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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 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, 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 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 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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��*��5�,�+ )Boraginaceae( <���� �,�c 90 K 0  ,1600  ��1700  ��
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 "���# D��R��*�� /+�)�� ����E� � "! ������	5��! ) ����� �� ��Akbarnejad 2023(.  D��K 0  �,�c80  ��100  "��+ /�� ��
���� )Mabberley 2008, Weigend et al. 2016 �� .(���M� ��*��	�� )Riedl 1967 ( , ��	�� ���M)Khatamsaz 2002 D�� (K 0  ,� "5
	��K 0 Myosotis ,Strophiostoma (Turcz.) Popov  � L*�2�	�� .���K 0 Myosotis  ������ "5 <	� "� /�� <�)

Myosotis�Popov  Silvatica , Arvenses Popov A�� )Riedl 1967, Khatamsaz 2002.(  
��	+ 1�8S�V��� �� �),67 �� �9��  ��>5�	*� �� <��*�5 �� R*��E��*� <�)�� ��) �)�*+ <�) )2020et al. Atazadeh  e

2020. et alMohsenzadeh  2020؛ et al.Ranjbar .( ��	+ ��*��5�,�+ <�f�� ��  X� �A4������ � /*S� D*E) "5 , ���� ��g�5  �	*�
��!h  �� ����	*�<�) eurypalynous )��0	7-��	+( � "�M	+ 	U� ��) ���Clarke 1977a( ."��+ <���� <�) ���	*� D�� � �� ����

 _���	5 1�Z["��� ��	+ <�)��� Y*4�� )Clarke 1977a, Díez & Valdés 1991(�  �D��	5� 5 ��A4����� �  ��	+� ���� ��� � "5
"29: ��>5� R� ���Z��� i�� , g�5 /*����7 �5 <� 5��E� )Nowicke & Ridgway 1973, Nowicke & Skvarla 1974, Nowicke & 

Miller 1990, Taroda & Gibbs 1986(. ��	+ <�)Myosotis j�!,	�) 1��[ "5*"W��� X�� ,� �5 A )Apertuer( ��� "5 �8T�, colpori 
"W��� �5 \,� � , \]�! <�))pseudocolpi( )El Ghazali & Krzywinski 1989, Hargrove & Simpson 2003, Weigend et al. 

2016 "! � ��) (colpori�# <�)R`�! ����� "W��� R� �� �)��� "5 	�endoaperture  k�>5 ��,	*5 "W��� R� , ��� "5 	�
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Robertson 1989, Robertson 1992, Robertson & Lloyd 1991, Sahay 1979, Robertson & Lloyd 1993, Robertson & MacNair 

1995, Brandon 2001, Meudt 2016, Volkova et al. 2017, Bigazzi et al. 2006, Retief & Van Wyk 1997, Fukuda & Ikeda 

2012, Bigazzi & Selvi 1998, Bou 1968, Marticorena 1968, Clarke 1977a,b, Diez 1984, Khatamsaz 2001, Diez & Valdes 

1991, Nowicke & Skvarla 1974, Attar et al. 2018(.  1�8S�V ��!h ����*��5�,�+ D**8� �� �,�c K 0 "8S�V D* WE) , �)
 /! �� ����� <�)��,��	*�  ��*�5 � E�������5 )Clarke 1979a, Noroozi et al. 2022 Sahay 1979,(  ,���� l*[�� �� �� �E
 <�)

"��+�) <K 0 Myosotis " *� ,	��� <�) � �� �� ����� <�)��,�  ��,�<	m�	m���n! � ��	T ��*��� �� �)�"! "29: <�	5 D�� <� 5
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"��E� <,� "8S�V �����5	) <�)��5	)����)< T ����� �������� (��	
�)  ,FAR ����� �������� (a	!)  AM	+ 1��[
N,�0) <�)1  ,2( C��5 . L`	7 �� 	) "��E�RE! "5 Q���,	�*��	���  N�NSZ-405 ��0<���  L*�2� 	V2 \# �	VT R� �� ,

"��E� ���	5 <�	5 .���� ���� ���� �5�� "5 ,��� Q���,	�* P��� �) < (LM)N� Carl Zeiss ���	+ >*S���� �) 1� "510  "2*T�
 R*��� �*�� ��%5  , ����� 1� "55  	V2 \# �� "2*T��� ��F�� Kj� ."��E� �) 1� "51  q�� �� "2*T�/*� �5 ��� B*T� ��5

q�� 	V2 \# <>*# ���� , "�*�, "5k�>5 �5 <��� Q���,	�* ���E�100 X OLE 1.25  ���	5 <�	5 .� �M	+ ��	T "8S�V ���
B*T� 	�"��E� �) P��� ��,	��S� Q���,	�*�����  (SEM) N�Hitachi SU3500 )20-15 kV(� "��E� <�) �� ��	+��#����� >!	 <
SEM ���
5 �*
� �������� r��	�.���� <���	5 K��<�) ��� "*
�  ��,	��S� Q���,	�* , <��� Q���,	�* �5����� �5 �	� ��>M�

Imagej 1/5v <�	5 ���Z[ ���	5 � �� "��� 	VT , N�:"��� 	VT , N�: , <��� Q���,	�* �� ��	+ <�) "0�� , N�: , ��	+ <�)
"W���  ,��*� "��� ��,	��S� Q���,	�* �� ��	+ <�)����� "8S�V ��� ������ ,<	*+  ���	5 ��� 1�Z[ , � �M	+ ��	TK7 �! �� �<��>+

�	� P��� ��>M�Past 4/13v ���	+ ��������� ���5� ���  , Kj� /*�3� PCA )Principal Components Analysis , ( L*�	� A���
"���# ���� � 1�Z["8S�V ���  N,�0)3 =,� "5 (UPMGA  �58*��  A)�9�Euclidean 5� Bootstrap Namber 1000 ���	+ L*�	� 

)Bidarlord & Vitek 2020(.  
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83*� 1- "��+��	+ "8S�V �� ��� ���Z��� <�) ��� �<��� Q���,	�* )LM ( �5 ��	E)�# 1��?:��) 

Table 1. Palynological study of the species with the light microscope (LM) along with their related data 

Collector/Voucher No. Locality  
Herbarium 

Name  
Taxon  No.  

M. Bidarlord 24739  Ardebil province: Khalkhal, 

Sardul, 2800 m 
T Myosotis alpestris 

F.W.Schmidt 
1 

M. Bidarlord 1972 Gilan province: Lisar protected 

area, Subatan, 2200 m 
T M. anomala Riedl. 2 

M. Mahmoodi 99889 Zanjan province: 45 km from 

Zanjan to Dandi, Morassa 

village, 8 km toward Damerlu 

peak, near an abandoned mine, 

2510 m 

TARI M. diminuta Grau  3 

M. Bidarlord 24740 Gilan province: Talesh T Myosotis sp. 4 

M. Bidarlord 24746 Gilan province: Lisar protected 

area 

T M. lithospermifolia 1  5 

Unknown collector 18400 Tehran province: Afjeh Zaygan, 

2000 m 

FAR M. lithospermifolia 

(Willd.) Hornem. 2 

6 

M. Bidarlord 24741 Ardebil province: Khalkhal, 

Palangah Mt., 2600 m 
T  M. minutiflora Boiss. 

& Reut. 

7 

M. Bidarlord 24745 Ardebil province: Khalkhal, 

Palangah Mt. 

T M. olympica Boiss. 8 

H. Bahrami 11060 Mazandaran province: Sari-

Semeskandeh, near Velashed,  

160 m 

T M. propinqua Fisch. 

& C.A.Mey. 

9 

A. Ezazi 4868 Nortern Khorasan province: 

Esfarayen, Saluk National Park, 

Joz valley, 1472 m 

T M. ramosissima 

Rochel ex. Schult. 2 

10 

M. Bidarlord 24742 Gilan province: Lisar protected 

area, Subatan, 2000 m 

T M. scorpioides L. 11 

M. Bidarlord 24743 Ardebil province: Khalkhal, 

Shahroud riverside, 1200 m 

T M. sparsiflora 

J.C.Mikan ex Pohl. 

12 

M. Bidarlord 24744 Ardebil province: Khalkhal, Aq-

Dagh Mt., 2300 m 

T M. stricta Link ex 

Roem. & Schult. 

13 

M. Bidarlord 1984 Gilan province: Lisar protected 

area, Bakro Dag, 2700 m 

T M. sylvatica Hoffm. 14 

  
  
  
  
  
  



Not Final

4 
 

83*� 2- "��+��	+ "8S�V �� ��� ���Z��� <�)��� � ��,	��S� Q���,	�* ����� )SEM ( �5 ��	E)�# 1��?:��) 

Table 2. Palynological study of the species with the scanning electron microscope (SEM) along with their related data 

Collector/Voucher No. Locality  
Herbarium 

Name  
Taxon  No.  

M. Bidarlord 27746 Gilan province: Lisar protected 

area 

T Myosotis 

lithospermifolia 1  
1 

Unknown collector 18400 Tehran province: Afjeh Zaygan, 

2000 m 

FAR M. lithospermifolia 2 2 

M. Bidarlord 24744 Ardebil province: Khalkhal, Aq-

Dagh Mt., 2300 m 

T M. stricta 3 

M. Bidarlord 24743 Ardebil province: Khalkhal, 

Shahroud riverside, 1200 m 
T M. sparsiflora  4 

M. Bidarlord 24741 Ardebil province: Khalkhal, 

Palangah Mt. 

T M. minutiflora 5 

M. Bidarlord 24740 Gilan province: Talesh T Myosotis. sp. 6  
M. Mahmoodi 99889 Zanjan province: 45 km from 

Zanjan to Dandi, Morassa village, 

8 km toward Damerlu peak, near 

an abandoned mine, 2510 m 

TARI M. diminuta  7 

H. Bahrami 11060 Mazandaran province: Sari-

Semeskandeh near Velashed, 160 m 

T M. propinqua  8 

M. Bidarlord 24745 Ardebil province: Khalkhal, 

Palangah Mt. 

T M.olympica  9  

M. Bidarlord 1972 Gilan province: Lisar protected 

area, Subatan, 2200 m 

T M. anomala  10 

  

���<+  

- ��	5�  /��"����)<  �� ���Z��� �5 ��	+Q���,	�* �,	��S�� ����� )SEM , (Q���,	�* ���< )LM(  
"��+ �� ��	5 ��	+ �2*9V� ���	5 �� <�)Myosotis "��+ ��E� ���	+ �c�, 	U� �� >0 "5 "8S�V ��� <�)M. 

lithospermifolia 1  ��	+ <�)�c�, <���� "!���� )�	Z (  ,����	*s (����� `)  �5���8�� ���8� A��"��+ 	��� � ��	+ �c�, <���� �)
�	Z  ����5. "���� � "5 D* WE) , A*M���+ t*���u �� ��*��u 1�	**v� "5 ��	+ <�)�
0	*s �V*3 <�) _��c ��*�5 �� "5 ���5

"! <��: ���� <�	5 ����� ��j�,	�* �� K7 �) L*�2���*	����� �� < � ��0��� ,  "5 (��	��) ������
` g�E8 , ����,� 1��[ "5
� �T�5 /r� L)� �� )��	+ N�E8 ��� <��S� o?�	5��7�) N�r3 ��
` "5 ��* �� �85 �� ��� ��S�! ����� "! �)�� �*�  ��  ,

� ��0 wS�5 ��	+ "5 /��9� �� /9T �	Z  <�)��j�,	�*����( )1981Mulcahy (.  
 �� �� !������ ���� ��� ����	*s AS�c ��*��5�,�+� �hS  �	x�c ���	5 ����	+ ��� ��*9�` , ����	*s AS�c�) � �M. 

lithospermifolia 1 <�	5 D*��4�  ��5� =��>+����. "��+ "E) ��+� !�	7 , 1�*[�r� 	U� �� >0 "5 �)M. minutiflora  ,M. 

lithospermifolia 1 �� /�� �� ��	+ X� � "! �#� ���� �)��	+ 	��� ���� ����� <�,�c �� �)����5"��+ "E) �� ��	+ _?! . �)
 1��[ "5 hZ  ��*� ���� ,��5�  >0 "5M. lithospermifolia 1 "! L) hZ  ��*�  , ����	*s���8�� ���8� �5 A��� ��0, 	U� �� .

"��+ "E) ��	+ �A*9VT >0 "5 �)M. minutiflora  ,lithospermifolia 1  "! AS�c �g�7,>�� , �g�7,	�)�����  �g�7,>�� �25� �����5 .
 A9�� 	U� ��P/E ) ��3"��+ "E) ��	+ (����� "5 yVT �)A*S,	7 ����5 >0 "5 �M. minutiflora ,M. lithospermifolia 1  "! 	5 �,?�

A*S,	7 � �	+����5��	+ . <�)M. sylvatica� 2 lithospermifoliaM. � M. anomala� M. olympica� )2015. et al Mahmoodi (, 
Myosotis sp.�  "5 , X� � /�� 	U� ��1��[  /�� ��*��5 , � � A�������5�� . M. lithospermifolia 1� ��	+ �) "5 � � A���

����5 �
0,��
` �	) , /��� ���� "! �S�c M. minutiflora ��	+ A��� �), �^�^ , /�� � ��S ��M. scorpioides � M. 

propinqua� M. sparsiflora �M. stricta ,M. lithospermifolia 2   P2M � � A��� /������5"��� ���	5 �� . <�E� 	U� �� ��	+ <�)
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"��+ "E) ��9VT ��9VT <�E� <���� "8S�V ��� <�) AS�c�	��� <�� ���� >0 "5 �M. minutiflora , M. lithospermifolia 1  <�	5 "!
M. minutiflora �	��� y*�	� "5 , <�T  /���S, �� M. lithospermifolia 1 "��	��� , �
0, <���5���	5 �� . >��1� *  zV� /��

"��+ "E) �<��� Q���,	�* P��� ��	+ �)o�[ ����5  N,�0)3(.  
- ��	5� "����)<  ��	+_���	5 ��"W�  �5 �� ���Z���Q���,	�* �,	��S�� ����� )SEM(  

������ ���	5 ��<	*+ ��� ��F�� <�)L��*�"W��� <�)<�� "��+ "E)�) <���� �� jS�!,	�)* A X�� R� �� �*5 �5 "W���)
(��*� ��5 "��+ ,� �� �� �M. lithospermifolia 1  ,M. minutiflora  	5 �,?� ���	+ �� X� � /*S� "5�� jS�!,	�)*A 	��� N� ,� �

�+������ ���	5 �� >*� ���� (R�� ��	+) �), �� "W���"��+ "E) <�) , "�M�,	M �)�)hZ  ��*�  AS�c ,�ektoaperture  ,
endoaperture  ���� �������"W��� ���8� ."��+ "E) �� �) "��+ >0 "5 �)M. lithospermifolia 1 ��	+ X� � <���� "! <����5  X�� R�

 <����"� "W����  ������  , Y4��� ���8� ��	��� "��+ �)"�  "W���A��� ��0,"W��� X�� ."��+ ��E� �� �) "8S�V ��� <�) ��*�
hZ   A*8x, 	U� �� , "W���"��+ ��E� "8S�V ��� <�)hZ  ��*� ]��� "W R� �5 ��	E) (L+�	M�����!�) ��*� R� �� /��� y!	

 "W���	*v� /�� , ������ �5 �����[ <���� <hZ  ��*� "�  �+6�, ���	5 �� .����5"��+ "E) ��	+ "W��� 	��� <�) ��*�! ��+�� �)
 L+�	M���,	�) ,����5 X�� .�3V� ��*� )colpus ("��+ ��E� ���# ���8� , \]�! "8S�V ��� <�)"��+ ��E� �� �) "8S�V ��� <�)

 "��+ >0 "5M. lithospermifolia 1 ��	+ X� � <���� "!<� ���5  X�� R� ��"� ���� ��� ���  ���8� ���8�� �� ,	��� "��+ �)"�  "W���
\]�! A��� ��0,  N,�0)3(.  

- ��	5� "����)<  �� ���Z��� �5 ������ _���	5 ��	+Q���,	�* ���< )LM(  
 ���	5 ��������<	*+�	� P��� ��� ��F�� <�) ��>M�ImageJ� ����! 	U� �� �������� <�E� �� �9VT ��3 D�	��*5D�	�  B�8�

 "5M. lithospermifolia  ������ �59  , 	�,	�*R`�!D�	�  "5 B�8�M. sparsiflora  ,M. anomala  ������ �54  	�,	�*��5 �� .
��������g�: <	*+ �������� <�E� �� �9VT ��3 D�	��*5D�	� "5 B�8�2  M. lithospermifolia �M. ramosissima 2  ,M. diminuta 

 ������ �510  , 	�,	�*R`�!D�	�  "5 B�8�M. sparsiflora  ,M. anomala  ������ �55  	�,	�*��5����! ���	5 �� . �� 	VT D�	�
 ��9VT �� ������� <�E��*5D�	� "5 B�8�M. dimmiuta  �5 ������ 5  , 	�,	�*R`�!D�	�  "5 B�8�M. anomala ,M. sparsiflora  

 ������ �51 ��g�: 	U� �� , 	�,	�* ��9VT �� ������� <�E� �� 	VT D�	�k�>5D�	� "5 B�8� M. dimmiuta   ������ �56  , 	�,	�*
R`�!D�	�  "5 B�8�M. sparsiflora� M. propinqua� M. anomala� M. alpestris  ,M. sylvatica  ������ �52  	�,	�*��5  N,�0)

3(.  
- ��	5� "����)<  �� ���Z��� �5 ������ _���	5 ��	+Q���,	�* �,	��S�� ����� )SEM(  

������ ��<	*+ ��� ��F�� <�) P����	� ��>M�ImageJ����! 	U� �� � �������� <�E� �� �9VT ��3 D�	�k�>5D�	�  "5 B�8�M. 

ramosissima 1  ������ �55/9  , 	�,	�*R`�!D�	�  "5 B�8�M. sparsiflora  ������ �5824/4 	�,	�* ��5��g�: 	U� �� . ��3 D�	�
 �������� <�E� �� �9VTk�>5D�	�  "5 B�8�M. ramosissima 1  ������ �5806/10  , 	�,	�*R`�!D�	� "5 B�8�M. 

lithospermifolia 2   ������ �5515/5  	�,	�*��5������ �� .����! <	*+ ��9VT �� ������� <�E� �� 	VT D�	�k�>5D�	�  "��+ "5 B�8�
M. ramosissima 1  ������ �5254/6  , 	�,	�*R`�!D�	� "5 B�8�M. lithospermifolia 2   ������ �5056/2  	�,	�*��5 �� .

��������g�: <	*+ 	VT D�	� ��9VT �� ������� <�E� ��k�>5D�	� "5 B�8�M. ramosissima 1  ������ �5 741/6  , 	�,	�*R`�!D�	� 
 "5 B�8�M. sparsiflora  �5 ������985/1  	�,	�*��5��g�: ���	5 �� . �9VT ��3 D�	�"W���  �������� <�E� ��k�>5D�	�  B�8�

"5M. scorpioides  ������ �5 148/8   , 	�,	�*R`�!D�	� "5 B�8� M. sparsiflora  ������ �56/2  	�,	�*��5��g�: "8S�V �� . D�	�
 	VT"W���  ��9VT �� ������� <�E� ��k�>5D�	� "5 B�8� M. ramosissima 1 ������ �5 536/3  , 	�,	�*R`�!D�	� "5 B�8�M. 

lithospermifolia 2 ������ �5 957/0 	�,	�* ��5 ���	5 �� .��g�: �9VT ��3 D�	�\]�! ��*� �� <�E�  ���������*5D�	�  B�8�
 "5M. ramosissima 1 ������ �5 859/9  , 	�,	�*R`�!D�	�  "5 B�8�M. sparsiflora 5�  ������004/2 	�,	�* ��5.  "8S�V ��

\]�! ��*�� ��g�: ��9VT <�E� �� ����� �� 	VT D�	�k�>5D�	�  "5 B�8�M. alpestris  ������ �5528/1  , 	�,	�*R`�!D�	�  B�8�
 "5M. sparsiflora  ������ �5107/0 	�,	�* ��5  N,�0)3(.  
- ��	5� D*�>� ��	+ ������ , �� ���Z��� �5 �)Q���,	�* �,	��S�� ����� )SEM(  
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 �� ��	+ D*�>� "8S�V ��M. sylvatica� M. ramosissima 1 �M. scorpioides � M. alpestris �M. anomala� M. olympica� 
M. propinqua� M. diminuta� M. sparsiflora� M. stricta , 2 M. lithospermifolia AS�cb���� , o�[ <�)����  ����M. 

Lithospermifolia 1  ,M. minutiflora  P2M o�[ AS�c.���	+ ��)��  �^�^ ���0� R9� �� ��	+ yVT "*c�� �� >��M. sylvatica� 
M. scorpioides� M. alpestris� M. olympica� M. propinqua� Myosotis sp.� M. sparsifiora� M. stricta� 2 M. lithospermifoli  ,

M. lithospermifolia 1 �� ����.  ��M. ramosissima 1� M. anomala� M. olympica� M. propinqua� M. diminuta� M. 

sparsiflora� M. stricta ,M. lithospermifolia 2  AS�cb���� , o�[ <�), ����S �� Myosotis sp.� M. minutiflora  ,M. 

lithospermifolia 1  P2M o�[ AS�c ���	+ ��)�� N,�0)3(.  
 /����	+ "8S�V ��� <�) L) ��,	��S� Q���,	�* �������  �� <��� Q���,	�* �� L) ,M. lithospermifolia 1   ,M. 

minutiflora  AS�c "5dimorphism ��5 ) /��1	�,�r� � 1� 2 �20  ,22 /�� , 2 	�,�r� 5  ,6( ��0, .���� ��0�� )dimorphism (
��	+ �� �� !�� <�)K 0 Myocotis ���� =��>+ ��0, �� AS�c D�� � �������� ��	+ 	��� <�)K 0 <�)��*��5�,�+  ��� =��>+

A��.  ��� � "5"��E��  ��0,������0��  �������� ��	+�)� ��Lithospermum cobrense Greene  =��>+ A�� ���)Ganders 1979( .
 ��0, �� �S�^������0�� ��	+ /�� ��� �� �) �� ������*���,� )Rubiaceae(  >*���E� ��)�� )1956 Baker.(  
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 ���1-  "��� ��	+"*
�  ��,	��S� Q���,	�* �5 �������� )SEM (K 0 Myosotis� 4-1 :1 lithospermifolia .M�  

10-5: 2 M. lithospermifolia �14-11: M. stricta �18-15: M. sparsiflora �22-19: minutifloraM.  �28-23: .psMyosotis �  
31-29: M. diminuta �34-32 :M. propinqua �38-35 :M. olympica� 41-39: M. anomala )_�*2  =5 	�,	�*.(  

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 µm). 
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 ���2- ) <��� Q���,	�* 	�,�r�LM ("��+<�) Myosotis  ���E +�>5 �5100 .	5�	5 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   
)_�*2  =50 	�,	�*.( 

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 µm). 
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83*� 3- "���2 1�Z[ ��	+�)"��+ < <�)"8S�V ) <��� Q���,	�* �5 ���LM ��,	��S� Q���,	�* , (����� )SEM( .1�Z[ :

POU )��	+ �c�, �(APS )"W��� L��*� �(DIU/PEC )�+6�, , �+� !�	7 �c�,�)�( )LM( SPAEV )����! <�E� �� �9VT ��3 D�	�
<��� Q���,	�* �5 ������� �()LM(LPAEV  )��g�: <�E� �� �9VT ��3 D�	�<��� Q���,	�* �5 ������� �()LM( SDEPV 

����!)�(<��� Q���,	�* �5 �9VT �� ������� <�E� �� 	VT D�	� )LM( LDEPV ��g�:) �5 �9VT �� ������� <�E� �� 	VT D�	�
<��� Q���,	�* �()SEM( SPAEV. )����!����� ��,	��S� Q���,	�* �5 ������� <�E� �� �9VT ��3 D�	� �()SEM( LPAEV. 

)��g�:����� ��,	��S� Q���,	�* �5 ������� <�E� �� �9VT ��3 D�	� �()SEM( SDEPV. )����! �9VT �� ������� <�E� �� 	VT D�	�
����� ��,	��S� Q���,	�* �5 �()SEM( LDEPV. )��g�:����� ��,	��S� Q���,	�* �5 �9VT �� ������� <�E� �� 	VT D�	� �(POC 

) _?!��	+ �(POL )A*9VT �(P/ER )A9��P/E-(� SHA )/��( �OPV )�9VT <�E� �� ��! ~	: �()LM( DO ) �5 zV� X��
<��� Q���,	�* �(INF )/�� 	**v� R�� ��	+ �(APN )"W��� ���8� �(APT )"W��� X�� �(APC )"W��� A*8x, �(APP )�+6�, <�)

"W��� �(SUP )�9VT zV��( )SEM( ALPAEV. )��g�:����� ��,	��S� Q���,	�* �5 ������� <�E� �� "W��� �9VT ��3 D�	��( 
)SEM( ALDEPV. )��g�:����� ��,	��S� Q���,	�* �5 �9VT �� ������� <�E� �� "W��� 	VT D�	� �(PSN )\]�! "W��� ���8� �(

COT )��*� X�� �()SEM( PLPAEV. )��g�: <�E� �� \]�! "W��� �9VT ��3 D�	������ ��,	��S� Q���,	�* �5 ������� �()SEM( 
PLDEPV. )��g�:����� ��,	��S� Q���,	�* �5 �9VT �� ������� <�E� �� \]�! "W��� 	VT D�	� �()SEM( ORN. )>�� �5 1� *

����� ��,	��S� Q���,	�* , (UBB )��	+ "��� yVT �� ��0� /�� �^�^ ���0�.(  

Table 3. Comparison of pollen characteristics of the studied species with light microscope (LM) and scanning electron 

microscope (SEM). 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.  

P/ER-SHA POC-POL 

SDEPV 

(SEM)-

LDEPV 

(SEM) 

µm 

SPAEV 

(SEM)-

LPAEV 

(SEM) 

µm 

SDEPV 

(LM)-

LDEPV 

(LM) 

µm 

SPAEV 

(LM)-

LPAEV 

(LM) 

µm 

DIU/PEC POU-APS Taxon 

Prolate-hourglass-

shaped 

Colporate/monad-

isopolar 

2.303–

2.58 

6.556– 

7.14 

3–4 8–9 Monad Monad-

6Heterocolpate 

Myosotis scorpioides 

Prolate-hourglass-

shaped 

Colporate/monad-

isopolar 

2.508–

2.797 

5.081–

5.648 

2–2 6–7 Monad Monad-

6Heterocolpate 

M. propinqua 

Prolate-hourglass-

shaped 

Colporate/monad-

isopolar 

2.802–

1.985 

4.824–

5.747 

1–2 4–5 Monad Monad-

6Heterocolpate 

M. sparsiflora 

Prolate-hourglass-

shaped 

Colporate/monad-

isopolar 

3.88–

4.076 

8.05– 

8.696 

3–4 8–9 Monad Monad-

6Heterocolpate 

M. stricta 

Prolate-hourglass-

shaped 

Colporate/monad-

isopolar 

2.056–

2.87 

4.905–

5.515 

3–3 5–6 Monad Monad-

6Heterocolpate 

M. lithospermifolia 2 

Prolate-hourglass-

shaped/bacilli-shaped 

Colporate/monad-

isopolar 

3.704–

4.046 

7.296–

7.949 

2–3 5–6 Monad Monad-

6Heterocolpate 

M. sylvatica 

Prolate-hourglass-

shaped/bacilli-shaped 

Colporate/monad-

isopolar 

6.254–

6.741 

9.5– 

10.806 

4–5 9–10 Monad Monad-

6Heterocolpate 

M. ramosissima  1 

for SEM and 2 LM  

Prolate-hourglass-

shaped/bacilli-shaped 

Cad-isopolar 3.128-

3.93 

6.954–

7.394 

2–2 5–6 Monad Monad-

6Heterocolpate 

M. alpestris 

Prolate-hourglass-

shaped/bacilli-shaped 

Colporate/monad-

isopolar 

5.246–

5.944 

8.224–

8.546 

1–2 4–5 Monad Monad-

6Heterocolpate 

M. anomala 

Prolate-hourglass-

shaped/bacilli-shaped 

Colporate/monad-

isopolar 

3.062–

3.728 

6.78– 

7.404 

3–3 7–7 Monad Monad-

6Heterocolpate 

M. olympica 

Prolate-hourglass-

shaped/bacilli-shaped 

Colporate/monad-

isopolar 

6.189–

6.439 

9.243–

9.512 

5–5 9-–0 Monad Monad-

6Heterocolpate 

M. diminuta 

Prolate-hourglass-

shaped/bacilli-shaped 

Colporate/monad-

isopolar 

3.789–

4.29 

7.251–

7.689 

3–3 6–7 Monad Monad-

6Heterocolpate 

Myosotis sp. 
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Prolate/spheroidal- 

hourglass-shaped/ 

outline triangular 

Colporate/monad-

heteropolar/isopolar 

4.249–

4.32 

7.173–

8.369 

3–4       9–9 Monad Monad-

6Heterocolpate/  

? 

M. minutiflora 

Prolate/spheroidal-

hourglass-

shaped/pyramidal 

tetrahedron 

Colporate/non monad 

unknown-

heteropolar/isopolar 

4.286/ 

4.128–

4.598/ 

4.486 

7.735/ 

5.627–

8.281/ 

6.984 

3–4 9–10 Monad/ 

non monad 

diversity 

Monad/ 

non monad 

unknown-

6Heterocolpate/ 

? 

M. lithospermifolia 1 

 

 83*�3 (�����)- 1�Z[ "���2 ��	+"��+ <�) <�)���	5 ) <��� Q���,	�* �5 ���LM ��,	��S� Q���,	�* , (����� )SEM(  
Table 3 (contd). Comparison of pollen characteristics of the studied species with light microscope (LM) and scanning 

electron microscope (SEM) 

  

  

ORN 

(SEM)-

UBB 

PLPAEV 

(SEM)-

PLDEPV 

(SEM) 

µm 

PSN-

COT 

ALPAEV 

(SEM)-

ALDEPV 

(SEM) 

µm 

APP-SUP APT-APC INF-APN 

OPV-

DO 

(LM) 

Taxon 

Psilate, 

perforate-

present 

8.714– 

0.931 

3-

pseudo

colpus 

8.148– 

2.787 

Lalongate, margo, pseudocolpus, 

heteroaperturate-polar area with 

triangular tenuitas 

Colporus-

colporate/ 

tricolporus 

Aperture (s) 

sunken-3 

Circular 

shape-

psilate 

Myosotis 

scorpioides 

Psilate, 

perforate-

present 

3.318– 

0.195 

3-

pseudo

colpus 

3.074– 

1.035 

Lalongate, margo, pseudocolpus, 

heteroaperturate-psilate, perforate 

Colporus-

colporate/ 

tricolporus 

Aperture (s)  

sunken-3 

Circular 

shape-

psilate 

M. propinqua 

Psilate, 

perforate-

present 

2.004– 

0.107 

3-

pseudo

colpus 

2.6– 

1.072 

Lalongate, margo, pseudocolpus, 

heteroaperturate-psilate, perforate 

Colporus-

colporate/ 

tricolporus 

Aperture (s) 

sunken-3 

Circular 

shape-

psilate 

M. sparsiflora 

Psilate, 

perforate-

present 

7.144– 

0.188 

3-

pseudo

colpus 

5.235– 

1.85 

Lalongate, margo, pseudocolpus, 

heteroaperturate-psilate, perforate 

Colporus-

colporate/ 

tricolporus 

Aperture (s) 

sunken-3 

Circular 

shape-

psilate 

M. stricta 

Psilate, 

perforate-

present 

3.669– 

0.253 

3-

pseudo

colpus 

3.065– 

0.957 

Lalongate, margo, pseudocolpus, 

heteroaperturate-psilate, perforate 

Colporus-

colporate/ 

tricolporus 

Aperture (s) 

sunken-3 

Circular 

shape-

psilate 

M. 

lithospermifolia 2 

Psilate, 

perforate-

present 

5.067– 

0.714 

3-

pseudo

colpus 

3.86– 

2.225 

Lalongate, margo, pseudocolpus, 

heteroaperturate-polar area with 

triangular tenuitas 

Colporus-

colporate/ 

tricolporus 

Aperture (s) 

sunken-3 

Circular 

shape-

psilate 

M.  sylvatica 

Psilate, 

perforate-

? 

9.859– 

0.576 

3-

pseudo

colpus 

6.575– 

3.536 

Lalongate, margo, pseudocolpus, 

heteroaperturate-psilate, perforate 

Colporus-

colporate/ 

tricolporus 

Aperture (s) 

sunken-3 

Circular 

shape-

psilate 

M. ramosissima  

1 for SEM and 2 

LM  

Psilate, 

perforate-

present 

7.683– 

1.528 

3-

pseudo

colpus 

6.554– 

2.237 

Lalongate, margo, pseudocolpus, 

heteroaperturate-polar area with 

triangular tenuitas 

Colporus-

colporate/ 

tricolporus 

Aperture (s) 

sunken-3 

Circular 

shape-

psilate 

M. alpestris 

Psilate, 

perforate-

? 

6.001– 

0.407 

3-

pseudo

colpus 

4.061– 

2.011 

Lalongate, margo, pseudocolpus, 

heteroaperturate-psilate, perforate 

Colporus-

colporate/ 

tricolporus 

Aperture (s) 

sunken-3 

Circular 

shape-

psilate 

M. anomala 

Psilate, 

perforate-

present 

5.899– 

0.152 

3-

pseudo

colpus 

5.35– 

1.407 

Lalongate, margo, pseudocolpus, 

heteroaperturate-psilate, perforate 

Colporus-

colporate/ 

tricolporus 

Aperture (s) 

sunken-3 

Circular 

shape-

psilate 

M. olympica 

Psilate, 

perforate-

? 

5.905– 

0.84 

3-

pseudo

colpus 

4.264– 

1.688 

Lalongate, margo, pseudocolpus, 

heteroaperturate-psilate, perforate 

Colporus-

colporate/ 

tricolporus 

Aperture (s) 

sunken-3 

Circular 

shape-

psilate 

M. diminuta 

Psilate-

present 

3.832– 

0.456 

3-

pseudo

colpus 

3.214– 

1.943 

Lalongate, margo, pseudocolpus, 

heteroaperturate-psilate 

Colporus-

colporate/ 

tricolporus 

Aperture (s) 

sunken-3 

Circular 

shape-

psilate 

Myosotis sp. 

Psilate- 

? 

6.509/?– 

0.302/ 

? 

3/3-

pseudo

colpus 

3.119/3– 

1.656/ 

1.663 

Lalongate, margo, pseudocolpus, 

heteroaperturate-psilate 

Colporus-

colporate/ 

tricolporus 

Aperture (s) 

sunken-3/ 

3 

Circular 

shape/ 

T-shape-

psilate 

M. minutiflora 

Psilate-

present/ 

? 

4.851/?– 

0.633/ 

? 

3/?-

pseudo

colpus 

3.472/?– 

?/? 

Lalongate, margo, pseudocolpus, 

heteroaperturate-psilate 

Colporus-

colporate/ 

tricolporus 

Aperture (s) 

sunken-3/ 

? 

Circular 

shape/ 

trihedral-

psilate 

M. 

lithospermifolia 1 
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 ���3-  A������� ���9� "��+ <�)Myosotis  1�Z[ P��� �� ��� ���	5 <��� Q���,	�* 1�8S�V)LM ( , Q���,	�*

 ��,	��S������ )SEM (�	� �� ���Z��� �5 ��>M�Past.  

Fig. 3. Phylogenetic tree of the species of Myosotis by traits obtained by light (LM) and scanning electron microscopy 

(SEM) studies using Past software. 
  

 P5�,� "8S�V ��"���#���� � "��+ �� ��	+ 1�Z[ <�)K 0 Myosotis� � ����"! AZ+  1�Z[���	5  ��� <,�"��+ <�)
B*23� �� l��4 �	x�c  ��0 "��� "� �����	+. "! y*�	� D�� "5 M. minutiflora  ,M. lithospermifolia 1  �"��� R� ��M. 

ramosissima   ,M. diminuta  D* WE) , "��� R� ��M. diminuta �M. scorpioides �M. alpestris �M. anomala �M. olympica �
M. propinqua �Myosotis sp. �M. sparsiflora �M. stricta ,M. lithospermifolia 2   "��� R� ��) �F �� ��"��+ "E) 1��[ "5 �)

R��*�(  �>F�c<� 5 ����.  ��>*A3[ y�	x ��� L�� A���  A)�9� �� ���Z��� �5Euclidean  =,� "5UPGMA 9114/0 ��5 
 �9��  ��>* "!"! 1��[ D�� "5 �� "�M	+ 	U��� ` 	)"  "5 ��� D��1 R��>� A��� , �5�4��� 1�Z[ ���5 y��  �� �!�c ���5 	�

 ���� ���9� A��� L�� ���5.A�� 	x�c ���	5 �� A�� 1,�Z� �� A5�	T S�!�S ,�"�* M. lithospermifolia 1  ,M. lithospermifolia 

2  �� A��� ���� ���9� �� ����� ��0, <�L�*M�� "�����	+ <�) S�!�S ��"�* ����� �?*+ D�� "��+ ��� � A���.  
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 ���4- *S��# >PCA "8S�V ��� 1�Z[ )A-B(. 1: Myosotis 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 �13:2  M. lithospermifolia� 14:1  M. lithospermifolia  N,�0)4.(  

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). 

  
 /�� ��A4 �"��+ �� �)"�  ��	T "���� �M	+"��+ . <�)M. minutiflora  ,M. lithospermifolia 1 "��+ �"��� R� ��<�)M. 

ramosissima   ,M. diminuta "��+ D* WE) , "��� R� ��<�) M. diminuta �M. scorpioides � M. alpestris �M. anomala �M. 

olympica �M. propinqua �Myosotis sp. �M. sparsiflora �M. stricta  ,M. lithospermifolia 2 "��� R� ��  "! 1��[ "5 "E)
R� <� 5�c R*�*�*M��� �� �*������ "F*�� "��� <� 5 �*��� �� 	x�c "8S�V 1�Z[��E�.  

A

B  
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 /�� ��B4  AZ[C )�c�, �+� !�	7 , �+6�,�) "��+ <�����0 <�	5 (M. minutiflora y*�	� "5 1�Z[ �S )"W��� ���8��) �(
P )~	: ��! �� <�E� �9VT �(Y ) ���8�<�)��*� \]�! , (32 )>��"��� 1� * ��,	��S� \���,	�* �5 ��	+ <�)����� <�����0 <�	5 (

 "��+M. lithospermifolia 1 AZ[ �X )�*5D�	� 	VT "W��� �� <�E� ������� �� �9VT"��+ <�����0 <�	5 ( y*�	� "5 <�)M. 

ramosissima �M. scorpioides �M. alpestris �M. anomala  ,M. diminuta  1�Z[ ,W )��g�:D�	� ��3 �9VT �� <�E�  �������
"W��� �(31 )��g�:D�	� 	VT �� <�E� ������� �� 9VT�(  ,30 )��g�:D�	� ��3 �9VT �� <�E� ������� <�����0 <�	5 (M. 

ramosissima   ,M. diminuta  y�� ����5  N,�0)4(.  
 y��  <�����0 	5 1�Z[ �2� i�r� �� "�M	+ 1��[ ���	5 ��"���#Z[ "! ���	+ Y4� ���	5 ��� <�)� 1����! D�	�

��g�: , ������� <�E� �� �9VT ��3 <��� Q���,	�* �5 ������� <�E� �� �9VT ��3 D�	�M. scorpiodis , M.stricta  R� �� ��
�0 "����	! �D* WE) .�  AZ[��g�: A����� <��� Q���,	�* �5 �9VT �� ������� <�E� �� 	VT D�	�M. anomala� M. propinqua� 

M. sparsiflora  ,M. alpestris�2  M. lithospermifolia� M. olympica  ,M. sylvatica  <	� "5 B�8� "� 	) "!Arvenses ����5  ,
D* WE) M. scorpiodis , M.stricta  �� ��"� ��0 "��� E���� .��g�: AZ[ ������� �� �9VT ��3 D�	��\]�! ��*�  A�����M. 

sylvatica  ,M. olympica  ,� 	) "!"5 B�8�  <	�Silvatica ��5��  ��0 "��� R� �� �����E�  �� ��0� �^�^ ���0� ��0, AZ[ ,
"��� �9VT 	�<�) "E) ��	+ "��+ >0 "5 "8S�V ��� <�)M. anomala  ,M. ramosissima �� ��0 "��� R� �� ����.  

 

83*� 4- <��h+�!  1�Z[��� S��# "8S�V>* PCA �� Myosotis  
Table 4. Coding of traits studied by PCA analysis in Myosotis 

Code Characteristic  Code Characteristic  Code Characteristic  Code Characteristic  Code Characteristic  

E Longest  polar 

axis in 

equatorial view 
(LM)  

µm 

D Shortest polar 

axis in 

equatorial view 
(LM)  

µm 

C Dispersal unit 

and 

peculiarities 

B Apertural 

System 

A Pollen unit 

 

 

 

 

 

 

 

J Shortest 

diameter in 
equatorial or 

polar view 

(SEM)  
µm 

I Longest  polar 

axis in 
equatorial view 

(SEM)  

µm 

H Shortest polar 

axis in 
equatorial view 

(SEM)  

µm 

G Longest 

diameter in 
equatorial or 

polar view 

(LM)  
µm 

F Shortest 

diameter in 
equatorial or 

polar view 

(LM)  
µm 

O Shape N P/E-ratio M Polarity L Pollen class K Longest 
diameter in 

equatorial or 

polar view 
(SEM) µm 

T Aperture type S Aperture 
number 

R Infoldings  
(dry pollen) 

Q Dominant 
orientation 

(LM) 

P Outline in polar 
view 

Y Psedocolpi 

number 

X Aperture 

longest 

diameter in 
equatorial or 

polar view 

(SEM)  
µm 

W Aperture 

longest  polar 

axis in 
equatorial view 

(SEM)  

µm 

V Aperture 

peculiarities 

U Aperture 

condition 

33 Ubisch bodies 

 
 

 

 
 

 

 
 

32 Ornamentation 

(SEM) 
 

 

 
 

 

 
 

31 Psedocolpi 

longest 
diameter in 

equatorial or 

polar view 
(SEM)  

µm 

 
 

30 

 
 

 

 
 

 

 
34 

Psedocolpi 

longest  polar 
axis in 

equatorial view 

(SEM)  
µm 

Z Colpus type 

 
 

 

 
 

 

 
Surface polar 
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?-�  

 D*5 ��K 0<�) ��*��5�,�+� R`�! �� ��	+ "��� D�	�Myosotis �Trigonotis Steven , Cryptantha Lehm. ex G.Don  ����
���� .� ��	*� D�� ��"���)<  ��	+ 	U� ��<	)�� /��  �9S�sA*S,	7  /�� ��9� ,� ��) )Weigend et al. 2014(.  X� � ��0, �5

<g�5 "��� <�)D*5 �� ��	+ �,	+ l��4 <�) ��)�*+ D���	*�� � 	U� "5 "! ����	+ "��� 1�Z[ �"���# �� ~�V� �� ��c ��� �
D*��7 	� >*�) ���5 �*ZNoroozi et al. 2021.(  

 ��	+ <�)"��+ ��E� �� "8S�V ��� ��)�*+ �)�	Z  �6-<hZ  ��*� �A*jS�!,	�)���� � ��g�7,>�� �A*S,	7 �o�[ � ��*�
/hZ "� <hZ  ��*�� ��*�!� �+���  �5�3V� ��*� \]�! �b������� , �5 y!	 "W��� ����5 ./5�2 ��� M. lithospermifolia 1  ,

M. minutiflora <����  /�� X� ���	+ <�"��+ �,�� <�, M. minutiflora �M. diminuta �M. olympica �M. anomala� M. alpestris� 
M. ramosissima   ,M. sylvatica /*S� "5 	VT �� 1,�Z�� ��	+ X� � <����"��+ �,�� <� <���3S �� ������ ����5.  �	x�c "8S�V ��

��� ����	*s , �+�*9�` AS�c ��8� �5� ���8��  ��	+ ��M.  lithospermifolia 1 );E0�� ��� <�,# �?*+( <�	5 D*��4�  �� ��5
) DE���� .�� =��>+ ��*��5�,�+1945Erdtman (�  �� �� AS�c D��41 �	*�  ��)�*+ ��/+��� ��� =��>+A�� �) 	5��5 .1942Barber  (

"��� �+� 9�` AS�c �� ��	+ <�) <�0 "5 �� ����,� AS�c������
`� �[ �� /��� � *S�7 1��[ "5 �� ��	+ "��� �) ��*T	9���
)Asclepiadaceae) ��*9�8� �(Orchidaceae) �����
! , (Mimosaceae.��� =��>+ ( @����  >��� ,m�S�,) �Diez & Valdez 1991(  <,�

4��A ��� �9T ��	+"�*<�) Eritrichieae , Cynoglosseae Boraginaceae, "9� ���>0	 <	9�� �)Iberian Peninsula (A��� ��*5 
 "!��	+�)< Myosotis �)��*V�� �� <�f*5 ������� "*c�� �� ��	�M	*s �� , ��	�M �� �9VT <�E� �� , �8�x "5 yVT A9�� ,

 �����\��A*S,	7 "5 A*S,	7	7  /5�T Y*4����5 "! ��	+ �� @���� D�� <�)B*23�  	x�c��� ��)�� . /����	+ <�)M.  

lithospermifolia P��� L������ )Khatamsaz 2002( �g�7,>��  ,A*S,	7  ���� Y*4�� ���A��� ��	+ "! �S�c��lithospermifolia  
M. "8S�V ��� �� ��F � �g�7,	�)� �g�7,>���  A*S,	7 �	+ ,��5 .�,m� , ��S��) �,,�Volka & Severova 2013���	5 �: ( <,� ��� <�)

�������) <�)������  ��	+)����7��� �# �: "! <�" "5 ��	+ �� ��*!,	` AS�c "5 \# �Zc ��U  ���#(� � ���� ��*5 "! 
Myosotis palustris ���� , �g�7,>�� ��  � � A��� , ������� <�E� /�� �9VT <�E� �� ,� �� M. palustris �	��� �^�^ �� <�

��5��) ���jE*� , ,	+��) .Hargrove & Simpson 2003 (��
�� >*� � ����  "!"��+<�) M. alpestris� M. arrensis� M. debilis �
M. decumbens�M. discolor �M. lamottiana  �M. laxa� M. personii�M. lithospermifolia � M. secunda �M. stricta� M. 

welwitschii� M. miniutiflora  ,M. sylvatica 1��[ "5 A*S,	7 � ��) "!  	x�c "8S�V �� AS�c D��P2M "��+ ��M. sylvatica  
.�� ����  

D�� ��0, �5 ��	+ "!L���	M /+ <�)� ��) �g�7,>�� D� )Meudt 2016(� 	5 ��� �	x�c ����1  M.  lithospermifolia  ,
minutiflora M.  	5 ����T D����9� ��	T .��	+ <�)Myosotis <� S��*� N���,	Z�� A*�5,� ��	+  ��N���,	Z�� A*S,	7 , 1��� "5  A*S,	7

�� A*�5,� @ 7 , �8�x��
` �<,	! , zV� 1��� "5 �	+ <�
��� �5 ������� <�E� �� �9VT <�E� �� �8�x� ��) )Meudt 2016 �5 "! (
Myosotis��	�� <�) �1,�Z� .��5 �,�,��S �����E) , )Volkova et al. 2017( ��	+ "��� Myosotis scorpioides  ����� �� �A*S,	7��g�7,>� 

 , ������� <�E� �� /�� � � A��� ,�	������ ��� Y*4�� �9VT <�E� ����  � �� "!scorpiodis M.  ���	����5 .�)� �����E) , �
)Hao et al. 2017(� "���  ��	+M. wumengensis �� ��  �9�	2� ��,	*5 AE�To�[  � � A��� , /����� Y*4����  "!"5�� 

Myosotis <�) ��	x�c B*23� ��9�.  
������ "W���  K 0 Myosotis "��+ ��E� �� "8S�V ��� <�)1��[ ,� "5  ���� ��,	*5 , ��,���� , �3V� ��*�  ��E� ��

"��+�) X�� �� \]�! ��5 )El Ghazali & Krzywinski 1989, Díez & Valdés 1991(.	 ��
�� B9: ���) �����E) ,)2017(� "��� <�)
L���	M /+ ��	+ D� ��E)� ��) A*j�!,	�) 1��[ "5. �	+�"��+ <�) ��� "8S�V <�)@���� �5 B5�V ��	+ "8S�V/+ <�) <�)

L���	M D� <� S��*�)Meudt 2016(� "��� ��	+ <�)jS�!,	�)* A �58 �10  ��12 ��� "W��� � "! ����5���� "W��� ,� "5 �� �)
AE�Tendoaperture   ,ektoaperture  L*�2�.��E� "! A�� 	!] "5 ��g �)�+� �� ���8��"W�)  "��+ R� ��� ��������5 1,�Z��  "5

 "! <��: ��S�, , >��)Diez & Valdez 1991(� �# ���8� �� �� �)+"���)< ramosissima M.  ,minutiflora M. ��� A�)  �� ��
 "8S�V �	x�c���8� D��  �� ��� �� ���� Y*4�� /��)1(.  
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) ���jE*� , ,	+��)2003(�  ��� "8S�V �: "! � ���� ��*5 ��*��5�,�+ <,������� "W��� M. alpestris�M. arvensis � M. 

debilis�M. decumbens  �M. lamottiiana �M. laxa�M. ramosissima  �M. seuunda �M. minutiflora�M. stricta  �M. sylvatica  ,
M. welwitschii X�� �� A*jS�!,	�)  ,�5 "� ��*�  <hZ , "� \]�! ��*�  /5�T Y*4��A�� ! " �� ��	+ X� � X�� >0 "5M. 

lithospermifolia 1 ��5 Y4��� "W��� ���8� "!� "��E� �T�5 �� "8S�V ��� <�) "5��D /��) �� ��)�� AS�c 1( �S�c �� D�� .
"! A��  ���8�"W��� �� �)M. discolor  ,M. personii� ��
`  ���� ���  Y*4���� ���� �A�� )Hargrove & Simpson 2003 (

 "!L) 	x�c B*23� �5���.A���� �  
"�����	+ <�) "��+ �� M. scorpioides� jS�!���*,	�) , AjS�!* ������� <�E� �� D�>+� zV� �5 Ao�[  �9VT <�E� �� ,

b����� D* WE) ���"��"� <���� ��	+ <�)  hZ  ��*�"� �5 \,� � \]�! "W��� � "! ��5 @���� �� �� ��	+ 1�Z[ �� AS�c D�� ����
�,, �,��S  �����E))2017 (jS�!,	�) /��� <,� "!*A "��+ D��  ��F�� ��5 "�M	+ >*�.��E� "Uc?  

2*23� ��"! � �,m� , �,��S��) �,,�Volka & Severova 2013( ��	+ �������) ������ <,�palustrris  M.  Y4� ����� ��F��
"! ���	+ ��	+jS�!,	�) �1���jS�!��� �)* ������� "*c�� �� D�>+� zV� , Ao�[ ��5  L) "! 	x�c B*23� �5 "!o�[  L) ,b������� 

����5� L)��� �����A��  D���� �� "! �S�c ��"���jS�!,	�) ��	+ <�)*5 A� "� ��*�  , "� >*� \]�! "W��� yVT ,� 	) , \,� ��5 
/�� �^�^ /4�4� �c���� @���� �5  	x�cA25�V ��A�.  

"���# A
0 	�	5 1�Z[ \�4��� ��"��+ ��� ��)�  >*S��#PCA ����5 �*Z ����� )2020Vitek  &Bidarlord  .( ��23�B* 	x�c 
����� ��
��  1�Z[ "! A������8� "W����) �~	: ��! �� <�E� �9VT ����8� ��*�<�) \]�!� 1� *�>� "���<�) ��	+ �5 Q���,	�* 

�,	��S�� ������ �*5D�	� 	VT "W��� �� <�E� ������� �� ��9VT ��g�:D�	� ��3 �9VT �� <�E� ������� "W��� ���g�:D�	� 	VT �� 
<�E� ������� �� �9VT ��	+ "���  ,��g�:D�	� ��3 �9VT �� <�E� �������  ��	+ "�����0 ��<��� "��+<�) >��c "8S�V ��� K 0 

A*E)�  ��)� .D* WE)� .) _��, L�` K 0 ��Omphalodes Mill (�� <	��� �f� ��*��5�,�+� ���	+ "��� X�� 1�Z[  <hZ  ��*�
���5	^!��c � �	� "���  �� �� "2�c "W��� ���	+\]�! "W��� >� ,�) � ��) =��� �5 "*��c 1� *2012et al. Coutinho (.  	VT 1�Z[

 �������� 	VT ��9VT�	� , N�: ��*��) ���*jS�!,>* A�4x , D�>+�  "8S�V ��PCA "��+ <�����0 <�)K 0  A�	7 \��M#
).x LeTourn.  Heliotropium(  �	*� D*E) "5 B�8�� ��) � E���� )2022et al. Yousaf .( �� "8S�V PCA �0����� y�� , �����E) 
)2023et al. Khajoei Nasab ,� (< "���<�) ��	+ �	5� "��+ ��<�) ���	�� K 0 "S�����< ).L Onosma ( �	*� ��h!���  ����E� �����

 "!N�: ��3 ��9VT N�: �3V� ��*�� N�: ��3 �������� /��  "�����	+ "5 ��� � L
D�	� 1�Z[ A
0 <�����0 "��+�) �� D�� 
K 0  ���>� "5 A*E)� <����� ��).  

�� "�M	+ 1��[ 1�8S�V �� ��	5 "��� ��	+ <�)"���# "5 ��5	��8� <�) � ��*��5�,�+���� AZ+  "!"��� <�) �� ��	+
"��+<�)  L. Echium vulgare f*5�5 <� "� <hZ  ��*�� .Moltkia petraea (Tratt.) Griseb �	+  A�) �5<hZ  ��*�  ,�5  zV�

������ "W��� "��)� �Nonea vesicaria (L.) Rchb. ��*� A�) �5 <hZ  ,  R9�"! >� 	**v� �5�������� zV� AE� "5 D�>+� 1� * �
Alkanna hirsutissima (Bertol.) A.DC. , /�� �5?+ "� �5 <hZ  ��*��  �5Myosotis ���	�� <�) 1,�Z� ?�!�� .��5Trigonotis 

rockii I.M.Johnst. ��  "W���)��*�<�) ���� , "W��� �5 <hZ  ��*� \,� �(� Eritrichium nanum (L.) Gaudin "� hZ  ��*�< 
 , \,� �"�  "W���A*jS�!� Cynoglossum creticum Mill. �� "W���� Solenanthus watieri Batt. & Maire ,� �� ���� "W��� X
, y!	 , Myosotis azorica H.C.Watson  �/�� � � A����� ��*j�!,	�) )E"��+ �� ��	5 � �� 	x�c B*23� "8S�V ��� <�)

 ��)�� /5�T��5 )Weigend et al. 2016 .("��� "8S�V �� ��	+ <�)A�) K 0  �� D�� �	*�)Paracaryum Boiss.� Mattiastrum 

(Boiss.) Brand�Microparacaryum (Popov ex Riedl) Hilger & Podlech � Rindera Pall.� L. Cynoglossum� Solenanthus 

Ledeb.� Trachelanthus Klotzsch  ,Lindelofia Lehm.(� "��� /�� "! �� Y4�A*S,	7 �9S�s ��	+ <�)� \��A*S,	7�  A*S,	7
 �	+ ,A*S,	7	7 A��  >0 "5 "! X� �M. lithospermifolia 1  ,M. miniutiflora�  A*S,	7� �� Myosotis "8S�V ��� <�) B*23� ��

 	x�c��5>� .�"��� 1� *��	+ <�)  ��E�A�) K 0 ���M o�[-"V2�o�[ ����-b����N���	+ �5 ���"V2� "V2� �>�� <�)- �"�9� >��
R9� , b������� �S, �� "��+ <�)Myosotis o�[-b���� o�[ , ���� ��) )2018et al.  Attar.( 
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�	6	�� *+4%  ���� ���	
� �&�� �	�Myosotis ���� @	AB C	6������� �	� ) @	AB �� ��	A�6� 	�SEM( 

1-1- ��	+ _?! , ���� �<hZ  ��*� ����	*s........................................................................................................ ........M. lithospermifolia 1  
2-1-_?! ��	+ <hZ  ��*�  ���� ,.............................................................................................................................................................. .............2  
1-2- 9VTA* ��	+ "��� �g�7,>��  ,�g�7,	�) .............................................................................................................................. ......M. minutiflora  
2-2- A*9VT  ��	+ "���  �g�7,>��................................................................................................................................................ ....................................3  
1-3- zV� �� ��	+ "�. o�[.............................................................................................................................................. ........................Myosotis sp.  
2-3- zV� b���� , o�[ ��	+ "������ ..................................................................................................................................... ...................................4  
1-4- "���<�) ��	+ A��� � � , ��*��5 /�� .............................................................................................................. ..........................................5  
2-4- "���<�) ��	+ A��� � � /�� .......................................................................................................... ................................................................6  
1-5- zV� "*c�� �9VT ��	+ �5 ���0� �^�^ /�� ................................................................................................................................................. 7  
2-5- zV� c��"* 9VT�  ��	+�,�5 ^�^ ���0�� ................... /��....................................................................... ................................................8  
1-6- 	VT �� <�E� ������� �� �9VT "��� ��	+ <g�5 3 	�,	�* ............................................................. ...........................................M. stricta  
2-6- �E� �� 	VT< ������� �� 9VT�  ��	+ "���	�� 3 	�,	�* ...................................................... ....................................................................11  
1-7- ��3 �9VT �� <�E� ������� "W��� D*5 3 �� 4 	�,	�* ................................................... ..................................................M. sylvatica  
2-7- 9VT ��3� �E� ��< ������� ��"W� 5D* 6  ��7 	�,	�* ..................................................................................................... M. alpestris 

1-8- 9VT ��3� �E� ��< ������� \]�! ��*� g�5< 8 	�,	�* ....................................................................................... ..M. ramosissima   
2-8- 9VT ��3� �E� ��< ������� \]�! ��*� 	�� 8 	�,	�* ............................................................................................................................ 9  

1-9- 	VT "W��� �� <�E� ������� �� �9VT <g�5 2 	�,	�* ........................................................................ .................................M. anomala  
2-9- 	VT "W��� �� <�E� ������� �� �9VT <g�5 2 	�,	�* ............................................................................................................................ 10  

1-10- �E� �� 	VT< ������� �� �9VT "��� ��	+ <g�5 5 	�,	�* ...............................................................................................  M. diminuta  

2-10- �E� �� 	VT< ������� �� 9VT�  ��	+ "���	�� 5 	�,	�* ..................................................................................................  M. olympica 

1-11- ��3 �9VT �� <�E� ������� "W��� <g�5 5 	�,	�* .................................................................................. ..................M. scorpiodis  
2-11- ��3 9VT� �E� ��< ������� ��"W� 	�� 5 	�,	�* ................................................................................................................................ 12  

1-12- ��3 �9VT �� <�E� ������� \]�! ��*� �	� 3 	�,	�* ........................................................................................... ...M. sparsiflora  
2-12- 9VT ��3� �E� ��< �������  \]�! ��*�<g�5 3 	�,	�* .................................................................................................................... 13  
1-13- �E� �� 	VT< ������� �� 9VT� \]�! ��*� �	� 22/0 	�,	�* ............................................................................... ..........M. propinqua  
2-13- �E� �� 	VT< ������� �� 9VT�  \]�! ��*�<g�5 22/0 	�,	�* ................................................. ...................M. lithospermifolia 2  

  

�&�DE6	F6  

 �� ��+��������5	)����)<T  ����� �������� )��	
�( , FAR  ������ ������� )a	!( � <��,��! =��# , 1�2*23� >!	 ��
<>!	 �������# �� ���	�� �� ��� � ��*+ ��5 �� ��?*+ ����� �8*9: ;5�  , SEM 223 "*�! �� , ���
5 �*
� ������� �	�3 ��

 "!�#�) ��F�� �� �� ����E� <��� �),67 D���  A��
�� ��	5� �� ��� ������T , 	�����E�� .  
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