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The macro and micrkmorphology of flowers and nutlets of 35 species of Boraginaceae belonging to the Tribe
Cynoglosseae have been studied by light and scanning electron microscopes. ThesBamatagum(8 species),
Mattiastrum(11 species)Microparacaryum(4 species)Rindera(4 species)Cynoglossunt3 species)sSolenanthus

(2 species)Trachelanthugl species), andindelofia(1 species)Nutlets morphology of the examined species showed
sigrificant variation in shape, size, and surface ornamentation. Two main types of nutlets were defined: Type |,
without a wing, nutlets densely glochidiate, was observedynoglossum Solenanthus Trachelanthus,and
Lindelofia Type Il, characterized by winged nutlets, was found in all examined speé&tasaaiaryum Mattiastrum
Microparacaryum,and Rindera Our results highlight the importance of the floral and nutlet characters for the
identification of the most studied spesg, based on cluster analydise main aim of the present study is to investigate

the macro and micrmorphological characteristics of the studied species for the taxonomic identification and species
delimitation at the tribal level. For quick and eadgritification of the speciegjentificationkeys based on floral
characters have been developed.
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INTRODUCTION 1995 2000; Gray 1884; Johnston 19241927, 1937,
The family Boraginaceaeonsists of approximately Langstran and Chase 2002; Selvi andBigazzi 2003;
131 genera and 2500 speci@sinly distributed in dry, Selvi& al. 2006).
cliffy , and sunny habitats of Eurasia, the Mediterranean In somegenera of Boraginaceae, e@ynoglossum
region and western North Amerig@inzet and Akin (Akcin 2008),Lithospermunt. (Weigend& al. 2009),
2009). They aremainly annual, kennial, perennial Onosmal. (Akgin 2007 Binzet andAkcin 2009,
herbs shrubs, some tregand a few lianes, distributed  nutlet surface ornamentatignsing SEM) shows infra
throughout the temperate and#wpical regions of the generic variability and can be usdd assess the
world (Retief and Vanwyk 1997, with a high relationshipsamong the speciehe morphology of

distributionin Iran Willis 1973. nutlets has major taxonomic importance in

SubfamilyCynoglossoidea®/eigend ighe largest Cynodossum(Riedl 1978).Nutlets of Cynoglossum
subfamily, having about 900 species abf genera creticumMiller, C. officinaleL., C. montanunt., and
Recent molecular studies have shown that a wide range C. glochidiatumWall. distributed in Turkey, were
of previously recognized tribegplace into this studied byAkgin (2008). Despite differencesin fruit
subfamily (Chac6n& al. 2016 Pourghorban& al. surfacefeatures there arestill some problems in the
2020; Sherafati& al. 2021). Tribe Cynoglosseae systematics of trib€ynoglosseae.
W.D.J.Koch, Subtbe Cynoglossinae Dumartis A comprehensive study on morphological and
entirely restricted to the Old World, with a center of micro-morphological characters inbe Cynoglosseae
diversity in western Asia and the Mediterraneagion is almost lackingmoreoverthe potential application of
(Chacon & al. 2016 Attar & al. 2018. these characters ithe taxonomy of the tribe has not
Morphologically this subtribe is characterizedby been illustrated yeT he objecties of the present study
havingan ovateacuminate ovaryfour dorsoeventrally arel) to provide detailed morphological and micro
compressedutlets usually wih a concave to slightly morphological information on nutketand flowes of
convex, rarely flat central dis, anddistinct margin. thegenera irtribe Cynoglosseaeand?) to evaluatéhe
Central disc glochidiatepapillose and rarely smooth applicationof these characterm the identification of
marginwinged or uawinged; marginal wing flasuch the speciess well aglelimiting thegenerawithin the
asin Mattiastrum(Boiss) Brand)or incurved(such as tribe Cynoglosseae
in ParacaryumBoiss.); margis un-winged such afm
Cynoglossuni.. andLindeldfia Lehm. MATERIALS AND METHODS

Different researcher worked on the taxonomic Plant material
relationship among the taxa of tBeraginaceador a The nutlet and floral morphology andmicro-
synthetic approach dhis family, that considers both morphologyof 35 speciesncluding eight species of
phylogenetic and evolutionary aspec{€ronquist Paracaryum eleven of Mattiastrum three of

1981 Takhtajan 1997Selvi & al. 2006, and in most Microparacaryum(Popov ex Riedl) Hilger & Podlech
researchefuit morphologyhas beemsed as the most 4 of Rindera Pallas 3 of Cynoglossum 2 of

important  chaaicter  Fruits possess several Solenanthud.edeb, one ofTrachelanthukunze and
characteristics that adf valuable¢axonomic character Lindelofiawereinvestigatedf thetribe Cynoglosseae
for thetribe identification in the Boraginaceae, likiee usingSEM (ScanningelectronMicroscopy)andDino-
straight or incurved nutlet,a specialized form of Lite digital microscope AM413T. The dudied
emergence,the postion of attachment scarthe materialsvereobtainedrom TUH (Central Herbarium
distinctive form of prickles or glochid6Al-Shehbaz of Tehran University)FUMH (Ferdowsi University of
1991 Baillon 1888 Gurke 1893 Hilger 2014 Riedl| Mashhad)andTARI (Research Institute of Forests and

1997). Trese characters are also valuable for the Rangelandsherbaria and among these spegiage
definition of genera, speciesand subspeciefDanin also added some species from neighboring countries to
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have more information about their nutlets and flowers specimens of these speci€@mne to thregpopulations
variation (table 1). Identification was confirmed by were studiedin each specieso recognize possible
matching with the available literature antype differences

Table 1. List of the studied taxa, includiogllecting data of voucher specimens.

Taxa Locality Collector & Voucher
1 | Cynoglossum creticuidill. Iran. Gilan, Bandae Anzali Saeedi 18714 TUH
Iran. EastAzarbaijan, Kaleybar Attar 17169 TUH
2 | Cynoglossum officinalk. Iran. Hariz, near Chorteh Ghahreman 43255 TUH
3 | Cynoglossum teheranicuRied| Iran. Gilan, Langerud, Chaff Naghinezhad 27894 TUH
4 Lindelofia kandavanensBornm. & Iran. Gilan, Bandae Anzali Mozaffarian, 6796 TARI,
Gauba Iran. Mazandaran, Nowshahr Moradi 40051 TUH,
Iran. Mazandaran, 40 km Tonekabon to jar| 8464 TUH
abad
5 | Mattiastrum cristagalli Rech.f. & Iran. Mashhad, Chenaran, Quchbiezareh | Hojjat and Zengooie 29291
Ried| Iran. Mashhad, 59 km from Kashmar to FUMH; Ayatolahi & Joharchi,
Neyshabour 12667 FUMH
6 | Mattiastrum cristatunBrand Iran. Hamedan, 20km s of Nahavand Assadi & Mozaffarian 36999
TARI
7 | Mattiastrum densurfRech. f. & H. Iraq. near Koma sang (Harran), Police pos| Al-Shehbaz and A.R.Mayah,
Riedl) Heller NE of Mandali April 20, 1976
8 | Mattiastrumdielsii Bornm. Afghanistan. Kabul, Bandi Kharghak, 2050| Rechinger 31241
m
9 | Mattiastrum heratensRech.f. & Afghanistan. Bamian and Bardimir, 2800 | Rechinger 18174
Riedl 3000m
10 | Mattiastrum honigbergerRech. f. Afghanistan. Province Khasn SE slopes, | Rechinger 32142
Sata Kandao between Gardez and Khost,
28002200 m
11 | Mattiastrum leptophylluniDC.) Iran. WestAzarbaijan, Urumieh, Silvana Siami 327 TARI
Boiss.
12 | Mattiastrum luristanicun{Néb.) H. Iran. Khorassan, Targ malavi Foroughi 3289 TARI
Ried|
13 | Mattiastrum modesturfBoiss. & Iran. Khuzestan, 9 km to Behbahan, Road | Assadi and Abohamzeh 1790¢
Hausskn.) Brand Dehdasht, Rocky region, 200 m 38731 TARI
14 | Mattiastrum polyanthurRRech. & Iran. Semnan, 20 km NW of Shahrud Assadi&Mozaffarian 40929
Riedl TARI
15 | Mattiastrum pygmaeurRech.f. Iran. Semnan, 30km northest of Shahrud, | Assadi and Maassoumi 21080
Shahvar mont. Above Tash, 3500 m TARI
16 | Mattiastrum turcomanicunBrand Iran. Gorgan, 32 km to Marave Tappeh on| Assadi & Maassoumi 55450
the roadof Incheborum, 180 m TARI
17 | Microparacaryum bunggiBoiss.) Iran. Hormozgan, Bandsakbbas, 5 km to Mozaffarian52175TARI,
Khatamsaz Hajiabad, to Kahkom, 850 m; 3968TARI,
Hormozgan, Bandafbbas; 1330TARI
Esfahan, Ghamishleh, protected area, Koo
Dojdoon
18 | Microparacaryum intermedium Iran. Khorassan, Kashmdarvaneh Dini & Bazargan 33035TARI
(Fresen.) Hilger & Podl.
19 | Paracaryum stellaturil. Ried| Iran. Khorassan: south Birjand, 1800 m Aliabadi 22214TUH
20 | Microparacaryum salsur(Boiss.) Iran. Semnan, Kavir protected area, Talheli Runemark et al. 19513,
H.H. Hilger & D. Podlech Mont., 11161250m;
Khorasan, Shahrud, Turan protected area,| Rechinger 50616 TARI
km to E of ES Delbar, near Ahmalolad
21 | Paracaryum cyclhymeniu@oiss.) Iran. Kerman, 50 km W of Ravar, Khajeh | Assadi and Bazgosha
H. Ried| Iran. Tehran, road of Firozkuh. 56237TARI
Dini & Arazm 1570TARI
22 | Paracaryum persicuraubsp. Iran. Tehran, Rudehen Dini & Arazm 1631 TARI
macrocarpunH. Ried|
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Table 1. Continued.

Taxa Locality Collector & Voucher
23 | Paracaryum persicuraubsp. Esfahan: ca. 20 km sw Ardestan on the rog Wendelbo& Foroughi, 11504
persicum(Boiss.) Boiss. Taleghan, 1700 m TARI
24 | Paracaryum platycalyRied| Iran. 80 km from Zahedan on the road to | Assadi 22793 TARI
Khash
25 | Paracaryum rugulosurfDC.) Boiss. | Iran. Esfahan, 50 km Delijan to Meymeh, | Ghahreman and Attar 19082
2100 m TUH
26 | ParacaryunsintenisiiHausskn. ex Iran. Fars, 7 km from Evaz to Lar Assadi & Sardabi 41683 TARI
Bornm.
27 | Paracaryum strictunfC. Koch) Azerbaijan, Nakhitchevan, near
Boiss. Bichanak village24345000 m, Gogin 1647 MHA
28.05.1971.
28 | Paracaryum undulaturBoiss. Iran. Tehran, Darakeh Attar 29069 TUH
29 | Rindera albida(Wettst.) Kusn. Iran. Kordestan, Sanandaj Attar 2465 TUH
30 | Rindera bunge{Boiss.) Gurke Iran. Razavi Khorasan, Kashmar, Kuhsorkl{ Joharchi 45219 FUMH
District
31 | Rindera cyclodont®unge Iran.Bojnord, Ghorkhod protected area Joharchi 43655 UMH
Joharchi 44782 FUMH
32 | Rindera lanatgLam.) Bunge Iran. Kordestan, Sanandaj Attar 14292 TUH
33 | Solenanthus circinatusedeb. Iran.Tehran, Damavand Talebi 43264 TUH
34 | Solenanthus stamine(Besf.) Iran.Tehran, Damavand Talebi 43263 TUH,
Wettst. Iran. Mazandaran: road of Karaj to Chalus,| Nazarian 33418 UH,
Pole Zanguleh, 2550 m
Iran. Mazandaran, Kandov&iahbisheh Ghahreman 5290 TUH
35 | Trachelanthus cerinthoid€8oiss.) Iran. Tehran, Dizin Attar 45739 TUH
Kunze

For scanning electron microscopy, dry nutlets were digital microscope. The general terminology follows
directly mounted on metallic stabusing double Riedl (1967) and Davis (1988). Observations were
adhesive tape and coated with gold for 6 minutésen done on the surface patternsnotlets (Stearn 1973).
sputtering chamber (BATEC, SCDOOS) and Multivariate  analysis. multi-state  qualitative
observedvith SEM. Coating with gold by the physical  characters were converted into presealcsence
vapor deposition method (PVD) was restricted to 100 descriptions, whereas continuous quantitative measures

A. The SEM examination was carried owfth a were treated as such they were averaged on 15 to 20

TESCAN microscope. nutles for each taxon. Agglomerative cluster analysis
In total, 4 quantitative and 10 qualitative tragbthe was performed on the Average Taxonomic Distance

flowers and nutletsvere studiedtéble2). These were: dissimilarity matrix, after linear standardization by

calyx length, calyx width, corolla length, corolla shape, range of each variable of the original data set. The
corolla color,faucal appendagesutlet shape, nutlet unweighted paihgroup average algorithm (URG\)
length,nutlet surface ornamentation, stamens position, yielded the highest coefficient of cophenetic

style position, nutlet margjn disc and sepal correlation, which was performagingthe Mantel F
indumentumFor groupingof the studied speciémsed Test (Rohlf 1993). Ordination by Principal Component
onpetal and nutlet morphology and miemmrphology, Analysis (PCA) was then performed to summarize the

mentioned data were standardized (mean = 0, variance correlational structure among the variables and to

= 1). For morphological analysis, quantitative display it in a nonhierarchical way (Vez&yal. 1988).

characters were coded as multistate characters and usecEigenvectors and eigenvalues were extracted from the

for further analys (Podani 2000). correlation matrix. These analyses were performed
All measurements and observations taken from the using PAST version 2.17 (Hammgral. 2012).

corolla and nutlett@ble2) were donevith a Dino-Lite
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Table 2. Morphologicatharacterand coding of diagnostic nutlet and flower characterististudied species.

5i 6

12715 5i 8.5

3.55

Paracaryum persicuraubsp

persicum
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1

4.44.5 151.9 6.116.3 2

P. persicurrsubsp
macrocarpum

4.116.8

1

588

1il1.4

3.87.2

P. cyclhymenium
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1

1529 6i 8

4.27

P. platycalyx

5 8
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1i15

3i4.7
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4i 6

12115 415

3544

P. rugulosum

4.716.8 2

1

3.75

1i1.4

3i4

P. undulatum

3.613.9 2

1

0.5/0.8 3i3.1

2.313.6

P. strictum

3.1134

2

0.5'0.6 2i2.1

2.1r2.2

P. intermedium
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8.6i8.8 1

5

61 6.7

1i1.6

455

Mattiastrum luristanicum

8i8.5

4.714.8

1i15

3.53.9

M. turcomanicum

9.5'10

5

818.5

2i2.4

7375

M. densum

10.310.7 1

5

2

11711.5

2i2.8

5.3 5.5

M. dielsii

3.4i3.9

5

0.5/0.8 4i4.3

152

M. polyanthum

6.316.7 1

5

0.5/0.8 4145

2424

M. heratense

1

5i5.5

3i3.2

2125

23127

M. pygmaeum

1

10i 10.5

5.55.6

1i1.4

5.3 5.5

M. cristatum

8.59.1 1

5

8i8.2

2123

7.27.6

M. honigbergeri

9.119.5

5

051 3i3.2

22126

M. cristai galli

6.57

2

6.5/6.6

2121

3i3.5

M. modestum
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5
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M. leptophyllum
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2
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4
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4
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3
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4
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4
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1
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5

7.6i9.7
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4547

Trachelanthus cerinthoides
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7.17.3

4

77.5

2125

71173

Lindelofiakandavanensis

3.2135

2

0.4i0.6 2i12.2

1.42

Microparacaryum bungei

4.114.5 2

2

2

0.5/0.7 2526

1212

M. salsum

3545

2

2

0.5/0.6 1921

1i1.7

M. intermediund. stellatum
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RESULTS
Floral structure

Floral morphology and micrmorphological
featuresextensivelyaried among the studied taxarF
exampleregardingthe floral characteristicsthe calyx
length variedbetween Inm (Paracaryum stellatum H.
Ried) to 7.6 mm (Mattiastrum honigbergerRechf.),
and calyx lobse width varied from 0.5 mm
(Microparacaryumsalsum(Boiss.) Hilger & Podlech
M. intermedium f. stellatum M. bungei (Boiss)
Khatamsayto 37 mm (RinderalanataBongeiandR.
cyclodontaBonge).

The corolla length varied between 2 mm
(Microparacaryum salsum M. intermedium f.
stellatum M. bunge) to 12 mm Mattiastrum dielsii
Bornm.). Dominant corolla colois in therange ofred,
violet, purple, and there are other colors like dark
purple Cynoglossum officina)e(fig. 1, a3), pink or
whitish (Cynoglossum creticuMiller, R. lanatg), (fig.

1, a2, d1), dark maroon to deep pirRyfoglossum
teheranicum Riedl), (fig. 1, al), pale vyellow
(TrachelanthuscerinthoidesKunze), (fig. 1, c), bluish
purple Solenanthus circinatusedebouy, (fig. 1, el),
red or reddiskpurple (Solenanthus stamineus
Macbride RinderaalbidaKusn) (fig. 1, e2, d2), violet
purple Paracaryumcyclhymenium(Boiss) Ried|, P.
rugulosumBoissier P. persicun{Boiss) Boiss.subsp
persicum, P. persicursubsp MacrocarpumRied|, P.
platycalyxRiedl, P. sintenisiiHaussk. ex Bornm, P.
intermediumLipsky, P. strictumBoiss, P. undulatum
Boiss, Microparacaryum salsumM. intermediumf.
stellatum M. bungeiandMattiastrumspecie (fig. 1,
f1, g1-g7, hl).

Corolla shape also revealed high variability among
the studied speciesfor example, funnetshapein
LindelofiakandavanensiBornm. & Gauba(fig. 1, b),
cylindricakcampanulatein Cynoglossum officinale,
Rindera lanata, R. cyclodonta, R. albid&. bungei,
Paracaryumcyclhymenium, P. rugulosum, P. persicum
subsp persicum, Ppersicumsubsp macrocarpum, P.
platycalyx,P. intermediumP. sintenisii, P. stctum, P.
undulatum, Microparacaryum salsui, intermedium
f. stellatum M. bungei and Mattiastrumtaxa €ig. 1,
a3, did4, fi1, gtg7, hl), shortly campanulate to
infundibular Cynoglossumcreticum) (fig. 1, a2),
cylindrical to infundibular Cynoglssumtehranicum,
Solenanthugircinatus, S. stamineyffig.1, al, ele?),
cylindrical (Trachelanthuscerinthoide$ (fig. 1, c).
Stamenslong exsertedfrom corolla in Solenanthus
circinatus, S. stamineu®. bungee;short exserted in
Rindera albida, Paracaryum cyclhymenium, P.
persicum subsp persicumand P. persicumsubsp
macrocarpum stamensincluded in the corolla in
Cynoglossuntreticum, C. tehranicumC. officinale,
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Rindera lanata, R. cyclodonta, a&acaryum
rugulosumpP. intermediumP. platycalyx, P. sitenisii,
P. strictum, P. undulatum, igfoparacaryumsalsum,
M. intermedium f. stellatum M. bungei and
Mattiastrum taxa, Lindelofia kandavanensisand
Trachelanthuserinthoides.

The dyle was exserted irRinderg Cynoglossum
SolenanthugTrachelanthusandLindelofiaor included
in Paracaryum Mattiastrum Microparacaryum

Nutlet morphology

Some differences inthe size of nutles were
observedRinderalanata has the largest nutlets (22.3
22.8 mm dian) whereadMicroparacaryunbungei and
M. intermediumf. stellatumhave the smallest nutlets
(3.2 - 4.5 mm diarete)) (table?2). Nutlet shape shows
some differences suborbicular, rarely ovate in
Paracaryum taxa €ig. 2, g1-g8), ovate in
Microparacaryum CynoglossumTrachelanthusand
Solenanthufig. 2, al-a2, c,d1-d2, f1-f2; fig. 2, f3-f4),
orbicular inRinderaand Lindelofia (fig. 2, c, el-e4),
and subkorbicular inMattiastrum(fig. 2, h1-h12).

The nutlets surfaces also have different
ornamentations whichre described in more detail in
table2. Twotypes of nutlet surface ornamentation were

recognized:

-The glochidiate surface was found in
CynoglossunLindelofia andSolenanthus(fig. 2, at
a2, b, did2).

This type is the most common in the studied
species.

-The tuberculate surface was found in

Trachelanthus, Rindera, and Mattiastrum
turcomanicum(Bornm. & Sint.) Brand (fig. 2, c, el
e2, h10).

Based orthe nutlet margintwo types are recognized:
Type | (unwinged nutlets)

Nutlets densely glochidiate, without a wing, was
observed irCynoglossunpSolenanthusTrachelanthus
and Lindelofia (figs. 3, aka2, b, c,d1-d2). In these
genera, there are some similarities and some
differences. InlCynoglossumnutlet length varies from
5.1:6.7 mm C. creticum C. teheranicuto 7 mm C.
officinale). Their nutlets are ovate to ovatebicular,
dorsal surface (disc) convex or depressed, with or
without raised margin, glochidiate surface. In
Cynoglossumofficinale disc is sparsely glochidiate,
ventral and lateral surfaces densely glochidiateC.in
creticumdensely and evenly glochidiate, with tubercles
between glochids onthe dorsal surface, inC.
teheranicum dorsal surface flat to convex, less
glochidiate than lateral and ventral surfaces, with or
without scattered small tubercles between glochids.
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Fig. 1. Retal shapes of the studisgpecies by stereomicroscog.: Cynoglossum teheranicura2: Cynoglossum
creticum,a3:Cynoglossum officinajé: Lindelofia kandavanensis; Trachelanthus cerinthoided]: Rindera lanata,
d2: Rindera albida,d3: Rindera bungeid4: Rindera cyclodontagl: Solenanthus circinatusg2: Solenanthus
stamineus, f1: Paracaryum stellatum,gl: Paracaryum cyclhymeniumg2: Paracaryum persicumsubsp.
macrocarpumg3 Paracaryum persicursubsp.persicum,g4: Paracaryum rugulosung5: Paracaryum sintenisii,
g6: Paracaryum strictumg7: Paracaryum undulatunh1: Mattiastrum cristagalli

In Solenanthus circinatusutlets are brown, 5-5.6 and ventral surface, disc smooth with few long erect
mm width, ovate, densely glochidiate, marginal glochids and inLindelofia nutlets are dowventrally
glochids much longer than those of dorsal surface; compressed, orbicular, ca. 7 mm, abaxially discoid
tubercles on dorsalrface inconspicuous or absent but  glochidiate.
in S. stamineusutlet length is 5.%.5 mm, sparsely Type Il (winged nutlets)
glochidiate on dorsal surface; margin elevatighsely Characteristics ofvinged nutlets wrefound in all
glochidiate; tubercles between glochids few or absent. examined species ofParacaryum Mattiastrum
In Trachelanthus cerinthoideswutlets are broadly Microparacaryum Rindera This type can be divided
ovate, #7.5 mm, densely glochidiat&culeate on sides into 2 subtypes:
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Fig. 2. Electron micrographs (SEM) ofnamentations of nutlet surface. alynoglossum teheranicyna2, C.
creticum b, Lindelofia kandavanensig, Trachelanthus cerinthoidesl1, Solenanthus circinatysl2, S. stamineus;
el, Rindera lanata;e2, R. albidg e3,R. bungei;e4, R. cyclodontafl, Microparacaryum bungeif2, Paracaryum
intermedium f3, Microparacaryum salsupf4, M. intermediunt. stellatum g1, Paracaryum cyclhymeniung2, P.
persicunsubspMacrocarpumg3,P. persicunsubspPersicumg4,P. platycalyxg5,P. rugulosumg6, P. sintenisii.

Subtype A denticulatemargin teeth in 2 rows. IrP. strictum
Wing of nutles is incurved in Paracaryumand nutlets are &-3.9 mm diam, disc echinulatethe
Microparacaryum(fig. 2, f1-f4, g1-g8). margin of wing incurved, teeth in 3 rows. IR.
In Paracaryum nutlets are4, suborbicular, rarely rugulosumnutlets ared-6 mm, discsmooth or sparsely
ovate dorsal surface glabrous or with protuberances echinulate; margin of wing incurved, rugulose, entire or
incurved wings membranouspartly coveedthe disc, irregularly denticulatéfig. 4, g5) In Microparacaryum
and its internal margiis distinctly denticulate only in nutlets are ovate, -8 mm broad, margin broadly
P. strictum and indistinctly denticulate in other  winged with a small to large aperture, papilloseer
speciesln ParacaryumsintenisiiHausskn. ex Bornm. margin lobed dentidate middle dorsal area smooth or

nutletsare 5-8 mm diam disc smooth or with a few glochidiate.
spinules on keel; wing broad, incurvedyith
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Fig. 2 continued g7, Paracaryum strictumg8, P. undulatum hl, Mattiastrum cristatumh2, M. densumh3, M.
dielsii; h4, M. heratensgh5, M. luristanicum h6, M. honigbergerj h7, M. leptophyllumh8, M. polyanthumh9, M.
odestumh10,M. turcomanicumh11,M. cristagalli; h12,M. pygmaeum.

Subtype B

In Rindera and Mattiastrum taxa, the wing of
nutlets is flat and does not cover thedlffig. 3, ele4,
hl-h12)Paracaryumis similar to Mattiastrum but
differs from it by having incurvedving nutlets.Based
onthe external margin ahewings, the following three
shapesare recognizedl. entire in M. densum M.
dielsii, and M. turcomanicum(fig. 3, h2, h3, h10; 2.
denticulate inM. luristanicum, M. pygmaeum, M.
modestumandM. crista-galli & M. pygmaeun(fig. 3,
h5, h9, h1ih12) and 3. denticulateglochidiate inM.
cristatum, M. heratense, M. polyanthum, M.
honigbergeriandM. leptophyllum(fig. 3, hl, M4, h6-7).

In Rindera albidaand R. bungeinutlets are 715
mm, two-winged; outer wing 3 mm broad, margin
undulate, inner 2 mm broad, incurved, margin cristate
dentate, glochids absenwhile in R. lanataand R.

cyclodontanutlets are 122 mm, smooththe wing
with smooth or undulatendoften blue margin, without
glochids.

Multivariate analysis
Cluster analysis

The relationship among the studied species
explored based on flower and nutlet morphology,
using UPGMA The dendbgram constructed using
UPGMA, clustering separated the species within the
studied genera fo distinct clustes (fig. 6).

Two major clustersare noticeable containinthe
species  of Paracaryum  Microparacaryum,
Mattiastrum andRinderain the first major cluster, and
Trachelanthus cerinthoides, Solenanthus, Lindelofia
kandavanensjsCynoglossumspecies in the second
major cluster.
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