988—2017 Fi5 T/ & 20 TRV & & & B4, F X HE B2 B ALEE, BRHEH S
HEHRLEELROY AR, AARKA:30FMEFERLEEREAKTEKRE THSY, KMEEH .
VA EFHEEE 2 MERE 15, REZA(L. THEFHEEES ML ESA. MEKRKX. KREE
FEMFHELGE I, EERAEAET AEEANMBRERE, BERLFESH 2K ERTFAH AT, Kk
P R HLAR AL BN B N 0.62x10* ¥ hm ™2 #1 3 kW-hm 2 # #n £ 16.1x10* ¥'hm ™ #1 13 kW-hm™2. 30 4F & K
VRIFE(ERE. hE. KGR REHN, EPRGRBERERBEHERA, 25 8.0 kghm™ f1 0
kghm 2 ¥ n E 41.9 kghm > #1347 kghm %, B FAF A AT R, FRASPREAEE4E. REAFZER
B RLVEABELE)AAEREAESE v, RLBEAFELA MELFEMERRKEAZTEREERA, 25K
61.0 kg'hm™ 1 152.1 kghm™2 ¥ fm Z 131.4 kghm™ 1 297.9 kghm™. R U FBHANTE. KK H B S BN FHE
TRREAEFERLEELENETERHE, AL, I TFHILBAR, REXEALIHERPK,
FRAESAD, B BETREGRBERNEKER. FoHRRAEESL, K. oK EMRL A3
AT RAENRAK. AR EES NS ERNBEERRE LY, REEFEEKT, MRRKESRD KR

Bk, EIEHHRLRELR. mp)
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