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Abstract

Impermeability of Legume seeds is commonly related to physicaldormancy, which is useful for seed preservation but
problematical for the soybean food industry. The primary aim of this study agharacterize the structure difference
between permeable and impermeable seed coats, revealing theovdatelling structures and demonstrating the water
uptake processThreemeasurements of water uptakefor four Legume species were carried out. Theagetenay of
micropyle and seed coat were observed by scanning electron microscopy (SEM). Dye tracking was carried out to investigate
the pathway of water movement during imbibition. The mature seed coat of four species contained three layers of cells.
SEM observationsrevealed that the impermeable coat differs from the permeable one. Layer thickness has no direct
relationship to the permeability of Legume seeds. Tlerapyle opening could be observed in permeable seed coats.
Osteosclereids could impede thptake of water; the layer of the osteosclereid near the embryo is hydrophilic and distal
sideis hydrophobic. The present research provided a varietyof information related to the permeability of Legume seeds. The
coat structures of permeable and imperneaticropyles are different in several aspects. A novel finding is that the outer
surface of the osteosclereid layer is essential to permeability.
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Introduction thicker coat would result in greater impermeabi(it§iao
et al, 2001 Wyatt, 1977. Intriguingly, some minor

Legumesare important for maintenance of human discrepancies also were considered to be the causes.

health and as crops for sustainable agricul{t@matsu  Impermeable seed coats were supposed to lack pits
& Ahsan, 2009. For example, soybeaGlycine maxis compared with permeable ond€hachalis & Smith,
the world’'s |l argest oil s 20@LHahaliset al,| 189§ tans, 1287 Yaklich etvai, t h
considerable commercial valRahimet al, 2017. Itis  1986. Endocarp deposits could be found in impermeable
the source of many foods, including soymilk, tofu andseed coat¢Caleroet al, 1981 and it wa also noted that
miso, and is also the main source of protein in livestockiark color was a trait of impermeable seed c@atgatt,
feed supplements. Legume seed coats can be eith&®77). By using microscopic analysis, it was found that
permeable or impermeable. Impermeable seeds do n#ie hilum and/or micropyle of inggmeable seed coats are
imbibe water even after soakingrfa considerable time. normally closed(Ballard, 1973 Hyde, 1954 Rolston,
Under natural conditions, the impermeability could bel978. Some features of thpalisade cells such as the
beneficial to the plant because it can preserve the seedster tangential walls and light line have also been
for a long time(Tyler, 19973. However, impermeability considered as causes for seed coat impermeailislla
prolongs the hydration step, which is the keycessing & Slattery, 1984 Harris, 1987 SerrateValenti et al,
step in the soybean food industry. Four Legume specieb993 Werkeret al, 1979. On the other hand, there were
have been selected for seeds with the ability to absorgeveral debatable points regarding to the function of some
water quickly and evenly. However, some seeds fronspecific structures of seed coat in water uptake, for
these species will be impermeable (otherwise called storgxample, the outer cuticle had been considered important
or hard seeds), and it hagdm reported that a large by some researcherArechavaletaMedina & Snyder,
proportion of hard seeds could be produced by speciek981 Ragus, 198) but not by othergBallard, 1973
with otherwise desirable agronomic trajolston, 1978  Chachalis & Smith, 200Werker, 198). However, when
To characterize the permeability and impermeability ofwater touches the seeds, the role of the micropyle, hilum
soybean seeds is a key step in demielp methods to and raphe were ignored, especially the micropyle. The
handle different types of seeds for lagpale processes, permeabiliy of the seed coat is believed to be related to
and to design potential breeding strategies for the future. its structureGamaArachchigeet al, 2010. The seed

In recent decades, several theories were developed ¢@at of a legume consists dfet hilum, micropyle, raphe
explain why soybean seeds could have differenaind the extrahilar region. When the funiculus detaches
permeabilities to wr. Some early studies suggested thafrom the mature seed, a sdie structure appears, known
this could be due to tightly bound palisade c@lallard, as the hilum. During seed germination, the radicle
1973 Corner, 195). Subsequently, attention was paid to emerges from the pore of the micropyle. The micropyle is
the thickness of the seedat and it was considered that a formed during earlier ovule development from the
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integuments. The raphe is a ridge on the seed coat, onthkepeci es wer e -deswd” f bestt,hewit

other side to the micropyle. Research by dlal. (2004 replications. The seeds weraitpmicropyle upward or

has expanded what is known about hibv structure of downward separately on wateolding flower foam.

the seed coat affects water uptake, but the details of holoam was soaked in water for 1 hours, the seeds were

this is controlled are still debatablkr permeable seed measured placed on top of the foam for 24 hours, and

coats, the micropyle should be the initial site of watemwater hydration was recorded.

entry (Van Staderet al, 1989; however, no report has

experimentally demonstrated the relationship between th@eneral anatomy of seed coat: Following immerson in

micropyle and the seexbat in impermeable seeds. liquid nitrogen for 23 seconds, several permeable and
Thus, the purpose of this study is to compare thepermeable seeds of four species were cut in the same

impermeable and permeable seed coats, as well as theanner so that the seed coat, adaxial areas and micropyle

micropyle, and try tgrovide a basic understanding of the could be observed (Fig. 1). For scanning electron

association between seed coat structmed seed microscopy (SEM) observatioifganwal et al, 2016, all

permeability. Spefic objectives were to answer four seed samples were dehydrated in absolute alcohol and

questions (1)What are the differences in structure cleared in xylene. Particularly, impermeable seeds were

between permeable and impermeable seed coats agfaked in the solution of absolute ethyl alcohol and

micropyle? (2) Are there some watarontrolling glycerin (1:1) for 5 days to become soft. Scanning

structures in the impermeable seed co@p? Does the electron micrographwere prepared following the method

micropyle of impemeable seed coats also play a functionof GamaArachchigeet al. (2010. Briefly, samples were

in water absorption? (4) What is the pathway of wateksputtercoated with golepalladium (15nm), and scanned

movement during the water absorption of soybean seedsith an S3000N Hitachi scanning electron microscope at

Previous studies on Leguminosae have investigated thgn acceleration voltage of 5.0 kV.

permeability using only one soybean cultivar. To julev

a more general view, this study employed four soybean .

cultivars i.e, four edible legume species to research this Mlcropyle

topic, trying to help us better understand the mechanism

of permeability and offer possibilities for further seed

breeding and genetic mifidations.

Materials and Methods

Plant material: Seeds of two species, mung bg&igna
radiata) and cow pea\(ighaunguiculatq were obtained
from plants grown outdoors at the Field Station in
Changling county of Jilin province, northeast of China Seed Coat

(4412' 11" N, 123°51'02" E), in 2011, The other two
commercial species, small red be®@hgseolusangularjs Fig. 1.Direction of cutting (arrow) for examination of seed anatomy.
223 dbla;l;rse?ybfﬁéqﬁme rgsz’ci\ggreaﬁlurcbhjiﬁg fr?om ?héNater absorbing feature of osteosclereids in permeable

Leguminosae Rabaceaefamily, Seeds were handpiett Seeds: To expose tb inner side of the osteosclereids, 10
9 i Y. P impermeable seeds were emptied by using a toothdrill to
from mature pods, ailried, and kept under controlled

" i . o dislodge the embryo under a dissecting microscope.
conditions (23C; 30-50% relative humidity) before use aApgiher 10 impermeable seeds were treated by removing
(Meyeret al, 2007. All seeds used for experiments were ie o tside two layers of the seed coat to expose tiee ou
stored for less than 4 montlidayasuriyaet al, 2007.  gyrface of the osteosclereids.Water was then dropped on to
Seeds were examined microsamply and any seeds with poth sides of the osteosclereids to studytheir water
visible defects werediscarded Seeds were soaked in apsorbing features.

water for 24 hours to distinguish between permeable and

impermeable types. Those that did not increase in weigh®ye tracking of the pathway of water imbibition: Dye-

or volume, and had neither cracks nerinkles were tracking experimentyGamaArachchige et al, 2010,
considered tobe impermeable. Otherwise, seeds wereusing mung bean as the plant material, were carried out to
deemed permeable. All seeds weredaied to constant track water flow in the seed coat of permeable seeds

with high concentration was used as dye. After the

Measurement of water uptake: The imbibition test was dormancy was broken by soaking, mung bean seeds were
performed following the method of Met al. (2004. One  dipped in a concentrated solution of methylene blue.
thousandseeds of each species were soaked in water oeeds blotted with tissue paper were removed after the
48 hours at room temperature {23 and the increase in initial 5 minutes ad then every 15 min for 4 hr for
weight of both permeable and impermeable seeds wdkiorescence tracking. Seeds were longitudinally cut into
recorded. The test was regated three times. two halves at the micropylar and chalazal regions (Fig. 1),

Additionally, to determine which part of the and the exposed surfaces were examined using the light
permeable seeds, micropyle or seed coat, influenced theicroscope with the external light source. The
ability to take up water, another 50 seeds from eackmicrographs were taken as the dye travelled.
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Table 1. Hydrating percent of seeds by different treatments.

Species Up (%) Down (%) All (%)
Mung beanVigna radiatg 10.65 + 3.67* 91.67 £+ 5.23* 99.52 + 1.67
Small red beanRhaseolus angular)s 2.39 £ 200** 52.24 + 3.12** 95.47 +1.35
Cow pea Yigna unguiculath 26.47 + 1.12* 69.23 + 1.71** 74.79 + 3.23*
Black soybeanGlycine mawar.) 98.08 + 1.02** 100 + O** 96.88+1.1

Note: *Significant difference at p 0.05, ** Significant difference at p 0.01.
Up or down refers to the orientation of the micropyle. All refers to the total immersion of seeds

Table 2. Thickness of osteosclereid layer between permeable and Table 3. Thickness of palisade layer between permeable and
impermeable seeds of four species. impermeable seeds of four species.

Thickness of osteosclereid Thickness of palisade layer
Species layer (jm) Species (pm)

Permeable | Impermeable Permeable | Impermeable
Mung beanVigna radiatg 15.34+0.82 6.41 + 0.64** Mung beanVigna radiatg 24.67 £ 0.67* 31.35+ 0.96*
Small red beanRhaseolus angularjs 12.82 +0.81 13.69 + 1.44* Small red beanRhaseolus angular)s 44.35 + 1.63* 66.13 £ 0.72**
Cow peaYigna unguiculata 1553+0.38 17.39+1.12* Cow peaYigna unguiculati 35.29 £ 0.76* 24.07 + 1.17*
Black soybearGlycine max vai). 22.22 +0.48* 21.25+1.07* Black soybeanGlycine mawar.) 20.83 £ 0.38* 32.87 +0.46*

Note: *Significant difference at p0.05, **Significant difference at p0.01 Note: *Significant difference at p0.05, **Significant difference at p0.01

Statistical analysis: Hydrating and seed structure data Differences in micropyle morphology between
were analyzed by using SP&@&rsion 11.5, SPSS Inc., permeable and impermeable seeds: Cow pea was

Chicago, lllinois, USA). A LSD test was used to ysed to investigate the role of the micropyle in seed
determine least significant range between mep«§.05 ermeability, as it is the only species whose
and p<0.01). These data were analyzed using SPS icropyle could be observed easily. The micropyle in

(version 11.5, SPSS Inc., Chicago, lllinois, USA).

permeable seeds was clearly observedraspen gap,
whereas the impermeable one was closed (Fig. 4)
These result indicate that transformation of the

Seed hydration: Among the four species, the seeds ofMicropyle might be positively associated with
mung bean have the greatest water imbibition abilityP€rmeability. However, we could not know whether
(Table 1).After being soaked in wat for 24 hours, only change of morphology in the micropyle caused seeds
five of 1000 green gram seeds were completelyto become permeable, or vice versa.
impermeable. In contrast, cow pea is the most
impermeable species of the four studied (Table 1). Seed&/ater impediment of osteosclereids: To demonstrate
placed with the micropyle downward have obvioushow osteosclereids could have the ability to impede water
higher hydrating rate compared witeexls placed with uptake, we designed two treatments to investigate if the
the micropyle upward, suggesting thecropyle of the  two sides of osteosclereids have different hydragityl
permeable seed coat might have a function in watefsee the Materials and Methods section). Water rolling
absorption In f.idd't'on’ hydrating parts of permeable could be observed on the inner side of osteosclereids
seed; were wrinkled on the surface (Fig. 2). Th|s reSl"I\y\/hereas water spreading could be detected on the other
provides evidence thdboth the seeds coat and micropyle . :
of permeable seeds have the ability to take up water. side. The results shpwed th_qt the_ layer of osteosclereids
near to the embryo is hydrbitic while the part near the

palisade cell is hydrophobic.

Results

Differences in structure of cell layers between
permeable and impermeable seeds: The seed coats of .
mature seeds of all four species consist of three layers (9ye tracking of water mavement: The path of _water as
cells. These are epidermis cells (outermost layer)/t Moves through the seed coat and micropyle of
palisade cells and osteosclereids (innermost layer). SEfjérmeable seeds was followed using methylene blue dye.
observations revealed that the thicknesses of these layeffer 5 minutes, fluorescence trackitige regions of the
differs between permeable and impermeable seeds in tiBicropyle and chalaza turned green, providing evidence
four species studied (Fig. 3). Surprigiy, permeable that the micropyle was the site of entry of the water (Fig.
seeds of mung bean and black soybean have thinn&-: After 4 hours, water moved into the seed through the
osteosclereids than their impermeable counterpartglicropyle and could be tracked through the seed coat
(Table 2). Impermeable seeds generally contain a thickefFig. 6). Gearly, osteosclereids could impede the water
palisade layer; the only exception is cow pea (Table 3). pathway during imbibition (Fig. 6).
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Fig. 3. Longitudinal sections of seeds of fapecies A, mung bean; B, cow pea; C, small red bean; D, black soybean. Left,
permeable; rightimpermeable (AD) . Top: scale bar = 50 pum; Bottom: scal e bar
palisade cell.
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Fig. 6. Water movement pathway. Arrows indicate the osteosclereids. A, micropyle; B, seed coat.

that permeable seeds have an open micropyle, implying
the transformation of the micropyle mightagla role in

the change of impermeability. We also identified
osteosclereids are one of the coat structures which can
impede water uptake. Against our common knowledge,
we found that the micropyle of permeable seed coats can
still play a role in water absption function. Finally, by
using dye tracking technology, we showed the pathway of
water movement during imbibition.

Earlier studies reported that when permeable seeds
take up water the seed coat becomes wrinkled on the
dorsal side(Ma et al, 2004 Meyer et al., 2007%.
Subsequent to the wrinkling, the volumes of seeds
increased and the expansion force was enough to separate
the seed coat from its embryo. Other studies also reported
on the polymorphism and anatomical differences between

e two types of seedoat (Kelly et al, 1992 Valenti et

Fig. 5. Fluorescence tracking the in mung bean seed showi

micropylar and chalazal regions. ., 1989. However, detailed research is absent since no
special alterations could be perceived in the impermeable
Discussion seeds after the water comescontact with the seed coat.

Therefore, the present work used SEM to compare the
In this study, we provide evidence that the coatmorphology of the seed coat in permeable and
strucure is somewhat different between permeable seedspermeable seeds. As we expected, the thickness of the
and impermeable seeds, especially the thickness ekeds coat is different between permeable and
several cell layers. For the micropyle, we could observémpermeable seeds. Howevegcording to our data, we
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