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Abstract

The genus Myosotis (Forget-me-not) is distinct by having ovoid, smooth, and shiny nuts
with brown to black color from the other related taxa in the Boraginaceae Family. This
study aimed to investigate taxonomic and phylogenic relations in some Iranian Myosotis
species based on calyx and nut characters. In this way, dry herbarium specimens were
used from T and FAR herbaria at Kharazmi University. Their sepals and achenes were
separated under a stereomicroscope, their images were prepared by a digital camera and
then were prepared and analyzed using Image] 1.5v and Past 4.13v software. It was
found that calyx and calyx trichome and nut characteristics such as the shape of the
calyx, the shape of the trichome distribution, and the presence of ligulate white
appendage in the nut, prove their usefulness in differentiating the species of the
genus Myosotis. The phylogenetic study of calyx and calyx trichome characteristics and
nut characteristics can be used to separate the subgenus Strophiostoma M.Pop. (Turcz.)
from other members of the genus as a monophyletic taxon. In this article, an
identification key for the studied species is presented based on the diagnostic traits of
the nut and the calyx.

Introduction

The genus forget-me-not flower (Myosotis L.) includes 80 to 100 species in the world
(Mabberley, 2008; Weigend et al., 2016), and up until now, 18 species of which were
reported from Iran (Akbarnejad, 2023). This genus is considered as a monophyletic
taxon (Shrafati et al., 2014) and could be separated from other genera of the family
Boraginaceae by having ovoid, smooth, and shiny nuts with brown to black color
(Winkworth et al., 2002). Although Myosotis could be clearly defined by morphological
characteristics, the genus is considered as taxonomically complex (Al-Shehbaz, 1991).
So far, numerous research projects have been executed on the morphological, micro-
morphological and molecular traits of flowering plants, including family Boraginaceae
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and genus Myosotis, in the world (Akbarnejad, 2023; Noroozi ef al., 2022; Akbarnejad et
al., in press; Abbasi et al., 2011; Diez, 1994; Metcalfe and Chalk, 1979; Meudt, 2015;
Ning et al., 1992; Nyawuame and Gill, 1990; Cohen, 2014; Retief and Van Wyk, 1997;
Zamani, 2022; Dylami et al., 2018; Javanmardi, 2015, et cetera) that aimed to determine
their proper taxonomic classification. Therefore, the current research was carried out to
investigate the phylogenetic relationships among the species of the genus Myosotis, and
since the Myosotis genus has beautiful and fragrant flowers, the exact taxonomic
identification of its species may help to breed and reproduce species with ornamental
importance and valuable in perfumery industry (see Znajdek-Awizen et al., 2014).

Material and Methods

The samples were collected from the T and FAR herbaria of Kharazmi University, their
sepals and nuts were separated under a stereomicroscope, and their images were
prepared by a digital camera. Then, the studied traits were measured and coded using

Imagel 1.5v software, and by Past 13.4v software, a phylogenetic tree was reconstructed
by UPGMA method (Unweighted Pair Group Method with Arithmetic mean).

Results and Discussion

The trichome length was found to be long in M. scorpioides L., M. olympica Boiss., M.
asiatica (Vestergr.) Schischk. & Serg., M. alpestris F.W. Schmidt., M. sylvatica Hoffm.,
M. lithospermifolia (Willd.) Hornem. and M. pseudopropinqua Popov; whereas the
trichome length in species M. ramosissima Rochel ex. Schultes., M. stricta Link ex
Roem. & Schult., M. anomala Riedl., M. sparsiflora J.C. Mikan ex Pohl. and M.
propinqua Fisch. & C.A.Mey were found to be relatively short. The largest and smallest
length and width of the calyx were related to M. sylvatica and M. sparsifior,
respectively. The inadequate number of variations observed in the calyx and calyx
trichome traits was not found to be suitable for the identification of subgeneric taxa in
the specific rank but could be useful in the study of taxonomic relationships among the
higher taxonomic ranks. Calyx, calyx trichome, and nut traits could be applied in the
study of taxonomic relationships among the species of Myosotis, as well as to
investigate the relationship among and within subgenra of Myosotis, e.g., subgenus
Strophiostoma M. Pop. (Turcz.), as the species of this subgenus were found to form the
monophyletic subgenus by the criteria applied in the present study. The percentage
changes in nut traits were found to be compatible with those in flower and flower
trichome traits, in contrast to the previous findings about pollen and stem traits
(Akbarnejad ef al. in press; Akbarnejad, 2023).

Conclusion

The percentage of changes in the morphological traits studied in genus Myosotis was
above 60% in nut traits and below 60% in calyx and calyx trichome traits. Calyx and
calyx trichome characteristics as well as nut characteristics were found to be useful for
the separation of taxa above the specific rank, e.g., the separation of the subgenus
Strophiostoma, as the species of this subgenus were shown to form a monophyletic
group by examining the nut, calyx and calyx hair characteristics in the present research.
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Table 1- The species used in the taxonomical study of Myosotis calyx and calyx trichome traits, along with the name

of herbarium, place of collection.

No. Species Herbarium Herbarium Localities
Code No.
1 M. scorpioides L. T 24742 Gilan: Lisar protected area, Subatan.
2000 m
2 M. olympica Boiss. T 24745 Ardabil: Khalkhal, Palangah Mt.
3 M. asiatica (Vestergr.) T 24740 Azarbayejan: Kuh-e Khalil, 2800 m
Schischk. & Serg.
4 M. alpestris F.W.Schmidt. T 24739 Ardabil: Khalkhal, Sardul, 2800 m
5 M. sylvatica Hoffm. T 1984 Gilan: Lisar protected area, Bakro Dag,
2700 m
6 M. lithospermifolia (Willd.) FAR 18400 Tehran: Afje Zaygan. 2000 m
Hornem.
7 M. ramosissima Rochel ex. T 4868 Nortern Khorassan: Esfarayen, Saluk
Schultes. National Park, Joz valley, 1472 m
8 M. stricta Link ex Roem. & T 24744 Ardabil: Khalkhal, Aq-Dagh Mt., 2300 m
Schult.
9 M. anomala Riedl. T 1972 Gilan: Lisar protected area, Subatan,
2200 m
10 M. sparsiflora J.C.Mikan ex T 24743 Ardabil: Khalkhal, Shahroud riverside,
Pohl. 1200 m
11 M. propinqua Fisch. & T 11060 Mazandaran: Sari-Semeskandeh near
C.A.Mey. Velashed, 160 m
12 M. pseudopropinqua Popov FAR 7994 Golestan: Kord Koi forest
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Table 2- The species used in the taxonomical study of Myosotis nuts traits, along with the herbarium number, place of

collection.
No. Species Herbarium Herbarium Localities
Name No.
1 M. scorpioides L. T 24742 Gilan: Lisar protected area, Subatan. 2000
m

2 M. olympica Boiss. T 24745 Ardabil: Khalkhal, Palangah Mt.

3 M. alpestris F.W.Schmidt. T 24739 Ardabil: Khalkhal,sardul, 2800 m

4 M. sylvatica Hoffm. T 1984 Gilan: Lisar protected area, Bakro Dag,

2700 m

5 M. lithospermifolia (Willd.) FAR 18400 Tehran: Afje Zaygan. 2000 m
Hornem.

6 M. ramosissima Rochel ex. T 4868 Nortern Khorassan: Esfarayen, Saluk
Schultes. National Park, Joz valley. 1472 m

7 M. stricta Link ex Roem. & T 24744 Ardabil: Khalkhal, Ag-Dagh Mt., 2300 m

Schult.
8 M. anomala Riedl. T 1972 Gilan: Lisar protected area, Subatan, 2200
m
9 M. sparsiflora J.C.Mikan ex T 24743 Ardabil: Khalkhal, Shahroud riverside,
Pohl. 1200 m

10 M. propinqua Fisch. & T 11060 Mazandaran: Sari-Semeskandeh near
C.A Mey. Velashed, 160 m

11 M. pseudopropinqua Popov FAR 7994 Gorgan: Kord Koi forest
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Figure 1- Calyx and calyx trichomes in the Myosotis species, 1- M. scorpioides, 2- M. olympica, 3- M. asiatica, 4- M.
alpestris, 5- M. sylvatica, 6- M. lithospermifolia, 7- M. ramosissima , 8- M. stricta, 9- M. anomala, 10- M.
sparsiflora, 11- M . propinqua and 12- M. pseudopropinqua.
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Table 3- Comparison of the Myosotis calyx and calyx trichomes.

oSS dsk S S S5 IE ks wlss IS Slis osle
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Al oS 5568 5 e e M. scorpioides L. 1
Al sbj 35S 5 Lo sze e M.olympica Boiss. 2
RuY Ny 5585 5 e85 edsS 2l M. asiatica (Vestergr.) Schischk. & Serg. 3
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Table 3 continues- Comparison of calyx and calyx trichomes traits in the some species of Myosotis.
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Table 3 continues- Comparison of the Myosotis calyx and calyx trichomes (Units in mm).

SlLs 5,0 Wl o e (mm) 4.8 J b Slis osled
(mm) (mm) E Species
G F

0.869 1.716 3.484 M. scorpioides L. 1
0.558 1.755 2.435 M.olympica Boiss. 2
0.199 1.808 2.446 M. asiatica (Vestergr.) Schischk. & Serg. 3
0.485 1.805 2.512 M. alpestris F.W.Schmidt. 4
0.639 2.488 4.108 M. sylvatica Hoffm. 5
0.368 1.679 3.091 M. lithospermifolia (Willd.) Hornem. 6
0.455 1.41 3 M. ramosissima Rochel ex. Schultes. 7
0.52 1.568 2.758 M. stricta Link ex Roem. & Schult. 8
0.644 1.22 3.85 M. anomala Riedl. 9
0.368 1.128 2313 M. sparsiflora J.C.Mikan ex Pohl. 10
0.818 1.835 2.592 M. propinqua Fisch. & C.A.Mey. 11
0.859 1.756 3.531 M. pseudopropinqua Popov 12
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Table 4- Coded qualitative and quantitative traits of some species of Myosotis calyx and calyx trichome.
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Figure 2- Phylogenetic tree of Myosotis species by studying calyx traits drawing by Past software. 1- M. Scorpioides,
2- M. olympica, 3- M. asiatica, 4- M. alpestris, 5- M. sylvatica, 6- M. lithospermifolia, 7- M. ramosissima, 8- M.
stricta, 9- M. anomala, 10- M. sparsiflora, 11- M. propinqua, 12- M. pseudopropinqua.
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Figure 3- Nuts of Myosotis species; 1- M. Scorpioides, 2- M. olympica, 3- M. alpestris, 4- M. sylvatica, 5- M.

lithospermifolia, 6- M. ramosissima, 7- M. stricta, 8- M. anomala, 9- M. sparsiflora, 10- M. propinqua and 11- M.
pseudopropinqua.

Myosotis o> pu sladsus auslis -0 Jsd

Table 5- Nuts traits of some species of Myosotis.

636 Sew sl O35 505 4dl> S5/ S 5 ol 555 e Jsb Slis oot
s E 6l 03 XS A (mm) (mm) Species
F D C B A
- - Kty - 1.021 1.548 M. scorpioides
L.
+ + Nty - 1.172 2412 M.olympica 2
Boiss.
- + Nty - 0.87 1.352 M. alpestris 3
F.W.Schmidt.
- - iy - 1.179 1.744 M. sylvatica 4
Hoffm.
+ + 58 . 0.558 1.057 M. 5
lithospermifolia
(Willd.) Hornem.
+ + 35 - 0.741 1.416 M. ramosissima 6
Rochel ex.
Schultes.
+ + 35 - 0.556 1.167 M. stricta Link 7
ex Roem. &
Schult.
- + 35 - 0.503 0.889 M. anomala 8
Riedl.
- + 35 + 1.006 1.896 M. sparsiflora 9
J.C.Mikan ex
Pohl.
+ - 35 + 0.722 1.509 M. propinqua 10
Fisch. &
C.A Mey.
+ + 35 + 1 1.94 M. 11
pseudopropinqua
Popov

S s sy pde lme 4= (S5 K s Slas

.+ means the presence of a feature, - means the absence of a feature.
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Continuation of Table 5- Comparison of nuts of the genus Myosotis.
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. . Schult.
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Table 6- Nuts qualitative and quantitative traits of some species of Myosotis and their codes
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P O N PO N TPV S oo a5

1 1 1 1 2 2 1 1 2 3 1

1 2 1 2 1 1 1 1 2 4 2

2 3 1 3 2 1 1 1 1 2 3

2 1 1 2 2 2 1 1 2 3 4

3 4 1 1 1 1 2 1 1 2 5

3 1 1 1 1 1 2 1 1 2 6

1 4 1 4 1 1 2 1 1 2 7

3 1 1 1 2 1 2 1 1 1 8

4 1 1 4 2 1 2 2 2 3 9

4 1 1 3 1 2 2 2 1 3 10

4 1 1 2 1 1 2 2 2 3 11

03y ol (Ko 55 guS G s p 534S 035 Aoy B Slis 53 ol planil gla a3 5o
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Figure 4- Phylogenetic tree based on the traits of nuts in the Myosotis species; 1-M. Scorpioides, 2- M. olympica, 3-
M. alpestris, 4- M. sylvatica, 5- M. lithospermifolia, 6- M. ramosissima, 7- M. stricta, 8 - M. anomala, 9- M.

sparsiflora, 10- M. propinqua, 11- M. pseudopropinqua.
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