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ABSTRACT

A MICROMORPHOLOGICAL ST UDY OF LATHYRUSL.
(LEGUMINO SAE) SPECIES IN TURKEY

Mazaherj Rodin
PhD, Department of Biological Sciences

Supervisor: Prof . Dr . Musa Doj

April 2016, 153pages

This research study was carried ow ¢etermine the taxonomic value of
micromorphological properties in the infrageneric delimitatiorLathyrus species
found in Turkey In the present studfirst micromorphological characters of the leaf
surface of 15 speciegsect. Lathyrostylig were analyzed by Light Mroscope.
Multivariate statigtal approaches (for instance, Principal Componentalyses
(PCA) and Unweighted Pair Group Method with Arithmetiea(UPGMA)) were

used to evaluate the results. Amohg tleven characteesmployed,stomata index

of abaxial leaf surface, epidermal cell shape, and cell wall pattern of adaxial leaf

surface were fountb be discriminativeamongthe species.

Secondly, mny more micromorphological characters of the leaf and calyx sarface
(32 in total) of 28 species (sectathyrostylis, Orobus, Orobon, Pratensis,
Clymenum, Lathyrgswere studied viaScanning Electron Mroscope (SEM).
UPGMA based on quantitative charastef leaf and calyx tend to disagree with
existing phylogenetic estimateof relationships. Perhaps environmental factors
highly affecting quantitative charactebdur the phylogenetic relationships of the

species.

However, based on qualitative data agp@8 species ofathyrus,23 specieshave
correctly been assigndd existing sections by the UPGMA. Meanwhile, idtder

loading demonstrated seveharacters to be the most important in differentiating and



grouping species and sections. These were: epalecell shape, cell wall pattern
stomata positiomf both leaf surfaceand trichome type othe abaxial leaf surface.
These characters can be used as micro markers to clha#ifyrusspecies at the

sectional level.

Also, to evaluatehe exact relatons ofL. boissierj L. haussknechtiiL. roseus, L.

clymenum, L. pratensiswith other species further analyses is needed..

haussknechtiis confirmed as a different species as was suggestee¢ ent | y by ¢eéel de
(2011)

Keywords: Micromorphology,Lathyrus, Leaf, Calyx, Multivariate analyse Light
Microscope, Scanning Electronidfoscope (SEM), PCA, UPGMA, Turkey.
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T, RKI YEO LATBYRUSL. (LEGUMINO SAE) T} RLERKNDE BKIF
MKKROMORFOLOJKK ¢ALI kMA

Mazaherj Rodin
Doktora, Bioloji Bolimu

Tez YoneticisiPr o f . Dr . Musa Doj an

Nisan 2016, 153ayfa

Bu ar akitkigedden bulunanLathyrust ¢r |l er i ni n cisn&m - i S
mikromorfolojik 6zelliklerintals onomi k dej eri niyapaptw@dmaler a

- a | e wlkmdarhlka Lathyrostylisseksiyonuna aiblan 15 Lathyrustiirunun yaprak

yézeylerindeki mi kr omor f ol gla ii kh c eklaernankitketri
Sonu-1| ar enmasijredd endaht adejsitkklserd | ianal i zl e
ve UPGMA kul | anél mé wedilesinde, Ml kardker | ar ayemd a, é

yaprakyizeyirin stomata indeksi, adaksigaprakyluzeyinne pi der m hg¢cr e K

h¢cre duvar paterni °nemli bulunmuktur.

Ikincisi olarak, yaprak ve kaliks yuizeylerindekulunangok daha fazles ay € d a k é
mikromorfoloji karakterler (toplam 32),Lathyrostylis, Orobus, Orobon, Pratensis,
Clymenum, Lathyrusseksiyonlara ait olan 2&athyrustiru SEM vy ar d &€ mé i
i ncel enmi ktir. Yaprak ve kali kstseen evlade
olan filogeneti k i laideeki.l eBreel kuy u-ne ve aejsled mal
karakterl er czerinde y¢ksek derecede fil

ver mi Ktir.

Bununla birlikte, kalitatif d t al ar a g°r e ®IBUPEMArile varolrs é nd a,
seksiyonlrreak i dadjee watybr .t ¢BU ear avckakaaktkrs i y on |
ajéerl ekl gr é p lerhagdlEmakargkte i7 n en °neml i kar al

gést er i.| mBiurtl iarr ; yaprajén her i ki yézeyind
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paternj stomat abd ni n i ypaigyona k e y y 2 papakgiat @ k
yuzeyindeki trikom tipleridi. Bu karakterler, Lathyrus tirlerinde seksionel

dozeyde, mikro marker ol arak sénéeflandér ma at

Ay r & cbaissierj L. haussknechtiiL. roseus, L. clymenum, L.gpt e nirs | ¢ i06] er
tuirled e ol an kreisi delij ¢iigrkdaldbiaziarenddiz gereklidirL.
haussknechtii ar k1 & b icré |aGeere 0dlllgr @kne,r di Ji. gi bi teyit

Anahtar kelime: Mikromorfoloji, Lathyrus Yaprak, Kaliks, Cold e J i Kk k e n | i anal i z
| k éikroskdp,SEM, PCA, UPGMA, Turkiye.
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CHAPTER 1

1. INTRODUCTION

1.1 The Family Leguminosae

Leguminose (Fabaceaeis the third largest family of flowering plats after
Asteraceaetlie suflower family) and Orchidaceaehe orchid family) (Polhill et al.,
1981). As was explained by Smykal et &Q15, Lewis et al.,(2005 stated that
Leguminosass divided intothree subfamiliedased on morphological character
the mimosad legumegMimosoideag with 4 tribes and 3,270 species; Papilionoid
legumes Papilionoideag with 28 tribes and 13,800 specieand Caesalpinioid
legumes(Caesalpinioidegewith 4 tribes and 250 species. This family consigif
approximatey 727 genera36 tribes andl9,325 species.

Papilionoideaeis one of the largest sulaimilies of Leguminosae which covers
Lathyrus L. (sweet peas) athe largest genus dhe tribe Fabeae (Adans) DC
(Kenicer et al.2005).Fabeae wafrst describedby Rechenbach1832 on the bas

of its abaxially pubescent styles, leaves with terminal tendrils, unusual stem
vasculature supplying the stipules and several floral chargé&emscer, 2007) The
statusof genud.athyrus which harbos all the species of terest inthe presenstudy

within Leguminosae is depicted Figure 1-1.

Five classification of Leguminosaeere provided byLinnaeus, Persoon, Bentham,
Taubert and Hutchinsaituring the period t'm 1753 to 1964 (Cronk, 1990).
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Figurel-1 The state ofLathyrusin the Leguminosae, prepared on the bi
of Keniceret al (2005) and Lewis et al (2005) studies.

The family Leguminose is represented by 71 genera and 1013iespét Turkey
with 400 of these speciesheingendemic(22 taxa ard.athyrusspecies) The ate of
endemism is 39 % (Erik, Tarikahya, 2004).

In the last two decadesolecular datdasfurther contributed tour understandingf
the systematics, phylogenes, biogeographyand evolutionof LeguminosaeFor
instance, nucleotide sequencesrbtL genehave beenfound to be a powerful
genetic markefor the construction of phylogeny in gregiants(Kass and Wink
1995 Doyle et al., 199) Also, trnL intron quences of chloroplast habeenused
in the subfamilyCaesalpiioideae and this paraphyletic subfamilis now divided
into several monophyletic groupscording tatrnl analyse (Bruneau et al 2001).
However, Papilionoideae has been confirmad a morophyletic groupby other

scientists in more recent years (Lavin et2005).

Leguminosae are distributed in many ecological regibrsughout the world from

deserts of high latitudes to seasonally dry or wet tropical forests of equatorial areas



Recentlarge scale molecular phylogeniéderived from DNA sequences of the
chloroplast regionsnatK, rbcLandtrnL) were used to identify the major subgroups
andclades of legumes (Schrie¢ al, 2005). Gobal distribution patterns of the clades
reveded thatthey are clustered in foudifferent biomes within which they are

endemic.These four different biomes are listed below and shoviiiguare 1-2.

a. succulent rich , grass poor , dry tropical forest and fire intolerant
b. succulent poor , grass ricffire tolerant , woodland and savahri@ome
c. tropical wet forest biome raiiorest

d. temperate biome inoththe northern and southern hesphers

Different cladistic analysesuggest thathoselineages confined to the succulent
biome gave rise to stimeages occupying all other biomesd eolutionary shifts
between the raiforest and gass biomes are frequenttkshifts from temperatinto
tropical biomes are infrequendolecular phylogenetg suggest that min forest
cladesin generalmay bethemost recently drived ones among the legumes.

Figure 1-2 Global map with four different legume distribution patterns at the biome level
(from Oliveria Filho et al., 2018&ken from Schrire et al2005)



The colourRed shows the distribution of the succulent biomlkich occyies highly droughprone

tropical areas with succulent growth habits in plamilies such as the Agavacedromeliaceae,
Cactaceae and Euphorbiaceae. Brown indicates ##srirh savannh biome, which occupies highly
seasonalow latitude areas. Greedepictsthe tropical wet forest biome, which occupies the wettest
end of the precipitation gradient at low latitudes. Blue represents the temperate biome, which occupies
high elevations and latitudes (Oliveria Filho et al., 2013)

The tibe Fabeae haan almost worldwide distributianlt is consideredne of the
youngest tribe®f legumes (Steele and WojciechowsRD03) and estimates based
on rates of evolution ithe maturasek chloroplast gene place theeagf the crown
node at 17.5 Myan the midMioceneage(Lavin et al., 2005). Similarly, Schaefer et
al., 2012 sugestsa crown age of c. 2B 16 Mya for Fabeae based dime Bayesian

molecular clock and ancestral range analyses.
1.2 The GenusLathyrus
1.2.1Morphological Diversity of the Lathyrus

The name ofLathyrus is derived from (laithyris), meaning®@ | i t t l6e f or mb
Descriptions connotin@® p o w & of@wuil § o dhaveledn used since the ancient

Greek timesto characterizeLathyrus PrelLinnean botanists usedlathyrus to

describethe tendrilous, bijugte plants now recognized as membersect.Lathyrus

Lathyrusis mentioned irfFigure1-1 asdescribed byKenicer(2007).

Stems are exclusively herbacepad insome sections they are wingasishown in

Figure 1-3. The stem wings are green and increase the photosynthetic area available
to the plants. Leavegeatypically paripinnate with paired stipules, pairs of leaflets
and a terminal tendril that may be sometimes reduced to a simple arista. Most of the
species have reticulate veins in the leaflets, but some membergarallel veins. In
morphologybased [assifications leaf characters are strongly considered.
Inflorescences are solitary or in racemes of up to thirty flowers witkpical
Papilionoid legume flowen_athyrusflowers (corolla) are seenin varying colors of

yellow, orange, red, purple, vl bluishtinged,or whitewhich usually changeith



the age of the plant. Lathyrus has a typical bepollinated Papilionoid flower
(Asmussen and Listori998).

The orolla has three types of pefaktandard, wing and keel. The wing petals

correspond tdeel petalsThe basal part forms pivot againstvhich the wings and

keel are pushedhena pollinatorlands on the flower.

Figurel1-3 Stems oL. latifoliuos

Most membes of Lathyrushawe more or less regular calycesfldwer with unegal

calyx lobestypical of sct. Orobuslike L. aureusis shownin Figure 1-4. The
androeaim is diadelphous witta sngle stamen at the adaxial part. Remaining
stamens form a tube. Ovaries are lin@ad may be pubescent with simple hairs or
glandular hairs. Styles are often lineand in some sections species have
spathulate or twisted sty Stigmas are typically simple and in some members are
divided into two separate pads or flaps. Fruits can be heavily ornamented with dense
pubescence or wings along the sutures or valves on the entire pod. Fruits contain
between 215 seedgKupicha, 1983Kenicer, 2007).



Figurel-4 L. aureug(Stev.) BrandzaSteveh Bornm.: a) habit b) leaflet c) stipule
d) calyx; & flower, f) pod g) pod venation and hairiness); $tyle i) seed ) rooting
system
(Adopted fom Shehadeh2011)

1.2.2Background of Micromorphological Studies
Taxonomists obtain valuable information from genetic, biochemical and

physiological features of different parts of the plant as well as mmnohological

characters frontheleaf epidemis. Howeverthe usefulness of different characters in



revealing taxonomic level varigsom taxon to taxon. gidermal characters have
provedto be usefuhot onlyin identifying fossil remains of Agiosperns but also in

studyingtherelationship betweetaxa (Stace, 1965 a, 1984).

Sinceleaves play a vital role in photosynthesiservedmodifications in leaves
help explain how structure, functiomnd metabolism are related in the plants. The
leave® epidermis is influenced by theaeeds of the plantsin performing
photosynthesisvhich in turn depends oarrangemets of epidermal cells and other
structuredike stomata and cuticle (Mauseth, 2008). Stomatal characters have been
regarded aplaying significant roles in systematic and evolutionary stu(istcalfe
and Chalk, 1950; Stace, 1965; Béoth 1981). Despé the economic importance of
legumes, stomatatharacters havaot been studied inmany speciesT{ipathi and
Mondal, 2012). The cuticle isthe standard source of cruci@formation in leaf
compression fossils, sepidermal characters may provideditional and decisive
insight into taxonomic investigations (Kerp an#rings, 1999). diticle
ornamentation and epicuticular wax composition n@go serve as additional

taxonomic charactef®la etal., 2004).

Therefore micromorphological research is useful in identifying characiterthe
vegetative phasefor instance epidermal cell shape, cell wall patterand the
presence of stomata leaveqSrivastava et al., 2013)\Iso, otherpertinentfeatures

like the distribution, density and forms of trichomes fihe leaf epidermis of
flowering plants have been suggedtgdickison (2000; Valkamaet al 003; Ma

et al 004 and Aliero et a(2006 as diagnostic charactérrichome types are useful

in the identification of species and important in pharmacognosy, archeobotany,

paleobotanyand agronomy (Rao arRlbmayal977;Werker, 2000).

Therehavebeen numerous studies thefoliar epidermis(as in theleaf) as one of
the most importantmicromorplological taxonomic characters different plants
(Bhatig 1984;Jones 1986;Parveen et al200Q Scatena et gl2005;Yang andLin,
2005;Celka et al 2006;Krajsek et al 2006;Zou et al, 2008;Yasmin et al 2009)



Also, the venation pattern of ¢heaf indicotyledongs consideredo beimportantby
Simola (968.

Conversely in some species dhe family Eriocaulaceaeroot and stem characters
seem to be more affected by environmental factors, but leaf charaffearsnuch
more valueor delimiting taxonomic groups (Scatena et al., 200%here is evidence
for strong genetic control over epidermal charactersch are affectedhinimally by

theirenvironment (Cutler and Brandham, 1977).

Gunes, (201]) investigatedthe pollen morphology ofLathyrus species gection
Lathyrostylig in Turkey.A comparative studpased omrmicromorphological traits of

style between 26 species of Iranian and Turkislthyrus was conducted by
Oskoueiyan et g2011). Epidermal micromorphological traits tfe petaland sepal

of some species of the genuathyrushave beerstudied by various researchers in

the world (Stirton, 1981; Hammette et al., 1994; Christensen and Hansen, 1998;
Ojeda et al. 2009) and some other stuslibased on anatomy, macro and micro
morphologi@l traits have been conducted in Turk@glep etal., 2011; @ det al.,

2012 Kahraman et al., 20)3but the leaf and calyx micromorphologiesf the 28
species ceered in this study are presented Herehefirst time.

1.2.3Infrageneric Classification of Lathyrus

The classification of the genusathyrushas been discussédr about 260 yearby
various researchersAs explained by Dpan et al (1992),Linnaeus (1753
recognized_athyrus sensu strictand OrobusL. as two distinct genera for tHest

time.

Kupicha (1983) studiedLathyrusin a very detailed way.The only worldwide
treatment of the genusathyrusbased a morphological characters waensidered
iNnKupi chads c| auusing'phenetid or adadistiqetivad<flanalyss).
Kupichads cl| assi thitdatti conf altchreg issreserdedin r esear ch
Table 1-1. She recognized 13 sections in the gdrathyrus The sectiorOrobastrum

was subdivided intdhree sectiongOrobastrum, linearicarpusnd viciopsig. The



sectionCicerculais includedin the sectionLathyruswith the sectionEurytrichon
included inthe sectiorPratensis The sectiomNotolathyruss part ofa new section of
South American species. Mosttbk species (153)f Lathyrusare placed irDrobus,
Lathyrus Notolathyrus and &thyrostylisand five monotypic sectionshe section
represented o a single species(Neurolobus, Nissolia, Orobastrum, Orobon,
viciopsig, and four small section®\phaca, Clymenum, linearicarpuendPratensi$

werealsoidentified

Boissier (1872) was the first researcher to stubdg TurkishLathyrusspeciesas wel
asmany other species from the area coverdélana Orientalis In Turkey, Lathyrus
covers67 taxa (58 speciesinder ten sections the flora of Turkey byDavis (1970)
which is given inTable 1-2. These ten sections a@obus,Platystylis, Orobastrum,
Pratensis, Orobon, Lathyrus, Cicercula, Aphaca, Nissafid ClymenumHowever,
the number of taxa fromurkey has been increased tot@8a ©6 species) belonging
to 10 sections by other researchers (Baeit al, 1988; Guner et.alR000). For
example, L. gloeospermus(Ertekin and Saya, 1991)L.. inconspicuos var.
stenophyllaErtekin, 1994) and,. grandiflorus (Ertekinet al, 1997) were introduced
in theflora of Turkey.D o ] atal., (1992provided ail N u me Taxonamic Study
on TurkishLathyrus (Leguminosa)o and placed.athyrusspecies in nine sections
(Orobus, Platystylis, Aphaca, Nissolia, Orobon, Gorgonia, Clymenum, Cicercula,
Lathyrug based on a phenetic anadysof vegetative and floral charactershé
sectionGorgoniawas introducedor the first timg. The exact number of sections is

still unknown.

In order to clasify plant species, phenetiapproacks are used to evaluate
morphological, micromorphologicabr molecular based characters. Characters as
operational taxonomical unit (OT4) are ordered alondgmes in multidimensional
space andhen reduced to two or three planes (PCA, PCoA) or one dimension
(UPGMA) for more effective comprehensida calculate redtions. Most phenetic
analyses in morphological and micromorphological based charactdrathgrus

have been employeth UPGMA or Neighbor Joining method bysing Gower,



Euclidean and Jaccard coefficienBof an et al., 1992Abou-El-Enainet al., 200,
Leht, 2009.

Tablel-1 Infrageneric assifications olathyrusbased orthe Morphology (Mor) or
Molecular Markers (M3grcovering worldwide specie$\) or species of TurkeyT).

L. sphaericus, L. angulatus, bloeospermysall depicted in italics, belong to unresolved

basal node and remain problematic

Kupicha, Doj an Asmussen & .
1083 1992 Liston 1998 | KOmicer, 2007
( Mor, W) (Mor, T) (Mar , W) (Mar , W)
Notolathyrus \\\ Orobus Notolathyrus
NN
Orobus
Orobus Orobws

Lathyrostylis

Lathyrostylis

Lathyrostylis

Lathyrostylis

Pratensis Pratensis Pratensis
Aphaca Aphaca Aphaca Aphaca
Neurolobus m Neurolobus Neurolobus <
Orobon Lathyrus \\\\\
Orobon b\
Lathyrus Lathyrus
Lathyrus
Gorgonia
Ci | -
cercuia Cicercula
Orobastrum | Clymenun Orobastrum
Linearicarpus L.sphaericus JL.sphaericus
L.angulatus L.angulatus
Viciopsis
Nissolia Nissolia Nissolia Nissolia
Clymenum | Clymenum ] Clymenum Clymenum

L.gloeospermus

L.gloeospermy

This symbol represents species which aremadtded in that study

Although some neromorphological data hdseen considered ibathyrus detaikd
microtraits were notuised inprevious classificationsThere isvoluminous research
on the classificationf Lathyrusbased on AFLP datd&dr et al., 2002), chloroplast
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DNA characters (Asmussen and Liston, 1998) and other molecular analyses such as
Croft et al.,(1999; Kenicer et al.(2005; Schaefer et al(2012).

Tablel-2 The list ofLathyrusspecies that are mentioned in Flora of Turkey (Davis, 1970)
The species that are marked with asterisk are investigated in the present study

Sect. Orobus

Sect Pratensis

1. L. aureus*
2. L. libani
3. L. vernus*
4. L. venetus
5. L. niger *
6. L. incumus

7. L. palustris

22. L. pratensis*
23. L. layardii
24.L. laxiflorus*

25. L. czecztianus*

Sect. Orobon

26. L. roseus

Sect. Lathyrus

Sect. Platystylis **

8.L. pallesence *

9. L. brachypterus *
10. L. karsianus *
11. L. satdaghensis *
12. L. nivalis

13. L. armenus*
14. L. cyaneus*

15. L. digitatus*

16. L. tuktensis*
17. L. variabilis*
18. L. spathulatus*
19. L. elongatus*
20. L. cilicicus*

21. L. boissieri*

27.L. tuberosus
28.L. rotundifolius
29. L. undulatus*

30. L. sylvestris

Sect. Orobastrum

31.L. saxatilis

32. L. vinealis

33. L. sphaerics
34. L. inconspiaous
35. L. tauricola

36. L. woronowii

37. L. setifoliuos

40. L. cassius

41. L. gorgoni*

42. L. pseudocicera
43. L. cicera*

44. L. sativus*

45. L.blepharicarpus
46. L.marmoratus
47. L.stenophyllus
48. L. lycicus

49.L. phaselitanus
50. L. hirsdus

51. L. chrysanthus
52. L. chloranthus

53. L. trachycarpus

Sect. Clymenum

54.L. clymenurh

55. L. ochrus

Sect. Nissolia

56. L. nissolia

Sect. Aphaca

Sect.Cicercula

38.L. annuus*

39. L. hierosolymitanus

57. L. aphaca

58. L. stenolobus

The name ofect. Platystylis which is marked with two asteriskis synonynouswith Lathyrostylis.L. annuus,

L. gorgoni,L. cicea andL. sativusare in sectiorCicerculadue to Davis(1970, but these species are considered
in sect. Lathyrus according to Kupicha(1983; Kenicer et al.(2005 and Schaefer et al(2012. Two of the
species used in the pesg study and not manhedin the Table 1-2 are L. haussknechtiand L. atropotanus
(both belong tasect.Lathyrostylig. The first onewvasknown asa variety ofL. brachypterusaccordingto Davss,
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(1970 butis nowacceptedasa differert species€ & F, 20&1).Similarly, L. atropaanusis accepted as different

species (Gunes and Cirpici, 2011) mxery similar toL. nivalis

Asmussen and Liston1998 studiedchloroplast DNA (cp DNA) restrictiosite data

from 42 speciesin general suggestedlassificationof this study agreed with the

sectional classification oKupichg 1983. They suggestedergingthe sections of

Orobon and Orobastrumwith Lathyrus Similarly, it was suggested thaections

Notolathyrusand Orobusbe combined.Keniceret al, (2009 modi fi ed Kupi chaos

classification(13 sectionsand accepted 14ections.

Schaefer et al(2012 analyzed the systematics of the tribe Fabeae based on plastid
and nuclear DNA sequences. This study regarding the dextlngrus(which covers

some of thespecies of the present study) indicated that in contrast to previous studies
(Asmussenrand Liston, 1998), Lathyrusis nota monophyetic genus and includes

two generaPisum and Vavilovia as can be seen fronrigure 1-5. The Lathyrus
PisumandVaviloviaspecies are shown with greead and pink coloursespectively

in therelatedfigure.

In the molecularmarkerbased studiesmaximum likelihood method and parsimony
analyses have been used to construct UPGMAeghtor Joining tree using Dice
andJaccard coefficiest(Asmussen and Liston, 1998yoft et al., 1999Badr et al.,
2002;Kenicer et al., 20055chaefer et al., 2012).
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Figure1-5 Lathyrusgenus is not emonophyletic groupaccording to Schaefer et al.,
2012
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1.2.4Worldwide Distribution of Lathyrus

There ae three lineages in relation tihe worldwide distribution of Lathyrus
(Kenicer, 200): 1. The Trans Bering linage 2. The Mediterranean

0 Ancest r, and3 The Soetta American lineage (the Notolathyrus group)
accordancevith the dstribution of these groupssaseen irFigure 1-6. Lathyrusis
exclusivelydistributed intemperateegions eerywhere in the orthern hemisphere
The primary center of diversity of.athyrusis in Western Eurasia, especially around
the Eastern Mediterraneamhere more thana third of the speciesre native to
Turkey (Davis, 1970). The ®condary centers of diversity aire East Asia North
Americaand emperate areas of South Ameri@&etweenthe northern andagithern
hemisphergthere isaninterestingdisjunction and DNA data suggesthatthe Suth
American species are more closely relatethtospecies from western Euragtean

to their North American neighbors. This impligkat long distance tpersal by
humanshad a major influence on the modern distribution of many species of
Lathyrus(Kenicer, 2007).

A few species readd tropical East Africa and of theselLathyrus hygrophilus
Taubert is the onlyative one (ILDIS, 2002). Central Asia has very fewathyrus
species. In Siberjahere area number of endemic speciés. pisiformis, L. humilis
Fischer exSering@ which are crypticspeciesyetsome of the Siberian species have

strongaffinities tospeciefound in western EurasiéKenicer,2007).

Only two specied,. palustrisandL. japonicusWilldenow are native to both the Old
and New Worldsand are distributed acrosghe temperate Northerndrhisphere. In
North America, the greatest diversity fisund in the vest, especiallyn the Rocky

Mountains anatoastal Oregon and California (Kenicer, 2007).

Endemic species dfathyrusare distributecon all continentsexcept Australia and
Antarctica(Kupicha, 1981). Fabeae werlatroduced very recentljo Australia and

Polynesia byeuropean settlers (Schaefer ef 2012).
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. Trans-Bering lineage
@) Medterranean ‘Ancestral lineage

@) South American fineage
(the Notolathyrus group)

Figure1-6 Worldwide distribution ofl.athyrusspecies. Color density is
proportional tahediversity of species in each area (Kenicer, 2007).

Turkey has the richest diversity dfathyrus It is the most important center of
distribution of sectionLathyrostylis (Gunes, 2011) asworldwide distribution
demonstratem Figure 1-7.

However, there has beesignificant genetic erosion due to chamsge cultivation
systemsand theintroduction of new varietiesaas well asover grazing and erosion
(Sabancil996).
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Figurel-7 Current pecies richness for species of sectiathyrostylisin 100 x 100
km grid cells (Adopted dm Shehdeh, 2011)

Most ofthe species are mesophytes from open habitats or foragiins,but species
like L. palustris L. (Holarctic) and some others from the wet Chamod Suth
American regions have adgpted to inundatedmarshlands Species such as.
hitchcockianusBarneby & Reveal and.. tomentosusLamarck belongto the
xerophytes L. japonicusWilldenowis a classic pateforming littord species with
creeping, sandatching rhizomes and senrsucculent glaucous leavesvhile L.
subandinusPhil. in the high Andes ofChile would make an extremely attractive

alpine plant.

Lathyrus speces are herbaceous with abali annuals and 120 perennials. Most
annuals are relatively delicate. odoratus, L.paranensisBurkart are robustand
their feebleand nomperennationrootstocksshow that they arennual species
Perennials have creepimy thickened rhizomes or tubers and maynfagxtensive
clumps or patched here are two primary life forain the mesophytic member$ o
Lathyrus sprawling or taHclimbing (almost tendious species) and erect, free
standing species (laak or reduced tendrils)A species of ect Lathyrus(p.38) that
climbs with the aidof tendrils and some species of the North American members of
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sect.Orobus(p.40) may carpet scrubbyllside or climb surrounding plants in more
densely vegetated regions. More open habitats or forest area wittatitherb layer
tend to harboerect species thatdk tendrils (sectLathyrostylig (Kenicer, 2007,
2008).

1.2.5Economic Use ol athyrus

Some Igumes are weeds of cereal agriculture as othemnaja grain crops. Thus
Leguminose includemany economically significant species.egume symbiosis
plays a very important role inthe terrestrial nitrogen cycle iecosysters and
agriculture.The ribe Fabeae contains peéRisumi 3 spp), lentilsl{ensi 5, 6 spp,
true vetches\(icia ¢.150 spp, and swet peas and ctkling vetchesl(athyrusc.160

spp which are considered to Ieajor and minor crops species (Kenicer, 2007).

In the genud.athyrus thee are many species suchlaschrusDC, L. tingitanusL.
(tangier pea) and L. sativus which aresuitable fodder for livestock (Fedchenko,
1948).L. ciceraand,L. clymenumare other exampkof specieswvhich function as
important animal fodderKenicer, 2007) L. sativus (grass pea)s the Lathyrus
speciegnost widely cultivatedor human consumptioandis a key famine food for
rurd populatiors in countries like NepalEthiopia, Sudan, India, Pakistan, Kenya
andBangladesh (Kenicer, 20p3mykal et al 2015.

However, despitehe fact that it is one of the hardiesbp specieserosion inthe
genetic diversity ofthe grass pea haBeen observedt is an annual, cool season
legume crop with economic and ecological significance in many platesgras
pea is favored for its ability to mature and produce a yield in times afjarevhen
other crops have failed ihadeh, 201I)he grass pea is not affected by excessive

rainfall (Campbellet al, 1994 andhas also been used medicinally.

The Lathyrusspecies show resistance ta serious disease (ascochyta blight)ich
is observedn thefield pea(P. sativumL.) (Weimer, 194Y. As explained by Kenicer
(2007) Miller, (1768 statedthatthe seeds ofLathyrus pponicus(seapea) havealso

been eaten ikngland inpast centurieand Lawson (1852); Johnson an&owerby
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(1862 stated thatedible tubers gwollen rhizomes of Lathyrus tuberossi is
cultivated throughout arthern EuropeAlso, L. linifolius Bassler hasedible tubers

which arecollectedin Scotand.

In addition tothe usefulness ofathyrusasa crop species the genasntains popular
ornamentalspecies such ak. odoraus. As explained by Dpan et al., (1992)
Chittenden,(1951) stated thatapproximately 33 specieare usedfor ornamental
purposes in the genus Lathyrus The most important ornamental species in
commercial horticulture are. odoratus (garden sweet pea) ahd latifoliuos (broad
leavedeverlasting peapsshown inFigure 1-8 andFigure 1-9. Bothbelongto sct
Lathyrusand are known by thealimbing habit L. grandiflorus, L. rotundifoliugnd

L. undulatusfrom this section are significant ornamentdls.aureusandL. vernus

(sectionOrobug are also populaas ornamentalpecies(Kenicer,2008)

Figure1-8 Lathyrus latifoliuosd Wh i et aer |P6

18



Figurel-9 Lathyrus odoratu® Bl ack Kni ght 6

Lathyrustaxaare used aa model orgaism because of thefeaturesof widespread
distribution andmanageable sizel'he cultivars ofL. odoratusand L. sativus are
propagated as experimental popwlas (Kenicer, 2007).Lathyrus has beenan
important genus in genetic research. Chromosome tamolnavebeen investigated
in somespeciegNarayan 1982 Narayanand Durrant 1983;Seijo and Fernandez,
2003). Karyological analyse of Lathyrus species havebeen conducted by
researchers in Turkey and around the wolN@njamoto et al., 1984Seijo and
Fernandez, 2003; Ayaz and Ertekin, 20@&nesand Cirpici, 2008; Gunes, 2011).
Similarly, chemical analyses of thathyrusspecies have been conductgdSimola
(1986).

Ecological studies make use afLathyrusspecies as model organism witln-
deph analyses of phenological and community behaviot.imernusprovided by
Ehrlen(1992, 1995, 1995b)andEhrlenandErikson(1995.
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Some ofthe annual species ihathyruslike, L. aphacaandL. dymenumand their
close relativeshavea weedy lifstyle. They are classicuderals whichdo well in
disturbed aremlike roadides.L. aphacaandL. ochrusare important weedy species
which functionas droughttolerant annuals (Holm et.all979).L. hirsutus(rough
pea) is used for pasture, hay, winter cowerd soil improvement. sylvestrishas
been used for erosion control in the USA (Whegteal.,, 1953). L. pratensisis a

weedy alien that can be fourderywhere.

Thus the Leguminosie are used as foos foddercrops or asornamentalsand to
provideoils, fiber, fuel, timber, medicinesas well as fothe extraction ofnumerous
chemicals, cultivatetiorticultural varieties, soil nitrifiers, durggabilizers or weeds
and to extract numerous chemical®/ojciechowski, 2003) Because ofthe
widespread digrsity of Lathyrusand is vast usefulness in the worldjs significant
to understandhe relationshipwithin the genugKenicer, 2007). At the same tinite
IS necessary to conse available cultivars andild species.

1.2.6Conservation Satus of the Lathyrus species in Turkey

As stated previously (in sectiah2.4), Turkey has the richest diversity afathyrus
specis, however its environments beingchanged by human intervention through
dam building, the constructiorof recreational areashe introdution of new alien

speciesand overgrazing.

There isavast exsitu seed colletion of wild and cultivated_athyrusspecies anthe
mostdiverse species haueeen collected by Maxted and coworkers in conjunction
with Biodiversity International and ICARDAInternational Center for Agriculture
and Research in Drirea) ICARDA, thesecondargest collectionis aconservation
organizatiorconcernedvith theLathyrusspecies in the Mediterranean regaswell
asother places in the world. ICARDA i@cusedmostly on threespecificspecies of
Lathyrus(L. sativus, L. cicera, L.anrug which are ecio- economically important

ashuman or animdleedandas a source of fodder (GCDZ009).
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Twenty-one species, one subspeciasd two vareties ofLathyrusare listed inthe
1998 IUCN Red Data Book (Walter an@illott, 1998). L. dominianusLitvinov is
extinct (Ex); four species arendangred (E); five arevulnerable(V), and eleven
species areconsidered as rare JRUnfortunately reflecting thelack of a solid
conservation strategythe number ofLathyrus species on thdRed list has been
increasing for exampld,. belinensisis critically endangered (native in filkey) and

L. odoratus(sweet pea) is nelgrthreatenednativein Italy) andare mentioned ithe
IUCN Red Listby Maxted 2012, Branca and Donnini2013. The mnservation
status ofthe speciesexaminedn thecurrent study haveot yet been assessed for the
IUCN Red List.

There is &0 a valuable refenace tool,the ILDIS (International legume Databas
and Information Seige), which has collected taxonomicand country level
distribution datatogetherwith assessment of the conservation statusathyrus
However, conservation assessment of many spexfidsathyrus is uncertain in
ILDIS.

1.3 Aim of the Sudy

The aim of the study wado investigate thetaxonomic potential of unique
micromorphologtal charactergor differentiating the taxaparticularly the species
indicated with asterisk(*) in Table 1-2 and the sectional delimitations (Kupicha,

1983)as summarized imable 1-1.
For thispurpose:

Firstly, the taxonomic value ofll micromorphological leaf characterswere
considered foll5 species of sectathyrostyis foundin Turkey and the characters

were examined by light microscope.

Secondly, the diagnostic value of26 micromorphologicalleaf charactersand 6

micromorphologicalcalyx characterswere investigatel for 28 species (agairall
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speciesare present in Trkey) of sect.Lathyrostylis, Orobus, Orobon, Pratensis,
Lathyrus, ClymenumThis time the characters were examineding a sanning

electronmicroscopgSEM).

Based on subsequewbservatios, similaity indices between the speciesre/
calculatedand dsplayed by coordination and phylogenic analysEse groups
observed wre evaluated comparatively with the sectiond.athyrusgiven inTable
1-1. Thus, the charactersstudied vere evaluated with respect to theiiagnostic

value in the infrageneric classification of the gebathyrusin Turkey.

Sincethe speciesconsideredelongto the six sections otathyrus it wasexpected
that the micromorphological characters employfed the speciesexamined would

growp into six clustersvhere each cluster belongs to @eetion.
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2. MATERIAL AND METHODS

2.1 Material for Light Microscope

Two dfferent kinds of microscope weremployedin the studyto evaluate the
potential use of micromorphological charactersthe classification ofLathyrus

species and sections.

All materias of the species included in tisectionLathyrostyliswere colected from
Turkey betweenthe years2005 and2009 in a field surveyin order to study
micromorphologicalcharactersin Table 2-1, the speles examined witha light
microscope are shown and their location information and vouchexbeu are
presented inPAPPENDIX A. These species were pressed and dusidg standard
techngues and then preserveldtlae Laboratory of PlantyStematics Department of
Biological Sience, Mddle East Technical Universityftar crosschecksising the
identification keys in the flora of Turkey (Davis, 1970) and the flora of Iraq
(Townsend 1974).In addition, speies werecompared withspecies athe Herbarium

of HacettepaJniversity, GaziUniversityand AnkardJniversity.

Among thesespecies,L. karsianus, L.tukhtensis, Larmenus, L.atropatanus, L.
satdaghensisL. elangatus,L. cilicicus, L. brachypterus,and L. haus&nechtii are

endemic.
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Table2-1 List of species of.athyrusbelonging to sectiohathyrostylisexamined
usingalight microscope

. digitatus( Bieb )

. karsianusP.H. Davis

. tukhtensisCzecz

. cyaneusvar. cyaneud( Stev ) Koch

. armenus(Boiss. Huet)

. boissieriSirj

. pallesence Bieb ) Koch

. atropatanus( Grossh ) Sirj

©f ®f N| o gf M W] N ¥
ml |l

. satdaghensi®.H. Davis

10.L. elangatus( Bornm) Sirj
11.L. spathulatusCel

12. L. variabilis (Boiss. & Ky.)
13. L. cilicicus Hayek & Siehe
14.L. brachypterusCel

15.L. haussknechtii Cel

2.2 Light Microscope Method

Full grown leaves of species belamg to sect.Lathyrostylis(5-10 leaves)Figure

2-1) from themiddle part ofa stem in each species were soaked in 5% KOH solution
at room temperature for 2 days.Following this the leaf epidermis was torn off as

a stripby using small bladeEpidermis on slides ee stained withl % safraninfor
2-2.5 minutes, dehydrated with 958tcoholfor about 1 minute, and then mounted
by enthellan or Canadian balsam (Nfaatl method of Simola, 1968
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Figure2-1 L. cyaneusrar. cyaneusand single leaf

Prepaed slides were taken using light microscopeattached toa Leica colour
cameral000 DM Images were captured and digitized by mednzhoto express 1.0
software K 40 Magnified)for analysef their epidermal cell shape, pattern of cell
wall, presence fostomata, presence of trichome, stomata index and stomata ratio.
The leafet area examined was 1/8 mm amas mostly sampled frorie center of

the mid lamina on both leaflet surfaces.

The domata indexwas calculated in accordance wiha | i s b @7%) gefingion:( 1 9
Stomatal index = {S/ (E + S)} 1Q@vhere S = number of stomata per unit area and E
= number of other epidermal cells in the same unit area. It indicates how many
meridemoids resultin the formation of stomata produced for each one hundred

epidermal cells.

Stomata and egermal cells were counted oni B randomly selected areas
(microscopic fields) on both sides, excepL. variabilis (Adaxial) andL. pallesence
(Abaxial) whichhad3 and 4replicatesdue to material rarityStomata and epid®al

cells were counted in all parts excluding main veins.
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Micromorphological charactergvestigated here are listed in Table 2-2 and
include: epidermal cell shap®f adaxial suface epidermal cell shape ofbaxial
surface cell wall pattern in daxial surface cell wall pattern in lbaxial surface
presene of stomatain adaxial surface presence of stomata irbaxial surface
presenceof trichomes in daxial surfacepresence of trichomes ibaxial surface
stomata index ofdaxal suface stomata index oftaaxial surfaceandstomata ratios
In total, 11 micranorphological characters were obserusthg a light microscopia

the 15 speciegiven inTable 2-1 of sect.Lathyrostylis

Table2-2 Micromorphological characteiavestigated by LM

Qualitative characters Quantitative characters

Epidermal cell shape (ada, ab

Cell wall pattern (ada, aba) Stomata Index ( ada, abal

Presence of stomata (ada, ab

Presence of trichome (ada, al Stomata Ratios

ada adaxialsurface;aba:abaxial surface

2.3 Material for Scanning Electron Microscope

Species belongg to sect. Lathyrostyliswere obtained fromhe latoratory ofthe
Plant §stematicsandthe remaining specigsom the other sectionsvere acquired
from AnkaraUniversity (Herbariun). Eachlocation number and voucher number is
given in APPENDIX A. The ettirely of thesematerialsasshown o Table 2-3 were
crosshecked withthe flora (Davis, 1970; Townsendl974) and compared with

species athe Hacettepe and Gazi herbarism

These species beload to the section Orobus (L. aureus, L. vernus, L. niggr
Pratensis (L. laxflorus, L. pratensis, L. czecz@mnug, Orobon (L. roseu},
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Clymenum(L. clymenunp and sectiorLathyrus(L. annuus, L. sativyd.. cicera, L.

gorgoni, L. undulatu}s

Type species were available in some sestitike Lathyrostylis Pratensisand
Orobon but in the other sectionsthe quality of hebarium materials wasot
sufficient to study. However, the endemic species oLathyrostylis section as

previouslymentioned].. undulatusandL. czecztiianus are endmic in Turkey.
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Table2-3 List of species of.athyrusexaminedusing SEM whictbelong to six
sectionsEndemic species are shown wathasterisk.

. digitatus (Bieb)

. karsianusP.H. Davis

. tukhtensisCzecz

. Cyaneusvar. cyaneus(Stev)

. boissieriSirj

. pallesencgBieb)

. atropatanus (Grossh) Sirj*

© © N o g A~ W NP

L
L
L
L
L. armenus(Boiss & Huet)*
L
L
L
L

. satdaghensi$.H. Davis*

10. L. elangaus (Bornm)*
11.L. spathulatusCel

12. L. variabilis (Boiss. & Ky.)
13. L. cilicicus Hayek & Siehe*
14.L. brachypterusCel *

15.L. haussknechtiCel*
16.L. aureus(Stev)

17.L.vernusL. Bernh
18.L. laxiflorus (Desf)
19.L. roseus(Stev)

20.L. annuusL.
21.L. nigerL. Bernh
22.L. clymenumL.
23.L. sativusL.

24.L. pratensisL.

25.L. ciceral.

26.L. gorgoniParl

27.L. undulatusBoiss*

28. L. czeczttianus Bassler*
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In order to analyzemicromorphological traitsusing SEM leaves and alyx of
Lathyrusspecies wee examinegdbut the corolla parts ofathyrusspecies wergery

shaakd and micro traitthus obtainedverenot reliable for thenalyses

2.4 Scanning Electron MicroscopeMethod

Leaf and calyx samplesrere mounted on doublsided carbon tape affixed to
aluminum stubs, covered with gbor silver and photographed with a JEQEM
6400 Scanning Electron Microscope order toanalyze their micro traits. Both
surface of theleaves andhe outer surface othe calyx were examined to detaine

if there wereany vsible difference which could be used as micromorphological

traits. Theseare listedn Table 2-4.

The width and length of epidermal cell, stomatae(guard cells)and length of non

glandular and glandular trichomes were measusaagy Image tool software.

Table2-4 Micromorphological charactersvestigated by SEM

Leaf Calyx
Qualitative Quantitative Qualitative Quantitative
Characters Characters Characters Characters

Epidermal celll Size of epiderma

shape cells

Trichome Length of non
Cell wall pattern Size of sbmata Type glandtrichome
Presence o| Length of noni
stomata glandtrichome

Length of gland

Stomata position

Trichome
Presence o] Presence of
trichome Length of gland Stomata
Size of stomata
Trichome Type Trichome

Granular pattern
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a. QualitativeCharacersstudiedin theleaves werg

Epidermal Cell Shape (ECS), Cell Wall Pattern (CWP), Presence of Stomata (P.S),
Stomata Bsition onepidermis (S.Pos), Presence of Trichome (P.T), Trichoype T

(T.T), Presence of Granular pattern (G. pat).

These traits wer considered as taxonomic charagterthe leaf surface ot.athyrus
or other plants by many researchesarola, 1968 Krstic et al., 2002; Ma et al.,
2004; Stenglein et al., 2005; Yang and Lin, 200&r;jc et al, 2008;Zou et al, 2008;
Moon et al., 2009; Carvalho et al., 2010; Saheed and llloh, 2@&lep et al 2011;
Tripathi and Mondal2012; Srivastava et al., 2013

b. Quantitative Charactesgudiedin theleaves werg

Size of epidermal cell (Width of epidermal cell, Length of epidermal cell), ¢fize
stomata (Width of stomata,ehgth of stomata), Length of ngtandular trichome,
Length of glandular trichome.

Thickness of epidermal celti¢scribed by widthand length) in various flowering
plants like species in the family Portulaceae or some speatfieBauhinia
(Leguminosag are usedby Albert and Sharma (2013)rivastava et al2013)

respectively

Also, stomata sizedéscribed by width angéngth)has been measuradspecies like
Chinese endemiGlyptostrobus penisiligMa et al., 2004)Schisanda (Yang and
Lin, 2005), Mentheaespecies (Moon et al., 2009 assia (Tripathi andMondal,
2012), Tamarixspecies (Abbruzzese et,&013, and oher species.

Trichomes (nofrglandular and glandular) length in different species have been
analyzed in numers studies for example;Stenglein et al., (2005Krajseket al,
(2009; Moonet al, (2009 and Albert andSharma(2013. In total (qualitative and
quantitative) 26 characters(13 characters inthe adaxial leaf surface and 13
characters ithe abaxialleaf surfacejvere studied inhe surfaces otheleaves.
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c. Qualitative characterstudiedin the Calyx were

Trichome Type (T.T) andthe presence or absence of stom@ss). Other traits like
epidermal cell shape, cell wall patteor stomata positiowere thoughtnsignificant

to consider as alipeciegpossesghesame kind of epidermal cell shapes and pattern.

Trichome type irthe calyx of Lathyrusis considered gaxonomic characterbly & | d ér
et al (2012), and&kahraman et af{2013). The pesence oabsence of stomata the

calyx isanadditional trait which is considered ftrefirst time in this study. There

are many morphological studies regardittge calyx butvery few considering its
micromorphology Trichome type fothe calyx wasconsideredn other plants like
Nepeta sibthorpji Salvia chrysophyllaand Ocimum selloiBenth respectively by
Rapisarda et al (2001ahraman et 2009 andGoncalves et al (2010).

d. QuantitativeCharacterstudiedin the Calyx wee;

Length of mon-glandular tricome Length of glandular trichomeSize of Stomata
(width and lengthof stomata) Only the outer surface othe calyx were studied here
astheinner surface lacktrichome and stomata. Trichome lengthddferent parts of
plant like calyx, stem, oehlf were considereds mixed data Epilobiumby Krajsek
et al(2006. In total (qualitative and quantitative§ micro traits were studied the

calyx in this study.

No more micromorphological features the leaf and calyxof Lathyrus species

examined wereeadily identifable.
2.5 Statistical Method
2.5.1Mean = Standard Error

Mean valuesof stomata indexusing a light microscope)were considered between
5iand 10 microscopic field for every species except variabilis (Adaxial) andL.
pallesence(Abaxial) which had 3 and 4replicatesdue to material rarityStandard

error wascalculated by using standard deviatitdMeans of epidermal size, stomata
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size, nonglandular trichomgand glandular trichome lerfgiveremeasured between

15-20 individuals for every species.
2.5.2Numerical Taxonomy
a. Ordination

In ordination analys® similar operational taxonomic units (O®), here the species,
appear closer to each othend dissimilar objects are farthapart In multivariate
analyss, ordination is a methazbmplementary toata clusteringAmong the nany
ordination methodsprincipal component analyse(PCA)(Sneath andSokal, 1973)

is one of the most widely used metispdnd isemployed in the present study
. PCA

In PCA (PrincipalCompmnent Analyss), the similarity of the pecies are displayed
on a two or three dimensional space. Dimensions, each perpendiculardihehs,
are represented by axealled pincipal components. Componerase composed of
themeasured variables where eaclthemis weighted differentely. Eacbomponent

accountdor a certain proportion of the total vance of the multivariate data.

The anount of the variance accountddr is given by the eigenvalue,ra the
eigenvalues (otheamount of the total variance that is accountibrease fromthe
first to the last componest Thus, the first two components or dimensions account

for the highest two proportions of the total variance of the data.

On the other hand, weights of the variables on each component depict the
discrimination power of the vaible in discriminating the species on that particular
component. Weights are presented in this study as loading scores. Only thg loadi

scores of the first princip@omponents are given.

Gower, Euclideanand Bray Curtisare widely used similarity coefftients and are

used mostlyto analyze datdaving multiple scales such as binary, qualitatwe,
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quantitative characters armmhn also be used with missing values (Gow#971;
Rosembergl1984; StLaurent et al] 2000).

[I. Seriation

Seriationis another wayo visualize the data and is a metHmmsed on the character
similarities letween the OTH (between the speciesYhe algorithm describely
Brower and Kile (1988)is constructedby the seriation absengeesence (0/1)
matrix of the chractersThere aretwo algorithns. constrained and unconstrained
optimization.In constrained optimization, only the rows (species) are free to,move
and in the unconstrained mode, both rows (species) and co{aharacters) are free

to move (Brower and Kle, 1988).The unonstrained modés usedin the present

study.
b. Cluster analyse

In order to group the examinedathyrus species, OTY based on their
micromorphological similarities of leaves and calyx, Unweighted Pair Group Method
with Arithmetic Mean (UPGMA)is chosen a the type of clustering analysda.
UPGMA, the OTWs exhibiting the smallest distances between tHest form
clusters. Theselusters arghen united to form bigger clusters. Whilendergoing
unification, the distance betweethesetwo clusters depersdon the mean distance
between allOTUs in these two clustersthus, OTUs with the highest mutual
similarity aregrouped in a hierarchical tréi&e structurecalled a phenogram, where
the horizontal axis exhib# the linkage distangeand the vertical axigxhibits the
OTUs (Stuessy2009)in most of their illustrations.

Cophenetic correlation indicatesxadegfeth
di st ancesopahnedn ett h &€ fvah theu @PGNMAatiee. iTxeyp are all
calculated based duPGMA cluster analyses (Ozturk et al., 2013).
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Bootstrap (simply the number of timesparticular branch appears atreelike
structure in repeated sampling of characters) is used in this stuastasistical

techniqueo assigmrmeasures of accuracy to samestimates.

The PAleontological STatistics (P&\T) software program (3.93s comprehensive
but simpk to use for numerical analyses and has been hsed PAST include
univariate, multivariate statistics, curve fitting, data plottiagd many other tds

and istherefore a complete educational package.
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3. RESULTS AND DISCUSSION

3.1Light Microscope Analyses

All qualitative and quantitate micromorphologicaldata results (epidermal cell
shape, cell wall pattern, presence of stomata and trichomeatstonaex, stomata
ratios) usiig a light microscope are showin Table 3-1 and Table 3-2. Using
numerical analyseand visual illustrations species are represented by the numbers

assigned to thenPhobgraphs are shown betweEigure3-1 andFigure3-15.

Table3-1 Micromorphological traits (qualitative) in leaf surfaceargthe 15
species ofeact. Lathyrostylis

. Major Major cell
Specieq numbers)| Surface epidermal wall pattern PS PT
cell shape P
L.digitatus (1) Adaxial SE WS POS | POS
Abaxial E ST POS | POS
L.karsianug(2) Adaxial SE WS POS | POS
Abaxial E ST POS | POS
L.tukhtensig3) Adaxial SE WS POS | NEG
Abaxial E ST POS | POS
L.cyaneus  var|  pgayial SE ws | POs| POS
cyan(4)
Abaxial E ST POS | POS
L.armenug5) Adaxial SE WS POS | NEG
Abaxial E ST POS | NEG
L.boissieri(6) Adaxial IS/ISE ST POS | POS
Abaxial E ST POS | NEG
L.pallesencd?) Adaxial SE WS POS | POS
Abaxial E ST POS | POS
L.atropaanus(8) | Adaxial SE WS POS | POS
Abaxial E ST POS | POS
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Table 31 continued

L.satdaghensi€)| Adaxial SE WS POS | POS
Abaxial E ST POS | POS
L.elongatuq10) Adaxial SE WS POS | NEG
Abaxial E ST POS | NEG
L.spathulatug11)| Adaxial SE ST POS | POS
Abaxial E ST POS | POS
L.variabilis (12) Adaxial SE WS POS | POS
Abaxial E ST POS | POS
L.cilicicus (13) Adaxial SE WS POS | POS
Abaxial E ST POS | NEG
'('iti;aChypter“S Adaxial SE ws | Pos| POs
Abaxial SE ST POS | POS
'(-ig‘;‘““”ed““ Adaxial E sT | Pos| Pos
Abaxial E ST POS | POS

ECS; epidermal cell shape. SE; slightioegated. IS/ SE; isodimetric
slightly elongated. E;lengated.

CWHP; cell wall pattern. WS; wavy or straight .ST; straight

PS; presence of stomata

PT; presence of trichome

Pos Positive

Neg Negative

Table3-2 Quantitative data (Stomatal Index, Ratios) in leaf surface among 15
species of sectlLathyrostylis

Sp | SI (mean+ SE )| SI ( mean+ SE)

No adaxial abaxial S.Ratio

Species

L. digitatus (22.98+1.76) | (26.12+2.01) | 0.87
L. karsianus (24.69+2.02) | (18.37+1.28) | 1.34

1
2
L. tukhtensis 3 (17.51+1.80) (28.32+ 2.17) 0.61
4
5

L. cyaneuwar. cyan (23.77+1.93) (18.80+1.91) 1.26

(27.57+2.46) | (23.93+257) | 1.15

L. armenus
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Table 32 continued

L. boissieri 6 (20.22+1.83) | (22.62+0.89) 0.89
L. pallesence 7 (23.90+1.79) (17.69+ 3.96) 1.35
L. atropaanus 8 (18.04+ 2.80) (18.30+ 1.54) 0.98
L. satdaghensis 9 (25.18+2.01) | (17.04+1.53) 1.47
L. elangatis 10 | (23.56+2.21) | (27.45+2.79) 0.85
L. spathulatus 11 | (30.07+2.12) (21.99+ 2.02) 1.36
L. variabilis 12 | (27.93+3.02) | (24.83+1.07) 1.12
L. cilicicus 13 | (21.73+2.18) (16.02+ 3.07) 1.35
L. brachyperus 14 | (19.88+2.63) | (24.59+2.11) 0.8
L. haussknechtii 15 | (25.69+2.09) | (19.69+1.57) 1.3
Sl = Stomatal Index, SE = Standard Error, S.Ratio = Stomatal Rati

3.1.1Micromorphological properties of the Adaxial Surface
3.1.1.1Epidermal Cell Shape

Epidermal celshapes and their wall patternslLaithyrusspecies werérst described
by Bassler (1966). In the mentstudy, there are three different cell shapa the
adaxial surface among 15 specied.athyrusas given inTable 3-1. L. digitatus, L.
karsianus, L. tukhtensis, L. cyaneuar. cyaneus, L. armenus L. pallesence, L.
atropaanus L. satdaghensisl.. elangatus, L. sphtlatus L. variabilis, L. cilicicus
andL. brachyperushave slightly elongated epidermal cell shapedoissierihasan
isodiametric slightly elongated cell shade haussknechtiihas an elongated ell
shapePhotographs are provided kigure 3-1 andFigure 3-15. Epidermal cells are
different in size among specjesnd their width and length in natomatal areas
have been calculated using SEM.

3.1.1.2Cell Wall Pattern

There are two types okt wall patternsheren. Some demonstrate @avy or straight

pattern (in some patthewall is wavy and in other paititis straight) andthers
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have a straight wall @ttern in their adaxial surface as given Tiable 3-1. L.
boissieri, L. spatulatus L. haussknechtiihave a straight wall patterngiven in
Figure 3-6, Figure 3-11 and Figure 3-15 respectively Others ae wavy or straight
with variable degresof wall unduldion among species. For exampleatropatanus
andL. variabilis havethe leastwavinessandL. pallesene hasthe most waviness in
their wall pattern. However, these species sh@awpredominantlywavy or straight

wall pattern.
3.1.1.3 Stomata

All examined specgehave stomatanitheir adaxiaburfaceas given inTable 3-1. In
all speciesthe stomata index ofthe adaxial surface was calculated usitige
Salisbury Formulaand means are shownTiable 3-2. Theyrangedfrom 17.51 inL.
tukhtenss to 30.07 irL. spathulatus The standarcerroris also shown inrable 3-2.
Stomatal size wasneasured by SEM in order to detail analyseth@next part.In
some cellsstomatahave no subsidiary cel]l&ndin some cells theynclude one or

two subsidiary cells.
3.1.1.4 Trichomes

The dagnostic roles of trichomebave been accepted for many years as ewast
repositories and as primaepnvironmental stimuli (Payne, 1978). All species in sect.
Lathyrostylishave trichomes in their adaxial leaf surface exdeptukhtensis,L.
armenusandL. elangatisas showrin Table 3-1. Trichome ypes arenot clea using

alight microscope. Types amehgth of trichomesreelucidaed inthe next part.
3.1.2Micromorphological properties of the Abaxial Surface
3.1.2.1Epidermal Cell Shape

There is no significandifference betweerpidermal célshaps among species in
abaxial surfaes asall have elongated forms as demoatsid in Table 3-1. Only L.
brachypterushasslightly elongateatell shapes in their epidermis as showfigure
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3-14. This speciesas thesame cell type epidermal shapesboth surfacesTheir

size in width and lengttvascalculated as follows
3.1.2.2Cell Wall Pattern

All species in their abaxial surfaces ateaigh in their wall pattern as shown

Table 3-1. It seemghatthis kind of wall pattern is specific the abaxial surface in
the speciesexamined Although some species have quéstraight wall pattern,
othes have few or very few undulatisin their wall which implies the wall pattern

is staight. Photographare as shown betweéiigure 3-1 andFigure 3-15.
3.1.2.3Stomata

Like adaxial surfaceinall species in their abaxial surface hatemataas showrin
Table 3-1. In all speciesthe somata index oftheabaxial leaf surface was calculated
usingthe Salisbury Brmulg and means are found Table 3-2. They rangedfrom
16.02 inL. cilicicusto 28.32 inL. tukhtensis

In some cellstomatahave no subsidiary cejlandin some cells stomata include one
or two subsidiary cells. Their size is differebeétweenspecies and these were

calculatedas follows.
3.1.2.4Trichomes

ExceptL. armenus, L. boissieri, Lelangatis and L. cilicicus other spees have
trichomes in their abaxial leaf surface as seenTable 3-1. Their type and length

havebeen elucidated as follows.

The mcromorphological study of theathyrusspecies of sect.athyrostylisusinga
light microscopeshowsadaxial surfacesvhich have more variable micnaits than
theabaxial surface In theabaxial surface, epidermal celiape and cell wall pattern
do not indicate any significamlifference betweespecies. Adaxial surfasenostly
havea slightly elongated epidermal cell shape wherabaxial surface haveonly

one typeof epidermal cell shpe demonstrating elongatioBome species like.
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haussknechtiiwith elongated epidermal cell sha@sd L. brachypteruswith a
slightly elongated epidermal celhapehavethe same kind of epidermal cell shape
on both surfacesAmong the species L. boisseri hasa different kind of epidermal
cell shape, isodiametriand slightly elngated in its adaxial surfac&he ell wall
patterrs in the adaxial surface are mostly wavy or straight exdepboissieri, L.
brachypterus,and L. haussknechtiwith only a straight wall pattern. All cell wall
patterrs in abaxial are straight. It seems undulation of cell siadllongs to adaxial
surfaces between 15 examined speciethé@lathyrostylissection. Many different
suggestioa have beemadeabout the fators causig undulation ofepidermal cell
walls. Drought and too nuh light have both beetited asprevening undulation of

epidermal cell walls (Simola, 185

These species in sedtathyrostylis are amphistomatous, althougheir stomata
distribution as xerophit species are more numerous on the abaxial suridee.
stomatal index indicatesignificant differences betwedhe fifteen species. They
rangedfrom 17.5 inL. tukhtensigo 30. 07 inL. spathulatusin the adaial surface
and from 5.02 in L. cilicicus to 28.32 inL. tukhtensisin the abaxial surface
Therefore L. tukhtensihasthe lowes$ stomata number in adaxial surface whereas in
the abaxial surface this species hhs highesistomata number. Stomatatios are
calculated by divisiorof the stomataindex of adaxial tcabaxial as is exhibiteth
Table 3-2. Theyranged fron0.61 inL. tukhtensigo 1.47 inL. satdaghensis

L. armenusand L. elangatis do not have trichoms in their leaf surface. These
species are glabrouwhich is also confirmed by SEM analysestime next chapter.
L. tukhtensishas tichomes in just the abaxial surfaceand L. boissieri and L.
cilicicus have trichoms in only the adaxial surface. Glandular and rglandular
trichome typs are not quite clear here usiadight microscope, s&EM hasbeen
used to identify different tthome typs and other micromorphological characters in

the vegetative and reproductive organthefLathyrusspecies.
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Figure3-1. Left, L. digitatusadaxial surface; right,. digitatusabaxial surface

Figure3-2. Left , L. karsianusadaxial surfacd,. karsianusabaxia surface

Figure3-3. Left, L. tukhtensisadaxial surface and rigHht. tukhtensisabaxial surface
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Figure3-4 . Left, L. cyaneuwar. cyanadaxial surface angght, L. cyaneussar cyan
abaxial surface.

Figure3-5. Left, L. armenusdaxial surface angght, L. armenusabaxid surface

Figure3-6 . Left, L. boissieri adaxial surface anaght, L. boissieriabaxial surface
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Figure3-7. Left, L. pallesenceadaxial surface andght, L. pallesenceabaxial
surface

Figure3-8. Left, L. atropaanusadaxial surface and right. atropaanusabaxial
surfa@

Figure3-9 Left, L. satdagensiadaxial surface and right. satdagensiabaxial
surface
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Figure3-10 Left, L. elangatusadaxial surface and right. elangatusabaxial surface

Figure3-11. Left, L. spahulatusadaxial surface and right. spahulatusabaxial
surface

Figure3-12. Left, L. variabilis adaxial surface and right. variabilis abaxial surface
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Figure3-13. Left, L. cilicicusadaxialsurface and right.. cilicicus abaxial surface

Figure3-14. Left, L. brachypterusdaxial surface and right. brachypterusabaxial

Figure3-15. Left, L. haussknechtiiadaxial surface and rigHt. hawssknechtiiabaxial
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3.1.30rdination  analyses and  Phenetic  Cluster results for

Micromorphological traits

For thePrincipal ComponentAnalyses and UPGMA phenogram treenstruction
quantitative and qualitative microtraitgere analyzed separatelythe PAST 3.05
software program wassed to evaluatée data.

3.1.3.1Quantitative data Results

As quantitative datatemata index and ratios of boltbaf surfacesTable 3-2, are
analyzed withthe PAST 3.05 software and in tagimensional scatter plag¢ shown
in Figure 3-16, which is constructed in the PCA based on fisgb axes (X axis is
PC 1 and Y axis is PC 2). In the scatter platmbes repregnt species of sect.
Lathyrostylisexaminedusinga light microscope. Loadig plot (value is coefficients)
is shown inFigure 3-17. A, B and C represermespectivelythe stomata index of

adaxial surface, stomata indexafaxial surfaceand stomata ratios.

It is possible to distinguish two groups in the PCAdigitatus(1), L. elangatug10),

L. boissieri(6), L. brachypterus(14) andL. tukhtensig3) are in one groufl), and
the second group (II) consistes laf variabilis (12), L. armenug(5), L. spathulatus
(11), L. haussknechtii(15), L. pallesence(7), L. cyaneusvar. cyaneus(4), L.

karsianug(2) L. satdaghensig), L. cilicicus(13) andL. atropaanus(8).

L. digitatus (1), L. elangatus(10), and L. boissieri (6), L. brachypterus(14),
respectivelyare in close proximitgue to their quantitative micraits. Their stomata
ratios are very close in valuk. tukhtensiq3) is distance from the others based on
this scatter plot. It hathe leastamountof stomaa ratios. Alsp L. pallesencé7), L.
cyaneusvar. cyaneus(4), L. karsianus(2) andL. satdaghensig9) showa close
relatiorship in scatter plotL. cilicicus (13) and L. haussknechti{15) areclose to
these species. Alsa. armenug5), L. variabilis (12) andL. spathulatug11) exhibit
closeproximity on the scatter plot. According ttheloading plots of datas given in
Figure 3-17, the stomataindex of abaxial surface (B) hold amportant placen

comparisorto others.
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Component 2

Component 1

Figure3-16 A Two dimensional scatter plot in the PCA for
Quantitative data
Group | covers: L.digitatus (1), L.tukhtensis(3), L.boissieri (6), L.elangatis
(10), and L.brachypterugl4).

Group Il covers:L.armenus (5), L.variabilis (12), L.spathulatus(11), L.
haussknechtii (15), L.karsianus (2), L.satdaghensig9), L.pallesence(7), L.
cyaneusar. cyaneug4), L.cilicicus(13), L.atropatanus(8)

0.96

0.80—
0.64-
0.48-
Q.32+ %
Q.16 N

Loading

-0.16

-0.32

Figure3-17 Loading plot of Quantitative data
A: is gomataindex of adaxial, Bis stomata index of abaxjalnd C is stomata ratios

Percent bthe total variation that is accounted b fiirst axis (57.41%) is showsy the arrow
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The phenograntree constructd in the UPGMA cluster analysess i ng Eucl i deanads
similarity coefficient with three quantitagv characters is given ifigure 3-18

(Cophen corr is 0.7896).Figure 3-19 indicats the p henogram using Gowe
similarity index with 0.7939 Cophen cofCophenetic correlation, indicating a good

fit of the phenogram to the distance matrix (Rohlf, 1992).
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Figure3-18 UPGMA based on Euclidean similarity index with quantitat
data

Group | coves. L.digitatus (1), L.tukhtensis(3), L.boissieri (6), L.elangatis (10), and
L.brachypterug14).

Group 1l covers L.spathulatus(11), L.variabilis (12), L.armenus(5), L.atropaanus (8),

L.cilicicus (13), L.haussknechtii(15), L.satdaghensiq9), L.cyaneusvar. cyaneus(4),
L.karsianug(2), L.pallesencé7).
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Figure3-19 UPGMA ba®d on Gower similarity index with quantitative

data
Group | coves. L.digitatus (1), L.tukhtensis(3), L.boissieri (6), L.elangatus (10), L.
brachypterug14), andL. atropaanus(8).

Group Il covers L.spathulatus(11), L.variabilis (12), L.armenus(5), L.cilicicus (13), L.
haussknechtii(15), L.satdaghensis(9), L.cyaneusvar. cyaneus(4), L.karsianus (2),
L.pallesencd7).

The pheon line at 8.5(for Euclidean similarity index) and 0.3@or Gower
similarity index) creates two groups or phenon in the UPGMA tredsresults in
both phenograms beiregmostthe samein the PCA L. boissieri(6), L. brachypterus
(14), L. elangatis (10), L. digitatus(1), L. tukhtensig3) are in one phengmandthe
rest ofthe species ppearin the second phenon. Only. atropatanus(8) exhibits a
different relationshipwith other spees as its placement is changed in both
phenogramsln a phenogram with Euclidean inde. atrapatanus(8) is in relation

to L. pallesenceg(7), L. karsianus(2), L. cyaneusvar. cyaneus(4), L. satdaghensis
(9), L. haussknechti(15), and L. cilicicus (13). But in a phenogram with Gower
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similarity index this species haa relationshipwith L. boissieri(6), L. brachypterus
(14),L. elangatus(10), L. digitatus (1), andL. tukhtensig3).

In both phenogras L. digitatus (1), L. elangatis (10) with 0.06distance (Gower
similarity index), 1.5 distance (Euclidean similarity index) exhihitcloser
relationdip whencompare to other species. Similarly.. armenug5), L. variabilis
(12) with 0.04 distance (Gower similarity index), 1 distance (Euclideanlasiityi
index) exhibis a closer relatioship whencompare to other species. In all species
stomata ratios are very clode. karsianus(2), L. cyaneussar. cyaneus(4) andL.
pallesence(7) are closdy related on both treesHowever, observedjuantitative
charactersre very few to confirm obtained tree in this part.

3.1.3.2Qualitative data Results

After obtaining numeric forms for qualitative micrombgbogical characters as
given in Table 3-3, the PAST 3.05 software progm wasused 6 evaluate data
(qualitative micro charactsrthat do not show any differentiation among species
were eliminated from analyses and others which show different feateresoded

and scored as @,and 2 for clustering and ordination analyses as givéatie 3-3).

Table3-3 Numeric forms of micromorphological traits (qualitativeXtwe 15 species
of Lathyrus

Species(numbers) | Adaecs| Adacwp | AdaPT | Aba PT

L.digitatus(1)
L.karsianus(2)
L.tukhtensis(3)
L.cyanvar. cya(4)

L.armenus(5)
L.boissieri(6)
L.pallesence€7)

L.atropaanus(8)
L.satdagheng9)
L.elangatus(10)

o|lo|o|lo|Nv]|o|lo|lo|lo|o
o|lo|o|o|r|o|lo|lo|lo|o
olr|r|r|r|o|r|o]|r]|r
olr|r|r|o|lo|r|r]|Rr]|r
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Table 3.3, continued

L.spathulatugl11)
L.variabilis (12)
L.cilicicus (13)
L.brachypterug14)
L.hausknechti(15)

Rrlo|lo|lo|o
Rrlo|lo|lo|r
N Y R
Rrlr|lo|r]|r

Epidermal cell shape on Adaxial (Adzg, Cell wall pattern on AdaxialAda cwp, Presence of

trichome on AdaxialAda PT), Presence of trichome Abaxial (Aba PT)

Epidermal cell shapes and their wall pattern of adaxial surface, presence of trichome
on both leaf surface as qualitative data are analyzedthetRAST 3.05 software

and inFigure 3-20, a two-dimensional scagt plot is constructed in the PCA based

on the two first axes (X axis is PC,Bnd Y axis is PC 2). Loadg plot (value is
coefficients)is shown inFigure 3-21. A, B, C and Ddemonstrateepidermal cell
shape of adaxiaurfacecell wall pattern of aaixial surface, presence of trichome in

adaxial surfaceand presence of trichome in abaxial surfespectively

There are two groups in the PCKA boissieri(6) in one grougl) (separated from
others) and he remaindeof the species are ithesecond group. In the second group
(1), L. armenus(5), L. elangaus (10) overlap ad.. pallesence(7), L. cyaneusvar.
cyaneudq4), L. karsianus(2), L. digitatus(1), L. atropaanus(8), L. satdaghensi9),

L. variabilis (12) and L. brachypterus(14) showa very close relatiortsp in the
scatter plot. According to loading plots of dafégure 3-21, epidermal cell shape
(A) and cell wall pattern of adaxial leaf surface {@ay an important part when

compare to others.
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Component 2

-1.57 Component 1

Figure3-20 A Two dimensional scatter plot in the PCA for qualitative data
Group | coversL. boissieri(6)

Group Il covers L.digitatus (1),L.karsianus (2)L.tukhtensis (3),L.cyaneus var.cyaneus (4),
L.armenus(5), L.pallesencg7),L.atropaanus(8),L.satdagensig9),L.elangatis (10), L.spathulatu
(11), L.variabilis (12), L.cilicicus (13), L.brachypterug14),L.haussknechtijl5)

0.72+
0.60
0.48+
0.364

Loading

0.244 %

0.12+ I._.I /,,

-0.124
-0.24-

< @ v [a)
Figure3-21 Loadingplot of qualitative data
A: is epidermal cell shape of adaxial, iB cell wall pattern of adaxial,:G@s presence of trichome
in adaxial and Dis presence of trichome of abaxial.

Percent of the total variation that is accounted by the first axis (%52.84) is shown by the arr¢

The phenogram tree constructed in the UPGMA cluster analyses employing

Eucl i deanos s i mbhfoua qualitatye charastérs gs/eni inrg-igure wi i
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3-22 (Cophen corr is 0.9633)Figure 3-23 indicates a phenogram employing
G o w e wsifilarity index with 0.8926 @phen corr. According to Rohlf, 1992,

Cophenetic correlation, indicating a good fit of the phenogram to the distaticx.
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Figure3-22 UPGMA based on Euclidean Similarity index with qualitative de
Group | coves: L.boissieri (6)

Group Il coves. L.digitatus (1), L.karsianus(2), L.tukhtensiq3), L.cyaneusvar. cyaneug4) ,
L.armenus(5), L.pallesence (7), L.atropaanus (8), L.satdagensig9), L.elangatis (10), L.
spathulatug11), L.variabilis (12), L.cilicicus (13), L.brachypterug14), L.haussknechti{15)
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Figure3-23 UPGMA based on Goer similarity index with qualitative data
Group lcovers L.boissieri(6)

Group Il covers L.digitatus(1), L.karsianus(2), L.tukhtensiq3), L.cyaneusvar. cyaneug4),
L.armenus(5), L.pallesence(7), L.atropaanus (8), L.satdagensiq9), L.elangaus (10), L.
spathulatug11), L.variabilis (12), L.cilicicus (13), L.brachypterug14), L.haussknechti{15)

The phenon line at 1.%for Euclidean similarity index) and 0.48 (for Gower
similarity index) creates two groups or phenon in the UPGMA tia@sresults in
both phenograms beiradmostidenticalin the PCA.L. boissieri(6) is in one phenan
and the others are irthe second phenorL. boissieri (6) is separated from other
species in both phenograms. Its cell shapen@e specific among species with
isodiametric and slightly elongatezkll shape and a straight wall patternn the
adaxial surfaceThis species has trichomanly in the adaxial surface. In both
phenograms, speciés pallesencg7), L. cyaneusvar. cyaneugq4), L. karsianus(2),

L. digitatus (1), L. atropatanus(8), L. satdaghensig9), L. variabilis (12), and L.
brachyperus (14) are very close(with O distance) based on qualitative
micromorphological traits. All of these species hawdightly elongated cell shape

with a wavy or straight cell wall pattern in their adaxleaf surface. Also, these
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speciesall have trichome in both surfaces. In both phenogramarmenus(5) and
L. elangatis (10) exhibit a very closerelationship (with O distanceBoth of these
havea slightly elongated cell shape withwavy or straigpt cell wall pattern in their
adaxial leaf surfageand bothack trichomes (glabrouswhichis also confirmed by
SEM analyss.

Results of qualitative and quantitative data in the RClaracters are few in the
present study, so only two axes were used) UPGMA are only parallel for some
speciesand importah quantitative data among micraits isthe stomata index of
abaxial surface, as important qualitatdega is epidermal cell shape and wall pattern
of adaxialleaf surface due to light microscoptidies ofLathyrusspecies.

In the present studl. digitatus(1) andL. elangatis (10) show close proximitdue
to their quantitative datas examined by light microscope (stomata index, fatios
and these species have about 0.50 similarity index lmasadmeric taxonomy study
of morphological characters in the gerisghyrusprovided by Dpan et al(1992.
Also, L. armenus(5) andL. variabilis (12) show a closerelationshipdue to their
guantitative data sfomata index, ratios)and these species betpto the first
karyology group (12m+ 2sm) based on karyotype analyses of sedtathyrostylis
provided by Gune$2011). L. armenug5) andL. variabilis (12) havethe same style
type (Cséstyle type) based on micromorphological studiesaihyrus(Oskoueiyan,
2011).L. brachypteruq14) andL. boissieri(6) exhibit closesimilaritiesdue to their
quantitative data (stomata index, ratjam)d these species hathe same style type
(sle- style type) according to Oskoueiyan, 2011.

L. digitatus(1) andL. cyaneusvar. cyaneuq4) are very clodg related(overlapped

in phenograms)ccording to their qualitative datand L. digitatus (1) and L.
cyaneusare supported by 90 percent bootstrap in cladogram base on morphological
data ofLathyrusspecieswhich is provided by Leht2009).

The goup composed of. digitatus (1), L. spathulatus(11) and L. filiformis, L.

pallesencd7) have been supported by 100 percent bootstrap in molecular phylogeny
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(Maximum Likelihood treg)which wa conducted by Schaefer @t (2012. Thar
total relationships haveeen supported by 80 percent bootstrajp@phylogeny trege
andL. digitatus(1) andL. pallesenc€7) are very close (overlapped in phenograms)

according to their qualitative data in the present study

L. cyareusvar. cyaneug4), L. karsianus(2), L. pallesencg7) andL. satdaghensis

(9) ae clos¢y related due to their qualitative (overlapped in phenogram) and
quantitative datal. digitatus (1), L. cyaneusand L. karsianus(2), L. satdaghensis

(9) have abou 0.75 similarity index based on numeiictaxonomic study of
morphological characters in the genusthyruspr ovi ded ebal (19™dH] an

repectively

As mentioned beforel. atropatanus(8) is very similar toL. nivalis, which is also
already placedn the Lathyrostylissection.L. atropaanusis newly recordd as a
different speciesaccording to Gunes and Cirpi¢R011) and its placement in the
phenogam (quantitative data) is alterewith a different similarity index.The
relationshipof L. atropatanus (8) to the rest of the speciegeds furthestudybefore

any firm systematic decision can be made.

Although micromorphological traits othe leaf surfaces of these species in the
Lathyrostylis section areinvestigated forthe first time in the presenstudy this
indicates novel data regarding the relationships of these spelcegver,it is very
early to say which grouping is more natural aery few micromorphological
charactersvere studiedTherefore thetaxonomic value of these characters wdugd
moreclrealyelucidated bya £anning electromicroscope witlthe consideration of

moremicromorphological characters abg adding other species.
3.2 Scanning Electron MicroscopeAnalyses

The sirface of leaves (a@svegetative organ) and calyaq reprductive organ) were
analyzedin much greatedetail by usinga scanning electron microscope provide

highly accurate information.
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3.2.1Leaf surface

It seemsthat all species have wax deposition on their leaf sugadgth a light or

heavy density. Epidermalells have been photographed from moargin and non
stomatal parts amortge LathyrusspeciesexaminedAll qualitative and quantitative
micromorphological character results of both leaf surface (epidermal cell shape, cell
size, cell wall pattern, presem of stomata, stomata size, position of stomata,
presence of triabme, trichome length and types ameésence of granular pattern)
usingascanning electron rcroscope are outlineid Table 3-4, Table 3-5 andTable

3-6. Numerical analyse and their visual illustrationsf species are represented by
numbers assigned to thefhotograps are showietweenFigure 3-24 and Figure

3-51

Table3-4 Micromorphological traits (galitative datain leaf surface amontipe 28
speciesexamined (Every species observed betweeni b samples)*

sp/no| L.sur | ECS |cwP| PS | sPos| PT | T.T Ggggg:ir
1 Adaxial SE WS [ Present| sunken| Present 11 Absent
Abaxial E ST | Present| sunken| Present| Il , Il Absent

2 Adaxial SE WS | Present| sunken| Present 11 Absent
Abaxial E ST | Present| sunken| Present Il Absent

3 Adaxial SE WS [ Present| sunken| Absent b Absent
Abaxial E ST | Present| sunken| Present| Il , Il Absent

4 Adaxial SE WS | Present| sunken| Present Il Absent
Abaxial E ST | Present| sunken| Present| Il , Il Absent

5 Adaxial SE WS [ Present| sunken| Absent b Absent
Abaxial E ST | Present| sunken| Absent b Absent

6 Adaxial | IS/SE | ST | Present] sunken| Present Il Absent
Abaxial E ST | Present| sunken| Absent b Absent

7 Adaxial SE WS [ Present| sunken| Present Il Absent
Abaxial E ST | Present| sunken| Present| Il , I Absent

8 Adaxial SE WS | Presen{ sunken| Present 1 Absent
Abaxial E ST | Presen{ sunken| Present| i Absent

9 Adaxial SE WS | Presen{ sunken| Present i Absent
Abaxial E ST | Present sunken| Present 1 Absent
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Table 3 4 continued

10 | Adaxial SE WS [ Present sunken| absent b Absent
Abaxial E ST | Present sunken| absent b Present
11 | Adaxial SE ST | Present sunken| present| Il Absent
Abaxial E ST | Presenf sunken| present| Il , Il Absent
12 | Adaxial SE WS [ Present sunken| present i Absent
Abaxial E ST | Present sunken| present| I Absent
13 | Adaxial SE WS [ Present sunken| present |l Absent
Abaxial E ST | Present sunken| absent b Absent
14 | Adaxial SE WS [ Present sunken| present i Absent
Abaxial SE ST | Presenf sunken| present| Il Absent
15 | Adaxial E ST | Present sunken| present| I, Il Present
Abaxial E ST | Present sunken| present Il Absent
16 | Adaxial IS DS | Absent| b present I, 1l Present
Abaxial IS DS | Presenf Even | presenty I, Il Present
17 | Adaxial IS DS | Presenf Even | presenty I, Il Absent
Abaxial IS DS | Absent b present I, I Present
18 | Adaxial SE DS | Present surken | preseny |l Absent
Abaxial SE WS [ Present sunken| absent b Absent
19 | Adaxial | IS/SE | DS | Absent] b absent b Absent
Abaxial | IS/SE | DS | Presen{ Even [ present Il Absent
20 | Adaxial E DS | Present sunken| absent b Absent
Abaxial E WS [ Present sunken| present Il Absent
21 | Adaxial IS DS | Absent| b absent b Absent
Abaxial IS DS [ Presen{ Even | preseny Il Absent
22 | Adaxial E WS [ Present sunken| absent b Absent
Abaxial E DS | Presen{ sunken| absent b Absent
23 | Adaxial E ST | Present sunken| present| I, Il Absent
Abaxial E ST | Presen{ sunken| present| I, Il Absent
24 | Adaxial SE WS [ Present sunken| present |l Absent
Abaxial SE WS [ Present sunken| present| I, Il Absent
25 | Adaxial E DS | Present sunken| present Il Absent
Abaxial E ST | Presenf sunken| presentl 1ll,1I Absent
26 | Adaxial E ST | Present sunken| present Il Absent
Abaxial E ST | Present sunken| present[ Il , Il Absent
27 | Adaxial SE DS | Presen{ sunken| absent b Absent
Abaxial SE WS | present| sunken| present I Absent
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Table 34 continued

28 | Adaxial SE DS | Present| sunken| Present| 1" Absent

Abaxial SE WS | Present| sunken| Present| 1" Absent

ECS; epidermal cell shape, SE; slightly elongated, IS/SE; isodiamethdsliglongated, IS;
isodiametric, E; elongated.

CWP,; cell wall pattern, WS; wavy or straight, ST; straight, DS; deeply sinuous

P.S; presence of stomata.

S. Pos; stomata position on epidermis.

P.T; presence of trichome.

T.T; trichome type.

Granular Patrn (presence of granile

L.digitatus(1),L.karsianug(2), L.tukhtensig3), L.cyaneusrar. cyaneuq4), L.armenug5), L.boissieri
(6),L.pallesence (7),L.atropaanus (8),L.satdagensis (9),L.elangats (10)L.spathulatus (11),
L.variabilis (12), L.cilicicus (13), L.brachypterug14), L.haussknechti(15), L.aureus(16), L.vernus
(17), L.laxiflorus (18), L.roseus(19),L.annuus(20), L.niger (21), L.clymenum(22), L.sativus (23),
L.pratensig(24), L.cicera(25), L.gorgoni(26), L.undulatug27) ,L.czeczottiaus(28)

Table3-5 Meanvalues ofQuantitative Adaxial Leaf surfaaaractergmissing data
are shown with1)

Speciegnumbers) Epider_mal Epidermal Sto_matal Stomatal N.on gland| Gland
cell width | cell length width length I length | length
L.digitatus (1) 129.03 18.74 11.87 2.37 15219 | b 1
L.karsianus(2) 79.78 23.33 10.41 2.77 52.23 b 1
L.tukhtensis(3) 78.75 28.28 12.46 4.6 bl b 1
L.cyanvar.cya(4)| 81.81 20.59 11.83 2.52 68.77 b 1
L.armenus(5) 99.21 18.87 17 4.51 bl b 1
L.boissieri(6) 44 18.69 7.52 2.58 10219 | b 1
L.pallesencd7) 65.1 16.61 11.51 3.44 106.62 | b 1
L.atropaanug(8) 63.1 22.47 10.14 4.33 179 b 1
L.satdaghen®) 58.27 20.7 11.16 3 23746 | b 1
L.elangatug10) 78.77 23.93 14.42 551 bl b 1
L.spathulatus(11) 69.56 17.93 10.2 2.97 67.08 b 1
L.variabilis(12) 71.98 24.24 10.71 3.32 45,72 b 1
L.cilicicus(13) 84.25 14.25 15.82 4.1 35288 | b 1
L.brachypteru¢l4) 87.42 26.77 13.07 3.6 12222 | b 1
L.hausknechti(15)] 92.04 14.99 12.34 3.81 176.81 | 84.59
L.aureug16) 42.06 15.55 bl bl 283.45 | 56.77
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Table 35 continued

L.vernug17) 52.57 23.57 11.16 2.43 146.25 | 81.14
L.laxiflorus(18) 95.92 29.97 12.64 3.89 28997 | b1l
L.roseugl19) 72.56 36.47 bl bl bl bl
L.annuugq20) 95.21 23.02 10.96 3.91 bl bl
L.nigern(21) 74.31 33.98 bl bl bl bl
L.clymenun{22) 102.69 24.92 14.03 2.25 bl bl
L.sativug23) 156.84 23.27 13.85 3.33 80.24 | 70.213
L.pratensig24) 67.65 20.12 13.03 3.87 24586 | b1l
L.cicerg25) 111.97 23.38 10.57 2.91 204.42 | 53.83
L.gorgoni(26) 169.8 16.6 9.83 1.81 bl 56.18
L.undulatug27) 77.38 28.49 11.11 1.76 b1l bl
L.czecztiianus(28) 114.59 22.43 12.11 3.32 51407 | b1l

Table3-6 Meanvaluesof Quantitative Abaxial Leaf surfaaharactergmissing data
are shown with1)

Speciesnumbers) Epidermal | Epidermal | Stomatal | Stomatal I':r?g'r Gland
P cell width | cell length | width length ﬁ] length
ength
L.digitatug1) 95.08 14.56 12.21 3.38 91.39 | 71.13
L.karsianug?2) 95.81 16.06 12.69 3.37 77.34 b

L.tukhtensi€3) 139.71 | 23.02 16.2 | 3.99 | 18589 | 64.68
L.cyanvar.cyad)| 101.93 | 19.14 | 14.73 | 3.96 | 97.92 | 45.05
L.armenug5) 70.72 2352 | 16.61 | 4.67 b b
L.boissier(6) 55.37 12.28 9.78 1.95 b b
L.pallesencé?) 11848 | 1575 | 15.36 | 3.17 | 111.26 | 55.73
L.atropaanus(8) | 79.35 16.69 11.7 278 | 17458 | b
L.sddagheng9) | 12046 | 1592 | 1524 | 294 | 20429 | b
L.elangatugl0) | 114.22 | 15.44 | 16.67 | 4.47 b b
L.spathulatis(11)| 97.89 15.92 | 13.22 | 2.02 | 185.99 | 73.22
L.variabilis(12) 97.38 21.06 | 1251 | 2.89 | 111.13| b

L.cilicicus(13) 84.43 12.29 13.31 3.45 b b
L.brachygeru(14)| 88.65 22.66 12.48 3.03 193.15 b
L.hausknecht{15)| 75.11 22.73 13 3.04 b 70.77
L.aureug16) 75.93 22.36 16.59 4.96 560.44 | 60.53
L.vernug17) 59.08 20.27 b b 149.82 | 50.3
L.laxiflorus(18) 109.83 33.51 13.17 4.24 b b
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Table 3 6 continued

L.roseugl19) 9191 42.55 16.07 2.94 b 108.76
L.annuugq20) 128.42 20.35 14.5 3.37 b 55.63
L.niger(21) 72.22 21.75 13.49 2.49 350.96 b

L.clymenun{22) 125.42 25.92 13.27 3.66 b b

L.sativug23) 108.13 17.04 11.85 2.9 b 58.78
L.pratensig24) 81.04 18.87 12.77 3.74 437.92 | 48.92
L.cicera(25) 144.09 18.44 12.77 2.65 417.17 | 50.13
L.gorgoni(26) 167.35 20.64 11.77 3.07 431.82 | 67.67
L.undulatug27) 144.95 28.22 15.96 2.97 b 70.21
L.czecztiian(28) 73.15 22.25 8.95 2.64 457.66 b

3.2.1.1Micromorphological properties of the Adaxial surface

3.2.1.1.1Epidermal Cells

There are four different kinds of epidermal cell gsin the adaxial surface as
shown in Table 3-4. The nost common epidermal cell shapssightly elongatedis
seen inL. digitatusandL. laxiflorus. Some species have elongassidemonstrated
in L. annuus, Lsativusandothers havanisodiametric slightly elongateshapdike

L. boissierior L. roseus A few species havanisodiametric cell shapiée L. vernus

in their adaxial leaf surfacgphotayraphsare given betweerigure 3-24 and Figure
3-51). There are three different kindf cell wall patters in the adaxial leaf surface
as given inTable 3-4. The nost common cell wall pattern swavy or straightell
wall pattern. Some species haveeeply sinuous wall patterand other species have
a straight wall patternAll species of secti_athyrostylisexhibit a slightly elongated
epidermal cell shape with wavy or straight cell wall pattar their adaxibleaf
surfaceexceptL. boissieriwith its isodiametric slightly elongated and straight wall
pattern. Also,L. spathulatushas a slightly elongated epidermal cell shape with
straight wall patternL. haussknechtidemonstrates anlangated epidermal cell

shape witha straight wall pattern in its adaxial leaf surface.
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All species of sectOrobus(L. aureus, L. vernuandL. niger) havean isodiametric
epidermal cell shape with deeply sinuous cell wall pattern in their adaxial leaf
surface L. laxiflorusandL. czeczttianusboth belong to secPratensisand havea
slightly elongated epidermal cell shape waldeeply sinuous cell wall pattern in
their adaxial leaf surfacd.. roseusexhibits different cell shapes frorthe rest of
species. ldemonstratean isodiametric slightly elongated cell shape watkleeply
sinuaus cell wall pattern in its adaxidaf surface. This species belong to sect.
Orobon. All species of sectLathyrus(L. annuus, L. satiway L. cicera, L. gorgoni
exhibitanelongated epidenal cell shape except undulatuswith slightly elongated
cell shapes. Their cell wall pattararethe mostly deeply sinuous.. clymenun{sect.
clymenun hasan elongated epidermal cell shape with wavy or straight wall jatte

in its adaxial leaf surfze.

In conclusion a slightly elongated epidermal cell shape wativavy or straight wall

pattern is most common in adaxial leaf surfacthet.athyrusspeciesexamined

Epidermal cell width ranges between 169.8 uniirgorgoniand42.06 um in L.
aureusand epidermal celleihgth ranges fror36.47 um inL. roseusto 14.25 ym in

L. cilicicus as shown iable 3-5.

3.2.1.1.2Stomata
Exceptfor L. aureus, Lniger (sect.Orobus)andL. roseus ¢ect.Orobon) all other
species have stomata in thattaxial leaf surface as shownTiable 3-4.

Stomaté width ranges between 7.52 um Iin boissier to 7 ym in L. armenus.
Stomatal length ranges between 1.76 prh.imndulatusto 5.51 um inL. elongatus

as shown imable 3-5.

Stomata position in a8 Lathyrusspecies is sunken excdptvernuswhich isat the
level of epdermis (even)or a little raised as shown iffable 3-4. This species

belongto sect.Orobus.
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3.2.1.1.3Trichomes

Exceptfor L. tukhtensis, L. armenus, L. elangat(sect Lathyrostyli3, L. roseus
(sect. Orobon)L. niger (sect Orobug, L. clymenum(sect Clymenum)L. annuus
andL. undulatus(sect.Lathyrug, other species have trichomes their adaxial leaf
surface.Trichomes ardoundin two types in adaxideaf surface: gndular and nan
glandular(photographsire giverbetweerfFigure 3-52 andFigure 3-57). The presence

of a non glandular trichome i& common condition in adaxial leaf surface among
the speciesexamined Some species such &s,haussknechtii, L. aureus, kernus

L. sativusandL. cicerahave both types of trichomdson glandular trichomes ar@
typical bicellular type accompanied by an elongated terminal (tapering gradually
towards the apex). Glandular hairs aref capitate type which is unicellular
containng stalk, nek cell, and cutinized secretory head. The length of the stalk is
lessthan morethanor equalto the length of the head. Non glandular trichomageh
been found to contribute to heighteneekistance to pests (Levin, 1973jut
glandulartrichomesmay actthrough secretion of secondary metabolites as defensive,

repellent or toxic compounds.

In addition the density of trichomes irthe adaxial leaf surfaceariesamongthe
specieexaminedFor exampleL. atropatanus, L. czecitianus, L. satdaghensand

L. aureusaredenséy coveredin trichomes. Tichome density is the result of genetic
differencesaccording to Stenglein et al., 2QGind other studiesubit changeswith
age sowas not studied in the present study. For this reason fresh matelial

provide more accurate and appropriate results.

L. czecztianuswith a length 0f514.07 um hashe longest and.. variabilis with a
length 0f45.72 umthe shortest nosfglandular trichome ithe adaxial leaf surface..
haussknechtiwith a length 0f84.59um hasthe longest and.. cicerawith a length
of 53. 83 um hasthe shortest glandular trichome ithe adaxial leaf surface.

Glandular trichomes are generally shorter than-gtandular trichomes.
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3.2.1.1.4Granular pattern

Among the speciesexamined only L. haussknechtiiFigure 3-60), and L. aureus
(Figure 3-58) havea granular pattern on their adaxial leaf surkacéome species
such asl.. cyaneusvar. cyaneusL. boissier, L. pallesencel.. variabilis, L. cilicicus
(sect.Lathyrostyli§ and L. undulatus(sect Lathyrug havegranules which appears
only at theiradaxial leaf margin As was explained by Moraes et &0(1), Vieria
and Gomes(1995 statedthatthe presencef a granular pattern hdsken observed
in the species ahe Rubiaceae familyRsychotrig to separate the species. Also, its
type is genetically determingdbut its density and distribution on the epidermis

surfaces maybe influenced by environment (Bery 1982).
3.2.1.2Micromorphological properties of the Abaxial surfaces

3.2.1.2.1Epidermal Cells

There are four different kirsdof epidermal cell shajgen the abaxial leaf surfacas
shownin Table 3-4. The nost common epidermal cell shaigeelongatedas seerin
L. tukhtensisandL. sativus Some species have slightly elongatetl shapes as in
L. brachyperusor L. undulatus Otherslike L. aureusor L. vernusdemonstrate an
isodiametric epidermal cell shape. Only one spedieso§eu$ hasanisodiametric
slightly elongated epidermal cell shape in its abaxial leaf surftvere are three
different kinds of cell wall pattersin the abaxial leaf surfacas shown inrable 3-4.
The nost common cell wall pattern is straight. Some species haay or straight
wall patternwhile othershavea deeply sinuous cell wall patterAll species of sect.
Lathyrostylishave an elongated epidermal celhape witha straight wall p&ern
exceptL. brachypteruswhich has aslightly elongated cell shape and straight wall
pattern. Species of sedDrobus (L. aureus, L.vernusand L. niger) have an
isodiametric epidermal cell shape and deeply sinuous wall paltelaxiflorus, L.
pratensisand L. czeczttianus havea slightly dongatedepidermal cell shape with

wavy or straight wall pattern in their abaxial leaf surfacéhesebelong to sect.
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Pratensis.L. roseus gect Orobon)haveanisodiametric epidermal cell shape wéh
slightly elongated wall pattern in its abaxial leaf surface. All species oflsatiyrus
have a mostly elongated epidermal celape with straight wall patterexceptL.
undulatuswith its slightly elongated cell shape angvy or straight wall pattern and

L. annuuswith an elongated epidermal cell shape and wavy or straight wall pattern.
L. clymenum(sect. clymenum)has an elongated epidermal cell shape and deeply

sinuous wall pattern in its abaxial leaf surface.

Therefore an elongated epidermal cell shapattwa straight wall pattern is most
common inthe abaxial leaf surfaceof the Lathyrusspeciesexamined Photographs
areprovidal betweerFigure 3-24 andFigure 3-51.

Epidermal cell width ranges fromi67.35 um inL. gorgoni to 55.37 um inL.
boissieriand epidermal cell length ranges between 42.55 pm inseusand12.28
pm, 12.29 um inL. boissieriandL. cilicicus as shown inTable 3-6. Theefore L.
gorgonihasthe longest width of epidermal cslbn both leaf surfacamong species

examinedandL. roseushasthelongest length on both leaf surface

3.2.1.2.2Stomata

All species exhibit stomata in theirabaxial leaf surface as given irable 3-4.
Stomaté width ranges between 8.95 um In czeczttianusto 16.67 pum inL.
elongatus Stomatal length ranges between 1.95 prh.iboissierito 4.96 pm inL.
aureusasshownin Table 3-6.

Stomata positioin all Lathyrusspecies is sunken exceaptL. aureus, Lniger (sect.
Orobus)andL. roseus(sect. Orobon)which is at thdevel ofthe epidermis(even)or

a bit raisel asshownin Table 3-4.

3.2.1.2.3Trichome
Exceptfor L. armenus, Lboissieri, L. elangats, L.cilicicus (sect. Lathyrostylis)L.
laxiflorus (sect. pratensis)and L. clymenum(sect. clymenum)other species have

trichomes on their abaxial leaf surface. Trichomassist oftwo types in abaxidkaf
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surface: tandularand nonrglandular. The presence of both tgpe trichome isa
common condition in abaxial leaf surface amtimgspeciesexamined Some species
have only norglandular trichomes such asL. karsianus, L atropotanus, L
satdaghensid.. variabilis, L. brachypterus, Lniger andL. czeczottianusAlso, the
density of trichomes irthe abaxial leaf surface amore peciesexaminedcan
vary. For example L. brachypterus, L. roseuand L. sativus have very few

trichomes.

L. aureuswith a length 0f560.44 umhasthe longestnonglandular trichome in the
abaxial leaf surfageandL. karsianuswith a length of77.34 um haghe shortestL.
roseuswith a length 0fL08.76 um haghelongest and.. cyaneuwar. cyaneuswith a
length of45.05 um haghe shortest gladular trichome irthe abaxial leafsurface.
Similarly, adaxial surfaceglandular trichomesare generally shorter than ron

glandular trichomes.

3.2.1.2.4Granular pattern

Among examined speciesnly L. elongatus(Figure 3-59), L. aurets, andL. vernus
exhibit agranular pattern on their abaxial leaf surface. Also, some spsusad..
digitatus, L.tukhtensis, L. cyaneuar. cyaneusL. pallesence, L. variabilisandL.

gorgonihavegranules only in theirabaxialleaf margin

Micromorphological study of theathyrusspecies of.athyrostylis Orobus, Orobon
Clymenum, Lathyruand Pratensissections using SEM exhibit adaxial leaf surface
have more variable microtraits than abaxial leaf surface. Adaxial surface mostly
exhibit a slightly elongated epidermal cell shape whereas abaxial surface
demonstrates aelongated cell shape. Isodiametric epidermal cell shape and deeply
sinuous wall pattern is specific to se@robus Adaxial leaf surface off. boissieri

(sect. Lathyrostylig and both surfaces df. roseus(sect. Orobor) have the same
epidermal cell shape as isodiametric slightly elongated. Most of species have sunken

stomata except species of s€atobusandL. roseus.Also, in the abaxial surface of
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L. elongatusas well asin the adaxial surface of. haussknechtiiandboth surfaces

of L. aureusandL. vernushavea granular patten in their epidermasurfaces The

remainder of species lagkanules.
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Figure3-24 Leaf surface of.. digitatusshowing slightly elongated cell shape with
wavy and straight wall in adaxial (left) and elongated cell shape with straight wall in
abaxial(right).
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Figure3-25 Leaf surface of. karsianusshowing slightly elongated cell shape with
wavy and straight wall in adaxial (left) and elongated cell shape with straight wall in
abaxial (right).
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Figure3-26 Leaf surface of. tukhtensishowing slightly elongated cell shape with
wavy andstraight wall in adaxial (Ieftand elongated cell shape with straight wall in
abaxial (right).

Figure3-27 Leaf surface of.. cyaneuwyar. cyaneushowing slightly elongated cell
shape with wavy anstraight wall in adaxial (leftand elongated cell shape with
straight wall in abaxial (right).
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Figure3-28 Leaf surface oL. armenushowing slightly elongated cell shape with
wavy and straight wall in adaxial (left) and elongated cell shape with straight wall in
abaxial (rght).
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Figure3-29 Leaf surface of.. boissierishowing isodiametric slightly elongated cell
shape with straight wall in adaxial (left) and elongated cell shape with straaght w
in abaxial (right).
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Figure3-30 Leaf surface oL. pallesenceshowing slightly elongated cell shape with
wavy andstraight wall in adaxial (Ieftand elongated cell shap&th straight wall in
abaxial (right).

Figure3-31 Leaf surface of.. atropaanusshowing slightly elongated cell shape
with wavy andstraight wall in adaxial (Ieftand elongged cell shape with straight
wall in abaxial (right).
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Figure3-32 Leaf surface of. satdaghensishowing slightly elongated cell shape
with wavy andstraight wall in adaxialléft) and elongated cell shape with straight
wall in abaxial (right).
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Figure3-33 Leaf surface oL. elangatusshowing slightly elongated cell shape with
wavy and straight whin adaxial (left) and elongated cell shape with straight wall in
abaxial (right).
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Figure3-34 Leaf surface oL. spathulatushowing slightly elongated cell shape with
straght wall in adaxial (left) and elongated cell shape with straight wall in abaxial

(right).

Figure3-35 Leaf surface ot. variabilis showing slightly elongated cell shape with
wavy and straight wall in adaxial (left) and elongated cell shape with straight wall in
abaxial (right).
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Figure3-36 Leaf surface oL. cilicicus showing slightly elongated dedhape with
wavy and straight wall in adaxial (left) and elongated cell shape with straight wall in
abaxial (right).
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Figure3-37 Leaf surface of. brachyptherushowing slighly elongated cell shape
with wavy andstraight wall in adaxial (Ieftand slightly elongated cell shape with
straight wall in abaxial (right).
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Figure3-38 Leaf surface of.. haussknechtishowing elongated cell shape with
straight wall in adaxial (left) and abaxial (right).

Figure3-39 Leaf surface of.. aureusshowing isodiametric cell shape witkaply
sinuous wall in adaxial (left) and abaxial (right).
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Figure3-40 Leaf surface of. vernusshowing isodiametric cell shape with deeply
sinuous wall in adaxial (left) andaxial (right).
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Figure3-41 Leaf surface of.. laxiflorusshowing slightly elongad cell shape with
deeply sinuousvall in adaxial (left) and wavy and straight wall in abaxiajht).
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Figure3-42 Leaf surface oL. roseusshowing isodiametric slightly elongated cell
shape with deeply sinuous wall in adaxial (left) and abaxial (right).
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Figure3-43 Leaf surface of.. annuusshowing elongated cell shape with deeply
sinuous wall in adaxial (left) and wavy ad straight wall in abaxial (right).

Figure3-44 Leaf surface of. niger showing isodiametric cell shape with deeply
sinuous wall in adaxial (left) and abaxial (right).
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Figure3-45 Leaf surface oL. clymenunshowing elongated cell shape with wavy
and straight wall in adaxial (left) and deeply sinuous in abaxial (right).

Figure3-46 Leaf surface ofL. sativusshowing elongated cell shape with straight
wall in adaxial (left) and abaxial (right).
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Figure3-47 Leaf surface of. pratensisshowing slightly elongatecell shape with
wavy and straight wall in adaxial (left) and abaxial (right).

Figure3-48 Leaf surface of.. cicerashowing elongated cell shape with deeply
sinuous wall in addal (left) and straight wall in abaxial (right).
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Figure3-49 Leaf surface of.. gorgonishowing elongated cell shape with straight
wall in adaxial (left) and abaxial (right).
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Figure3-50 Leaf surface of.. undulatusshowing slightly elongated cell shape with
deeply sinuous wall in adaxial (left) and wavy and straight wall in abaxial (right).
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Figure3-51 Leaf surface oL. czeczttianusshowing slightly elongated cell shape
with deeply sinuous wall in adaxial (left) and wavy and straight wall in abaxial

(right).
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Figure3-52 Leaf surface of.. haussknechtshowing glandular trichome (left) in
adaxial surface and (right) in abaxial surface.
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Figure3-53 Leaf surface of. tukhtensishowing glandular trichome (left) in abaxial
surface and typical non glandular trichome (right) in abaxial surface.
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Figure3-54 Leaf surface ot. pallesenceshowing non glandular trichome (left) in
adaxial surface and typical non glandular and glandular trichome (right) in abaxial
surface.

METU 28KY

Figure3-55 Leaf surface of.. satdaghensishowing non glandular trichome (left) in
adaxial surface and glandular trichome (right) in abaxial surface.
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METU 2 Ku

Figure3-56 Leaf surfae ofL. aureusshowing glandular trichome (left) in adaxial
surface and neglandular trichome and glandular trichome (right) in abaxial surface
of L. vernus.

Figure3-57 Leaf surface ofL. digitatusshowing glandular trichome (left) in abaxial
surface and typical non glandular trichome (right) in abaxial surfakce of
czeczttianus
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Figure3-58. Leafsurface ol. aureusshowirg granular pattern in adaxidéft) and
abaxial (ight)
Red arrov showgranular pattern and blue arrewhowstomata

Figure3-59. Abaxial surface ok. elangatisshowing granular patterneft) andL.
vernus fight)
Red arrov showgranular pattern.
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Figure3-60. Adaxial leaf surface df. hausknechtiishowing granular patn
Red arrovg showgranular pattern.

3.2.1.30rdination  analyses and Phenetic Cluster results for

Micromorphological traits

Observed (qualitative) characters of both leaf susaeee beencoded as 0, 1 d2
and scored intaumerical value as data matm order to obtain PCASeration (part
of the ordination analysgsnd UPGMA (as clustering analy}es the PAST 3.05
software program as shown Trable 3-7. PCoA resultsare very similar tahe PCA

result therdore, PCOA results are not given.

Table3-7 Data Matrix of micromorphologicataits (qualitative) of leaf among the
28 species ofathyrus

Ecs| Ecs | Cwp | Cwp | Ps | Ps | S.Pos S.Pos| P.T | P.T/ | T.T |T.T/ | G.pat|G.pat

sp/no /ada| /aba | /ada | /aba |/ada|/aba| /ada | /aba /aaa aba /ada aba | /ada | /aba
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Table37 continued

(SN
Ul
O|lrR|rR|O|R|IRP|lW|R|N|O|W|W|rR|O|lO|lO|lO|O|O|O|O|N|O|O|O
Ol |Fr|ORIPIWIFIVNO|IW|WI|F|O|FRI[FPIFPIFIFP[FP|F|FR]|F]|FR|PR
N (R INOROINdIdNIDNINIV|IVN|[RP|OO|lO|Rr|O|O|O|O |+ |O|O |O
ol |R|ORIMIVOINOIMIN|IP|IRP|IPIPIPIFPIP[IP|FPR|RP|FP|FR|PR
RlRPriRPIPIFPIPOIRP|IO|IRP|IFPIOIRPIFPFIFPIPIP|IP|IFPR|FR[FR|FP[FP|[F|[F
RlRriRPIPIFPFIPIPIPIPIFPIOIRPIPIFPFIPIFPIRPRIRP|IFRI|IFRI[FI|FRI[FRI[F|F
RlRriRPIPIFPIPIOCRI|IT|IR|CO|IT(RIFIFIFIRIRP|IFRI|F[FI|FRI[FRI[FR|[F
RlRriRPIPIFPIFPIOIRP|IOIFP|IT|CORI[IFIFIFIPR|IR|IFRI|IFR|FI|FRI[FRI[F|[F
RlRriRPIFPIFPFIOIRIFPI|IF|IOIFRPI|IRPIRPIFPFIOIFR|[FR|O|FR|F|F|O|OC | |k
g |N|k[O|TC|0C|0C|I0C|IO|FR|FP|kP|O|O|jO|O|T |O|O|O|O |0 |O|T
N [P [FRP[FP[FR[T|CON|IN|T (| |NM|O|0 O |0 |o|o |k |0 |0 |k |-
olojlo|lo|lo|jlojojo|jlo|lo|o|r|r|lO|jlO|jO|O|O|O|O|O|O |O |O |O
olojlo|lo|lo|jlojojo|jlo|lo|r|r|lOo|jl0o|O0|O0|O | |O|lO|O|O|O |O |O

N =N I N S N e M = M [l T S T N S S e N G G R =R =

2810 0| 20|11 1] 1 1 /]0/0] 0|0
Epidermal cell shape afdaxial surface ; Edsada, Epidermal cdlshape of abaxial surface ; Eeda

, Cell wall pattern of adaxial surface ; Civpda , Cell wallpattern of abaxial surface ; Civpba ,
Presence oftomata of adaxialusface ; P9 ada , Presence of stomathabaxial surface ; Plsaba ,

Stomata Position of adaxial surface ;S. Pos / ada , Stomata Position of abaxial surface ; S. Pos / aba ,
Presence of Trichome of adaxial surface ; PT/ ada , Presence of Trichomgialf slnrdace ; PT/ aba

, Trichome Type of adaxial surface ; TT/ ada , Trichome Type of dmxitace ; TT/ aba , Granular

Pattern of adaxial surfageG. Pat / ada ; Granular Pattern of abaxial surface ; G.Pat/ aba

L.digitatus(1), L.karsianug(2), L.tukhtensig3), L.cyaneus/ar.cyaneuq4), L.armenug5), L.boissieri
(6), L.pallesence(7), L.atropaanus (8), L.satdagensiq9), L.elangatis (10), L.spathulatus(11),
L.variabilis (12), L.cilicicus (13), L.brachypterug14), L.haussknechti{15), L.aureus(16), L.vernus
(17), L.laxiflorus (18), L.roseus(19 ), L.annuus(20), L.niger (21), L. clymenum(22), L.sativus(23),
L.pratensig(24), L.cicera(25), L.gorgoni(26), L.undulatug27), L.czeczottianu§28)
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Eigenvalus andtheir corresponding % of tal varianceaccounted in the PCAwith

variancei covariance matrix) igiven inTable3-8.

Table3-8 Eigenvalus and% variance ofeach component faualitative datan

PCA.
Principal
Component| Eigenvalue | % variance
(PC)

1 2.7645 47.252
2 1.20709 20.632
3 0.767963 13.126
4 0.572794 9.7905
5 0.137958 2.358
6 0.123411 2.1094
7 0.0853109 1.4582
8 0.0635747 1.0866
9 0.0532567 0.91029
10 0.0321774 0.54999
11 0.0270152 0.46176
12 0.0154814 0.26462
13 0.0105884 0.18098
14 0.030262 0.64996

The first of four variancéave thehighest percentage (% 47.25, % 20.63, % 13. 12

and % 9.79) of total variance.

Scatter plot (X axis is PC1, Y axis PC2) in the PCA ishownin Figure 3-61. The
loading plot isshown inFigure 3-62 . In the loading platA is epidermal cell shape
of adaxia) B is epidermal cell shape of abaxiél is cell wall pattern badaxial D is
cell wall pattern ofabaxial E is presence of stomata of adaxi& is presence of
stomata of abaxialG is stomata position of adaxjdfl is stomata position of abaxjal
| is presence of trichome of adaxial is presence of trichome ofbaxial K is
trichome type ofadaxial, L is trichome type of abaxidll is granular pattermof

adaxia) and N is granular pattern of abaxial.
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Component 2

Component 1

Figure3-61. A two dimensional scatter plot constructed in th
PCA

Group | covers L. aureus(16), L. vernus(17), L. roseug19), L. niger(21) Group I
covers L.digitatus(1), L.karsianus(2), L.tukhtensiq3), L.cyaneusvar. cyaneuq4) ,
L.armenus(5), L.boissieri(6), L.pallesencg7), L.atropaanus(8), L.satdagensig9),
L.elangatus(10) L.spathulatus(11)L.variabilis (12)L.cilicicus (13), L.brachypterus
(14)L.haussknechti{15), L.laxiflorus (18), L.annuus(20), L.clymenum(22), L.sativus
(23), L.pratensig24), L.cicera(25), L.gorgoni(26), L.undulatus(27) , L.czeczottianus
(28)

0.5
0.4
0.3

0.2 %
=) HDD Uuﬂnﬂﬂﬂ/,

Loading

-0.2
-0.3

-0.4 < @© U M W & O T — — 2= — = =

Figure3-62 Loading plot of qualitative data constructed in the PCA.

A :is epidermal cell shape of adaxial, iB epidermal cell of abaxial,:@s cell wall pattern of adaxial, :Os cell

wall pattern of abaxial, Hs presence oftomata of adaxial ,:Fs presence of stomata of abaxial: ,i$stomoata
position of adaxial, His stomata position of abaxial ;, it presence of trichome of adaxial:,is) presence of
trichome of abaxial , Kis trichome type of adaxial,:lis trichane type of abaxialM: is granular pattern of
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adaxial, N is granular pattern of abaxialPercat of the total variation that is accounted by tfirst axis
(%47.25) is showiy the arrow.

There ae two groups in the PCA.. aureus(16), L. vernus(17), L. roseus(19) and
L. niger (21) are in one groul) andthe remainderof species ppearin the second
group(ll). In the first groupL. aureus(16), L. vernus(17), andL. niger (21) belong
to sectionOrobus andL. roseus(19) belongs to sectio®robon.

In the second groupl.. cicera (25), L. haussknechtii(15), L. annuus(20), L.
undulatus(27), L. gorgoni(26), andL. sativus(23) demonstrate aloser relatioship
to eachother than to the otherall of these belong to sectidmathyrusexceptL.
hausknechtii(15), which belongs to the Lathyrostylissection. Also, in the second
group L. armenus(5) and L. elongatus(10) are closelyrelated.L. cyaneusvar.
cyaneugq4), L. digitatus(1), L. pallesencg7), andL. satdaghensi$9), L. karsianus
(2), L. atropotanus (8) and L. variabilis (12) respectively belong to section

Lathyrostylisandare overlapped. All of these species belong to setatmyrostylis.

According totheloading plot of data, epidermal cell shape¢haadaxial surfaceX),
epdermal cell shape inthe abaxial surface(B), cell wall pattern inthe adaxal
surface(C), cell wall pattern inthe abaxial surface(D), stomata position ofhe
adaxialsurface(G), stomata position dhe abaxialsurface () and trichome type in
the abaxial surface (L) play the most importantrole in comparisonto others.

Loadings are only given to the highest total variation of the first axis.

The phenogram tree constructed in the UPGMA clustealyses employing
Euclidean (©phen corr, 0. 93)Higure 3-63). At the same time, bootstrap value was
obtained for 1000 replicates to evaluate branch support and estimate phylogenetic
relations. The phenon line at 3o@nstrucs two groups or phenon in the UPGMA

tree and results in phenogramhich are almost identicah the PCA. L. aureus(16),

L. vernus(17), L. roseugq19), andL. niger (21) are in one pheng@andthe remainder

of thespecies are ithesecondohenon

The riation result of qualitative data the leaf surface is given ifrigure 3-64.

This resultalso corresponds wh UPGMA trees in describingelationships and
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closeness amontpe 28 Lathyrusspeciesexaminedn this study. Species are shown
as rows and characters are shown as coluniriee figure illustrates the similar (or

dissimilar) qualitative leaf characters (14) between the chosen species.
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Figure3-63 UPGMA based omualitativedata withEuclidean similarity index.
Red dash line represemsenon lindat 3.6)and solid erticalred lines represent sections.

L.digitatus (1), L.karsianus(2), L.tukhtensis(3), L.cyaneusvar. cyaneus(4), L.armenus(5), L.boissieri (6),

L.pallesence(7), L.atropaanus (8), L.satdagensig9), L.elangatis (10), L.spathulatus(11), L.variabilis (12),
L.cilicicus (13), L.brachypterus(14), L.haussknechtii(15), L.aureus (16), L.vernus (17), L.laxiflorus (18),
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L.roseus(19 ), L.annuus(20), L.niger (21), L.clymenum(22), L.sativus(23), L.pratensis(24), L.cicera (25),
L.gorgoni(26), L.undulatug27) ,L.czeczottianuf28)

I Om - M0 mWerOFXrP=2x=

Sect.Lathyrostylis

Sect.Pratensis

Sect.Lathyrostylis | 7

Sect.Clymenum |22
2
10

27
4+
Sect.Lathyrus 11
Jo mEm

26
23
25
15
| 21
Sect.Orobon 19
Sect.Orobus 17
16

Sect.Lathyrus

Figure3-64 Seriation results of qualitative data of leaf surface.

Solid verticalredline represent species that belong to sectiodigitatus(1), L.karsianus(2), L.tukrtensis(3),
L.cyaneusar. cyaneug4) , L.armenug5), L.boissieri(6), L.pallesencg7), L.atropaanus(8), L.satdagensi$9),
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L.elangaus (10), L.spathulatus(11), L.variabilis (12), L.cilicicus (13), L. brachypterus(14), L.haussknechtii
(15), L.aureus(16), L.vernus(17), L.laxiflorus (18), L.roseus(19), L.annuus(20), L.niger (21), L.clymenun(22),
L.sativus(23), L.pratensis(24), L.cicera(25), L.gorgoni(26), L.undulatug27) ,L.czeczottianué28).

A: is epidermal cell shape of adaxial, iB egdermal cell of abaxial, Gs cell wall pattern of adaxial, :Os cell
wall pattern of abaxial, Hs presence of stomata of adaxil is presence of stomata of abaxi&t is stomoata
position of adaxial, His stomata position of abaxjdl is presewe of trichome of adaxiall is presence of
trichome of #axial K: is trichome type of adaxial,:Lis trichome type of abaxial, Ms granular pattern of
adaxial, N is granular pattern of abaxial .

In the phenon(Figure 3-63) whichincludes L. aureus(16), L. vernus(17), L. roseus
(19), andL. niger (21) in the distance tree with Euclidean similarity indéhxeir total
bootstrap being 85% all belong to sectiorrobus exceptL. roseus(19), which
belong to sectionOrobon. L. aureus(16), L. vernus(17) and L. niger (21) have
exactlythe same epidermal shape and cell wall pattern on leathsurfaceAlso, L.
aureus (16) and L. vernus (17) have the same trichome type in their both leaf
surface, and both havea granubr pattern on their surface excéipe adaxial surface
of L. vernus(17). L. roseus(19) has acell wall pattern (deeply sinuous) like
aureus(16), L. vernus(17) and L. niger (21) but its shape issbdiametric slightly

elongated.

Bartholtt, (1981 believed that the sinuous appaace of anticlinal walls of
epidermal cells is taxondoally valuable. According to B&ler (1966 and Simola,
(1968 the leaves of sectioOrobusare hypostomatic (have stomata only on their
abaxial surface) which is in agreentwith this study excepit. vernus(17), which
has stomata on its adaxial suwdaAt the same time, Bass|gd.966) statedL. vernus
(17) and L. roseus(19) have isodiametric cells with strongly wavy cell (deeply

sinuous) which agreesvith the presenstudy.

In the phenogramobtained species ofOrobus section are separated from other
Lathyrus species includind.athyrostylis and according to Abou-El-Enain et al.,
(2007 seed data of 34.athyrus species indicated.athyrostylis and Orobus as
definitely ®parate sections. Other studies liKenicer et al.(2005) andBadr et al.,
(2002 support this interpretatiorHowever, sectOrobusis not that distinct from

otherLathyrusspeciesfor instancefrom sectPratensis n Schaef er 6s
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The meximum likelihood phylogeny of the Fabaceashich is based on the
combined chloroplast and $T data setas conducted bySchaefer et a(2012
indicatedthatL. aureus(16) andL. vernus(17) belong under section o©Orobusbut

in different nodes. Thegonsdered 119 athyrusspecies in their research with seven
outgrou. L. aureus(16) and L. vernus (17) have the same form of evolution
(Perennial) and their stylar pubescence evolution is abaxially yhaiith

dorsiventrally compressian stylar shapeacording to their study.

Qualitative and quantitative characters of seed gross morpholdgyanfreus(16)

andL. vernus(17) are very similar including seed shape, size and testa appearance.
They arefound underthe same subgroup (a3) in the UPGMA pheramgrbased on
seedcharacter in the study of Abétl-Enain et al, (2007). L. aureus(16) and L.
vernus(17) exhibit Sletypein their style micromorphologyaccording tathe study

of Oskoueiyaret al.,(2011) which has been provided for some Turkish andi#a
Fabeae tribe species.

L. roseus(19) andL. niger (21) have been supported with 62 % bootstrap vaitue
UPGMA using Euclidean similarity indexs given inFigure 3-63. Qualitative data

of L. roseus(19) andL. niger (21) in the describingf cell wall pattern, presence and
position of stomataand thepresence of trichome are exactly same in both leaf

surface Also, both species lacgranule in their adaxial and abaxial surface.

The maximum ikelihood phylogeny bthe Fabeaeconducted bySchaeferet al
(2012 placedL. roseus(19) and L. niger (21) in the Orobon and Orobussectiors
respectively. Their life form evolution is perenniadnd evolution of stylar
pubescence isbaxially hairy. Although théiogeographic history othe Fabeae
indicatedL. niger (21) is related to central and Western Europeroseus(19) is

from the Mediterraneanaccording to their study.

In her morphologicaly based studylLeht, (2009 demonstratedhat L. roseus(19)
and L. vernus(17) are supprted witha 68 % bootstrap valuéor which L. roseus

(19)is included in Orobon section ahdvernus(17)is included in Orobus section.
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L. aureus(16) andL. laevigatuaare supported witithe same bootstrap value under

the Orobussection.

L. niger (21) andL. roseussubsp.roseushavea subprolate pollen shape with 1.135
and 1.30 values respectivelccording tadGunes(2011). Although, Kupicha(1983

has been mentionedollen traits haveninor significance as taxonomic charaster

L. laxiflorus (18) and L. czeczdtianus (28) exhibit 60 % bootsap support inthe
UPGMA tree withEuclidean sinlarity index with 1.4 distance as given kigure
3-63. Both belongto sectionPratensis.Qualitative data in the meaning of epidermal
cell shape, cell wall pattern, presence of stomathigs position are identicah L.
laxiflorus (18) and L. czeczttianus (28). Both havea slightly elongated epiderah
cell shape in both leaf surfacwith a deeply sinuous wall pattern ithe adaxial
surface and wavyr straight wall pattern ithe abaxial leaf surfaceAlso, none of
these species have glandular trichome in their leaf suffaczeczdianus (28) is
isodiametric or slightly elongated with wavy or straight wall pafteactording to
Bassler, (1966. Céd d €2011) mentioned epidermal cells ih. laxiflorus subsp
laxiflorus is isodiametric with strongly wavy walland L. czeczttianus (28) is
isodiaméric with wavy or straight wall which is in disagreentwith the present
study.L. pratensis(24) is expectedshow aclose relatioship with L. laxiflorus (18)
and L. czeczttianus (28) as all three species belongs Roatensissection butL.
pratensis(24) exhibits qiite aweak bootstraandis close toLathyrostylissection in
the UPGMA treewith Euclidean similarity index.

In a molecularbased tdy asconducted bySchaefer et a(2012), L. czeczttianus

(28) andL. laxiflorus (18) show 91% bootstrap suppoand in other phylogenittee

of the samestudy like biogeographic history their relatibifs has been supported
even by 98 % bootstrap. Their life form is perennehd evolution of stylar
pubescence is abaxially hairy with dorsiventrally compressed in both species in same
research. However, thevolution of chromosome is different.(czeczttianus is
unknown andL. laxiflorus is 2n=14). L. pratensis(24) is in sect.pratensisin their

study ands related toL. czeczttianus (28) andL. laxiflorus (18) with unmeasured
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bootstrap supporticcording to Oskoueiyan et.a(2011) both have Slaype syle

micro morphological traitsL. laxiflorus subsp.laxiflorus and L. czeczttianus (28)

have a subprolate pollen shape with 1.3245 and 1.3809 values respectively
indicating closdy relatedmicromorphological traits based @ollen characters due

to Gune andAytug, (2010. L. laxiflorus (18) andL. czeczttianus(28) exhibitabout

0.85 similarity level in UPGMA phenogram ithe numerical taxonomy study of
TurkishLathyruswhichwasc onduct ed b31992Doj an et al (

L. satdaghensig9), L. karsianus(2), L. atropatanus(8), and L. variabilis (12) are
supported by 100 % bootstrap (overlapped) due to UPGMA tree using Euclidean
similarity indexas given inFigure 3-63. All belongto sectionLathyrostylis This
resultcorrespond to theUPGMA tree obtained ifrigure 3-22 of qualitative data

(light microscope method)The qualitative data of both surface in leaves in the
meaning of epidrmal cell shape, cell wall pattern, presence of stomata, stomata
situation on the epidermis, presence or absence of trichome, trichome types and
granular pattern are exactly sarméese species are not samtered in the research of
Schaefer et gl(2012.

Accordi ng t.,4199),d ] satdaghensig9)eaand L. karsianus(2) showa
0.75 similarity level and.. nivalis (which is very similar td_. atropatanug andL.
variabilis (12) shows abouta 0.55 similarity level inthe UPGMA phenogram of

TurkishLathyrusspecies.

L. cyaneusvar. cyaneus(4), L. digitatus (1) and L. pallesence(7) exhibit 100 %
bootstrap (overlapped) due to UPGMA tree using Euclidgganarity index Figure
3-63. This resultcorrespond to the UPGMA tree obtained inFigure 3-22 of
qualitative data (light microscope metho#&pidermal cell shape, cell wall pattern
presence of stomata and position, presence of trichome and trichomeangbe
granular pattern ar@lentical L. spahulatus(11) exhibits a quiet weak bootstrap

(29%) with these species.
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Schaefer et gl (2012 studied few species of sectidrathyrostylisincluding (.
digitatus(1), L. spathulatug11), L. filiformis, L. pallesenc€7), L. tukhtensiq3), L.
bauhinii, andL. sphaericuk L. digitatus (1), L. spahulatus(11) andL. filiformis, L.
pallesencd?) respectivelyandhave been supported with 100 % bootstrap.

L. cyaneusand L. digitatus (1) demonstrate90% bootstrap support irthe
morphological studyf Leht, (2009 and 57% bootstrap support with pallesence

(7) relative toher researctSheconsidered 4LathyrusspeciesAlso, L. cyaneusand

L. digitatus(1)s how about 0. 80 si mi,1982rAccorgingltoe v e |
karyotype analyseof sectio Lathyrostyliswhich wereconducted by Gune2011),

L. cyaneusandL. digitatus (1) belongto the third group (with 8m +6sm karyotype
formula), and accordindgo pollen morphology. pallesencg7) and L. spathulatus

(11) havethe same shge of pollen (pheroida), according tathe research study of
Gunes(201)).

L. armenus(5) and L. elangatis (10) demonstrated 56% bootstrap support in this
studyas given inFigure 3-63. Their qualitative data showlenticalmicro characters

in epidermal cell shape, cell wall pattern, presence of stomata, stomata position,
presence of triabme and trichome type. However, {resence of granular pattern is
different asL. elongatus(10), which has only granule in its abaxial surfaeadL.
armenus(5) lacks granule on both leaf surfagd.. cilicicus (13) exhibis very low
bootstrap with these speciess quantitative traitthe length of epidermal cell on

both leaf surfaceof L. cilicicus (13) in the present study is in agmeentwith Celep

et al.,(2011).

Doj an €992 hale.indicated similarity level of L. armenus(5) and L.
elangats (10) in UPGMA & 75 %. Their pollen shape is spherojdaicording to
Gunes, 2011. Their karyotype formsikre different as. armenug5) belongs tahe
first karyolagical group and L. elangats (10) belongs tothe second karyological

group according to Gune$2011).
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L. sativus(23) and L. cicera (25) exhibitedvery weak bootstrap support (39 %) in
this study and.. gorgoni (26) also is related28%) tothese spees in UPGMAas
given inFigure 3-63. L. sativus(23) andL. cicera(25) haveidenticalepidermal cell
shapepresence angositionof stomatatrichome type and granular patte@nly the
wall pattern isdifferent. L. cicera (25) andL. gorgoni (26) both havean elongated
cell shage with straight wall patternif the abaxialsurfacg, which is in ageament
with Béassler,(1966).

Molecular analysis (RAPD) of eighfathyrusspecies indicatethatL. sativus(23) is

most similar toL. gorgoni (26). On the other hand.. odoratuswas the mst distant
from L. sativus(23). Also, L. gorgoni (26) andL. cicera(25) are equidistant from.

sativus (23) in terms of genetic divergence (Croft, 1999). sativus(23) and L.

cicera (25) wereinvestigated bySchaefer et al2012 and bear alose reldonship

(unmeasured bootstrap support) undahyrussection.L. gorgoni(26) bearsa close
relatiorship toL. sativus(23) andL. cicera(25)in their study.

The molecular based on internal transcribed spacer abiNgpsequence Kenicer et
al., (2005 mentionedL. sativus(23) and L. cicera (25) to exhibit a very strong
bootstrap valuelQ0 %).L. gorgoni (26) wasnot considered in their research. AFLP
were used to examine systematic relationshipgathyrus section by Badr et al
(2002. In their phylognetic tree (parsimony tree and distance based tree of
Neighbor Joining)L. sativus(23), L. cicera(25), andL. gorgoni(26) showa close
relationshipon a clade (that is unsupported by bootstrap valAsjnussen and
Liston, (1998, in strict consensusée analyse of combined rpoC and IR cp DNA
restriction site datashowedthatL. cicera(25), L. gorgoni(26), L. amphicarpusand

L. sativus(23) are supported by 94% bootstrap valuecicera(25) andL. gorgoni
(26) have 85% bootstrap valuand L. amphcarpusandL. sativus(23) have 82%
bootstrap value ihathyrussection.

L. cicera (25) and L. sativus (23) had the same style type (Cigype) in
micromorphological studgonducted by Oskuyiean et &011). L. gorgoni(26) has
Ssetype as style typeSea protein of 14 species dfathyruswas used by El
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Shanshoury 1997, andL. sativus(23) andL. cicera (25) are classified intohefirst

group in PCA andL. gorgoni (26) as in a different group.In the UPGMA
phenogram which wa condicted by Abou EEnain et al @007 based on
morphological characterof the seed surfagelL. sativus(23), L. cicera (25) , L.

annuus(20) and L. gorgoni (26) were studied in addition to44 otherLathyrus
speciesand in thecladogramobtainedthese species belortg subcladelathyrus
(their bootstrap value isnmeasured)L. sativus(23), L. cicera (25) andL. gorgoni
(26) areincluded in subgroup (b2).. cicera (25) is most closky aligned withL.

sylvestris(about 0.80 similarity)and L. sativus(23) is most closky related to L.

annuug(20) (about 0.8Gsimilarity).

In this study L. annuus(20) andL. undulatus(27) show 71 % bootstrap suppas
shownin Figure 3-63 and both belongo sectionLathyrus Their qualitative data in

leaf surface irthe meaning of cell wall pattern, presence of stomata and its position
on epidermisand granular pattern are exacthe same. Cell shape atichome

presenceand type are different in these species.

L. annuus(20) and L. hierosolymitanudgn Badr et h, (2002 and Asmussenand
Liston, (1998 show very strong bootstrap val(00 %). AlthoughL. undulatus(27)
is not considered ithese studiesSchaefer et gl(2012 also showedhatbootstrap
value betweerh.. annuus(20) andL. hierosolymitanugs very strong (95 %) and.
undulatus(27) andL. rotundifoliusandL. miniatusshowa very strong relationship
(100 %). L. annuus(20) and L. undulatus (27) are related in their study with
unmeasured bootstrap.o | a n (X092 skewow strong bootstrap (9%) betweerl.
annuus(20) andL. hierosolymitanus L. undulatus(27) is insect.Gorgoniain their

study.

Based o karyological research (Gunesd Cirpici, 2008) L. annuus(20) and L.
undulatus(27) havedifferent chromosome tygeand chromosome tota¢mhgth but
theirarm ratio (chromosome) ™ose in value (1.86 fdtr. undulatusand 1.78 folL.

annuus)

97



In the distance based on tliclidean similarity index of UPGMAas given in
Figure 3-63, L. boissieri(6) is separated frorhathyrostylissection and it is closer to
species ofthe sectionPratensis L. boissieri (6) has an isodiametric and slightly
elongated cell shape with straight wadittern which is specificamongthe species
examined One of the phenon in the UPGMA tréfégure 3-22) obtainingqualitative
data isL. boissieri(6). In the UPGMAquantitative dataRigure 3-18) L. boissieri
(6) is close td.. brachypterug14). Further analysess requiredto evaluate its exact
placementAlso, L. haussknechti{15) is a closer relative ta. sativus(23), L. cicera
(25), andL. gorgoni(26) than to bd_athyrostylissection This species was known as
variety of L. brachypterus(14) accordingto Davis, (1970 but it is accepted aa
different speciedy ¢ € |, d0& 1 Therefore L. haussknechti{15) is confirmed as a

different species in the currestudy.

Among the speciesexaminedin the present study,. pallesencg7) andL. cyaneus
var. cyaneug4) overlapdue totheir qualitative leaf data in bottype of microscope
(LM, SEM), anddue totheir quantitative leaf data of light microscqpmth species
are close. These speciaslong to seciathyrostylis L. armenug5) andL. elongatis
(10) also overlapdue to their qualitative databtained by thdight microscope
method and are close in SENhethod Also, L. satdaghensi9), L. karsianug2), L.
atropaanus (8), and L. variabilis (12) overlap,according to their qualitative data

with both types of microscope

UPGMA produced (Euclidean) based quoalitative micro morphological traits in
leaf surfaceis largely in agreement with existing estimates of phylogeny from
Kupicha, (1983; Asmussen and Listor§1998; Kenicer et al (2005 and Schaefer

et al.,(2012). So these resudtsupport thehypothesis thatqualitative microtraits in

leaf surface reflec@nevolutionary relationship.

Quantitative characters gelermal cell size, stomata size and trichome lengtre
measured for both leaf surfac@able 3-5, Table 3-6) andwereused inthe PAST
3.05 software program in order to obtain UPGMA. Adaxial and abaxial quantitative

data are used separately or togeti@ppendix B, Figure Bl, B2, B4 and
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relationships of species tertd disagree with existing phylogenetic estimate of
relationships When quantitative data are usedividualy (Appendix B, Figure BB
samples of the species are scattered actiosstree Missing data may have
influenced clustering a littlenpt dl quartitative data are found in one photograph, so
it can imply missing data). This also suggests thaantitative tras are variable
within species implying they are not phylogenetically determined and may be

environmentally determined &all within the naural variation of the species.

3.2.2Calyx Surface

Inner surface of calylacks stomata and trichomesnong thespeciesexamined Al
qualitative andjuantitativemicromorphological character resultstbé outer surface
of calyx (presence of stomata, stomsitze, trichome length and typdsdm the use
of the scanning electron mroscope are given imable 3-9 and Table 3-10.
Photographs are shovieetweerrigure3-65 andFigure3-88.

Table3-9 Micromorphological traits (gplitative of calyx surface among the 28
examined species (every species observed betwedr® Bamples)

Species(numbers) Prsef;i?;tz of Trichome Type
L.digitatus(1) POS i, i
L.karsianus(2) POS i, i
L.tukhtenss (3) POS i, i
L.cyanvar. cya(4) POS i, i
L.armenus(5) POS i, 1l
L.boissieri(6) POS i,
L.pallesence?7) POS i, i
L.atrapaanus(8) POS 1l
L.satdagheng9) POS i, i
L.elangatus(10) POS I, 1l
L.spathulatus (11) POS [, 1
L.variabilis (12) POS [l
L.cilicicus (13) POS I, 1l
L.brachyptery14) POS I, 1
L.haussknechti(15) NEG [l
L.aureus(16) POS I, 1
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Table 39 continued

L.vernuq17) POS [l
L.laxiflorus(18) POS i, i
L.roseug19) POS I
L.annuug20) POS Il
L.niger(21) POS I, 1l
L.clymenun(22) POS [, HI
L.sativug23) POS I, 1
L.pratensig24) POS I, 1l
L.cicerg25) POS I, 1
L.gorgoni(26) POS Il
L.undulatug27) POS Il
L.czecztiianus(28) POS [l

POS(positive), presence aftomata NEG (negative), absence ofosnata; I, glandular trichométl, noni

glandular trichome

Table3-10 Mean value®f Quantitative @lyx surfacecharactergmissing data are
shown with-1)

. Non gland Gland Stomatal Stomatal

species (numbers) length length width length
L.digitatus(1) 135.91 79.84 14 3.07
L.karsianug?2) 94.63 61.35 9.46 2.47
L.tukhtensig3) 94.61 51.43 13.42 4.21
L.cyanvar. cya4) 98.68 46.78 10.47 3.61
L.armenug5) 141.99 8811 13.25 4.31
L.boissier(6) 126.55 63.79 12.1 4.23
L.pallesencér) 119.53 77.56 13.6 4.2
L.atrapaanug8) 178.54 bl 8.4 2.7
L.satdaghen®) 216.56 65.81 11.16 3.38
L.elangatug10) 120.36 55.74 11.81 3.55
L.spathulatugl11) 141.91 92.64 13.77 3.17
L.variabilis(12) 99.31 bl 11.38 2.85
L.cilicicus(13) 162.22 82.15 10.93 3.58
L.brachypterug14) 178.6 67.57 12.28 3.2%6
L.hausknechti{15) 103.96 b1l b1l b1l
L.aureug16) 185.17 65.9 12.88 3.66
L.vernug17) 131.21 bl 11.8 3.62
L.laxiflorus(18) 493.9 72.68 13.18 2.66
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Table 310 continued

L.roseus(19) bl 95.2 12.43 2.45
L.annuus(20) bl 54.97 14.38 2.75
L.niger (21) 192.62 85.2 15.72 3.47
L.clymenum(22) 183.85 65.02 10.17 3.57
L.sativus(23) 284.25 60.55 9.17 2.24
L.pratensis(24) 345.28 67.43 11.78 2.89
L.cicera(25) 242.84 65.01 12.14 4.59
L.gorgoni (26) bl 64.82 9.25 1.87
L.undulatus(27) bl 87.05 16.15 3.65
L.czecztian (28) 881.68 bl 14.58 4.15

3.2.2.1Micromorphological Properties of Calyx Surface

3.2.2.1.1Stomata
All speciesexaminedhave stomata in their calyx excelpt haussknechtiiwhich
belong to Lathyrostylis section (SeeTable 3-9). Stomata density is different
betweenspecies. For examplé, tukhtensis, Lannuus L. pratensisandL. cicera
have manytomata on their calyx. Some othbave very few stomata in their calyx
such ad.. roseusL. niger,or L. gorgoni However,stomata dnsity is influenced by
environmental factor@ndso it wasnotconsideedin the present study.

Stomatal width ranges between 8.4 umlLin atropaanus and 16.15 pum inL.
undulatus Stomatal length ranges between 1.87 uni.igorgoni and 4.59 inL.
cicera as shown in Table 3-10. Exceptfor L. atropaanus all others belong to
section Lathyrus Stomata positioron the calyx surface @s not indicate any

significantdifferencebetweerthe examined.athyrus pecies.

3.2.2.1.2Trichomes
Trichomes presenas two types inthe calyx: dandular and nomlandular
(photogaphsseen inFigure 3-65 and Figure 3-90). Non glandular trichomes are
typical bicellulartype accompanied by an elongated terminal (tapering gradually

toward the apex). Glandular hairs aref capitate typewhich is unicellulay and
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contairs a stalk, neck ceJland cutinized secretory head. The length of the stalk is
less than more than or equal to the length of the head. The presence of both
glandular typse is a common condition inthe calyx surface amonghe species
examined L. atropaanus, L. variabilis, L. haussknechtiL. vernus, and L.
czeczttianushave onlya non-glandular trichomeype. Some species like roseus,

L. annuus, L. gorgorandL. undulatushave onlya glandular tthome in their calyx

as showm in Table 3-9. Some species liké. digitatus L. spathulatus and L.
variabilis have only trichomg on themargin ofthe calyx but not onthe surface.
Others like,L. karsianus, Larmenus, L. boissieri, L. atropus, L. satdaghensis,
L. niger, andL. czecztiianushavemanytrichomes on the margin and surfacef the
calyx. Most speciesexaminedwhich haveboth kinds of trichomes have manyonri
glandular trichomgand fewglandulartrichomes exceptL. laxiflorus L. clymenum

andL. sativus.

The longest nonglandular trichome length on calyx bel@ig L. czecztiianus at
881.68 um. Also, this specidmsthe longest norglandular trichome irthe adaxial
leaf surface. The second and the third longestgtandular trichome leng#in the
calyx belong toL. laxiflorus and L. pratensis All of these species are ithe
Pratensissection. The shortest nioglandular trichome length athie calyx belong
to L. karsianusandL. tukhtensiswvith 94.63 um and 94.61 umespectively Both of
these areseenin the Lathyrostylissection. The longest glandular trichome length
belong to L. roseusat 95.2 um (Qrobon sedion). (L. roseushas the longest
glandular trichome irthe abaxial leaf surfaceandthe shortest glandular trichome
length belong to L. cyaneusvar. cyaneusat 46.78 um [athyrostylis section).
Therefore, sect. Lathyrostylis has specieswith the shortest nori glandular and
glandular trichome length amonige Lathyrusspeciesexaminedand ®ct. Pratensis
has species witthe longest norglanddar trichomeon the calyx surfacamong the

specieexamined.
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Figure3-65. Non glandular trichomédd(ft) and glandular trichomei@ht) on the
calyx surface oL. digitatus

Figure3-66. Non glandular and glandulaichome on the calyx surface bf
karsianus
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Figure3-67. Glandular trichome (aboyecalyx surface (below , lgfand non
glandular trichome df tukhtensis
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Figure3-68. Norntglandular trichome of. cyaneuwvar. cyaneus

Figure3-69. Various type of noglandular and gladtular trichomes on the calyx
surface ol. armenus
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Figure3-70. Non-glandular trichomes on the calyx surface_oboissieri

Figure3-71. Nonglandular trichomeléft), adcular and glandular trichomeight)
on the calyx surface @f. pallesence

106
















































































































































