VIl International Conference on Microelectronasd Computer Science

42¢

3D STUDIES OFOROBANCHE CUMANA
SEEDS BYDIGITAL HOLOGRAPHIC
MICROSCOPY

Duca Mari', Pedrini Giancarlé, Claus Danie?, Abaskin Vladim? Achimova Eler?®, Glijin Aliona®,
Acciu Adriana

Abstract— Combining microscopy and digital holography(DH)
offers the unique advantage of simultaneously capting
complete 3D information about the specimen, and uret
coherent illumination it has been investigated forcontinuous PC
acquisition and identification of biological specinens.

Sunflower (Helianthus annuus L.) broomrape Orobanche cumana
Wallr.( O. cumana) is a parasitic angiosperm, totally devoid of
chlorophyll, that infects the roots of sunflower pants, causing
significant damages to this strategic oilseed crom Black Sea
countries as Turkey, Romania, Ukraine, Bulgaria, icluding
Republic of Moldova (RM). The long-term impact of the
broomrapes is even more serious: their seeds maysilg spread
to other fields, and can persist in soil up to 20ears, leading to an
accelerated increase in the infested areas.

The aim of this research is to develop three-dimeimal
microscopy (3D) system to enhance the resolution and contrast
in imaging of O. cumana seeds, occurring in different
geographical regions of RM, Romania, Spain and Ukiae.
Successful application of the modern technology alved studying
the broomrape seed in various layers, like surfacand under
surface of seed that can be the reliable means tastinguish
related taxa and their geographical localization.

Index Terms — Digital holographic microscopy, optical and
digital image processing,Orobanche cumana seeds, biological
specimen.

I. INTRODUCTION

this case flexible and compact Digital Holographic
Microscopy (DHM) modules for the integration intcodern
microscopy systems are required. Furthermore, far a
automated evaluation of the measurement datanigdessary
to implement robust algorithms for the numerical
reconstruction of digital holograms. Combining ro&copy
and DH offers the unique advantage of simultangousl
capturing complete 3D information about the speairend
under coherent illumination it has been investidatfer
continuous PC acquisition and identification of lbgcal
specimens. In contrast to conventional microscowydepth
scanning focusing at various depths of the 3D spegiare
necessary in range of some interference fringes.

The lateral resolving power of an optical system is
diffraction-limited according to Abbe Criterion. @sidering
the fact that complex biological specimens corsfigtifferent
materials or structures in various layers, there aome
practical obstacles to prevent achieving the themle
resolution, e.g. the diffraction patterns comingnfrthe upper
layers.

A basic digital holographic microscopy setup cotssis
of a laser illumination source, an interferometerigitizing
camera (CCD or CMOS), and a computer with necessary
programs [1, 2]. One of the major issues in imagihg
internal structures of biological specimens is #isorption
and scattering that distort the information comfngm the
object. Dark-field technique has been shown to fmnsing

In the past decade 3D optical imaging has emergedia improving the image contrast for internal layeirs

a leading tool for scientific discovery in manyfdient fields,
including biology. Optical image processing teclueis| are
very useful thanks to their advantages such as hjgttial
resolution, parallel processing, non-contact
communication, and direct visual presentation tmamo eyes.

combination with optical sectioning techniques 8l digital
holographic refocusing [4].
Digital holography offers a number of significant

pakall advantages, such as the ability to acquire hologreapidly,

availability of complete amplitude and phase infation of

Optical imaging system using DH [1] is an attragtiv the optical field, versatility of the interferomietrand image

techniqgue for the acquisition of 3D
reconstructing both the amplitude and phase ofvénee front
that passes through or is reflected / scatteretthdpbject. In
order to establish DH in microscopy, the combinatigith
common microscopy techniques is of particular athge In
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information byprocessing techniques [5].

Imaging internal layers of biological specimensis
demanding field of research [6]. DHM is a combioatiof
holography and microscopy and has ability to extessential
3D information from a single recording. With thelheof
numerical reconstruction and digital focusing DHMash
become a new tool for biological specimens imaging.

Broomrape is a parasitic angiosperm that has been
causing a great deal of damage to sunflower pramudh
many countries, including Republic of Moldova. Qonhtof
this parasite remains extremely difficult, as thamds of tiny
seeds produced by a single broomrape plant canabity e
dispersed by water, wind, animals, humans, macyirer
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attached to sunflower seeds. Broomrape seeds suivigoil Morphological observations of seeds were made
as miniature dormant plants much longer than thivegc using a dark-field holographic microscope. For daek-field
significantly larger, mature parasites — they offmrsist in imaging, a laser wavelength of 740 nm was utiliZédtures
soil for decades, and thus maintain the parasiityalbto  were taken with reflection and transmission setinkp focus
mature whenever a suitable host plant occasiongiywvs on different surface regions of the seeds, mandjaistments
nearby [7, 8]. This ability, which is crucial fone continual were done varying the distance between front obgdens
existence of obligate parasites, is facilitated diyuctural and biological specimen. On Fig. 1 we present aligit
features that accommodate dormancy and dormanctroton reconstructed images of the different surface regjgaced at
[9]. Seeds of broomrape are extremely small, bkieg than 1 focus on reflection mode of illumination, whichadls more
mm in size, with a wide variety of shapes (ellipsoi detailed studying of specific seed's region of iaegt. In
oblongoid, ovoid, globose, trigonous or tetragonoasd a addition one of the optical pathways was coveredhange
terminal funicular attachment [10]. The seed ceatticulated transmission to reflection and vice versa. Darkdfie
with polygonal cells, which range from more or les$iolographic micrographs od. Cumanaseeds (Singera) on
isodiametric to tangentially elongated, being same$s transmission mode of illuminatioh£740nm) are shown on
irregular. Fig.2. From comparison data of reflection and transmission

Species distinction imD. cumanal. is notoriously mode of illumination one can see that reflectionegi us
difficult because of the lack of clear cut morplgt@l information about surface morphology of seeds, but
differences. References [11], among others, haesssd the transmission illumination penetrates under surfacarying
great importance that the sculpturing of the sewtdlave for the plane under focus we see different layers médrirstructure
broomrape taxonomy. The micromorphology of thefsample.
Orobanchegenus seed surface is highly diverse and has been
described for various species, particularly of gemera that
are economic importance. Seed coat sculpturingedmelpful
in the analysis of soil seed banks, but due toverétions in
seed shape, size and ornamentation even withinnglesi
capsule, unequivocal morphological diagnosis shoeligon a
set of seeds rather than on a single one [12,8]3, 1

The aim of this research is to develop thre
dimensional microscopy system to enhance the résoland
contrast in imaging of broomrape seeds, occurmndifferent
geographical regions of RM, Romania, Spain and ldkra

Il. METHODS ANDMATERIALS

Seed morphology was studied in 13 populations ef
0. cumana from different geographical regions of the
Republic of Moldova (Donduseni, Soroca, Balti, @iasl,
Singera, Rezeni, Cimislia, Stefan Voda, Ciadir-Lang
Taraclia), Romania (Fundulea), Ukraine (Izmail) aBpain
(Sevilia). During the experiment pictures of ten seeds per
category, randomly chosen, were taken using tressam and

Fig. 2. Dark-field holographic micrographs @. Cumanaseeds (Singera) oh
transmission mode of illuminatiod£740nm).

reflection mode.

Fig. 1. Dark-field holographic micrographs @. Cumanaseeds (Singera) o
reflection mode of illuminatior\&740nm).

=]
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The dark-field image acquisition mode by illumireti with
A=660nm in transmission and reflection mode is adgoo
solution for biological sample with high scatteripmpperties.
The bright-field image acquisition at405nm gives a higher
resolution and contrast due to such propertiesiobgical

Fig. 3.Dark-field holographic micrographs 6f. cumanaseeds on reflectic
mode of illumination X=740nm). 1 — Singera, 2 — Stefan Voda, Ghisinau
4 — Donduseni, 5 — Rezeni, 6 — Balti, 7 — Isma8l,— Ceadir-Lunga, 9
Cimislia, 10 — Taraclia, 11 — Fundulea, 12 — Baci@i — Sevilia

sample as high absorption.
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Fig. 4. Dark-field holographic micrographs oD. Cumana seeds o -
transmission mode of illumination£740nm). 1 — Singera, 2 — Stefdada —_ '

3 — Chisinau, 4 — Donduseni, 5 — Rezeni, 6 — Balt Ismail, 8 — Ceadir- Reference v:,ave
Lunga, 9 — Cimislia, 10 — Taraclia, 11 — Fundulga;- Bacioi, 13 — Sevilia
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I1l. RESULTS ANDDISCUSSIONS Bright-field

Analysis of seed photomicrographs of the 13 X 0 s
geographical populations @. cumanaobtained using digital
holographic microscopy allowed to investigate the Fig.5. Schematic diagram of the imaging part of dposed-view set-up,
architectural surface of the seeds. The high qualft the | Showing both dark-field and bright-field configuicats.
images revealed the broomrape seed surface sdnfptur

In this work we have shown that imaging through

opposed-view channels, including reflection (Fig. &nd A pair of Nikon dark/bright-field objectives with
transmission (Fig. 4) modes, reveals more strustaean magnification of 20x and NA=0.45 has been impleredrin
internal layer of the specimen. the set-up. Hollow light cone of illumination thigtu parabolic

The broomrape populations exhibit a variety ofnirror of objective has been used for dark-field deoof
different  shapes and surface characteristic. ~ ThegRimination. Illumination through objective lensaw applied
morphological characteristics, and in particular edse for bright-field illumination.
sculpturing, are key features in determining of irthe CCD cameras simultaneously acquire images in
geographical localization. transmission and reflection mode. Dichroic mirrqM1

The biological samples, as a rule, possess vefpM?2) select and direct wavelengths to CCD camérakark-
complex structure and layers-like morphology a#isth hinder  field mode. Beam splitters (B&nd BS) with other two CCD
achievement of the theoretical optical resolutidhe most cameras acquire bright-field images of the samplgh@wn on
important obstacle here is the diffraction on bgital Fig.1. Broadened reference waves for interferepoelucing
spacemen structure. In this work it is developedoberent are directed on CCD camera chip with small angipeet to
light microscope was elaborated to get over theaoke object waves. Small CCD camera chip resolution s&itates
The multi-purpose set-up has been composed fromdtft  mount values of the theses angles as small ashfssi
axis digital microscopes in one (Fig.5). It givessgibility to
acquire digital holograms in two modes of illumioat to wit, Application of this method provides information tre
dark-field and bright-field in transmission /reflem type and arrangement of the external seed coat aglivell as
configurations. Two single mode diode lasers withhe pattern of thickenings and pitting of the lateand inner
wavelengths.=660nm and 405nm could be applied for samplgangential cell walls of the seed coat. The seed iscdark and

illuminations.  Optical properties of biological spl® opaque, but bleaching seeds allows a clear vievsanhe
determine the wavelength selection and mode ahilhation.
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surface features, particularly the contours andngitof the [2] V. Abaskin, E. Achimova, “Application of optical @gram for design of
seed coat epidermal cells [19]. Anticlinal walls diten to holographic speckle-interferometeProc. Sixth Int. Conf. “Holography.

. . . Science and Practice, Kiev, Ukrainm. 165-169, 2009.
very deep and evenly thickened, with a narrow th)u@l’klng [3] J. A. Conchello, J. W. Lichtman, “Optical sectiopimicroscopy”,Nat.

the wall junctures between cells, noticeable atiuad the Methods2(12), pp. 920-931, 2005.
edge of the cells, inner periclinal walls granulateugulose. [4] A. Faridian, G. Pedrini, W. Osten, “High-contrastltilayer imaging of
biological organisms through dark-field digital @e@ising”, J. Biomed.
Opt, 18(8), 2013.
IV. CONCLUSION [56] M. K. Kim, “Principles and techniques of digital Ibgraphic
microscopy”,SPIE Reviewg, pp. 1-50, 2010.
Our StUdy. of the mo.rphOI.OQY .Of seeds of the O.S [6] A. Abbott, “Cell culture: Biology's new dimensionNature 424(6951),
cumana populations, occurring in different geographical™ ", ‘870872, 2003.
regions of RM, Romania, Spain and Ukraine, adds d&a to [7] M. Duca, A. Glijin, A. Acciu, “The biological cycleof broomrape,
the knowledge of seed micromorphology using the enod (Orobanche cumana Wallr.)Journal of Plant Developmenisi, 20, pp.

; ; 71-78, 2013.
teChn()lOgy of DHM. The mlcrOgraphS have illustrateeit the 8] D. Skoric, ‘Sunflower breeding”Uljarstvo, Belgradeye 1, 1988, p. 1-90.

broomrape seed coat is dark and opaque with a $m D. M. Joel, J. Gressel, L. J. MusselmanRobt Parasitic
membranous and granulated-rugulose outer periclivals, Orobanchaceae: parasitic mechanisms and controhtsties” Ed.
which indicate the provenance to the morphologsesld type Heidelberg: Springer, 2013, p. 513. _
Il as indicatedn reference [10]' [10] L. Plaza, |I. Fernandez, R. Juan, J.Pastor, A. Rsjad
. L .. “Micromorphological studies on seeds of Orobanchecis from the
The_ pr_aCt'CaI appllcatlon_ of a compact digital |perian Peninsula and the Balearic Islands, andr tsgstematic
holographic microscopy module in our study showeches significance”,Annals of botany94(1), pp.167-178, 2004.
significant characteristics, like, the adaptabilipgf DHM [11] L. J. Musselman, W. F. Mann, “A survey of surfaderacteristics of
microscope, simplicity of sample preparation (nctisaing or seeds of Scrophulariaceae and Orobanchaceae usiByl”, S

L . ired hat livi I d s b Phytomorphology26, pp. 370-378, 1976.
staining Is required, so that living cells and sp@ms can be (1] p. . Joel, Identification of Orobanche seeds. WebeC. & Forstreuter

observed in depth). W. (eds.), Parasitic flowering plants. Marburg, 198p. 437-444.

[13] G. Domina, P Colombo, “Seed micromorphology and its variation in
Sicilian Orobanche (Magnoliopsida)Flora Mediterr, 15, pp. 99-107,
2005.

[14] K. Myung, “Principles and techniques of digital holographic

The study was performed under the project ,,Digitﬂﬂ Microscopy”, SPIE Reviews, 2010, 1, pp. 1-50.

. . . . . . W. Lee, M. J. Chen, J. Y. Cheng, P. K. Wei, “Morlayical studies of
Holographic Microscope for Biological Tissues Reshanith living cells using gold nanoparticles and darkeiebptical section
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