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Abstract

The genus Stachyurus Siebold et Zucc. has always been considered as the only genus in the Stachyuraceae, but the system-
atic position of this family is complicated, since it has been included in various orders of flowering plants by vegetative
and generative features. A thorough study of the fruits of representatives of the genus Stachyurus has not yet been under-
taken. This work presents the results of a morphological and anatomical study of the fruits of four species of the genus
Stachyurus. Morphological and anatomical studies of the fruits of representatives of the genus Stachyurus Siebold et Zucc.
from the monotypic family Stachyuraceae are carried out. The fruits are considered as many-seeded 4- false-loculed para-
carpous berries. A peculiarity of the fruit anatomy of the studied species Stachyurus is the lack of differentiation of the me-
socarp. It is composed of layers of similar parenchymatous isodiametric cells with a row of vascular bundles in the center.
The exocarp and endocarp are monolayers composed of parenchymatous rectangular cells elongated in a tangential direc-
tion. Separate mechanical tissues and various inclusions (resins, gums, etc.) were not found. Stachyurus species differ
in the features of fruit surface micromorphology: type of surface ultrastructure, presence of pore-like areas in the cuticle,
presence and shape of epicuticular wax. The identified carpological features of Stachyurus along with other diagnostic fea-
tures can be taken into account in further systematic and phylogenetic studies of Stachyuraceae.
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AHHOTANMA
B cemeiicTBo Stachyuraceae Bcerna oTHocHIM oauH pox — Stachyurus Siebold et Zucc., HO CIIOXKHBIM SBIISIETCS CUCTE-
MaTHYeCKOe TOJIOKEHHE STOr0 CEMENCTBA, MOCKOIBbKY €ro 10 BereTaTMBHBIM M T€HEPAaTHBHBIM NPHU3HAKAM BKJIIOYAIIN
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B CaMble pa3IMYHbIC MOPSAKH I[BETKOBBIX PAaCcTEHMH. THIAaTEIbHOrO M3y4YeHMs IUIOAOB NpelcTaBUTENEH pona Stachy-
urus euie He MPOBOAMIIOCH. B maHHOM pa®oTe mpeacTaBiIeHb! pe3yabTaThl MOP(OIOrHYECKOr0 U aHATOMUYECKOTO HC-
CJIeZIOBaHUSI TUIOJIOB YEThIpEX BUIOB poaa Stachyurus. IIpoBeneHbl MOp(hOI0ro-aHATOMUYECKHE HCCICIOBAHNUS TIJI0/I0B
npencraBureneit poga Stachyurus Siebold et Zucc. u3 MmoHoTunHoro cemeiictBa Stachyuraceae. [Tnoapl peacTaBasoOT
co00if MHOTrOCeMeHHbIe 4-KaMepHBIE (TO €CTh JIOKHO-THE3/IHbIE) MTapaKapIiHble Sro/bl. OTINYNUTENBHON 0COOCHHOCTHIO
AQHATOMUU IIJIOA0B M3YYCHHBIX BUIOB Stachyurus siBisercs Heau(pepeHIIMpOBaHHOCTh Me3okapmusi. OH NpescTaBiIeH
CJIOSIMHM OJHOTHITHBIX NMAaPEHXMMHBIX W30/IMaMETPUUYECKUX KJIETOK C OJHUM PSJIOM MPOBOJSIINX ITYYKOB B IIEHTpE. DK-
30Kaprnuil M SHJIOKApIUil — OJHOCIOWHEIE, NPEACTABICHHBIC NapEHXUMHBIMU TPSIMOYTOJIBHBIMH KJIETKaMH, BBITSHY-
THIMHA B TQHTCHTAJIBHOM HampasieHUH. OTAeIbHBIC MEXaHUYECKHE TKaHW M Pa3IUYHbIC BKIIOUCHHS (CMOIIBI, TYMMH
U T.J1.) He 0OHapyxeHbl. Bunsl Stachyurus omim4arorces 1o npu3HakaM MEKPOMOP(]OIOTHH TOBEPXHOCTH IIIIOI0B: THITY
YABTPACTPYKTYPBI MTOBEPXHOCTH, HATUUUIO TIOPOBUAHBIX YYAaCTKOB B KYTHKYJIC, HAINYIHIO U (OPME SMUKYTUKYISPHO-
TO BOCKAa. BBISBICHHbIE KapmOJIOTHUECKHE OCOOCHHOCTH Stachyurus Hapsly ¢ IpyTMMHU AMArHOCTHYECKHUMHM NpH3HA-
KaMU MOTYT OBITh IPUHSTHl BO BHUMAaHHUE IPU JATbHEUIINX CHCTEMAaTHYECKUX U (PUIOTCHETUIECKUX HCCIIEAOBAHMIX
Stachyuraceae.

KroueBrnle ciioBa
Stachyurus, Stachyuraceae, 1miox, MOpQOIOTHS, IEPUKAPITHNA, AHATOMHUS, YIBTPACTPYKTypa MMOBEPXHOCTH, BUJT

BaarogapuocTtu

ABrop Bblpaxkaer OnaromapHocTh H.C. [leTpyHHMHON 3a moMonis B MOATOTOBKE WILTIOCTpAlMid. ABTOp TpH3HATEICH
M.C. PomaHOBYy 3a KpuUTHYeCKUE 3aMeuaHus. lccnenoBaHMs BBINOTHEHBI MPU MOAJEPKKE IOCYIApCTBEHHOIO 3aJaHUs
I'maBHOTO GOTaHMueckoro caga PAH «PenpomykruBHas 6noiorusi, cpaBHUTEIbHAS MOP(OJIOTUS U CTPYKTYpHAasl 3BOJIIO-
U B KIIOUEBBIX TPYyMIax CeMeHHBIX pacteHuin» (Ne 123120600006-9) Ha yHUKanmbHOW HaydyHOH ycTaHOBKe «DOH

Opamxepesi».
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Introduction
BBenenue

The monotypic family Stachyuraceae was de-
scribed by J.C. Agardh in 1858. The genus Stachyurus
Siebold et Zucc. currently contains 10 species [1, 2].
Only one species grows in Japan (S. praecox Siebold
et Zucc.). The remaining nine species are widespread-
in China, mainly in the southern and eastern regions
of this country, and in neighboring countries. The fam-
ily Stachyuraceae is thought to have originated in the
ancient Sikang-Yunnan Plateau, from where it spread
westward to Burma, India (Assam), Nepal and Bhutan,
and eastward through southwest and southern China
to Taiwan and Japan'.

Almost all Stachyuraceae are evergreen or de-
ciduous shrubs, sometimes climbing, only S. him-
alaicus is a small tree up to 10 meters in height. Leaves
are simple, alternate, serrate to serrulate, with pinnate
venation; stipules are small, early caducous. Flowers
are small, bisexual or functionally unisexual and then
plants dioecious, actinomorphic, shortly pedicel-
late or sessile, 4-merous [3], collected in pendulous
or erect axillary racemes or spikes®. Anthers versa-
tile, introrse, opening throughlongitudinal slits. Pol-
len grains are 3-colporate [4]. Gynoecium with four

'Chen S.K. A study on the Stachyuraceae from Chi-
na. Acta Bot. Yunnan. 1981;2:125-137.

2Singh G. Plant Systematics: An Integrated Ap-
proach. 3rd ed. Jersey: Science Publishers Enfield, 2010:702.

HCCIEN0BAaHUS
ouonouueckutl
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carpels, they are congenitally united at the base, free
only at the top, with short style, stigma large, capi-
tate, the four free carpel tips are postgenitally united
and form a single stigmatic surface [4]. The superior,
syncarpous ovary is 4-locular and with axile placen-
tation in the lower part (the synascidate zone), but
in the middle and upper parts (the symplicate zone)
the partitions (the four septa) are incomplete and the
ovules are borne on deeply intruded placentas [4, 5].
The ovules are numerous, arranged in two alternat-
ing rows in each carpel, bitegmic, crassinucellate [5],
anatropous and syntropous’. Fruit berry-like®,, with
leathery pericarp and deciduous calyx [3]. Fruit anat-
omy has not been studied. Seeds numerous, arillate,
with small, straight embryo®, with copious, fleshy,
oily and proteinaceous endosperm and short [3, 5],
fleshy funicle, 2n = 24 [4].

3Plisko M.A. Family Stachyuraceae. In: Compara-
tive seed anatomy. A.L. Takhtajan (Eds). Leningrad, USSR:
Nauka, 1991;3:176-177. (In Russ.)

“Malinkina E.V. Fleshy fruits of wild and cultivated
plants as raw materials for obtaining fortified oils. In: New
and non-traditional plants and prospects for their use. E.V. Ma-
linkina, O.V. Kislukhina, V.Yu. Rumyantsev (Eds). Moscow-
Pushchino: RUDN University, 2001;3:532-534. (In Russ.)

3Sozonova L.I., TrusovN.A., SolomonovaE.V.
On classification and nomenclature of fleshy fruits. Bulle-
tin of the CENTRAL Botanical Garden. 2012;3(198):65-67.
(In Russ.)

®Savinov I.A. Typology of arils in seed plants. Turc-
zaninowia. 2010;13(1):124-128. (In Russ.)
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In the 20th century the taxonomists treated
the family Stachyuraceae in different orders of flow-
ering plants. Some researchers”,!°, placed Stachy-
uraceae near to the Flacourtiaceae family in the order
Vilolales. According to the flower and sporoderm mor-
phology, Stachyurus shows maximum similarity with
Flacourtiaceae, especially with the tribe Scolopieae''.
According to the characters of wood anatomy '2, Stachy-
uraceae resembles both Flacourtiaceae and Hamameli-
daceae. The family Stachyuraceae was included in the
order Hamamelidales by J. Hutchinson'*'%,. A. Cron-
quist 9 notes that the Stachyurus inflorescence resem-
bles Populus (Salicaceae) and believes that the ances-
tors of both orders Violales and Salicales were very
similar. However, such characters as placentation
type (intrusive parietal, but not parietal one), the fruit
morphology (a berry with distinct locules formed
by fully fused septas), and particularly the seed struc-
ture (spermoderm is derived only from the outer integ-
ument) make Stachyuraceae much closer to Theales,
and especially to the family Theaceae 3161718

A new stage in the study of Stachyuraceae began
in 2002. The investigation of pollen (shape, size, ap-
erture type and exine sculpture) of 37 species belong-
ing to 19 genera from seven families (Stachyuraceae,
Dilleniaceae, Actinidiaceae, Saurauiaceae, Ochnaceae,
Staphyleaceae and Theaceae) with light and scanning
electron microscopy’ showed that Stachyuraceae,

"Engler A. Guttiferae, Quiinaceae. In: Die natiirli-
chen Pflanzenfamilien. 2nd ed. A. Engler, K. Prantl (Eds).
Leipzig: W. Engelmann, 1925;21:154-237.

8Stebbins G.L. Flowering plants evolution above
the species level. Cambridge Massachusetts: Harvard Uni-
versity Press, 1974:400.

? Cronquist A. An integrated system of Classification
of Flowering Plants. New York: Columbia University Press,
1981:1262.

"Goldberg A. Classification, evolution and phylog-
eny of the families of dicotyledons. Washington: Smithson-
ian institution press city, 1986:315.

""Takhtajan A.L. System and phylogeny of flower-
ing plants. Moscow-Leningrad, USSR: Nauka, 1966:611.
(In Russ.)

2Li H.L. The genus Stachyurus. Bull. Torrey Bot.
Club. 1943;70:615-628.

B Hutchinson J. Evolution and phylogeny of flower-
ing plants. London & New York: Academic Press, 1969:717.

"“Hutchinson J. The families of flowering plants. 3rd
ed. Oxford: Oxford University Press, 1973:988.

15 Corner E.ILH. The seeds of Dycotyledons. In 2 Vol.
Cambridge University Press, 1976:863.

1 Dahlgren R. General Aspects of Angiosperm Evo-
lution and Macrosystematics. Nord. J. Bot. 1983;3:119-149.

"Thorne R.T. Classification and geography of flow-
ering plants. Bot. Rev. 1992;58(3):225-348.

8 Takhtajan A.L.  Diversity —and  classification
of flowering plants. New York: Columbia University
Press,1997:620.

Wei Z., Jin Q., Wang H, Tian X., Chen S. Pollen
morphology of Stachyuraceae and related taxa. Acta Bot.
Yunnan. 2002;24(4):483-496.

Staphyleaceae and Ternstroemoideae (Theaceae, but
now often accepted as a separate family of Ternstroemi-
aceae) are closer to each other than to the rest of the stud-
ied families. According to cladistic analysis of Stachy-
uraceae and related families (Dilleniaceae, Ochnaceae,
Theaceae, Actinidaceaec and Staphyleaceae) in which
72 characters including of plant growth habits, exter-
nal morphology, wood anatomy, flower structure, pol-
len morphology, embryology and chromosome number
were analyzed using maximum parsimony method?.
The family Stachyuraceae is shown to be more closely
related to Staphyleaceae than to the families Actinidia-
ceae, Dilleniaceae, Ochanceae and Theaceae. Repre-
sentatives of the new order Crossosomatales, first pro-
posed by A.L. Takhtajan 8, are also actively involved
in the investigation. Based on the study of the rbcL
plastid DNA sequence, it was found that all four genera
of the family Crossosomataceae form a well-support-
ed clade with representatives of the families Stachy-
uraceae and Staphyleaceae [5, 6, 7]. In the APGII [8]
and APG IV [9] systems the family Stachyuraceae is
placed in the order Crossosomatales close to the family
Staphyleaceae [1, 10].

The purpose of this work is to describe
the morphological, anatomical structure of the fruits
and their surface ultraculture in four Stachyurus
species in order to identify their common features
and differences that can be used with other diagnostic
features for a more thorough consideration from dif-
ferent sides of the question of the systematic position
of Stachyuraceae.

Research method
MeToauKka uccjae10BaHui

The fruits of four species of Stachyurus —
S. chinensis Franch, S. himalaicus Hook.f. et Thomson,
S. praecox Siebold et Zucc., S. yunnanensis Franch
were studied. The fruits were obtained from the car-
pological collection and herbarium of the Komarov
Botanical Institute the Russian Academy of Scienc-
es (St. Petersburg, Russia).

Since the material from the herbarium is dry,
to restore the normal cellular organization, the fruits
were softened for 10 days in a thermostat in a mixture
of Strasburger: 90% ethyl alcohol, glycerin and water
in the same proportions. The study of the morphology
of fruits was carried out using binoculars of different
resolution, since the external and sometimes internal
structure of the fruits was studied [11]. The terminol-
ogy used to describe the morphology of fruits is given
here according to the source?'.

2Wei Z., Wang F., Jin Q., Wang H. A cladistic anal-
ysis of Stachyuraceae and related taxa. Acta Bot. Yunnan.
2002;24(5):591-599.

2'Melikyan A.P., Devyatov A.G. The basic carpo-
logical terms. Directory. Moscow, Russia: KMK, 2001:47.
(In Russ.)
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To study the anatomy of the fruits, specimens
were made according to the generally accepted meth-
odology?. The fruits were poured into paraffin blocks.
Fruit sectioning was performed in two ways — manu-
ally with a razor blade and for thinner and clearer sec-
tions a sliding microtome was used. For further work,
only cross sections of mature fruits in their middle
part (10-25 um thick) were taken. To determine the de-
gree of lignification of the cell walls in different ar-
eas of the pericarp, a lignin detection reaction was
carried out by adding phloroglucin and hydrochloric
acid. For the possible identification of different cellu-
lar structures and inclusions, as well as their possible
chemical composition, staining reactions with [-KI so-
lution and Sudan III were performed according to the
accepted rules 2. Fully prepared and stained specimens
were placed in a drop of glycerin on a microscope slide
and covered with a coverslip. Excess glycerin around
the edges of the slide was removed with a napkin.
The edges of the coverslips were fixed with varnish
for reliable preservation of more successful specimens.

The prepared specimens were examined at vari-
ous magnifications of the “Biolam” light microscope.
In order to get a more detailed picture of the anatomi-
cal structure of the fruit, the “RA-4" plotter was used.
The study of the micromorphology of the fruit surface
was carried out using a HITACHI S-405A electron
scanning microscope [11]. The main ultrastructural
features of the fruit surface were noted and micro-
graphs were taken.

The carpological descriptions of Stachyurus
species are given in a previously accepted specific or-
der [11].

Results and discussion
Pe3yabrarsl U HX 00CYyKIeHHE

Stachyurus chinensis Franch. The fruit is
a berry, glabrous, globose, 6-7 mm in diameter, with
the remaining long curved column up to 2.5 mm
long (Fig. la). The fruit surface is leathery, thin.
On the surface of ripe fruits, protrusions are noticeable
due to the increase in size of fully developed numer-
ous seeds. The fruit is 4-loculed, with numerous seeds
on intrusive placentas. The seeds are small, curved, up
to 1.5 mm in diameter, with fleshy funicular aril.

The pericarp consists of 10-16 layers of cells (Fig.
2a). The exocarp is represented by a single-layered
epidermis of rectangular thin-walled cells, elongated
in the tangential direction. The mesocarp is unspecial-
ized and consists of 8-14 layers of parenchymatous
cells of isodiametric shape. A single circle of vascular

2Barykina R.P., Veselova T.D., Devyatov A.G.,
Dzhalilova Kh.Kh. et al. Fundamentals of microtechni-
cal research in Botany: a reference guide. Moscow, Rus-
sia: Izdatelstvo kafedry vysshikh rasteniy biologicheskogo
fakulteta Moskovkogo gosudarstvennogo universiteta,
2000:127. (In Russ.)

bundles is located in the middle layers of the mesocarp.
The endocarp consists of a single-layered epidermis
of thin-walled, tangentially elongated cells.

The ultrasculpture (or primary sculpture) is
wavy. The cuticle is continuous; its ridges are visible.
Epicuticular wax is in the form of granules (Fig. 3a).

Stachyurus himalaicus Hook.f. et Thomson.
The fruit is a berry, subglobose, 7-8 mm in diam-
eter, with the remaining long column up to 2.5 mm
long (Fig. 1b). The pericarp is leathery and it is so thin
that numerous protruding seeds can be seen on the sur-
face of the ripe fruit. The fruit is 4-locular, with nu-
merous seeds on intrusive fused placentas (Fig. le).
The seeds are small, curved, up to one mm in diameter,
with a fleshy aryl.

The pericarp consists of 20-26 layers of cells (Fig.
2b). The exocarp is represented by a single-layered
epidermis of rectangular thin-walled cells that are
elongated in the tangential direction. The mesocarp is
unspecialized and consists of 18-24 layers of isodia-
metric parenchymatous cells. A single circle of vascu-
lar bundles is localized in the middle layers of cells.
The endocarp is formed by a single-layered epidermis
of thin-walled cells, strongly elongated in the tangen-
tial direction.

The surface of the fruit is wavy. The cuticle is
continuous; its thickenings are visible as ridges. The epi-
cuticular wax is in the form of small granules (Fig. 3b).

Stachyurus praecox Siebold et Zucc. The fruit
is a berry, globose or broadly elliptic, 7-12 mm long (in-
cluding a small residual column) and up to 9 mm in di-
ameter (Fig. 1¢). The pericarp is leathery; seed protru-
sions are visible on the surface of the fruit. The fruit
is 4-locular, with numerous seeds on intrusive fused
placentas. The seeds are small, curved, up to 1.5 mm
in diameter, with a fleshy aryl.

The pericarp consists of 22-27 layers of cells (Fig.
2¢). The exocarp is represented by a single-layered
epidermis, consisting of thin-walled rectangular
cells that are slightly elongated in the tangential di-
rection. The mesocarp is unspecialized and consists
of 20-25 layers of isodiametric parenchymatous cells.
The vascular bundles are found in the middle layers
of the mesocarp cells and form a single circle. The en-
docarp is represented by a single-layered epidermis
of thin-walled cells, elongated in tangential direction.

The surface of the fruit is wavy. The cuticle is
continuous. Granules of epicuticular wax form sepa-
rate clusters (Fig. 3c, Fig. 3d).

Stachyurus yunnanensis Franch. The fruit mor-
phology of S. yunnanensis is similar to S. himalaicus —
it is almost globose up to 7 mm in diameter, with a long
column remaining up to 2.5 mm in length (Fig. 1d).
The main difference is that S. yunnnanensis has larger
protrusions of seeds on the surface of the fruit.

The pericarp consists of 22-30 layers of cells (Fig.
2d.). The exocarp is formed by a single-layered epi-
dermis of thin-walled, rectangular, tangentially elon-
gated cells. The mesocarp is unspecialized and consists
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1 mm

Fig. 1. Fruit morphology:
a — Stachyurus chinensis Franch.; b — S. himalaicus Hook. f. et Thomson; ¢ — S. praecox Siebold et Zucc.;
d — S. yunnanensis Franch.;. e — schematic transverse section in the middle
of an unripe fruit S. himalaicus Hook.f. et Thomson (scheme). Scale bar is one mm.
Legend: vb — vascular bundles, s — seeds on intrusive on intrusive fused placentas (in the lower
and middle parts of the fruit) — le, and mature seeds — 1c, ar — fleshy funicular aril

of 20-28 layers of isodiametric parenchymatous cells.
A circle of vascular bundles is localized in the middle
layers of cells. The endocarp consists of a single-lay-
ered epidermis of thin-walled cells, highly elongated
in the tangential direction.

The surface of the fruit is striated. The cuticle is
continuous and its ridges are visible. Epicuticular wax
in the form of granules (Fig. 3d, Fig. 3e).

The fruits of the Stachyuraceae are shown
to be polyspermous berries with four locules. Seed
protrusions can be seen on the surface of the fruit,
indicating that the pericarp is thin, not composed
of numerous layers of cells, and it does not have
mechanical tissues. In total, the pericarp consists
of 10-30 cell layers. The exocarp of all Stachy-
urus species studied is single-layered and consists
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Fig. 2. Fruit anatomy:
a — Stachyurus chinensis Franch.; b — S. himalaicus Hook. f. et Thomson; ¢ — S. praecox Siebold et Zucc.;
g — S. yunnanensis Franch. Scale bar is 0.05 mm.
Legend: exc — exocarp, msc — mesocarp, enc — endocarp, vb — vascular bundles

of thin-walled rectangular cells. The mesocarp is
unspecialized and undifferentiated, and in fact it is
a zone composed of layers of thin-walled parenchy-
matous cells of isodiametric shape. The endocarp is
single-layered and is represented by thin-walled cells
elongated in the tangential direction. Representatives

of Stachyuraceae are characterized by wavy, rare-
ly- striate (S. yunnanensis) ultrasculpture of the peri-
carp surface. The cuticle is continuous. Epicuticular
wax is deposited in the form of granules (S. chinen-
sis, S. yunnanensis), small granules (S. himalaicus)
or separate clusters (S. praecox).
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Fig. 3. Fruit surface micromorphology:
a — Stachyurus chinensis Franch. (increase x 500); b — S. himalaicus Hook.f. et Thomson (x 500);
¢ — 8. praecox Siebold et Zucc. (x 500); d — S. praecox Siebold et Zucc. (x 1000);
e — S. yunnanensis Franch. (x 380); f — S. yunnanensis Franch. (x 1000)

Conclusions
BriBoabI

According to the revealed carpological fea-
tures (polyspermous fruit, unspecialized mesocarp,
lack of mechanical tissues and absence of secre-
tory substances (in cells, in cavities) in the pericarp)
and morphological characters (scalariform perforation
plates with many bars, anomocytic stomata), the fam-
ily Stachyuraceae is an unspecialized group of plants.

The different species of Stachyurus can be distinguished
by the characters of fruit surface micromorphology —
the type of the pericarp surface ultrasculpture and the
presence and shape of the epicuticular wax. An interest-
ing preliminary conclusion is that all the studied fruit
samples of the four Stachyurus species are quite archaic
in terms of their anatomical features. The revealed new
features of the fruit structure supplemented the data
on the reproductive biology of the Stachyuraceae.
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