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ABSTRACT

The flowers of pear blossoms (Pyrus calleryana and Pyrus kawakamii) emit a distinctive
unpleasant scent often described as a semen-like smell. However, the chemical origin of the
smell remains uncharacterized. The knowledge is crucial to explaining the negative response on
humans and could potentially explain an evolutionary mechanism. We first conducted an
extensive literature search of floral volatile organic compounds (VOCS) in this genus. During
this search, other species such as Castanea mollissima, Castanopsis sclerophylla, Photinia
serrulata, Stemona japonica, and Xysmalobium parviflorum were noted to have a similar
unpleasant smell. The floral VOCs were identified using mass spectroscopy and gas
chromatography. Among the VOCs identified from those plants, 1-pyrroline is known to be
perceived as a semen-like smell in humans and, therefore, could be responsible for the pear
blossoms’ floral scent. We also explored the literature about semen VOCs and identified
putrescine, spermidine, and spermine, which contribute to the smell of semen. Interestingly,
including 1-pyrroline, all these compounds are nitrogenous amines. Therefore, we expanded to
examine how we perceive these amines. As it turns out, trace amine-associated receptors
(TAARSs) were identified as polyamine receptors. TAARs are expressed in the olfactory
epithelium in vertebrate species, and their activation leads to either attractive or adverse behavior
in mice. Our literature search suggests that 1-pyrroline to be the source of the
smell of pear blossoms and that TAARs are responsible for its perception, which mediates
adverse behavior. The mechanism behind this scent illustrates the intricate yet specialized feature

of olfactory perception.
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INTRODUCTION

In 2017, the Student Voice Committee of UCR presented survey results that 79% of
undergraduates found the evergreen pear tree (Pyrus kawakamii) smell so repulsive that
replacement should be done (Ramos et al., 2017). However, the Pyrus calleryana also shared the
same sentiment among social feeds. Popular media sources have reported that the blossom’s
repugnant scents are associated with semen, and the culprits are trimethylamine and
dimethylamine (Spector, 2013; Reid, 2015; Van, 2015; SciShow, 2017; Flanagan, 2021;
Solomon, 2021). However, no plant volatile organic compound (VOC) analysis has been
conducted specifically to confirm the presence of the two amines and the accuracy of the self-
ascribed semen smell association.

VOCs are molecules that vaporize in the air that allow the perception of a smell. Other
plant species had their floral scents analyzed in the literature. (Owen et al., 2001; Li et al., 2013;
Ragubeer, 2015). VOC analysis combined with gas chromatography-mass spectrometry (GC-
MS) is the primary way to understand the chemical composition of a floral scent and which
VOCs are present at higher percentages (Tholl et al., 2006). VOC analysis of P. calleryana has
been conducted but strictly on leaves (Miller et al., 1989). In addition, several studies found
phenolic acid derivatives present from leaves (Challice and Williams, 1968a, 1968b; Nassar et
al., 2011). Another found and confirmed the structure of calleryanin and benzylic esters from
leaves (Challice et al., 1980). None of which solved what caused the semen-like smell in P.
calleryana and P. kawakamii flowers.

In this review, we provide a comprehensive assessment of the published literature on pear
blossom VOCs. We summarize the presence of a semen-like smell in other flora, semen VOCs,

and compare the VOC flora culprit to semen VOCs. This paper aims to reveal what possible



VOC in pear blossoms is responsible for the semen-like smell and the mechanism involved in
perceiving the scent. We also discuss how the mechanism can modulate behavior not just in
humans but also in mice.
The Pear Blossoms

P. kawakamii is initially found in Taiwan and China (UFEI, 1995a). As shown in Figures
1A, C, the leaves’ shape is oval, and the flowers are white. In addition, the crown of the tree is a
vase (Figure 1A). P. calleryana is found initially in China and is considered an invasive species
in California (UFEI, 1995b). As shown in Figures 1B and D, the leaves’ shape is ovate, and the

flowers are white. In addition, the crown of the tree is rounded (Figure 1B). Both trees produce

FIGURE 1 | Photos of the pear blossoms and their scent emitting flowers. Pyrus kawakamii tree taken
by Lily Wins (A). Pyrus calleryana tree taken by Dubin Zheng (B). P. kawakamii flowers by Daisy
Sanchez (C). P. calleryana flowers also by Dubin Zheng (D).




flowers in Winter or Spring with a strong unpleasant scent. In addition, no actual pear fruits are
produced.
Olfaction

Before examining the pear blossom VOCs, we should review how we perceive VOCs as
a smell. VOCs/odorants first travel into the nasal passage, which binds to odorant-binding

proteins (OBPs) in the nasal epithelia. These OBPs transport the odorants through the mucus to
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FIGURE 2 | Anatomy of olfactory receptors inside the
nose. Adapted from Luo, 2016.
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Second-order neurons called mitral cells then transmit olfactory information from
glomeruli to several cortical and limbic areas, including the piriform cortex and cortical
amygdala (Haberly and Price, 1977; Scott et al., 1980; Luskin and Price, 1982; Buonviso et al.,
1991; Sosulski et al., 2011; Root et al., 2014; Luo, 2016). No spatial pattern of activity for
different odorants is observed in the piriform cortex. (Rennaker et al., 2007; Stettler and Axel,
2009; Luo, 2016). Spatially stereotyped activity has been observed in the amygdala (Sosulski et
al., 2011; Luo, 2016). Higher-order processing in the cortex completes the process allowing the
sense of smell of numerous VOCs.

PEAR BLOSSOM VOCs

Currently, to our knowledge, only two studies analyzed the VOCs from the pear

blossoms (Clutterbuck and Wetzel, 2011; Daley et al., 2013). Only P. calleryana was analyzed.

The preliminary study that provided the bulk of the VOC profile was by Clutterbuck and Wetzel

TABLE 1 | Proposed (black) and confirmed (red) major VOCs reported in pear blossoms.

Compound Source

Vinyl furan (Clutterbuck and Wetzel, 2011; Daley et al., 2013)
Guaiacol (Clutterbuck and Wetzel, 2011; Daley et al., 2013)
Palmitic acid (Clutterbuck and Wetzel, 2011; Daley et al., 2013)
Methyl linolenate (Clutterbuck and Wetzel, 2011; Daley et al., 2013)
Linolenic acid (Clutterbuck and Wetzel, 2011; Daley et al., 2013)
Phytol (Clutterbuck and Wetzel, 2011; Daley et al., 2013)
Linoleic acid (Clutterbuck and Wetzel, 2011; Daley et al., 2013)
1-mono-linolenin (Clutterbuck and Wetzel, 2011; Daley et al., 2013)
Sitosterol (Clutterbuck and Wetzel, 2011; Daley et al., 2013)
g-amyrin (Clutterbuck and Wetzel, 2011; Daley et al., 2013)
Cyclopentanol (Clutterbuck and Wetzel, 2011)

Pyran (Clutterbuck and Wetzel, 2011)
5-methyl-4-octanone (Clutterbuck and Wetzel, 2011)
3-n-propyl-5-methylhexan-2-one (Clutterbuck and Wetzel, 2011)

Pentanoic acid (Clutterbuck and Wetzel, 2011)

n-heneiocosane (Clutterbuck and Wetzel, 2011)

n-tetracosane (Clutterbuck and Wetzel, 2011)

n-pentacosane (Clutterbuck and Wetzel, 2011)

n-heptacosane (Clutterbuck and Wetzel, 2011)

n-triacontane (Clutterbuck and Wetzel, 2011)

1,2-benzenediol (Clutterbuck and Wetzel, 2011)

Glucopyranoside (Clutterbuck and Wetzel, 2011)
3-isopropyl-5-methyhexan-2-one (Clutterbuck and Wetzel, 2011)

Butyl heptyl ketone (Clutterbuck and Wetzel, 2011)

n-docosane (Clutterbuck and Wetzel, 2011)

n-tricosane (Clutterbuck and Wetzel, 2011)

Heptaconsanol (Clutterbuck and Wetzel, 2011)

n-octacosane (Clutterbuck and Wetzel, 2011)

n-nonacosane (Clutterbuck and Wetzel, 2011)

n-dotriacontane (Clutterbuck and Wetzel, 2011)
(9Z)-9-octadecenyl (9Z)-9-hexadecanoate (Clutterbuck and Wetzel, 2011)




(2011) (Table 1). In the study, 50 g of flower blossoms were combined in a 1:5 g:mL ratio of
methanol or n-hexane. 3 mL aliquot of the extracted fraction was pressurized by nitrogen gas to
make a more concentrated fraction. In total, four individual 1pL aliquots (non-concentrated
methanol, n-hexane; concentrated methanol, and n-hexane) were analyzed with GC-MS. The
VOCs were confirmed with existing standards and mass spectra. No presence of trimethylamine
or dimethylamine that is purported to cause the semen-like smell was confirmed. However, due
to the study’s design, the extraction of the amines may have been missed.
PRESENCE OF SEMEN-LIKE SMELL IN OTHER SPECIES
Castanea mollissima

The Chinese chestnut (Castanea mollissima) flowers were noted to have a characteristic
odor reminiscent of human semen (Zhang et al., 2019). Like the current review on pear
blossoms, no compounds were reported to be responsible for the semen-like odor of chestnut
flowers. The paper employed neutral desorption extractive atmospheric pressure chemical

ionization mass spectrometry (ND-EAPCI-MS) rather than GC-MS because it is less efficient in

analyzing some nitrogen-containing VOCs (amines). 20 VOCs were identified as N
primarily nitrogen-containing. The major VOC responsible for the semen-like \

odor was purported to be 1-pyrroline, which had the most abundant signal in all

FIGURE 4 | 1-pyrroline

the MS spectra (Figure 4). 1-pyrroline was confirmed from previously synthesized 1-pyrroline
as a standard for identification (Zhang et al., 2017). Further evidence of 1-pyrroline to the
semen-like odor were olfactory experiments in which male participants failed to discriminate

between 1-pyrroline and the chestnut blossoms.



Castanopsis sclerophylla

Castanopsis sclerophylla, a plant in subtropical Eastern Asia, is well known for the
pronounced semen-like odor of its flowers. The chemical origin of semen-like odor emitted by C.
sclerophylla flowers also remains unknown (Zhang et al., 2018). The authors employed direct
ambient corona discharge ionization mass spectrometry (MS). The analysis is done directly on
the freshly collected flowers without any VOCs collection being required. The MS used is a
variation of atmospheric pressure chemical ionization (APCI). Six new VOCs were identified,
and most were nitrogenous VOCs. 1-pyrroline was attributed as the primary source of the semen-
like odor. Olfactory discrimination test also confirmed.
Photinia serrulta

Like Castanopsis sclerophylla, the flowers of Photinia serrulata emit a strong odor
reminiscent of human semen (Zhang et al., 2018). No compounds were reported to be
responsible for the semen-like odor. From the same paper analyzing C. sclerophylla flowers, 18
VOCs were identified. Most of the identified VOCs belong to nitrogen-containing compounds.
Once again, their results indicate the abundant release of 1-pyrroline as the major cause of the
semen-like odor in P. serrulata flowers. Olfactory discrimination test between 1-pyrroline and
flowers also confirmed the results.
Stemona japonica

While investigating species of the Stemonaceae in China, it was noted that flowers of
Stemona japonica had a strong, unpleasant foul, and semen-like smell (Chen et al., 2015). The
floral scent of S. japonica was collected via solid-phase micro-extraction (SPME) and analyzed
by GC-MS. VOC:s identified were 1-pyrroline (59.2 %), 2-methyl-1-butanol (27.2 %), and 3-

methyl-1-butanol (8.8 %). The combined result was a semen-like odor—a smell test with



participants were unable to distinguish blossom from odorant. Zhang et al. (2018) also conducted
VOC analysis on the flowers using ambient corona discharge ionization MS. Their paper
revealed five new VOCs that have not been observed in S. japonica and agreed with Chen et al.
(2015) that 1-pyrroline is the main VOC responsible for the semen-like odor.
Xysmalobium parviflorum

Xysmalobium parviflorum is present in grasslands from the Eastern Cape Province to
Limpopo Province, South Africa (Shuttleworth, 2016). During fieldwork, it was noticed that
flowers had a powerful semen-like odor. Shuttleworth used dynamic headspace extraction
methods and GC-MS. Thirty-four compounds were detected from the Lake Merthley X.
parviflorum population. The composition mainly was by benzaldehyde, several common floral
monoterpenes (particularly limonene, b-myrcene, both (E)- and (Z)-b-ocimene, and a-pinene)
and 1-pyrroline. 1-Pyrroline was identified by comparison with the mass spectrum for this
compound presented in Chen et al. (2015).
1-Pyrroline

1-pyrroline remains very poorly studied. Despite VOC profiles of various plant species
proving the presence of 1-pyrroline, 1-pyrroline is not mentioned in comprehensive reviews of
floral volatiles (Knudsen et al., 2006; Pichersky and Dudareva, 2020). The primary reason may
be difficulty in identifying its presence via MS. The compound has poor chemical stability
(Zhang et al., 2017). No 1-pyrroline analytical standards commercially exist. All VOC analyses
of plant species mentioned prior employed in-house 1-pyrroline synthesis. Silver (1)-catalyzed
oxidation of pyrrolidine (Ogawa et al., 1982; Shvekhgeimer, 2003; Mores et al., 2008), acid
hydrolysis of 4-aminobutanal diethyl acetal (Yoshikawa et al., 1965; Baxter et al., 1991), and

denitrogenative ring expansion of cyclobutyl azides (Miki et al., 2021) are various means of
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synthesizing 1-pyrroline. Olfaction discriminatory tests of 1-pyrroline and the floral blossoms

were practical because the human nose is susceptible to 1-pyrroline (Amoore et al., 1975).

Anosmia studies proved human sensitivity (Amoore, 1977; Hirth et al., 1986). 1-pyrroline

resembles human semen very closely and possibly a vestigial pheromone (Amoore et al., 1975).

SEMEN ODORANTS

The first mentioned study was by Antonie van Leeuwenhoek in 1679, observing crystals

in the seminal fluid (Leeuwenhoek, 1679). 1924 saw the crystal’s chemical structure solved

(Dudley and Rosenheim, 1925), and two years later, the products were synthesized chemically

(Dudley et al., 1926). These studies in the early 20" century confirmed the presence of spermine

as well as the two precursors, triamine (spermidine) and a
diamine (putrescine) (Bachrach, 2010). All three
compounds have a linear conformation and multiple amino
groups, hence polyamines (Figure 5). The polyamines in
mammalian semen were essentially from prostatic secretion

(Williams-Ashman and Lockwood, 1970). The spermine

HZN/\/\/NHZ HzN/\/\H/\/\/NHg

Putrescine Spermidine

H
HZN/\/\ N/\/\/ N\/\/ NH:
H
Spermine

FIGURE 5 | Known semen VOCs with functional amine
groups.

concentration in human semen is higher than in most animal tissue (Janne et al., 1973). High-

performance liquid chromatography also confirmed the presence of putrescine, spermidine, and

spermine in human semen (Oefner et al., 1992). The polyamines putrescine, spermidine, and

spermine were synthesized from the amino acid ornithine or derived from the diet (Sieckmann

and Kirschner, 2020). These polyamines are an integral part of metabolism (Figure 6).

By the mid-20" century, aside from the VOCs associated with semen, polyamines were

essential in gametogenesis, embryogenesis, and postnatal development (Sheth and Moodbidri,

1977; Lefevre et al., 2011; Lenis et al., 2017). In addition, clinical applications for cancer
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prevention therapy have been discovered because polyamines are necessary for normal cell
viability; inhibiting polyamine production is used as an anti-cancer strategy (Sieckmann and

Kirschner, 2020; Novita Sari et al., 2021).
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FIGURE 6 | Metabolic pathway of polyamines and its connections with other metabolic
pathways. S-adenosylmethionine (SAM or AdoMet), decarboxylated S-adenosylmethionine
(dcSAM or dcAdoMet), S-adenosylmethionine decarboxylase 1 (SAMDC; or
adenosylmethionine decarboxylase 1, AMDI1), antizyme (AZ), antizyme inhibitor (AZIN),
ornithine decarboxylase (ODC), spermidine synthase (SRM), spermine synthase (SMS),
spermine oxidase (SMOX), spermidine/spermine N1-acetyltransferase (SSAT), peroxisomal N1-
acetylpolyamine oxidase (PAOX), polyamine transport systems (PTS). Adapted from Novita Sari
etal., 2021.

Relationship to Plants

Polyamines are not exclusive to the semen of mammals but plants as well. Putrescine,
spermidine, and spermine are also present in plants (Chen et al., 2019). Putrescine is the
principal end product of plant polyamine biosynthetic pathways (Chen et al., 2019). The

catabolism of the polyamines in plants leads to the production of 1-pyrroline (Figure 7). In
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Zhang et al. (2019)’s paper, 1-pyrroline was possibly
formed via the oxidative deamination of putrescine by
observing the signal from protonated 4-amino-butanal
intermediate, which yields 1-pyrroline by spontaneous
cyclization. 4-amino-butanal has also been reported in
Photinia serrulata flowers (Zhang et al., 2018). 1-
pyrroline synthesis proves that the precursor of 1-
pyrroline and 4-amino-butanal in plants is putrescine

(Zhang et al., 2018; Chen et al., 2019). There now

0,+H,0 NH3+H,0: 0,+H,0 NH3+H,0.

SEE . S
B < s sos ~ RUEESGIE

PAO PAO™ DAO

FIGURE 7 | Polyamine catabolism in plants. polyamine
oxidase (PAO), spermine synthase (SPMS), spermidine
synthase (SPDS), diamine oxidase (DAO), pyrroline
dehydrogenase (PYRR-DH), y-aminobutyric acid (GABA).
Adapted from Chen et al., 2019.

exists a relationship between polyamine VOCs of semen and 1-pyrroline of plants that emit a

semen-like odor. Much like polyamines of mammals, plant polyamines play a diverse and

critical role. These include flowering, embryo development, senescence, and responses to several

(mainly abiotic) stresses (Chen et al., 2019).

RECEPTOR RESPONSIBLE

Despite that 1-pyrroline (Figure 4) is a cyclic imine, putrescine, spermidine, and

spermine are polyamines. Cyclization of 1-pyrroline’s double bond forms cyclic amines 2-

pyrroline and 3-pyrroline. 1-pyrroline and the polyamines share amine groups; as such, trace

amine-associated receptors (TAARS) are responsible for perceiving the smell of the pear

blossoms. TAARs were first discovered in 2001 as GPCRs detecting trace amines (Borowsky et

al., 2001; Bunzow et al., 2001). The TAARs were demonstrated as chemosensory receptors in

mice for volatile amines (Liberles and Buck, 2006) and present in all vertebrates, including

humans (Lindemann et al., 2005). TAARs in ORNs project to specific glomeruli just like GPCRs

(Johnson et al., 2012; Pacifico et al., 2012; Xu and Li, 2020).
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Evolution of Mammalian TAARs

The TAAR family evolved olfactory functionality twice independently from jawed and
jawless fish (Dieris et al., 2021). Homologous genes missing the TAAR motif were named Taar-
like genes (Hussain et al., 2009; Eyun et al., 2016; Scott et al., 2019). The most ancestral TAAR
genes containing the TAAR motif were in cartilaginous fishes (Hussain et al., 2009; Sharma et
al., 2019). However, Dieiris et al. (2021) purported that the most recent ancestral TAAR is
further back. They identified the evolutionary origin of both taar and tarl genes in vertebrates’
most recent common ancestor as a duplication of the serotonergic receptor 4. Two ancestral
genes in bony fish (TAAR12, TAAR13) gave rise to the mammalian olfactory taar genes and
class II of teleost fish’s taar repertoire (Dieris et al., 2021). Figure 8 shows the two points of

independent evolution, TAAR5-9 of mammals shares a recent ancestor with TAAR13, and

100 jawless
100 tarl | fish

taar-like

cartilaginous
tarl | + bony fish

100
100 '—m bony fish

100

100

class Il
taar

bony
fish

100] 100

e “qm

100 serotonergic
receptor 4

0.5

FIGURE 8 | Phylogenetic tree shows the independent origin of jawed fish raar
and jawless fish taar-like (rar/) genes. A magenta/green bicolor circle denotes the
ancestral node of taar-like genes (magenta, lamprey; green, cartilaginous, and
bony fish); a red/blue bicolor circle denotes the ancestral node of class II taar
genes (red, taar13 clade; blue, taar12 clade). Only serotonergic receptor 4, the
closest relative, is shown as outgroup. Numbers indicate % branch support. Scale
bar, number of amino acid substitutions per site. Adapted from Dieris et al., 2021.
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TAAR2-4 of mammals shares a recent ancestor with TAAR12. Figure 9 expanded the
mammalian TAAR clades into agonist preferences for primary or tertiary amines for humans,

mice, and rats (Ferrero et al., 2012).

Primary amine detectors

outgroups
YA

FIGURE 9 | Odor preferences on the mammalian TAAR phylogeny.
Two branches of the TAAR phylogenetic tree prefer primary amines
(TAARs 1-4) and tertiary amines (TAARs 5-9). A third major TAAR
clade evolved in teleosts (not shown). Adapted from Ferrero et al.,
2012.

Mammalian TAARs

Up to 26 subtypes of TAARSs have been identified in mammalian species (Hashiguchi
and Nishida, 2007; Hussain et al., 2009; Eyun et al., 2016). All 26 belong to nine sub-families
(TAAR1-9) (Gloriam et al., 2005; Lindemann et al., 2005; Hashiguchi and Nishida, 2007).
Humans express one variant of 6 of the TAAR family members (TAARL, 2, 5, 6, 8, and 9).
TAAR3, 4, and 7 are human pseudogenes (Lindemann et al., 2005; Berry et al., 2017). In total, 6
TAARs function in humans, 15 in mice, and 17 in rats (Lindemann et al., 2005; Liberles and
Buck, 2006; Hussain et al., 2009). TAAR2-9 except TAARL are highly expressed in olfactory
sensory neurons located in the olfactory epithelium and have an olfactory role (Liberles and

Buck, 2006; Johnson et al., 2012; Pacifico et al., 2012; Xu and Li, 2020). Only tertiary amines
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can activate hTAARS like trimethylamine (Wallrabenstein et al., 2013; Liberles, 2015).
Spermine and spermidine activate TAAR9 (Xu and Li, 2020). Putrescine possibly binds to
TAARG6 and TAARS (Xu and Li, 2020).
TAAR Signal Mechanism

In the olfactory system, TAARSs are to the olfactory type Ga proteins (Gaolf) that activate
adenylyl cyclase type 111 (ACIII) and increase the cAMP production (Liberles and Buck, 2006).
cAMP directly activates cyclic nucleotide-gated channels (CNG) to permit Na+ and Ca2+ entry.
The influx of positive ions depolarizes olfactory sensory neurons and is further amplified by CI—
efflux through opening calcium-gated chloride channels (CaCCs) (Figure 10) (Xu and Li, 2020).
Other olfactory TAARs use different Ga proteins. For instance, TAARS uses Gai to reduce the
CAMP levels (Mihlhaus et al., 2014). TAARS via Gag/11- and Go12/13-dependent MAP kinase

cascades (Dinter et al., 2015).
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FIGURE 10 | TAAR signal transduction pathway. Adapted from Xu and L1, 2020.

BEHAVIOR MODULATION OF MICE VIA RECEPTOR ACTIVATION

The olfactory system in some vertebrates, especially mice, is vital to detect predators and
potential mates. As a result, olfaction study methodology on mice behavior manipulates this
innate and adaptive behavior (Papes et al., 2018). Knockout studies of mice’s olfactory sensory

neurons demonstrated a lack of innate responses to aversive odorants (Kobayakawa et al., 2007).
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However, learned responses were intact, revealing a separate

N N
e \
olfactory network at hand. The TAAR olfactory network is no (_7/@ Q
. . . ) . 2-methyl-1-pyrroline 1-pyrroline
exception. Spermidine and spermine via mTAAR9 induced wErEs Py
) ) ) . FIGURE 11 | Comparison of 2-methyl-1-
attractive behavior (Saraiva et al., 2016). 2-methyl-1-pyrroline pyrroline and 1-pyrroline. Note the methyl

via mMTAARDS induced neutral behavior (Saraiva et al., 2016).

group bonded to C2 of the pyrroline ring.

From Figure 11, 2-methyl-1-pyrroline is not vastly different from 1-pyrroline, which is the
suspected VOC of the pear blossoms. As such, 1-pyrroline may be an agonist for TAARS. In
addition, 3-pyrroline is an agonist for mTAARS (Xu and Li, 2020). Although the TAAR agonists
mainly elicit innate behaviors, the induced behaviors can be context-dependent (Saraiva et al.,
2016). Complex behaviors can be made by combining distinct olfactory inputs from different
activated TAARs (Saraiva et al., 2016).
CONCLUSIONS AND FUTURE PROSPECTS

This paper represents a comprehensive review of the published literature on the pear
blossom VOCs, VOC composition of other plants with a semen-like smell, and VOCs of human
semen. We explored the role of polyamines in humans and plants, the relationship of 1-pyrroline
to polyamines, the TAAR responsible with evolutionary background, and that TAAR activity
induces innate behavior in mice. This information allows a reference for future research on the
role of 1-pyrroline on vertebrate olfactory systems and VOC analysis on other flora that have a
semen-like smell. Current VOC profile data on 1-pyrroline in plants remains scarce and
understudied. There are still many questions to answer regarding the presence of 1-pyrroline in
P. calleryana and P. kawakamii. Further research is required to confirm the presence of 1-
pyrroline and which TAAR is activated in humans should be a primary research direction in the

future.
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