Iranian Journal of Horticultural Science el SLEL
Vol 51, No 3, Autumn 2020 (633-644) © x’; < o r’"&
DOI: 10.22059/ijhs.2019.276301.1603 PYYFEE (o) IVAR Sy ¥ 5o Y 8590

Ol gl Cilise  >195 4 xio (Achillea spp.) Olyolog S aigs 31 & 9 oS Lulgy

"985 Lo yanzo 9 ¥ cwlie Lo e ! ol 4glt
b‘;_’.‘ ;cjs ‘bb@? A@Jh &:'Ja cl.'.n} 65J}L:S Ball] u.:l;.Jj_)l:...."J‘.: %;J:S.a ‘5_55'5.:3‘.5 .“} Yo
OYANE/YA 15y )b = WAV Y/E 12l ps )

ol

K 5 ITSA SHET S 3l oalinal b Ol p ciliies gLl o (15 &0 Ghaio O pola gy olS 51 lisue 458 V0 s (S5 5hd Lalyy 23!
i3 glue  didd b gl 5 Al LSS 68 Ve elad 3 ITSA s Matk 390 S5LeT g5 .o 8 plos! MatK 390 K1t
3 SKhbge op 5 S o Achellia o 655 V0 polad ( gladcm s jSTam By b ok s 5 MatK 390 51 ool (S35 gk
S bl pomen A3 S gl alTus S S s 3 (T, parthenium  Tanacetum vulgare) o, o5 5 55 5 A5
S8 S Jys kB B 15 e 05 S0 Olpobeg ol addllae 3500 455 Ve sbed 51 654 TS 4 QLS 51 Jeol> (K35 sk
NS 5 (Cotula cinerea » T. macrophyllum .T. millefolium .T. vulgare . sx) 2,1 05,5 k= b ol o A. alepica « p o5
T sl Ol ITS 4 5 MatK 390 (5, S0LE s 93 2 51 & 5l 0L Gl cpl gl (algiye B S 15 (5,503 slpme

5305 o3l Ol pa g O yole gy lisee sladi 8 55 KuuS L DNA 5 K5 5k

L2454 DNA DNA il (K3 s 56T ol (slae 319

Evolutionary relationships in some selected species of Yarrow (Achillea spp.)
collected from various regions of Iran

Elaheh Fayyaz*, Alireza Abbasi*" and Mohammad Reza Naghavi®
1, 2, 3. Ph.D. Candidate, Associate Professor and Professor, College of Agriculture & Natural Resources, University of Tehran,
Karaj, Iran
(Received: Feb. 23, 2019- Accepted: Jul. 19, 2019)

ABSTRACT

Phylogenetic relationships were assessed in 10 different species of the Yarrow (Achillea spp.) originated from
geographically different regions of Iran, using three different DNA markers namely ITS 4 and MatK 390. Both of
them (MatK 390 and ITS 4) were amplified among all the 10 species, and the resultant amplicons were sequenced for
further analyses. Phylogenetic tree of MatK 390 based on maximum likelihood could successfully place all the 10
species of the genus Achillea in a major cluster and outgroups (i.e., Tanacetum vulgare and T. parthenium) in the
second major group. Taking phylogenetic tree of ITS 4 into account, all 9 out of 10 species of the genus Achillea
were grouped into the first main cluster, while all four outgroups (i.e., T. vulgare, T. millefolium, T. macrophyllum,
and Cotula cinerea) together with the one species of the genus Achillea (A. alepica) were placed in the second group.
Altogether, the results of the current study demonstrated that both MatK 390 and ITS 4 are qualified enough to be
utilized as a powerful DNA barcoding system and subsequently phylogenetics analysis in different species of the
genus Achillea originated from geographically several regions of Iran.
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Figure 1. Geographical distribution of 10 species of of the genus Achillea spp. collected from 9 provinces of Iran
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Table 1. Characteristics of 10 species of of the genus Achillea spp. and their sampling place

No Sample 1D Species Sampling place
1 31050 A. alepica Lorestan
2 31051 A. biebersteinii Lorestan
3 34000 A. eriophora Yazd
4 30231 A. filipendula Ardebil
5 42022 A. millefolium Qom
6 27023 A. nobilis Guilan
7 43384 A. santolina Karaj
8 39374 A. tenuifolia Qazvin
9 40051 A. vermicularis Tehran
10 39899 A. wilhelmsii Markazi
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Figure 2. Agarose gel electrophoresis results of MatK 390 (A) and ITS 4 (B) for 10 species of of the genus Achillea

spp.; In all the 10 species of of the genus Achillea spp. the expected amplicon sizes of 1000 and 700 bp were
observed. M: Molecular marker (100 bp).
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Figure 3. Nucleotide base substitutions rates for each nucleotide pair for MatK 390 (a) and ITS 4 (b)
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Table 3. Maximum likelihood estimate of substitution matrix for MatK 390 (Left) and ITS 4 (Right)

MatK 390 ITS 4
A T/U C G A T/U C G
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C 7.40 16.30 - 4.50 c 4.78 15.44 - 4.78
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Figure 4. Phylogenetic tree constructed from MatK 390 in 10 species of the genus Achillea spp. based on maximum
likelihood and most probable ancestor of nucleotides. Both T. vulgare and T. parthenium are outgroups. Numbers
indicate Bootstrap percentages
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Figure 5. Phylogenetic tree constructed from ITS in 10 species of the genus Achillea spp. based on maximum likelihood and
most probable ancestor of nucleotides. All four species of C. cinerea, T. macrophyllum, T. vulgare and T. millefolium are
outgroups. Numbers indicate Bootstrap percentages
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