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Summary

The genus Myosotis (forget-me-not), has a global distribution in most of the temperate regions of both the Northern and Southern
hemispheres where a number of its species are used as ornamental plants. To clarify the taxonomic relationships of its species, pollen grains
of 14 species were prepared from the T and FAR herbaria and examined utilizing a light (LM) - and a scanning electron microscopes
(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 1Q-TREE softwares, and subsequently, phylogenetic trees were drawn. The results indicated that, M. ramosissima and
M. diminuta with 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 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 microscope and 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 M. lithospermifolia, M. sparsiflora, Myosotis sp., M. diminuta, M. propinqua, M. olympica, and M. anomala pollen grains which were
studied here for the first time. The identify key is provided based on examined the pollen grains characters. The non-monad of pollen grains
from Boraginaceae in the form of the diversity of pollens of M. lithospermifolia 1 is also reported for the first time.
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Table 1. Palynological study of the Myosotis species with the light microscope (LM) along with their related data

. Herbarium
No. Taxon Locality, collector & voucher No.
Name
1 Myosotis alpestris Ardebil Prov.: Khalkhal, Sardul, 2800 m; M. Bidarlord 24739 T
F.W.Schmidt
2 M. anomala Riedl. Gilan Prov.: Lisar protected area, Subatan, 2200 m; T
M. Bidarlord 1972
3 M. diminuta Grau Zanjan Prov.: 45 km from Zanjan to Dandi, Morassa village, TARI
8 km toward Damerlu peak, near an abandoned mine, 2510
m; M. Mahmoodi 99889
4 Myosotis sp. Gilan Prov.: Talesh; M. Bidarlord 24740 T
5 M. lithospermifolia 1 Gilan Prov.: Lisar protected area; M. Bidarlord 24746 T
6 M. lithospermifolia 2 Tehran Prov.: Afjeh Zaygan, 2000 m; unknown collector FAR
(Willd.) Hornem. 18400
7 M. minutiflora Boiss. & Ardebil  Prov.:. Khalkhal, Palangah Mt., 2600 m; T
Reut. M. Bidarlord 24741
8 M. olympica Boiss. Ardebil Prov.: Khalkhal, Palangah Mt.; M. Bidarlord 24745 T
9 M. propinqua Fisch. & Mazandaran Prov.: Sari-Semeskandeh, near Velashed, 160 m;
C.A.Mey. H. Bahrami 11060
10 M. ramosissima 2 Northern Khorasan Prov.: Esfarayen, Saluk National Park, Joz T
Rochel ex. Schult. valley, 1472 m; A. Ezazi 4868
11 M. scorpioides L. Gilan Prov.:. Lisar protected area, Subatan, 2000 m; T
M. Bidarlord 24742
12 M. sparsiflora J.C.Mikan Ardebil Prov.: Khalkhal, Shahroud riverside, 1200 m; T
ex Pohl. M. Bidarlord 24743
13 M. stricta Link ex Roem. Ardebil Prov.: Khalkhal, Ag-Dagh Mt., 2300 m; T
& Schult. M. Bidarlord 24744
14 M. sylvatica Hoffm. Gilan Prov.: Lisar protected area, Bakro Dag, 2700 m; T

M. Bidarlord 1984
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Table 2. Palynological study of the Myosotis species with the scanning electron microscope (SEM) along with their

related data

] Herbarium
No. Taxon Locality, collector & voucher No.
Name
1 Myosotis lithospermifolial Gilan Prov.: Lisar protected area; M. Bidarlord 24746 T
2 M. lithospermifolia 2 Tehran Prov.: Afjeh Zaygan, 2000 m; unknown collector 18400 FAR
3 M. stricta Ardebil  Prov.. Khalkhal, Ag-Dagh Mt., 2300 m; T
M. Bidarlord 24744
4 M. sparsiflora Ardebil Prov.: Khalkhal, Shahroud riverside, 1200 m; T
M. Bidarlord 24743
5 M. minutiflora Ardebil Prov.: Khalkhal, Palangah Mt.; M. Bidarlord 24741 T
6 Myosotis sp. Gilan Prov.: Talesh, M. Bidarlord 24740 T
7 M. diminuta Zanjan Prov.: 45 km from Zanjan to Dandi, Morassa village, TARI
8 km toward Damerlu peak, near an abandoned mine, 2510
m; M. Mahmoodi 99889
8 M. propinqua Mazandaran Prov.: Sari-Semeskandeh near Velashed, 160 m; T
H. Bahrami 11060
9 M. olympica Ardebil Prov.: Khalkhal, Palangah Mt.; M. Bidarlord 24745 T
10 M. anomala Gilan Prov.. Lisar protected area, Subatan, 2200 m; T
M. Bidarlord 1972
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M. lithospermifolia 1 :\-f Myosotis > (SEM) o, S8l oSy, S boodds agd 00,5 ails =Y &
[Myosotis sp. :Y¥-YA M. minutiflora :Y4-YY M. sparsiflora :\06-\A M. stricta :V\-\¥ M. lithospermifolia 2 :6-)-
(yieog,Sue O = wlie) M. anomala :¥4-¥) M. olympica ¥'0-YA M. propinqua :¥Y-¥'¥ M. diminuta :Y4-Y'

Fig. 1. Scanning electron microscope (SEM) micrographs of Myosotis pollen grains. 1-4. M. lithospermifolia 1,
5-10. M. lithospermifolia 2, 11-14. M. stricta, 15-18. M. sparsiflora, 19-22. M. minutiflora, 23-28. Myosotis sp.,
29-31. M. diminuta, 32-34. M. propinqua, 35-38. M. olympica, 39-41. M. anomala (Bar =5 pum).

\d
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M. anomala :Y M. alpestris :\ .l Voo SleiF )5 L Myosotis slaaisS (LM) (5,5 woSws So pglas =V JSC&
M. olympica :A M. minutiflora :¥ M. lithospermifolia 1 :# M. lithospermifolia 2 :6 [Myosotis sp. :¥ M. diminuta :Y’
M. sylvatica :\f M. stricta :\Y M. sparsiflora :\Y M. palustris :\Y M. ramosissima 2 :\+ M. propinqua :4

(o ySoe 00 = uliio)
Fig. 2. Pollen grains of Myosotis species by the 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 pm).
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(SEM) 0,55 55,58l g (LM) (5,55 55wg ,Son b \Sapiigal 8 5 i o dalllas slaassS (sloos 5 Slaw awslio -Y Jous
Table 3. Comparison of pollen characteristics of the studied Myosotis species with the light (LM) - and scanning electron

microscopes (SEM)

SPAEV SDEPV SPAEV SDEPV
(LM)- (LM)- (SEM)- (SEM)-
Taxon POU-APS DIU/PEC LPAEV LDEPV LPAEV LDEPV POC-POL P/ER-SHA
(LM) (LM) (SEM) (SEM)
pm pm pm pm
Myosotis scorpioides Monad- Monad 8-9 3-4 6.556— 2.303- Colporate/monad- Prolate-hourglass-
6Heterocolpate 7.14 2.58 isopolar shaped
M. propinqua Monad- Monad 6-7 2-2 5.081- 2.508- Colporate/monad- Prolate-hourglass-
6Heterocolpate 5.648 2.797 isopolar shaped
M. sparsiflora Monad- Monad 4-5 1-2 4.824— 2.802- Colporate/monad- Prolate-hourglass-
6Heterocolpate 5.747 1.985 isopolar shaped
M. stricta Monad- Monad 8-9 34 8.05— 3.88- Colporate/monad- Prolate-hourglass-
6Heterocolpate 8.696 4.076 isopolar shaped
M. lithospermifolia 2 Monad- Monad 5-6 3-3 4.905- 2.056— Colporate/monad- Prolate-hourglass-
6Heterocolpate 5.515 2.87 isopolar shaped
M. sylvatica Monad- Monad 5-6 2-3 7.296— 3.704- Colporate/monad- Prolate-hourglass-
6Heterocolpate 7.949 4.046 isopolar shaped/bacilli-shaped
M. ramosissima 1 Monad- Monad 9-10 4-5 9.5~ 6.254— Colporate/monad- Prolate-hourglass-
for SEM and 2 6Heterocolpate 10.806 6.741 isopolar shaped/bacilli-shaped
LM
M. alpestris Monad- Monad 5-6 2-2 6.954— 3.128- Cad-isopolar Prolate-hourglass-
6Heterocolpate 7.394 3.93 shaped/bacilli-shaped
M. anomala Monad- Monad 4-5 1-2 8.224— 5.246- Colporate/monad- Prolate-hourglass-
6Heterocolpate 8.546 5.944 isopolar shaped/bacilli-shaped
M. olympica Monad- Monad -7 33 6.78— 3.062— Colporate/monad- Prolate-hourglass-
6Heterocolpate 7.404 3.728 isopolar shaped/bacilli-shaped
M. diminuta Monad- Monad 9--0 5-5 9.243- 6.189- Colporate/monad- Prolate-hourglass-
6Heterocolpate 9.512 6.439 isopolar shaped/bacilli-shaped
Myosotis sp. Monad- Monad 6-7 33 7.251- 3.789— Colporate/monad- Prolate-hourglass-
6Heterocolpate 7.689 4.29 isopolar shaped/bacilli-shaped
M. minutiflora Monad- Monad 9-9 3-4 7.173- 4.249- Colporate/monad- Prolate/spheroidal-
6Heterocolpate/ 8.369 4.32 heteropolar/isopolar hourglass-shaped/
? outline triangular
M. lithospermifolia 1 Monad/ Monad/ 9-10 34 7.735/ 4.286/ Colporate/non monad Prolate/spheroidal-
non monad non monad 5.627— 4.128- unknown- hourglass-
unknown- diversity 8.281/ 4.598/ heteropolar/isopolar shaped/pyramidal
6Heterocolpate/ 6.984 4.486 tetrahedron
?
Table 3 (contd) (aolo) ¥ Joue
ALPAEV PLPAEV
OPV-DO (SEM)- (SEM)- ORN
Taxon (LM) INF-APN APT-APC APP-SUP ALDEPV PSN-COT PLDEPV (SEM)-
(SEM) (SEM) UBB
pm pm
Myosotis scorpioides Circular Aperture (s) Colporus- Lalongate, margo, 8.148- 3- 8.714- Psilate,
shape- sunken-3 colporate/ pseudocolpus, pseudocolpus 0.931 perforate-
psilate tricolporus heteroaperturate-polar area 2.787 present
with triangular tenuitas
M. propinqua Circular Aperture (s) Colporus- Lalongate, margo, 3.074- 3- 3.318- Psilate,
shape- sunken-3 colporate/ pseudocolpus, pseudocolpus 0.195 perforate-
psilate tricolporus heteroaperturate-psilate, 1.035 present
perforate
M. sparsiflora Circular Aperture (s) Colporus- Lalongate, margo, 2.6 3- 2.004- Psilate,
shape- sunken-3 colporate/ pseudocolpus, pseudocolpus 0.107 perforate-
psilate tricolporus heteroaperturate-psilate, 1.072 present
perforate
M. stricta Circular Aperture (s) Colporus- Lalongate, margo, 5.235- 3- 7.144— Psilate,
shape- sunken-3 colporate/ pseudocolpus, pseudocolpus 0.188 perforate-
psilate tricolporus heteroaperturate-psilate, 1.85 present

perforate
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Table 3 (contd) (aolo) ¥ Joue
M. lithospermifolia 2 Circular Aperture (s) Colporus- Lalongate, margo, 3.065- 3- 3.669- Psilate,
shape- sunken-3 colporate/ pseudocolpus, pseudocolpus 0.253 perforate-
psilate tricolporus heteroaperturate-psilate, 0.957 present
perforate
M. sylvatica Circular Aperture (s) Colporus- Lalongate, margo, 3.86— 3- 5.067— Psilate,
shape- sunken-3 colporate/ pseudocolpus, pseudocolpus 0.714 perforate-
psilate tricolporus heteroaperturate-polar area 2.225 present
with triangular tenuitas
M. ramosissima 1 Circular Aperture (s) Colporus- Lalongate, margo, 6.575— 3- 9.859- Psilate,
for SEM and 2 shape- sunken-3 colporate/ pseudocolpus, pseudocolpus 0.576 perforate-?
LM psilate tricolporus heteroaperturate-psilate, 3.536
perforate
M. alpestris Circular Aperture (s) Colporus- Lalongate, margo, 6.554— 3- 7.683- Psilate,
shape- sunken-3 colporate/ pseudocolpus, pseudocolpus 1.528 perforate-
psilate tricolporus heteroaperturate-polar area 2.237 present
with triangular tenuitas
M. anomala Circular Aperture (s) Colporus- Lalongate, margo, 4.061- 3- 6.001- Psilate,
shape- sunken-3 colporate/ pseudocolpus, pseudocolpus 0.407 perforate-?
psilate tricolporus heteroaperturate-psilate, 2,011
perforate
M. olympica Circular Aperture () Colporus- Lalongate, margo, 5.35- 3- 5.899- Psilate,
shape- sunken-3 colporate/ pseudocolpus, pseudocolpus 0.152 perforate-
psilate tricolporus heteroaperturate-psilate, 1.407 present
perforate
M. diminuta Circular Aperture (s) Colporus- Lalongate, margo, 4.264— 3- 5.905— Psilate,
shape- sunken-3 colporate/ pseudocolpus, pseudocolpus 0.84 perforate-?
psilate tricolporus heteroaperturate-psilate, 1.688
perforate
Myosotis sp. Circular Aperture (s) Colporus- Lalongate, margo, 3.214- 3- 3.832— Psilate-
shape- sunken-3 colporate/ pseudocolpus, pseudocolpus 0.456 present
psilate tricolporus heteroaperturate-psilate 1.943
M. minutiflora Circular Aperture (s) Colporus- Lalongate, margo, 3.119/3- 3/3- 6.509/?7— Psilate-?
shape/ sunken- colporate/ pseudocolpus, pseudocolpus 0.302/?
T-shape- 3/3 tricolporus heteroaperturate-psilate 1.656/
psilate 1.663
M. lithospermifolia 1 Circular Aperture (s) Colporus- Lalongate, margo, 3.472/7- 3/- 4.851/7— Psilate-
shape/ sunken- colporate/ pseudocolpus, pseudocolpus 0.633/? present/?
trihedral- 3?7 tricolporus heteroaperturate-psilate s
psilate

S S b liosd (glas 4 oekad jma 3 50lisS) SPAEV (LM) c(ls S5 5 ST, a1s) DIUPEC (a3 30 potamas) APS (03,5 1) POU :lios
P55y Sen b (b8 b ol slas o 5l8 0 30l5S) SDEPV (LM) (5595 wr95wg oo L (il (slas )3 (oohaB 520 00 5 5V 5b) LPAEV (LM) (s )53
P55y S b il las o (ol j9e (2 olis) SPAEV (SEM) (s )5 w55y Sn b (a8 L (gl (slos o )b 0 55 $Y5b) LDEPV (LM) (s )53
sl slas 5 yLab 1 50bisS) SDEPV (SEM) (o (55 g i sy S by (olgias] (slas 55 olsd gmmn (25 ¥sbo) LPAEV (SEM) (o lS5 g 2SI
POL (03,5 ) POC (0,15 (59 58Ul 098y oo b (a8 L il (sled 3 5had (5 SV 5bo) LDEPV (SEM) (0,15 (539 5l gy Sn b (a8 b
(S 08,5 UK 1005) INF (655 3Ss Sern b gxhams £5) DO (LM) (s (slos o (oIS 1) OPV (US5) SHA (P/E-Capund) PIER o(apeled)
kb oo 015 Ysk) ALPAEV (SEM) o( orksd gelans) SUP (azss o (6lo oS5ng) APP (azms > Copnio) APC (4, £45) APT ((azsy, olss) APN
(0,15 (S SIl Samg S b (B b (gl (sled 53 4z y3 JlaS (n 5 SYsbo) ALDEPV (SEM) «(0,15 539yl ©9Smg Sion b (gl (slod ) azm 0
(SEM) (0,155 g 2SIl oS Se s sl (slas 53 dlS a0 oeksd pgmo 5 Y5b) PLPAEV (SEM) (L £45) COT w(dlS azey o hass) PSN
9 (0155 (G985 098y San b Slin 35) ORN (SEM) (0,50 (59 58U gSmgSorn b (had b (ol (las 0 O3 azm s Jlad 0 5 SYsb) PLDEPV

(035 als dad )5 09290 S i plux]) UBB
Characteristics: POU = pollen unit, APS = apertural system, DIU/PEC = dispersal unit and peculiarities, SPAEV (LM) = shortest polar axis in equatorial
view, LPAEV (LM) = longest polar axis in equatorial view, SDEPV (LM) = shortest diameter in equatorial or polar view, LDEPV (LM) = longest
diameter in equatorial or polar view (LM), SPAEV (SEM) = shortest polar axis in equatorial view), LPAEV (SEM) = longest polar axis in equatorial
view), SDEPV (SEM) = shortest diameter in equatorial or polar view, 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, ALDEPV (SEM) = aperture longest diameter in equatorial or polar view, PSN = psedocolpi No., COT
= colpus type, PLPAEV (SEM) = psedocolpi longest polar axis in equatorial view, PLDEPV (SEM) = psedocolpi longest diameter in equatorial or polar
view, ORN (SEM) = ornamentation SEM, and UBB = Ubisch bodies.
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Fig. 3. Phylogenetic tree of the species of Myosotis by traits obtained by the light (LM) - and scanning electron
microscopes (SEM) studies using Past software.
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M. scorpioides ¥ M. ramosissima :¥ Myosotis sylvatica :\ .(A-B) adlas s,5 lao PCA JUT -F i
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Fig. 4. PCA analysis of studied traits (A-B). 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 (Table 4).

"
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Table 4. Coding of traits studied by PCA analysis in Myosotis

(<) (<) 5] D 5]
Characteristic 8  Characteristic ©  Characteristic 8  Characteristic &  Characteristic &
o o o o o
Pollen unit A Apertural B Dispersal unit C Shortest polar D Longest polar E
System and axis in axis in
peculiarities equatorial equatorial
view (LM) view (LM)
pm pum
Shortest diameter in equatorial or polar view (LM) um F Longest G Shortest polar H Longest polar | Shortest J
diameter in axis in axis in diameter in
equatorial or equatorial equatorial equatorial or
polar view view (SEM) view (SEM) polar view
(LMm) um um (SEM)
pm um
Longest diameter in equatorial or polar view (SEM) pm K Pollen class Polarity M P/E-ratio N Shape o
Outline in polar view Dominant Q Infoldings R Aperture S Aperture type
orientation (dry pollen) number
(LM)
Aperture condition U Aperture \Y Aperture W Aperture X Psedocolpi Y
peculiarities longest polar longest number
axis in diameter in
equatorial equatorial or
view (SEM) polar view
pm (SEM)
pm
Colpus type z Psedocolpi 30 Psedocolpi 31 Ornamentation 32 Ubisch bodies 33
longest polar longest (SEM)
axis in diameter in
equatorial equatorial or
view (SEM) polar view
pUm (SEM)
pm

Surface polar

34
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oS wisls plo dnlie p 0asS g,z > 4 O Lais gl
Celu g olsiwl sles ;o Vel 9 obge Myosotis palustris
o b slopls M. palustris asile odad sled jo 5 S0 s
(Hargrove & Simpson 2003) guerw 5 5,5, 2o
M. debilis M. arrensis M. alpestris 45" aszils bl 50
M. laxa M. lamottiana M. discolor M. decumbens
.M. stricta M. secunda M. lithospermifolia .M. personii
&y50 4 M. sylvatica g M. miniutiflora M. welwitschii
655 4o haid Lol aslhe o Sl ol a5 wiies Sy

A saalive M. sylvatica
SSapbsali U5 shess &5 ol
«(Meudt 2016)

S9zy b

‘)..oL> o B [EOSEW- )Ys.:sjﬂ
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03,5 ails (Volkova et al. 2017) ] )ISon 5 195505 041 glizo
IS b el g Vgl cedgy «lge 1) M. scorpioides
aS Wols aseis oad sl jo glopls 5 oleiwl sl jo
Hao et al. ) |, Ken g silo .05 Sl ] M. scorpiodis aisle
Sy Swewd o |, M. wumengensis os 5 als (2017
wlie a5 wobs jaseis SO o0 cele 5 Sl Ly,
Sgu yol> Gaaxs o sleMyosotis

3,90 laaisS ploi ;o MyoSOtiS iz ax o sl
2 P Jled g wdond (Serm g (S9yd g 90 4 aalllan
El Ghazali & Krzywinski ) sg o35 g4 5l baaisS  soles
SSes 5 gils Ll 5L (1989, Diez & Valdés 1991
S50 Ay Sod HSepbgel 8 S 00,5 slaails (YY)
Gl ool adlas slaaisS sboos,S wis colSs e
i Sepdgel g S5 glaos S adlae mlbs L
505 VW LYV e A b oS o 00,5 slaails (Meudt 2016)
endoaperture Coowd g0 4 |y laaz o lg5 co 45 Wogs dzm j0
g0l pads €KtOApErture 4

S SO 0 asy o olawy (25 a5 el S5 4 p3Y
Diez & Valdez ) jully g 500 45 5,5k 4 ol &glie wilgs oo

M. minutiflora g M. ramosissima o |, la:,] slaas (1991

\Y

2005 s i SeeS (Olilsels slair (i o
Cryptantha Lehm. ex 4 Trigonotis Steven Myosotis
5 Selon S 6ol JSO Sl aS 99 oe oaps G.DoON
YL £45 5925 L (Weigend et al. 2014) o IS5 Jod
A5 oy ol GlalS alids sloog S (e 50 00,5 laail
Tobhw o > elaall o 00,5 wly Glas a5 s, e
(Noroozi et al. 2021) ail sio 5yl
0,000 LaigS coled (o axdllas 0)50 LS slros,S
Slo udgp GYamon! wlse (gdite Ll (udsSyia-F
e S LSl eanaS (edie LS an/iane LD
(blie jo dog
JSs g4 slyls M. minutiflora 3 M. lithospermifolia 1

Syeoazmy by gl Q38

M. diminuta M. minutiflora 5 lagS 9,0 sloo,S
M. ramosissima M. alpestris <M. anomala M. olympica
090 $los,5 £935 slyls lad o Lglas Lo 4 M. sylvatica o
S Sz S ols addllas (o W ojlusl Ll 5l glaisS
M. lithospermifolia 1 0,5 ;o polasl olaws b joud dlige s 4
G Ol3sl 5 b s (6l (OS5l 00 5 y51aez)
olS 5le,s ¥V o, cdl ol (Erdtman 1945) cpess,l .ol
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