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Abstract: Handeliodendron bodinieri has unisexual flowers with aborted stamens in female trees, which
can be used to study unisexual flower development in tree species. To elucidate the molecular
mechanism of stamen abortion underlying sex differentiation, the stage of stamen abortion was
determined by semi-thin sections; results showed that stamen abortion occurred in stage 6 during
anther development. In addition, differentially expressed transcripts regulating stamen abortion
were identified by comparing the transcriptome of female flowers and male flowers with RNA-seq
technique. The results showed that 14 genes related to anther development and meiosis such as
HbGPAT, HbAMS, HbLAP5, HbLAP3, and HbTES were down-regulated, and HbML5 was up-
regulated. Therefore, this information will provide a theoretical foundation for the conservation,
breeding, scientific research, and application of Handeliodendron bodinieri.

Keywords: endangered plant; Handeliodendron bodinieri; stamen abortion; anther; pollen; meiosis

1. Introduction

Handeliodendron bodinieri, commonly known as Platycladus and Platanus, is a de-
ciduous plant belonging to Sapindaceae and Handeliodendron Rehd. It is an endangered
species endemic to the karst forest of southwest China. This plant has extensive application
value in bio-energy, landscaping, and water and soil conservation fields. The flowers of
H. bodinieri are unisexual with an aborted stamen or pistil in dioecious trees. Due to the
unique features of H. bodinieri flowers, they can be used as perfect specimens to study sex
differentiation and unisexual flower development in tree species.

Anther and pollen development is a complex biological process that includes a series
of crucial events requiring cooperative interactions between gametophytic and sporophytic
genes [1–5]. Timely release of the functional pollen is critical to seed formation and suc-
cessful breeding [6]. In plants, anther development has been well studied. When the floral
structures have successively generated, anther cells begin to differentiate and form four
lobes. Then, archesporial cells are differentiated in each lobe [5,7]. The entire anther devel-
opment process had been divided into two general phases: cell differentiation phase (cell
specification tissue differentiation, meiosis, and spore formation), and degeneration phase
(pollen grain and sperm cell differentiation, anther enlargement, filament extension, tissue
degeneration, dehiscence, and pollen release) [1]. Sander et al. then divided the anther
development of Arabidopsis thaliana into 14 stages based on morphological landmarks that
correspond to cellular events visible under a microscope [8].

Male fertility in flowering plants depends on proper cellular differentiation in anthers.
Plant male sterility manifestations are diversified, often showing as malformation, atrophy, or
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disappearance of anthers. Much research is focused on the abnormal development of anthers,
such as microsporogenesis tissues formation failure [9], abnormal microspore formation [10],
abnormal pollen or pollen abortion [11], and non-cracking anthers [12]. The meiosis process
of microspore mother cells and tapetum development are fundamental processes in pollen
formation. Many genes are preferentially expressed during male meiosis, indicating that the
male meiotic cell cycle is genetically regulated by a complex network [13–15]. Tapetum is the
innermost cell layer in the anther, in direct contact with the developing gametophytes [16].
Tapetum plays a vital secretory role in developing microspores to pollen grains by providing
enzymes for the release of microspores from tetrads and nutrients for pollen and pollen
wall development [1]. Generally, tapetum development can be classified into three stages:
tapetum specification, tapetal cell binucleation, and degeneration through programmed cell
death (PCD) [3]. Defective tapetum development is often associated with the disrupted
development of pollen and impaired male fertility [17–19]. Moreover, many studies indicated
that meiosis progression and tetrad formation are not merely regulated by the expression
of genes within the mother microspore cell, but also involve the specification of tapetum
and PCD of tapetal cells [20–22].

The flowers of H. bodinieri are unisexual and zygomorphic [23]. The pollen of typi-
cally developing stamens in the male flower undergoes sporogenous cell differentiation,
microspore mother cell meiosis and formation, and pollen maturation [23]. However,
the questions of which stage of pollen development that stamen begin to abort in female
flowers and why anther development is degenerate had not been researched.

This study characterized different development processes of stamens in male and
female flowers in H. bodinieri by semi-thin section. The stamen was aborted at stage
6 during anther development. RNA-seq was also used to compare key genes during
different anthers’ developmental stages in male and female flowers. Our results indicate
that abnormal development of the anther tapetum and abnormal meiosis of the microspore
mother cells initiate the abortion of stamen in H. bodinieri.

2. Material and Methods
2.1. Plant Materials

The H. bodinieri flowers were harvested in the limestone area around Meijia Mountain
Villa in Leye County, Baise City, Guangxi Zhuang Autonomous Region. The flowers
were collected from March to April 2017. Several male and female inflorescences or
single flowers were randomly selected, which keep or remove the petals and receptacles
in different directions and heights of each plant (with a height difference of more than
10 cm). Fifty closed floral buds of different sizes were randomly picked and the flower
sizes and diameters were measured with a digital vernier caliper. Male and female flowers
with bud diameter less than 1.3 cm (X0 and C0), with bud diameter between approximately
1.3 and 1.6 cm (X1 and C1), and with bud diameter greater than 1.6 cm (X2 and C2), were
separately collected from the same plant and used for transcriptome sequencing. Three
biological replicates were analyzed for each sample counted as one replicate.

2.2. Semi-Thin Sections

Male and female flower buds were fixed in formaldehyde–acetic acid–ethanol fixative
(FAA). The samples were then dehydrated in an alcohol gradient series (50%, 70%, 95%,
and 100% alcohol; 30 min each step). The ethanol was then gradually replaced by propylene
oxide (25%, 50%, 75%, and 100%; 10 min each step) and samples were embedded in resin
at 60 °C for 24 h. Then, semi-thin (0.2 µm) sections were obtained using an automatic
microtome (Microm HM 360, Thermo Fisher Scientific, Waltham, MA, USA). The sections
were stained with 0.1% toluidine blue O for 30–60 s at room temperature and observed with
a Nikon Eclipse 80i microscope (Nikon, Tokyo, Japan). Images of the anthers in different
stages were captured with a Nikon DS-Ri1 camera (Nikon, Tokyo, Japan).
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2.3. RNA-Seq and Analysis of Sequencing Results

Total RNA was isolated from samples using TRIzol reagent according to the manu-
facturer’s protocol (Invitrogen, Carlsbad, CA, USA). After confirmation of RNA quality,
the samples were sequenced using a BGISEQ-500 Analyzer (BGI Genomics, Shenzhen,
China). Clean reads were obtained from raw data by filtering the adaptor sequences
and the low-quality sequences using SOAPnoke. Then, the pair-end clean reads were
de novo assembled into contigs by Trinity [24]. After that, TGICL tools were used to
obtain the non-redundant unigenes [25]. Clean reads were compared to unigenes us-
ing Bowtie2, and gene expression levels of each sample were calculated using RSEM.
Functional annotation of unigenes was performed by using homology-based searches
(BLASTX), searches against the NT, NR, Swiss-Prot KOG, and KEGG databases. The GO
annotations for the unigenes were determined using Blast2GO [26]. The data are deposited
in the National Center for Biotechnology Information Gene Expression Omnibus database
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE181240, accessed on 6 Au-
gust 2021) under accession number GSE181240.

2.4. Screening and Analysis of Differentially Expressed Transcripts

TBtools was used to identify differentially expressed transcripts [27]; A corrected
p-value of < 0.05 and a log2 ratio ≥ 1 or ≤ −1 were set as the thresholds for significant
differential expression between the two samples. Heatmaps were performed using TBtools
software [27]. Gene ontology (GO) enrichment analyses of the differentially expressed
transcripts pathways were performed using the OMICSHARE online tools (https://www.
omicshare.com/tools/home/report/goenrich.html, accessed on 1 February 2021). GO
terms with a corrected p-value of < 0.05 were considered significantly enriched among
differentially expressed transcripts.

3. Results
3.1. Growth Characteristics of Female and Male Flowers of Handeliodendron Bodinieri

The inflorescence of H. bodinieri is a thyrse (Figure 1A,B). The flower blooms once a
year, and its blooming time lasts from late April to mid-to-late May. Each flower usually has
five sepals, four or five petals, and seven or eight stamens (Figure 1). From the perspective
of a single flower, the flowering process follows four stages from floral buds sprouting,
white appearing, petal spreading to full bloom, which takes 4–5 days (Figure 1C,E). Here,
the day of floral buds sprouting was set as the first day of the flowering process. On the
second day, orange anthers (male flowers) or white stigma (female flowers) gradually grew
out from the buds. On the third and fourth days, in male and female flowers, the petals
spread and curled toward the receptacle. In the male flowers, the filaments elongated and
the color of the anthers turned orange-red, followed by pollen release. In female flowers,
the pistil elongated, and the development of stamens entered a stasis period. After that, in
male flowers, the anthers turned brown, and the filaments turned red. In female flowers,
the top of the stigma turned brown. The petals of both male and female flowers turned red
from the base and then turned red completely (Figure 1C,E). For male flowers, the stamens
developed normally, and the ovary was small and eventually degenerated (Figure 1D). On
the contrary, in the female flowers, the pistil developed normally, and it was accompanied
by an obvious stamen abortion (Figure 1F).

3.2. Stamen Abortion Started at Stage 6 of Anther Development in H. bodinieri

To further understand the mechanism of the stamen abortion in female flowers, the
anthers were collected from male and female flowers at different stages of development.
Then, the semi-thin anther sections were examined by microscopy. The results show that
the development processes of male flower anthers in H. bodinieri and Arabidopsis were
similar. Therefore, the development of H. bodinieri anthers was also divided into 14 stages
using the anther development process of Arabidopsis [8] as a reference.

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE181240
https://www.omicshare.com/tools/home/report/goenrich.html
https://www.omicshare.com/tools/home/report/goenrich.html
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Figure 1. Phenotypic characterization of female and male flowers and floral buds. (A,B) The phenotype of male (A) and
female (B) plants of H. bodinieri. (C–F) The phenotype of male (C,E) and female (D,F) floral buds of H. bodinieri, (E–F) only
stamens and pistils remain. Scale bars indicate 5 mm in (C–F).

During stages 2 through 5, all types of anther cells were present, the pattern of the
anther was defined, microspore mother cells (MMCs) appeared, and dense chromatin
in some MMCs could be seen in both male and female anthers. No differences were
observed between the male and female flower anthers in these stages (Figure 2A–D,H–K).
At stage 6 of anther development in the male flowers, the middle layer was crushed and
degenerated, tapetal cells became vacuolated, MMCs entered meiosis, and the chromatin
showed different forms during meiosis (Figure 2L). Finally, meiosis was completed, tetrads
of microspores were generated within each locule, and tapetal cells became larger and
contained dense cytoplasm (Figure 2M). However, in the female flower anther, abnormal,
large vacuoles appeared in the tapetal cells, the chromatin of multiple MMCs was sparse,
and the chromatids were scattered (Figure 2E). Additionally, in the female flower anther,
MMCs failed to undergo meiosis and even started to degenerate, tapetal cells became larger,
and they showed almost free of other components except for a large vacuole (Figure 2F). The
size of the anther was significantly small at stages 8–9 in female flower anthers, and many
tissues degenerated together while the tapetal cells remained turgid (Figure 2G). During
stages 8–9 in the male flower anther, the callose wall surrounding the tetrads degenerated,
and individual microspores were released from the tetrads, generated an exine wall, and
became vacuolated, after which growth and expansion of the anther continued (Figure 2N).
These results indicated that the female flower anther began abortion at stage 6. In the
process, the MMCs were unable to undergo meiosis to form pollen, and the tapetum of
anthers could not develop normally.

3.3. Changes in Gene Expression during the Male and Female Flower Development

To elucidate the molecular mechanism that resulted in the abortion of female flower
stamen, the male (X) and female (C) flowers at stage 3–5 (X0, C0), stage 6–7 (X1, C1), and
stage 8–9 (X2, C2), were RNA sequenced. A total of 123,236 transcripts were obtained,
of which 61,260 transcripts were successfully annotated by homologous annotation. Fur-
thermore, 296 of them were found to be related to anther development. To analyze the
expression pattern of male flower anthers in H. bodinieri, 12,706 transcripts were iden-
tified with significantly different expression levels (fold change > 2 or < −2, corrected
p-value < 0.05, fragments per Kilobase of transcript per Million mapped reads [FPKM]
> 5 in at least one of three samples) in at least one of the time points from the buds of
the male flower (X1 vs. X0, X2 vs. X1, X2 vs. X0) (Figure 3A). A total of 9635 transcripts
with significantly different expression levels between male and female floral buds were
identified for three time points (C0 vs. X0, C1 vs. X1, C2 vs. X2) (Figure 3B).
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Figure 2. Cytological observation of anthers in female (A–G) and male (H–N) flowers by develop-
mental. stage. (A,H) stage 3; (B,I) stage 4; (C,J) stage 5; (D,K) stages 5–6; (E,L) stage 6; (F,M) stage
7; (G,N) stages 8–9. Bars indicate 40 µm for all the stages. E, epidermis; En, endothecium; SPC,
secondary parietal cell; PPC, primary parietal cell; PSC, primary sporogenous cell; En, endothecium;
ML, middle layer; T, tapetum; StR, stomium region; MMC, microspore mother cells; MC, meiotic cell;
Tds, tetrads; MSp, microspores; V, vascular region; C, connective.
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Figure 3. Analysis of the differentially expressed transcripts in male and female floral buds. (A,C) Numbers of the
differentially expressed transcripts in male flowers; all transcriptome and anther development–related genes. (B,D)
Numbers of the differentially expressed transcripts in female flowers; all transcriptome and anther-related genes compared
with male flowers (E) Numbers of the up-regulated and down-regulated differentially expressed transcripts in male and
female flowers’ anther-related genes. (F) log2-transformed fold change (log2FC) values are depicted by color range from
blue (down-regulated) to red (up-regulated). Slashes represent a pairwise comparison between two samples. Bar plots
show the value.
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Among 296 transcripts involved in anther development that had been studied,
49 transcripts were detected with significantly different expression levels in at least one of
the three time points from the male flower buds (Figure 3C). Of them, 15 were up-regulated
in X1 vs. X0, 23 were up-regulated in X2 vs. X1, and 34 were up-regulated in X2 vs. X0
(Figure 3E). Up-regulated in all stages were: HbGPAT1, HbCPD, and HbAMS, essential for
anther wall tapetum development; HbCER3, HbCYP74B1, HbLAP3, and HbLAP5, essential
for sporopollenin synthesis and pollen exine wall formation; HbMPK3, essential for pollen
tube growth. HbVPS34, which is essential for microgametogenesis, was up-regulated in
X1 vs. X0. HbTRAPP, HbTAFII59, and HbRGEF14, necessary for pollen tube development,
were also up-regulated in X1 vs. X0. HbMS1, HbERMO2, HbSWEET6, HbEA6, and HbSHT,
necessary for pollen exine wall development, were up-regulated in X2 when compared
to X1. HbQRT2, required for tetrads separation, HbABCG26 and HbERDJ3A, required for
pollen maturation, were also up-regulated in X2 compared to X1.

To further explore the key genes that regulated the abortion of female flower stamen,
the expression of the 296 transcripts related to anthers’ development were compared be-
tween male and female flowers at different stages. Thirty-eight transcripts were detected
with significantly different expression levels from comparative tree groups (Figure 3D).
In female flowers, 2, 11, and 26 transcripts were down-regulated at stages 3–5, stages 6–7,
and stages 8–9, respectively (Figure 3E). The Log2Fold Change value of all 52 different
expressed transcripts detected from these six contrast groups (X1 vs. X0, X2 vs. X1, X2 vs.
X0, C0 vs. X0, C1 vs. X1, C2 vs. X2) was calculated to test the expression levels changes;
the results are shown as a heatmap in Figure 3F. A detailed description of the differen-
tially expressed transcripts is provided behind the transcripts ID (Figure 3F). HbCER3,
HbCYP704B1, HbGPAT1, HbAMS, and HbMPK3 began to up-regulate in male flowers at
stages 6–7. During the same stage, compared with male flowers, they were down-regulated
in female flowers. HbLAP3 and HbLAP5 began to up-regulate in male flowers at stages
6–7. However, they were down-regulated in female flowers at stages 8–9. HbQRT2, HbMS1,
HbABCG26, HbERDJ3A, HbEA6, HbSHT, and HbSWEET6 were up-regulated in male flow-
ers at stages 8–9, and down-regulated in female flowers at the same stage. There were two
genes, HbPDR2 and HbBRI1, down-regulated in male flowers over time. Compared with
male flowers, they were also down-regulated in female flowers at the same stage. These
results indicate that the genes required for tapetum development, tetrads separation, and
pollen formation mentioned above are down-regulated in female flowers, whose stamens
were aborted.

3.4. Changes in Gene Expression during the Male and Female Anthers Development

To further prove the previous analysis and reduce the interference from tissues in
male and female flowers, the transcriptomes of male and female flower anthers (a) were
analyzed in groups of two developmental stages: stages 6–7 (1), and stages 8–9 (2). During
stages 3–5, the stamens existed in the form of stamen primordia, in which anthers were
undifferentiated, and no RNA was isolated at these stages. As shown in Figure 4A, a
total of 4127 differentially expressed transcripts were identified in C1-a versus X1-a, of
which 2529 were up-regulated, and 1598 were down-regulated. Comparison of the C2-a
and X2-a transcriptomes revealed 4517 differentially expressed transcripts, of which 2946
were up-regulated and 1571 were down-regulated. The Venn diagram shows that the
expression levels of 2592 transcripts differ only at stages 6–7. A total of 2982 transcripts just
had differences at stages 8–9, and 1535 transcripts showed differences in stages 6–7 and
8–9 (Figure 4B). The FPKM values of these above differentially expressed transcripts are
represented in Supplementary Table S1. To characterize the functions of the differentially
expressed transcripts, functional enrichment analysis was performed. The top 20 GO
terms of the differentially expressed transcripts between the male and female anthers are
presented. The GO terms for the meiotic process were significantly enriched (Figure 4C,
D). Seven differentially expressed transcripts related to the meiotic process were highly
expressed in female or male flowers (Figure 4E). Six transcripts homologous to the ML5
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(MEI2-like protein 5) gene had been studied in many species, suggesting it plays a key role
in meiosis regulation [28,29]. One differentially expressed transcript for the kinesin-like
protein, homologous to TES in Arabidopsis thaliana, presented higher expression in the male
anther. It has been suggested that the TES gene promotes cytoplasmic division [30].

Forests 2021, 12, x FOR PEER REVIEW 9 of 13 
 

 

 

Figure 4. Analysis of the differentially expressed transcripts between male and female floral anthers. (A,B) Numbers of 

the differentially expressed transcripts in anthers transcriptome of male and female flowers. (C,D) GO functional enrich-

Figure 4. Analysis of the differentially expressed transcripts between male and female floral anthers. (A,B) Numbers of the
differentially expressed transcripts in anthers transcriptome of male and female flowers. (C,D) GO functional enrichment of
the differentially expressed transcripts in anthers’ transcriptome of male and female flowers; −log10Pvalue is depicted by
color range from blue (low significance) to red (high significance), Rich factor refers to the ratio of the number of differentially
expressed genes among the total number of genes in this term. The greater the Rich factor, the higher enrichment degree. (E)
log2-transformed fold change (log2FC) values are depicted by color range from blue (down-regulated) to red (up-regulated).
Slashes represent pairwise comparisons between two samples. Bar plots show the value.



Forests 2021, 12, 1071 9 of 12

Compared with male flower stamens, the expression of HbGPAT, HbAMS, HbLAP5,
HbLAP3, HbMS1, HbCYP704B1, HbSWEET6, HbSHT, HdQRT2, HdABCG26, HdEA6, and
HdERDJ3A were down-regulated in female flower stamens (Figure 4E).

Phenotypic observation shows that the abortion of the female flower stamen occurred
at stages 6–7 of anther development. HbGPAT, HbAMS, HbLAP5, and HbLAP3, all linked
to anther development, were changed since stages 6–7. The stamen transcriptome results
revealed that the changes in the expression level of the above four genes in the anther tran-
scriptome correspond with changes in the flower transcriptome. Moreover, further analysis
found that two meiosis-related genes, HbTES and HbML5, had abnormal expression levels
at stages 6–7 during anther development in female anthers compared with male anthers.

4. Discussion

Handeliodendron bodinieri is the first-class national wild conservative plant and endan-
gered tree species in China. Since it has a unisexual flower with aborted stamen or pistil
in dioecious trees, it can be used as perfect material to study flower sex differentiation
and unisexual flower development in tree species. This study revealed that female flower
stamens began to abort at stage 6 during anther development in H. bodinieri. The stamen
abortions were accompanied by abnormal development of tapetum and the unsuccessful
meiosis process of MMC. Transcriptomic analysis of floral buds and stamens revealed
that 14 genes had abnormal expression levels in female flowers compared to male flowers,
suggesting their role in regulating anther development in male flowers in H. bodinieri
(Figure 5). The results suggest that in H. bodinieri female flowers, down-regulated HbGPAT,
HbAMS, HbLAP5, and HbLAP3 during stages 6–7 might be the main reason for abnormal
MMC and anther wall tapetum differentiation. The aberrant expression of HdMEI2 and
HdTES was the major reason for failed MMC meiosis, which led to the failure of tetrad
formation during stamen abortion, and finally led to stamen abortion. This study about the
sex differentiation of H. bodinieri has a high reference value for studying biomass energy
plants, woody plants, and endangered plants.
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Figure 5. The expression pattern and relationship of the main 14 anther development–related or meiosis-related genes
changed in female flowers. The blue boxes represent down-regulated gene expression, the red boxes represent up-regulated
gene expression, and the white boxes represent insignificant changes in gene expression. The arrows show relationships
between genes that have been known from previous studies.

Male sterility is more common in different species, and it had been found in a
variety of plants. There are fewer abnormalities in the early stages of anther develop-
ment (stages 1−3 [8]). For example, the hau CMS (hau cytoplasmic male sterility) line of
B. napus aborts at archesporial cell differentiation stage [31]. In most types of male sterility,
abortion mainly occurs during microsporogenesis and pollen maturation (stages 4−8 and
stages 9−14 [8]). B. napus male–sterile floral buds show that the anthers were filled with
numerous highly vacuolated cells in stage 4, and the locks with pollen sacs did not produce
normal tetrads [32]. In the Tung tree (Vernicia fordii), the stamen of the male–sterile line
stopped growth at early MMC stage (stages 5–6 [8]), with tapetum cell degeneration and
large vacuoles in MMC [33]. In the anthers of Raphanus sativus with Ogura Male Sterile
Cytoplasm, the pollen of ‘MS-G’ began to abort when the anthers were at the tetrad stage
(stage 7 [8]) or later [34]. By contrast, Heng et al. found that the abortive stage of anther
development in the oxa CMS (oxa cytoplasmic male sterility) line in B. juncea was initiated
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at the late uninucleate stage (stage 11–14 [8]), causing total male sterility when mature
pollen grains release from the anther [35]. The semi-thin sections were made and observed
in the anthers of H. bodinieri female and male flowers at continuous development stages.
Abnormal formation of the tapetum was the first sign of abortion at stage 6 of anther
development. The tapetum in this stage showed enhanced vacuolization, followed by a
failed meiosis of the microspore mother cells. These phenotypes are consistent with the
cytological observation of anther abortion in the Tung tree, where it has been suggested
that the abortion of stamens in female flowers is a type of programmed cell death (PCD)
caused by tapetum degeneration at the microspore mother cell stage [33].

Comparison of the C-a and X-a transcriptomes reveals that DEGs’ functions with high
“Rich Factor” were meiosis-related processes. The phenotype also shows that the meiosis
of MMCs failed to normally proceed, which means that the abnormal expression of genes,
especially HbML5, prevented meiosis during the anther development in female flowers. In
Schizosaccharomyces pombe, Mei2 (homologous to HbML5) is considered a master regulator
of meiosis and is required for pre-meiotic DNA synthesis and entry into meiosis [29]. At
the same time, analyses of mutants of the maize mei2-like gene (homologous genes of
HbML5), terminal ear1 (te1), do not indicate any type of meiotic defects, and te1 transcripts
are expressed in shoot and root meristems rather than cells that are undergoing meiosis [36].
The Arabidopsis-Mei2-Like genes (AML, homologous for HbML5) comprise a five-member
gene family. Kaur et al. revealed the role of the AML genes in meiosis, with RNAi lines and
specific multiple mutant combinations displaying sterility and a range of defects in meiotic
chromosome behavior [28]. On the contrary, HbML5 in H. bodinieri were abundantly
expressed in the anthers of female flowers, followed by the obstruction of the meiotic
process of the microspore mother cells at stage 6, and resulted in failure to form tetrads,
which may suggest evolutional diversity in different species. Alternatively, as long as
HbML5 expresses abnormally, the meiosis process of MMCs will be inhibited in H. bodinieri.

5. Conclusions

The stamen abortions in the female flowers of H. bodinieri were found to begin at stage
6 during anther development, and they were accompanied by abnormal development of
tapetum and the unsuccessful meiosis process of MMCs. Transcriptomic analysis identified
that 14 genes were related to abnormal anther development and meiosis. In H. bodinieri
female flowers, the misexpression of HbGPAT, HbAMS, HbLAP5, and HbLAP3 could be
the main reason for abnormal MMCs and anther wall tapetum differentiation, while the
misexpression of HdMEI2 and HdTES could be the major reason for failed MMCs meiosis,
which led to the failure of tetrad formation and finally led to stamen abortion. This
information will provide a theoretical foundation for the conservation, breeding, and
scientific research of endangered plants and H. bodinieri.
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