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Abstract

This study utilized pollen from six Jinhuai cultivars and two Mihuai cultivars
as experimental materials. Morphological characteristics including polar view,
equatorial view, and exine ornamentation were observed using a Carl Zeiss
EVO18 scanning electron microscope, and phylogenetic relationships among
the cultivars were analyzed. The results demonstrated that common features
of Jinhuai and Mihuai pollen included: tricolpate polar view with a smooth
polar surface; three relatively narrow colpi extending to both poles; convex
mid-portions of colpus margins bearing granular protrusions; and colpi that
did not converge on the polar surface, forming a broad colpus-aperture polar
region. Jinhuai pollen grains were prolate; Jinhuai J6 exhibited the longest
polar axis while Jinhuai J2 had the shortest, and the P/E ratio pattern was
consistent with polar axis length. Jinhuai J2 showed the largest lumina diam-
eter whereas Jinhuai J5 showed the smallest; Jinhuai J6 displayed the highest
lumina density while Jinhuai J2 displayed the lowest. Mihuai pollen grains were
subspheroidal, with significantly smaller polar axis length and P/E ratio than
Jinhuai, but greater equatorial axis length. Double-season Mihuai exhibited
smaller equatorial axis length, polar axis length, P/E ratio, and lumina density
than single-season Mihuai. The eight cultivars could be classified into three
groups: Jinhuai J4, Jinhuai J1, and Jinhuai J6 showed close phylogenetic affin-
ity; Jinhuai J5, Jinhuai J3, and Jinhuai J2 showed close phylogenetic affinity;
and single-season Mihuai and double-season Mihuai showed close phylogenetic
affinity. Pollen morphology serves as an important diagnostic criterion for dis-
tinguishing between the two major cultivar groups of Jinhuai and Mihuai, and
can provide crucial evidence for further cultivar classification.
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Abstract

This study examined the pollen morphology of six Sophora japonica ‘Jinhuai’
varieties and two Sophora japonica ‘Mihuai’ varieties using a Zeiss EVO18 scan-
ning electron microscope (SEM). We observed polar and equatorial surfaces,
exine ornamentation, and other morphological characteristics, and analyzed the
genetic relationships among varieties. The results revealed several shared fea-
tures: pollen grains exhibited a three-lobed circular shape in polar view with a
smooth polar surface; all possessed three colpi that were narrow, extended to
both poles, and featured convex middle portions with granular protrusions; the
colpi did not converge on the polar surface, creating a broad colpus-membrane
area. Jinhuai pollen grains were prolate spheroidal, with Jinhuai J6 showing the
longest polar axis and Jinhuai J2 the shortest. The ratio of polar axis length to
equatorial axis length followed the same pattern as polar axis length. Jinhuai
J2 exhibited the largest mesh diameter, while Jinhuai J5 showed the smallest;
Jinhuai J6 had the highest mesh density, whereas Jinhuai J2 had the lowest. Mi-
huai pollen grains were nearly spheroidal, with significantly shorter polar axes
and polar-to-equatorial axis ratios compared to Jinhuai, though their equato-
rial axes were longer. Shuangji Mihuai displayed smaller equatorial axis length,
polar axis length, polar-to-equatorial axis ratio, and mesh density than Danji
Mihuai. Cluster analysis divided the eight varieties into three groups: Jinhuai
J4, J1, and J6 formed one closely related cluster; Jinhuai J5, J3, and J2 formed
another; and Danji Mihuai and Shuangji Mihuai comprised the third. These
findings demonstrate that pollen morphology provides a reliable basis for distin-
guishing between Jinhuai and Mihuai varieties and offers valuable evidence for
further taxonomic classification.

Keywords: Sophora japonica ‘Jinhuai’ |, Sophora japonica ‘Mihuai’ , pollen,
SEM, genetic relationships

The dried flower buds of Sophora japonica (Fabaceae), known as “Huai Mi” in
traditional Chinese medicine, are rich in rutin and flavonoids. China produces
over 80% of the world” s supply, primarily from Shanxi Province and Quanzhou
County in Guangxi. The unique soil and climate conditions in Quanzhou
have fostered distinctive Jinhuai germplasm resources, producing golden-yellow
buds (Jinhuai Mi) with rutin content reaching 35-40%—significantly higher than
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Shanxi Mihuai (15-25%) and exceeding the 15% standard in the Chinese Phar-
macopoeia (2005 edition). Researchers have selected six Jinhuai varieties for
commercial cultivation in Guangxi, while Shanxi cultivation remains dominated
by two varieties: Danji Mihuai and Shuangji Mihuai. Increasing commercial ex-
change has led to mixed plantings, yet variety classification relies primarily on
subtle differences in biological characteristics, phenology, and yield, resulting
in low discriminatory power and ongoing taxonomic disputes. Long-term in-
tercropping may also facilitate interspecific hybridization, further complicating
variety identification. Therefore, investigating genetic relationships, origin, and
evolution from a palynological perspective is critically important.

Pollen appears latest in plant development, has a short lifespan, and is min-
imally influenced by environmental factors, making its morphological charac-
teristics highly correlated with genetic traits. Pollen analysis provides robust
evidence for studying plant origin, classification, and evolution, helping resolve
taxonomic uncertainties. Additionally, microscopic pollen analysis is simple,
rapid, and reliable, leading to widespread application in variety and species
identification. Previous studies on Sophora pollen have been limited to a few
ornamental varieties and forms, such as comparisons between the species and its
variants (e.g., dragon’ s claw locust) and cultivars (e.g., Liaohong and Hudie) by
Zhao et al. (2007), investigations of three species and one form from Shandong
by Yang et al. (2005), and comparative studies between Robinia idaho and R.
pseudoacacia by Liu et al. (2007). However, no research has examined the pollen
morphology of the commercially important Jinhuai and Mihuai varieties. This
study aims to provide reference data for variety classification, genetic evolution,
and relationship analysis through detailed pollen morphological characteriza-
tion.

1.1 Materials and Processing

Pollen from six Jinhuai and two Mihuai varieties was collected from the
germplasm repository at Guangxi Institute of Botany and the core cultivation
area in Yanhu District, Yuncheng City, Shanxi Province, totaling eight samples

Healthy, disease-free trees were selected, and flower buds about to open
were collected from the upper-middle portion of the canopy during full bloom.
Samples were placed in paper bags and stored at room temperature in sealed
bags with silica gel.

1.2.1 SEM Observation

Small amounts of pollen were transferred to conductive adhesive on specimen
stubs using sterilized bamboo toothpicks. After vacuum sputter-coating with
gold, samples were observed under SEM. Representative, clear fields of view
were selected for photography. A xioVision Rel.4.8 software was used to measure
polar axis length, equatorial axis length, mesh diameter, and mesh density.
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1.2.2 Quantitative Characteristic Statistics

Twenty representative pollen grains per variety were measured. SPSS 20.0 soft-
ware was used to standardize data for four quantitative traits (polar axis length,
equatorial axis length, mesh diameter, and mesh density) and perform hierar-
chical cluster analysis.

2.1 Pollen Characteristics

Jinhuai pollen grains were prolate spheroidal, while Mihuai grains were nearly
spheroidal. Shared features included: three-lobed circular shape in polar view
with a smooth polar surface; three narrow colpi extending to both poles with
convex middle portions bearing granular protrusions; colpi that did not con-

verge on the polar surface, creating a broad colpus-membrane area [FIGURE:1,
FIGURE:2].

2.2 Pollen Size

Jinhuai pollen existed as single grains with prolate spheroidal shape. Jinhuai J6
exhibited the longest polar axis (20.64 m), while Jinhuai J2 showed the shortest
(18.92 m). The polar-to-equatorial axis ratio followed the same pattern, being
highest in Jinhuai J6 and lowest in Jinhuai J2.

Mihuai pollen grains were nearly spheroidal, with significantly shorter polar
axes and polar-to-equatorial axis ratios compared to Jinhuai varieties, though
their equatorial axes were longer. Additionally, Shuangji Mihuai showed smaller
equatorial axis length, polar axis length, and polar-to-equatorial axis ratio than
Danji Mihuai (Table 1).

2.3 Exine Ornamentation

Both Jinhuai and Mihuai pollen exhibited reticulate ornamentation composed of
circular to subcircular lumina and raised muri. Among Jinhuai varieties, Jinhuai
J2 showed the largest mesh diameter (0.45 m) and Jinhuai J5 the smallest (0.24
m). Jinhuai J6 had the highest mesh density (6.22 per m?), while Jinhuai J2
had the lowest (2.21 per m?).

Mihuai pollen mesh diameters were significantly smaller than those of Jinhuai,
with both Danji and Shuangji Mihuai showing consistent values of 0.21 m.
Shuangji Mihuai exhibited lower mesh density than Danji Mihuai (Table 1).

Table 1 Test materials and pollen morphological characteristics under SEM

Polar
Polar Equator axis/Equator Mesh ridge Mesh density
Germplasmis (m)  axis (m) axis width (m) (per m?)
Jinhuai 19.45 11.32 1.72 0.35 4.12

J1

chinarxiv.org/items/chinaxiv-201810.00268 Machine Translation


https://chinarxiv.org/items/chinaxiv-201810.00268

ChinaRxiv [$X]

Polar
Polar Equator axis/Equator Mesh ridge Mesh density

Germplasmis ( m) axis (m)  axis width (m) (per m?)
Jinhuai 18.92 11.45 1.65 0.45 2.21

J2

Jinhuai 19.23 11.23 1.71 0.32 4.32

J3

Jinhuai 19.56 11.12 1.76 0.38 4.98

J4

Jinhuai 19.12 11.56 1.65 0.24 5.12

Jb

Jinhuai 20.64 11.45 1.80 0.28 6.22

J6

Danjimihiiai 2 12.45 1.37 0.21 7.45
ShuangjiilAgai 12.12 1.34 0.21 6.98

Note: For each variety, SEM results show pollen grain view (x800), equatorial
view (x3,000), polar view (x3,000), and colporate (x3,000).

2.4 Cluster Analysis Results

Based on pollen traits, hierarchical cluster analysis of the eight varieties using
SPSS software produced the dendrogram shown in [Figure 3: see original paper].
The varieties divided into three groups: Group I included Jinhuai J4, J1, and
J6; Group II comprised Jinhuai J5, J3, and J2; and Group III contained Danji
Mihuai and Shuangji Mihuai.

Figure 3 Dendrogram of cluster analysis based on pollen morphological char-
acteristics

3 Discussion and Conclusion

Plant pollen exhibits family- and genus-level common characteristics. This study
confirmed that Jinhuai and Mihuai pollen share three-lobed circular polar views
with smooth surfaces, three narrow colpi extending to both poles with convex
granular margins, and broad colpus-membrane areas where colpi fail to con-
verge—features consistent with previous research on Fabaceae pollen. Simulta-
neously, pollen morphology varies considerably among species, providing pri-
mary evidence for taxonomic classification. In this study, Jinhuai pollen was
consistently prolate spheroidal, whereas Mihuai pollen was nearly spheroidal
with significantly smaller polar axes, polar-to-equatorial axis ratios, mesh diam-
eters, and mesh densities, despite having larger equatorial axes. Thus, pollen
characteristics serve as key diagnostic features complementing biological traits
for distinguishing these variety groups.

chinarxiv.org/items/chinaxiv-201810.00268 Machine Translation


https://chinarxiv.org/items/chinaxiv-201810.00268

ChinaRxiv [$X]

Exine ornamentation represents an important indicator of pollen evolutionary
level, generally progressing from simple and smooth to complex and rough, fol-
lowing the trajectory: fissured — pitted or furrowed — granular — baculate
— reticulate, rugulate, and striate. Evolution typically proceeds from large
pollen with large lumina to small pollen with small lumina. The reticulate or-
namentation observed in all eight varieties indicates they belong to a relatively
evolved group. Furthermore, size and mesh characteristics suggest Danji and
Shuangji Mihuai represent the most evolved group (with Shuangji more evolved
than Danji), Jinhuai J5, J3, and J2 show intermediate evolution, and Jinhuai
J4, J1, and J6 are the most primitive. While higher evolutionary status usu-
ally correlates with greater genetic diversity and speciation potential, the most
evolved Mihuai group contains only two varieties, whereas the more primitive
Jinhuai group includes six. This discrepancy likely reflects differential human
selection pressure. The Guangxi Institute of Botany has maintained a long-
term Jinhuai breeding program, selecting six varieties from diverse germplasm
based on comprehensive evaluation of biological and economic traits. In con-
trast, Mihuai research has progressed more slowly without dedicated systematic
germplasm screening, with existing varieties derived directly from historical or-
chards through grafting. These findings suggest that highly evolved Mihuai may
harbor rich genetic resources requiring intensive future investigation.

Pollen morphological similarity provides a basis for assessing genetic relation-
ships. Based on five traits—polar axis length, equatorial axis length, polar-
to-equatorial axis ratio, mesh diameter, and mesh density—the eight varieties
clustered into three groups: Jinhuai J4, J1, and J6; Jinhuai J5, J3, and J2;
and Danji and Shuangji Mihuai. This clustering indicates relatively distant re-
lationships between Mihuai and Jinhuai varieties, suggesting limited germplasm
introgression.

Although all Jinhuai varieties share reticulate ornamentation, significant differ-
ences in mesh diameter and density provide important supplementary classifi-
cation criteria. For example, Jinhuai J4, J5, and J6 show minor differences in
botanical characteristics that make field identification difficult. However, pollen
mesh density clearly distinguishes them: Jinhuai J6 exhibits the highest values
for pollen length, polar-to-equatorial axis ratio, and mesh density; Jinhuai J4
shows intermediate values; and Jinhuai J5 displays the lowest.

While this study demonstrates that pollen morphology provides valuable evi-
dence for classifying Jinhuai and Mihuai varieties and elucidating their relation-
ships, further research integrating cytology, anatomy, and genomics is needed
for comprehensive understanding.
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