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Summary

The genus Myosotis, or “forget-me-not”, has a global distribution in most of the temperate regions of both Northern and
Southern hemispheres, a number of its species are used as ornamental plants. In order to clarify the taxonomic relationships of
the species of this genus, pollen grains of 14 species were prepared from the T and FAR herbaria and were examined by means
of a light microscope (LM) and a scanning electron microscope (SEM). Thirty-one characteristics such as pollen size, shape,
surface type and the type, number and size of apertures studied and analyzed by PAST, PCA and IQ-TREE software, and
subsequently, phylogenetic trees are drawn. The results indicated that, the species M. ramosissima and M. diminuta and the
species M. lithospermifolia 1 and M. sparsiflira found to be closely related to each other as they were clustered together.
Moreover, pollen shape dimorphism was identified in the two species of M. lithospermifolia 1 and M. minutiflora while the
results of PCA analysis and clustering on the basis of palynological traits placed these species together. The characteristics of
the polar axes length in the equatorial view with a light microscopeand diameter of equatorial or polar axes in light microscopy,
the relative length of polar axis to equatorial axis of Psedocolpi, and the presence of Ubisch bodies in the polar head of pollen
grains have been found to be valuable for the clustering of taxa pollen grains of M. lithospermifolia, M. sparsiflora, Myosotis
sp., M. diminuta, M. propinqua, M. olympica, and M. anomala were studied for the first time. The identify key is provided based
on examined the pollen grains characters. The non-monad of pollen grains for the first time from Boraginaceae in the form of
the diversity of pollen grains of the species M. lithospermifolia 1 was reported.

Keywords: Boraginaceae, micromorphology, phylogenetic tree, pollen grain, taxonomy

doddlo
o= (Pourghorban et al. 2020) el ez 0 665 VYoo B VF- e 5 i 2+ lls (Boraginaceae Juss.) )Lsb;4l8
ot SBLS g psn o5 5 Jlod oS 0 53 0 Jotes blis i 40 5 anils lem (ST, MyOSOLiS L. b Sapigel 3 JS
Jolis 1y 565 Ve e B AL 050> s> ol (AKbarnejad 2023) wijls 1, cuoy 00,8 <ol a5 wsle oo bl o IS LSS 4l
9 4 iz opl (Khatamsaz 2002) ! 508 5 (Riedl 1967) ol ) 1,413 jo .(Mabbefley 2008, Weigend et al. 2016) 545 oo

el 4 gy 4w Juld Myosotis iz ,; 048 oo oS Strophi CZ.) Popov 5 Myosotis x5

®
(Riedl 1967, Khatay 2@2

:Atazadeh et al. 2020) e 2LE cloo 5 5| 6 kot )d Seloinns (cloimghy ) smmslin Il oslidon,§ lellias

es Popov 4 Silvatica Popov Myosotis

OlFse ) Olssl 5l sob; sleaiss (Cla 48,5 5lai )3 (05,592 ) eurypalynous (slao 5 5l (o 5553
@ ol e 00,5 el 5l el a, Diez & Valdés 1991) ols Laseis oyl 05,5 sladils Slav ulul,
Nowicke & Ridgway ) sges eolazwl o

055 IS e 4 5 0l Vb Slibcky g | 355 ! 55 2,5 Ranibar et al. 2020 :Mohsenzadeh et al. 2020

b gaaiih blas (95 (p89) lp (Pl 9 YU Jeily b ganadl Il S5 Glgie
CodS'g 22 &y g0 4 My0SOLis gleos 5 .(1973, Nowicke & Skvarla 1974, Nowicke & Miller 1990, Taroda & Gibbs 1986
El Ghazali & Krzywinski 1989, ) (pseudocolpi) w35 sleazy jo b glice g COlpOri ol 4y 23l (Apertuer) asw o £45 90 b
endoaperture ol 4 5SS A3ls 4z ;0 S5 5l o] slacolpori a5 aiiws (Hargrove & Simpson 2003, Weigend et al. 2016
o3Sb .(El Ghazali & Krzywinski 1989, Diez & Valdés 1991) wloals JSCis ektoaperture sb 4y 55,5 Sgpm 42,0 SO g
Avetisian 1956, Hargrove & ) el ool a8 5y &0 ol ;0 MyoSOtis s ales 5l 0,5 ol 05,5 o,L,0 g0l wladlas

Simpson 2003, Coutinho et al. 2012, Robertson 1989, Robertson 1992, Robertson & Lloyd 1991, Sahay 1979, Robertson
& Lloyd 1993, Robertson & MacNair 1995, Brandon 2001, Meudt 2016, VVolkova et al. 2017, Bigazzi et al. 2006, Retief
& Van Wyk 1997, Fukuda & lkeda 2012, Bigazzi & Selvi 1998, Bou 1968, Marticorena 1968, Clarke 1977a,b, Diez

5 okl o Sldlas ol (1984, Khatamsaz 2001, Diez & Valdes 1991, Nowicke & Skvarla 1974, Attar et al. 2018
Clarke 1979a, Noroozi et al. 2022) sl 009y wiasy)l 0,5 IS 0 JalSS slaais, asllas pixad § b iz dga> s
Quaternary o,g5 ;o JLolSs slansg, wile ;550 sladiw) g Myosotis o sladiss caog (o 1) soge sbrosls o (Sahay 1979,
Grau & Leins 1968, Grau & Schwab 1982, Diez & Valdés ) cuwl auto iz (pl gondad glp a5 aas oo 413 L] o
Slpl a5l S slees S wliicoy,p, Slas gg, S3lis )l adllae G all Boa b Guiss ol (opl ol (1991
A3 90 0505 )0 izl Gl e S0 jolaie a4y Wls S5 3 aslllas 5550 B 45 e alex | MyosOLis

Sl 00 u).'..» Oyge



Nbt Fi nal

IR 9

Oyye @5 9ly oo3)le> oAl FAR g (s aly (o0j)le3 oSl T slaps)bya com)lpe sladises 59, aslllas
& 5 o slaite O 08 Sy 53 9 23 o NSZAA05 Jos ogSns Sngs ool oS @ ladigos Sl (¥ 5\ slaJgoz) <5
5 4aBs Ve Sas 4 oo ,S gl Carl Zeiss Jow (LM) (5,5 5wy, S Jawgd digad cw,yp sl ol ools IG5 oe5
Bdy g aie 5y 50 aiBs ) Goe 4 adiged e .0 ploul laiie O 40 4B O Cioe Ay gl L § S0 O Staol Sl
53 asdllas 5,90 100 X OLE 1.25 LS, 5 b (LM) (5,95 wogScws S by 4y s 5 2 (6 jual S5, Saiie T b ous
SoS b Sley slaaiges «(kV Y+-10) Hitachi SU3500 Juws (SEM) 0,55 S5l sSavs Sae b Wadiges ooy (5l woiid 5
(S e o8l SEM (655 e olialejl au JUSI 51y 9 2l 0315 (IS (0297 1 g S Slafie O 55 058ty Singn il
Imagej ljsla 3 b SEM) oS5 (g 25 S S 5 (LM (5,55 g5y Secn b 00 gy slopSe 5,5 4y o] sl
9 43,0 42,0 5 Job g 00,5 slaails Jla3 5 Job 5 (5558 ©5Swg,Se 50 03,5 slaails Jla 5 Jsb aiile Slao (ow) 2 sl 15V
bsgs o6 1598 Sl am (o 2 990 Do 9 08 )13 (6 S o3Il g anlllae 9550 0,15 (S5 Sl gy Som )3 03 5 laals Sl
sebbal )l co ) w5 g (Principal components analysis) PCA o w5 0038 ,5 o laibewl lasl jo Past 4/13v 15316 3
Bidarlord ) 55,5 oww,5 V- + + Bootstrap Namber L Euclidean caliis jLeo L UPMGA ig, 4 (Y Jguz) dslllac 5,50 Slao
(& Vitek, 2020

Halbritter et ) M. alpestris F.W.Schmidt .(Halbritter 2016) M. sylvatica Hoffm. 453 ,le> (sl a5 <ol 55 LLS
(Halbritter et al. 2016) M. ramosissima Rochel ex. Schultes. 1 ¢ (Halbritter & Heigl 2020) M. scorpioides L. «(al. 2020

ol 0058 )5 oolazwl https://www.paldat.ogg/ cole 31 S xSIl GeSws ;S slaosls

e ooy solawl LSLQ‘L‘; - Jgu\-’?
ith their related data

L‘DQ] ULC)L‘Q‘ LJ O‘)ao.‘b 6)y U}i‘uyi.n
Table 1. Palynological study of the species with the light migsScege

No. Taxon Herbarium Collector/Voucher No.
Name
1 Myosotis alpestris T Khalkhal, M. Bidarlord 24739
F.W.Schmidt

2 M. anomala Riedl. an province: Lisar protected M. Bidarlord 1972

area, Subatan, 2200 m

3 M. diminuta Grau TARI Zanjan province: 45 km the road M. Mahmoodi 99889
from Zanjan to Dandi, Morassa
village, 8km toward summit of

Mount Damerlu, near abandoned

mine, 2510 m
Myosotis sp. T Gilan province: Talesh M. Bidarlord 24740
M. lithospermifolia 1 T Gilan province: Lisar protected M. Bidarlord 24746
area
M. lithospermifolia FAR Tehran province: Afje Zaygan, Without collecte 018400
(willd.) Hornem. 2 2000 m
M. minutiflora Boiss. T Ardabil  province: Khalkhal, M. Bidarlord 24741
& Reut. Palangah Mt., 2600 m
M. olympica Boiss. T Ardabil  province: Khalkhal, M. Bidarlord 24745
Palangah Mt.
M. propinqua Fisch. T Mazandaran  province:  Sari- H. Bahrami 11060
& C.A.Mey. Semeskandeh near Velashed,

160 m
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10 M. ramosissima T Nortern  Khorasan province: A. Ezazi 4868
Rochel ex. Schultes. Esfarayen, Saluk National Park,
2 Joz valley, 1472 m

11 M. scorpioides L. T Gilan province: Lisar protected M. Bidarlord 24742

area, Subatan, 2000 m

12 M. sparsiflora T Ardabil  province:  Khalkhal, M. Bidarlord 24743
J.C.Mikan ex Pohl. Shahroud riverside, 1200 m

13 M. stricta Link ex T Ardabil province: Khalkhal, Ag- M. Bidarlord 24744
Roem. & Schult. Dagh Mt., 2300 m

14 M. sylvatica Hoffm. T Gilan province: Lisar protected M. Bidarlord 1984

area, Bakro Dag, 2700 m

Lﬁbu—l Sl b o‘)o.(b o)lii ‘515),&.” u95w45)i~a S»L;,i}oo; axJlas B 0o oodlazwl GL“‘L’; - Jgu\?
Table 2. Palynological study of the species with the scanning electron microscope (SEM) along with their related data
Herbarium

No. Taxon name Locality Collector/Voucher No.
1 Myosotis T Gilan province: Lisar protected M. Bidarlord 27746
lithospermifolia 1 area

2 M. lithospermifolia 2 FAR Tehran province: Afje Zaygan, Without collecte 018400
2000 m

3 M. stricta T Ardabil province: Khalkhal, - M. Bidarlord 24744
Dagh Mt., 2300 m

4 M. sparsiflora T Ardabil  province: M. Bidarlord 24743
Shahroud rivergi#e, 1s

5 M. minutiflora T Ardabil halkhal, M. Bidarlord 24741

6  Myosotis. sp. T M. Bidarlord 24740

7 M. diminuta M. Mahmoodi 99889
Zanjan to Dandi, Morassa
village, 8 km toward summit of
Mount Damerlu, near abandoned

mine, 2510 m

8 M. propinqua T Mazandaran  province:  Sari- H. Bahrami 11060
Semeskandeh near Velashed, 160

m

Ardabil  province:
Palangah Mt.

9  M.olympica T Khalkhal, M. Bidarlord 24745

10 M. anomala T Gilan province: Lisar protected M. Bidarlord 1972

area, Subatan, 2200 m
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Fig. 1. Scanning electron microscope (SEM) micrographs of Myosotis poll . 1-4: M. lithospermifolia 1, 5-10:
M. lithospermifolia 2, 11-14: M. stricta, 15-18: M. sparsiflora, 19— ora, 23-28: Myosotis sp., 29-31:

M. diminuta, 32-34: M. propinqua, 35-38: M. olympica, 39— ﬁw\

T X A VA
o # o0 o 00 RS 3 4 -
o 0 @ 00 (@) %
S oo g ()
@ o & o
8¢ = 0
o8 L 00— -
5 3 G 0 8 9 O
S G\G 0 ®
&0 (¢ (1)
¥ 00% 0 e (]
DA
9 J 10 1l 12
% . 0 2
Q \ 0 g
& e 800@ @ @
)
220 % 5]




Nbt Fi nal

13 14
0% >

0 )

M. anomala :Y M. alpestris :\ .5l Ver Sl L Myosotis sladisS (LM) (5,5 woSwg So pglas -V JSC&
M. olympica :A M. minutiflora :¥ M. lithospermifolia 1 :# M. lithospermifolia 2 :&6 Myosotis sp. :¥ M. diminuta Y
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Fig. 2. Pollen grains of Myosotis species by light microscope (LM) with 100x. 1: M. alpestris, 2: M. anomala,
3: M. diminuta, 4: Myosotis sp., 5: M. lithospermifolia 2, 6: M. lithospermifolia 1, 7: M. minutiflora, 8: M. olympica,

9: M. propinqua, 10: M. ramosissima 2, 11: M. palustris, 12: M. sparsiflora, 13: M. stricta, 14: M. sylvatica (Bar = 50 um).

:1Olas (SEM) 0,55 55 xSl Sy, S 5 (LM) (6,55 95y, Sen b oy aslllas sloassS slaos )5 law anslin -Y Jous
shortest polar ) SPAEV(LM) «(dispersal unit and peculiaritiesd) DIU/PEC «<(apertural system) APS <(pollen unit) POU
shortest SDEPV (LM) <(longest polar axis in equatorial view (LM) um) LPAEV (LM) ¢(axis in equatorial view (LM) um
«(longest diameter in equatorial or polar view (LM) um LDEPV (LM) diameter in equatorial or polar view (LM) um
«(longest polar axis in equatorial view um) LPAEV (SEM) «(shortest polar axis in equatorial view um) SPAEV (SEM)
longest diameter in equatorial or ) LDEPV (SEM) «(shortest diameter in equatorial or polar view um) SDEPV (SEM)
DO «(outline in polar view) OPV «(shape) SHA «(P/E-ratio) P/ER «(polarity) PQL «(pollen class) POC «(polar view um
APC «(aperture type) APT «(aperture number) APN <(infoldings (dry polle «(dominant orientation (LM) (LM)
liarities) APP <(aperture condition)
PV (SEM) ¢(equatorial view um
(SEM) «(colpus type) COT <«(number

pi¥ongest diameter in equatorial or polar view um)

Table 3. Comparison of pollen characteristics of i ecies with light microscope (LM) and scanning electron
microscope (SEM). Characteristics: PQU 4 i S (apertural system), DIU/PEC (dispersal unit and

psedocolpi ) PSN «(aperture longest diameter in equatorial or,@olar
PLDEPV (SEM) «(psedocolpi longest polar axis in equatggsi@l vid u

ameter in equatorial or polar view (LM) um, LDEPV(LM) (longest
diameter in equatorial or polar vie ), SPAEV (SEM) (shortest polar axis in equatorial view um), LPAEV
(SEM) (longest polar axis in equatori@l view um), SDEPV (SEM) (Shortest diameter in equatorial or polar view um,
LDEPV (SEM) (longest diameter in equatorial or polar view um), POC (pollen class), POL (polarity), P/ER (P/E-ratio),
SHA (shape), OPV (outline in polar view), DO (LM) (dominant orientation (LM), INF (infoldings (dry pollen), APN
(aperture number), APT (aperture type), APC (aperture condition), APP (aperture peculiarities), SUP (surface polar),
ALPAEV (SEM) (aperture longest polar axis in equatorial view um), ALDEPV (SEM) (aperture longest diameter in
equatorial or polar view um), PSN (psedocolpi number), COT (colpus type ), PLPAEV (SEM) (psedocolpi longest polar
axis in equatorial view um), PLDEPV (SEM) (psedocolpi longest diameter in equatorial or polar view um), ORN (SEM)
(ornamentation SEM), and UBB (Ubisch bodies).

equatorial view (LM) um, SDEP
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SPAEV SDEPV SPAEV SDEPV
. (LM)- (LM)- (SEM)- (SEM)- ) .
Taxon POU-APS DIU/PEC LPAE LDEPV LPAEV LDEPV POC-POL P/ER-SHA
V (LM) (LM) (SEM) (SEM)
Myosotis scorpioides Monad- Monad 0.008- 0.003- 6.556-7.14 2.303- Colporate/monad- Prolate-hourglass-
6Heterocolpate 0.009 0.004 2.58 isopolar shaped
M. propinqua Monad- Monad 0.006- 0.002- 5.081-5.648 2.508- Colporate/monad- Prolate-hourglass-
6Heterocolpate 0.007 0.002 2.797 isopolar shaped
M. sparsiflora Monad- Monad 0.004- 0.001- 4.824-5.747 2.802- Colporate/monad- Prolate-hourglass-
6Heterocolpate 0.005 0.002 1.985 isopolar shaped
M. stricta Monad- Monad 0.008- 0.003- 8.05-8.696 3.88- Colporate/monad- Prolate-hourglass-
6Heterocolpate 0.009 0.004 4.076 isopolar shaped
M. lithospermifolia 2 Monad- Monad 0.005- 0.003- 4.905-5.515 2.056- Colporate/monad- Prolate-hourglass-
6Heterocolpate 0.006 0.003 2.87 isopolar shaped
M. sylvatica Monad- Monad 0.005- 0.002- 7.296-7.949 3.704- Colporate/monad- Prolate-hourglass-
6Heterocolpate 0.006 0.003 4.046 isopolar shaped/bacilli-shaped
M. ramosissima 1 Monad- Monad 0.009- 0.004- 9.5-10.806 6.254- Colporate/monad- Prolate-hourglass-
for SEM and 2 LM 6Heterocolpate 0.01 0.005 6.741 isopolar shaped/bacilli-shaped
M. alpestris Monad- Monad 0.005- 0.002- 6.954-7.394 3.128- Cad-isopolar Prolate-hourglass-
6Heterocolpate 0.006 0.002 3.93 shaped/bacilli-shaped
M. anomala Monad- Monad 0.004- 0.001- 8.224-8.546 5.246- Colporate/monad- Prolate-hourglass-
6Heterocolpate 0.005 0.002 5.944 isopolar shaped/bacilli-shaped
M. olympica Monad- Monad 0.007- 0.003- 6.78-7.404 3.062- Colporate/monad- Prolate-hourglass-
6Heterocolpate 0.007 0.003 3.728 isopolar shaped/bacilli-shaped
M. diminuta Monad- Monad 0.009- 0.005- 9.243-9.512 6.189- Colporate/monad- Prolate-hourglass-
6Heterocolpate 0.01 0.006 6.439 isopolar shaped/bacilli-shaped
Myosotis sp. Monad- Monad 0.006- 0.003- 7.251-7.689 3.789- Colporate/monad- Prolate-hourglass-
6Heterocolpate 0.007 0.003 isopolar shaped/bacilli-shaped
M. minutiflora Monad- Monad 0.009- 0.003- 7.173-8.369 Colporate/monad- Prolate/spheroidal-
6Heterocolpate/ 0.009 0.004 heteropolar/isopolar hourglass-shaped/
? outline triangular
M. lithospermifolia 1 Monad/ Monad/ 0.009- 0.003- \g 7. Colporate/non monad Prolate/spheroidal-
non monad non monad 0.01 0.0 .62 - unknown- hourglass-
unknown- diversity 81/ 4.598/4. heteropolar/isopolar shaped/pyramidal
6Heterocolpate/ 4 486 tetrahedron
?

W


https://www.paldat.org/pub/Myosotis_ramosissima
https://www.paldat.org/pub/Myosotis_ramosissima
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Table 3 (contd). Comparison of pollen characteristics of the studied species with light microscope (LM) and scanning
electron microscope (SEM)

OPV- INF- A(EE?/SV PSN- P(EE?AI?}/ ORN
Taxon (E|\O/|) APN APT-APC APP-SUP ALDEPV coT PLDEPV (SUEB"\Q_
(SEM) (SEM)

Myosotis Circular Aperture Colporus- Lalongate, margo, pseudocolpus, 8.148-2.787 3- 8.714-0.931 Psilate,

scorpioides shape- (s) colporate/ heteroaperturate-polar area with pseudo perforate-
psilate sunken-3 tricolporus triangular tenuitas colpus present

M. propinqua Circular Aperture Colporus- Lalongate, margo, pseudocolpus, 3.074-1,035 3- 3.318-0.195 Psilate,
shape- (s) colporate/ heteroaperturate-psilate, perforate pseudo perforate-
psilate sunken-3 tricolporus colpus present

M. sparsiflora Circular Aperture Colporus- Lalongate, margo, pseudocolpus, 2.6-1.072 3- 2.004-0.107 Psilate,
shape- (s) colporate/ heteroaperturate-psilate, perforate pseudo perforate-
psilate sunken-3 tricolporus colpus present

M. stricta Circular Aperture Colporus- Lalongate, margo, pseudocolpus, 5.235-1.85 3- 7.144-0.188 Psilate,
shape- (s) colporate/ heteroaperturate-psilate, perforate pseudo perforate-
psilate sunken-3 tricolporus colpus present

M. Circular Aperture Colporus- Lalongate, margo, pseudocolpus, 3.065-0.957 3- 3.669-0.253 Psilate,

lithospermifolia shape- (s) colporate/ heteroaperturate-psilate, perforate pseudo perforate-

2 psilate sunken-3 tricolporus colpus present

M. sylvatica Circular Aperture Colporus- Lalongate, margo, pseudocolpus, 3.86-2.225 3- 5.067-0.714 Psilate,
shape- (s) colporate/ heteroaperturate-polar area with pseudo perforate-
psilate sunken-3 tricolporus triangular tenuitas colpus present

M. ramosissima Circular Aperture Colporus- Lalongate, margo, pseudocolpus, 6.575-3.536 3- 9.859-0.576 Psilate,

1 for SEM and 2 shape- (s) colporate/ heteroaperturate-psilate, perforate pseudo perforate-

LM psilate sunken-3 tricolporus colpus ?

M. alpestris Circular Aperture Colporus- Lalongate, margo, pseudocolpus, 6.558:2.237 3- 7.683-1.528 Psilate,
shape- (s) colporate/ heteroaperturate-polar area with pseudo perforate-
psilate sunken-3 tricolporus triangular tenuitas colpus present

M. anomala Circular Aperture Colporus- Lalongate, margo, pseudocolpus, 4 3- 6.001-0.407 Psilate,
shape- (s) colporate/ heteroaperturate-psilgt® perf pseudo perforate-
psilate sunken-3 tricolporus colpus ?

M. olympica Circular Aperture Colporus- 5.35-1.407 3- 5.899-0.152 Psilate,
shape- (s) colporate/ pseudo perforate-
psilate sunken-3 tricolporus colpus present

M. diminuta Circular Aperture 4.264-1.688 3- 5.905-0.84 Psilate,
shape- (s) pseudo perforate-
psilate sunken-3 colpus ?

Myosotis sp. Circular Aperture Lalongate, margo, pseudocolpus, 3.214-1.943 3- 3.832-0.456 Psilate-
shape- (s) heteroaperturate-psilate pseudo present
psilate sunken-3 colpus

M. minutiflora Circular Aperture Colporus- Lalongate, margo, pseudocolpus, 3.119/ 3/3- 6.509/ Psilate-
shape/ (s) colporate/ heteroaperturate-psilate 3-1.656/ pseudo ?-0.302/ ?

T-shape-  sunken-3/ tricolporus 1.663 colpus ?
psilate 3

M. Circular Aperture Colporus- Lalongate, margo, pseudocolpus, 3.472/ 3/7- 4.851/?-0.633/ Psilate-

lithospermifolia shape/ (s) colporate/ heteroaperturate-psilate -2 pseudo ? present/

1 trihedral-  sunken-3/ tricolporus ? colpus ?
psilate ?

"


https://www.paldat.org/pub/Myosotis_ramosissima
https://www.paldat.org/pub/Myosotis_ramosissima
https://www.paldat.org/pub/Myosotis_ramosissima
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Fig. 4. PCA analysis of studied traits (Table 4). 1: M. sylvatica, 2: M. ramosissima, 3: M. scorpioides,
4: M. alpestris, 5: M. anomala, 6: M. olympica, 7: M. propinqua, 8: M. diminuta, 9: Myosotis sp., 10: M. minutiflora,
11: M. sparsiflora, 12: M. stricta, 13: M. lithospermifolia 2, 14: M. lithospermifolia 1.
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(a0 slawd) S iy 4 Slae M. minutiflora 455 sjlulax sl (b Sy g SaSly axlg) C as FB JSG 5o
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M. iy @ sbasls gilulas sy (3 L olewol sl jo az o Jad o) 5 i) X cas M. lithospermifolia 1 4568
el sles jo oad jeme o 5 SYsb) W Slas g M. diminuta 5 M. anomala M. alpestris (M. scorpioides .ramosissima
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Table 4. Coding of traits studied by PCA analysis in Myosotis

Longest polar axis in Shortest polar axis in Dispersal unit and Apertural System Pollen unit Characteristics
equatorial view (LM) equatorial view (LM) um peculiarities
um
E D C A Codes
Shortest diameter in Longest polar axis in Shortest polar axis Shortest Characteristics
equatorial or polar equatorial view (SEM) equatorial view ? diameter in
view (SEM) um um equatorial
or polar
view (LM)
um
J | H G F Codes
Shape P/E-ra Polarity Pollen class Longest Characteristics
diameter in
equatorial
or polar
view (SEM)
um
0 N M L K Codes
Aperture type Aperture number Infoldings (dry pollen) Dominant orientation Outline in Characteristics
(LM) polar view
T S R Q P Codes
Psedocolpi number Aperture longest diameter Aperture longest polar Aperture peculiarities Aperture Characteristics
in equatorial or polar axis in equatorial view condition
view (SEM) um (SEM) um
Y X w \% U Codes
Ubisch bodies Ornamentation (SEM) Psedocolpi longest Psedocolpi longest Colpustype  Characteristics
diameter in equatorial or polar axis in equatorial
polar view (SEM) um view (SEM) um
33 32 31 30 z Codes
Surface Characteristics
polar
34 Codes
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oays Cryptantha Lehm. ex G.Don 4 Trigonotis Steven (Myosotis ;s 05,5 ails oy 5 S>6S ¢, Ll ;55 slo iz s 50
Oy 00,5 slaails (YL £435 0925 L (Weigend et al. 2014) ol S o g Codgy LI 0,5 cpl )0 00 5 slaails 04 oo
Noroozi et al. ) ol duie 55 5ol sl j0 S5 0, cwlidaly] jo 00 5 ails Glao 353 0,5 Hlals el sloey,s
(2021

b Blo s n Vggnl wlgs wodiie b odsS g taf 0 jhie ladigS paled )3 addllas 3550 (LS (laos S
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> ol addlas jo aisgs ol jo Sla5eT 9,0 (slos T g5 llo (lad o glay s 4 M. sylvatica 4 M. ramosissima
ol o b eess gl (LS aJiS M. lithospermifolia 1 4555 00,5 ;0 pglasl slaws b ol olge e g (S
S M Il (Barber 1942) 0L ols o)155 o 8 HalS 5le,s TV jo |y cdls ol (Erdtman 1945) (yeis )l ol 3,155
Asclepiadaceae ) ;L3 il )0 00,5 dils baws 3l JSiis Ladsy O jae 4 aSl Uz b obgs Sl a4 ]y 00,5 slaasls
ls 5,158 (Mimosaceae) (L5055 (Orchidaceae) (,L.ls (Borkh.

»> Boraginaceae, Cynoglosseae s Eritrichieae LS oo 5 cwliicsy, g9, (Diez & Valdez 1991) jalls 50 mls
wbd sl jo 5 lgwl Al 0 00,88,8 L 500,08 JLaius U span bMyosotis sleos 5 a5 clils by syl 0y 32ands
Olnl addllas 5550 slood,5 50 mlis pl a8 wisgy ools (aedd Sy 4 Sudg Sl ) gl 4y Cad o 5 Wiogy (alo s
Do 0l odld adeis Codgy g Veigil (Khatamsaz 2002) jLuqesls Lawgs M. litgospermifolia sleos )35 IS ais oanli
(Volka & Severova 2013) lgg g 5 Sgg 090 3,5 9 g s Yaug5nl ¢ Y950 as
g5k & 03,5 alls ()T (b g amo o 5 iy Susby (LS 50 a5 (slossy)
s el JS8 4 g gl sles 3 Vsl g sbge Myosqi
Sl 5o (Hargrove & Simpson 2003) yguonw 5 98 ol 053
M. M. laxa M. lamottiana M. discolor .

M. lithospermifolia oo ,5 a5 J> o

s sl (g9, 955 slo o, p b
& B L (] e 0 0S5,z el 4y T Laas
Phalustis L asles a5 wog Jlia b plopls odad sl jo 4

Wipbens WM. debilis M. arrensis M. alpestris  slaaisS a5 aurils

“welwitschii (M. stricta M. secunda M. lithospermifolia Jpersonii
A% oays Musylvatica 453 ;o aid ol> aslllas jo cll> cpl a5

P o (Meudt 2016) sws Vargp! Sopsgel 3 5 sloos 5 aS pl 5924 L

Cadgy Soad a9 Jbog el codg i b 0,8 ¢ Jbog paul codigl (suid a8 Myosotis sleos 5 .04, 1,8 5 0acld o] M. minutiflora

(Meudt 2016) sls aseis ohd sles ;o oz 9 2oz (55,5 5 ghaws &y0i 40,5 Ll b gleinl gl ;o colisl b
«dg  lge I, Myosotis scorpioides os 3 «ils (Volkova et al. 2017) )], Sen 5 19550y .09 Oglass Sl ! (slaMyosotis L a5

And Codg O 90 4 M. sylvatic

s M. lithospermifolia 1 ,o «ol> ow

e 09 Sl M. scorpiodis auile 45" Wsgs osls aseis oad gles ;o plopls o slsiwl les jo ISKG b Cels g Va9
aS ools aseis b Caele IS 45 9 Blo Ly 85 Sg e Caed jo | M. wumengensis os,5 asls (Hao et al. 2017) .l Ko 4
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M. M. arvensis M. alpestris ax; o Lol a5 asls olo (il (g5, 095 aslllas b Y+ ¥) (guanw 5 9,5,
5 M. sylvatica M. stricta M. minutiflora .M. seuunda M. ramosissima M. laxa M. lamottiiana .M. decumbens debilis
M. j0 00,5 £ g5 3> 4 aS Zewl Laiad BB Q3 [Ls a5 gdiie jLad aw b g 0090 CodsS 9 5 g5 51 ML welwitschii
S 5o ol () JSK8) al ssalin > pl 4 dslllas 990 sladiges 8L [0 g (astinl az jo slaws a5 lithospermifolia 1
S’ (Hargrove & Simpson 2003) sgs oads ools awseis sae il Ul M. personii g M. discolor ;o ledsy jo slass a5 el
LB (g pol Gaiou L

wbd sles jo g Blo gleul sl o 58] mhaw b codsSgim 5 cudsSey M. scorpioides aisS o o5 )5 slaasls
s o ly 00,8 Glas 5l cdls (pl el oo a5 050 Q3L dzm ;o aw b glis date jLad 4w (sl)ls 00,5 slaails yuoren jloF] s
g alimdle 39y 423 plonil igS (pl CudeS g i JolSS (59, a5 (V1Y) Gl e 5 15585
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