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Pis F-PIN GAGTTTGCSAAACTSGACTTCAA S[CIG]

Pis R-PIN GTACCATACACATCRTAAACATCRTC R [A/G]

Lis F-LIN ACTCTCGATGATGTYTAYGA Y [CIT]

Lis R-LIN GTATCACCTCTYTCCATYTC Y [CIT]
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Figure 1. Results of RNA extraction on 1% agarose gel. 1 and 2: RNA, M: 1Kb Marker (Fermentas)
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Figure 2. PCR results of Pis gene on 1% agarose gel. 1 and 2: PCR product of Pis, M: 100bp Marker
(Fermentas), 3: Negative control
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Table 3. Pairwise-distance average regarding K2P model among different plant species for Pis gene

oS w8

1 2 3 4 5 6 7 8 9 10
Plant species
1. Achillea millefolium
2. Artemisia annua 0.066
3. Rosmarinus officinalis 0.815 0.837
4. Lavandula pedunculata 0.664 0.679 0.396
5. Solanum habrochaites 0981 1.031 1.084 1.233
6. Pinus banksiana 0.764 0.764 0.781 0.761 1.108
7. Abies grandis 0.879 0.902 0.808 0.710 1.173 0.146
8. Picea abies 0.835 0.815 0.779 0.695 1.029 0.124 0.131
9. Chamaecyparis formosensis 0.816 0.779 0.866 0.800 1.066 0.453 0.446 0.480
10. Pinus contorta 0.782 0.782 0.800 0.796 1.138 0.013 0.161 0.139 0.453

11. Picea sitchensis 0834 0815 0778 0727 1.080 0101 0116 0026 0491 0.116

Pis 05 a0 bg e AL claesl gl 0 K2P Jue lul ,, Pairwise—distance .Sle -8 J s
Table 4. Pairwise-distance average regarding K2P model among plant families for Pis gene

o3l 1 2 3 4 5
Family
1. Asteraceae
2. Lamiaceae 0.749
3. Solanaceae 1.006 1.158
4. Pinaceae 0.817 0.763 1.105
5. Cupressaceae 0.798 0.833 1.066 0.465
Abies grandis

10 5 |: Picea abies
Picea sitchensis ~ |Piacsss
¥ 5| Pinus contorta
100[ Pinus banksiana

Chamaecyparis formosensis  Cupressaceas
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L— # Aremisia annua
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lJP'S QJ JAL.A‘JJNCBI blill.: ).} J_}}}A QLAL;J.;L» L’ Q\)JLA)J u;‘l':"j b‘j) 44 .b).i‘/.ﬁ g}g.::;)j.lﬁﬁ C})J—Y’ Jg.w
UPGMA ui_}) )‘ oalazal

Figure 3. Phylogenetic tree for relationship of Achilleae Pis gene with other plants Pis sequences available in
NCBI based on UPGMA method
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Figure 4. PCR results of Lis gene on agarose gel, 1: PCR product of Pis, M: 100bp Marker (Fermentas)
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Table 5. Pairwise-distance average regarding K2P model among different plant species for Lis gene

1 2 3 4 5 6 7 8 9 100 11 12 13
1. Achillea millefolium
2. Artemisia annua 0.059
3. Cinnamomum camphora ~ 0.995 1.004
4. Cinnamomum osmophloum 0.963 0.971 0.012
5. Clarkia breweri 1.188 1.210 1.127 1.167
6. Clarkia concinna 1.210 1.233 1.127 1.167 0.016
7. Lavandula angustifolia 0.814 0.750 0.991 0.977 1.286 1.286
8. Lavandula latifolia 0.795 0.762 0.855 0.855 1.254 1.254 0.410
9. Malus domestica 0.875 0.870 0.498 0.482 1.208 1.220 0.952 1.006
10. Mentha citrate 0.905 0.866 1.048 1.033 1.360 1.355 0.264 0.410 0.913
11. Oryza sativa 1.003 1.077 0.537 0.538 1.562 1.526 1.054 1.082 0.631 0.994
12. Perilla citriodora 0.822 0.776 0.936 0.937 1.369 1.365 0.269 0.349 0.824 0.258 0.995
13. Perilla frutescena 0.837 0.789 0.909 0.910 1.386 1.369 0.257 0.356 0.814 0.252 0.985 0.012
14. Rosa rugosa 0.967 0.959 0.529 0.530 1.501 1.444 1.054 0.952 0.192 0.939 0.555 0.880 0.880

Lis 03 & by e ALS laesl gl 0 K2P Jis ulul . Pairwise—distance Sle avslows =1 J s

Table 6. Pairwise-distance average regarding K2P model among plant families for Lis gene

o)\yl:- 1 3 4 5
Family

1. Asteraceae

2. Lamiaceae 0.983

3. Onagraceae 1.210 1.147

4. Lamiaceae 0.811 0.945 1.327

5- Rosaceae 0.918 0.510 1.343 0.921

6. Poaceae 1.040 0.538 1.544 1.022 0.593
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Figure 5. Phylogenetic tree for relationship of Achilleae Lis gene with other plants Lis sequences available in
NCBI based on UPGMA method
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Abstract

Yarrow (Achillea millefolium) is an herbaceous and perennial plant species which belongs to the
Asteraceae family. Yarrow's essential oil has different compounds of monoterpene and sesquiterpens,
which its main constituents are pinene and linalool. These compunds have anti-microbial and anti-pest
activities and also can be used in the food industry, perfumery and cosmetics.The aim of the present
study was to use the degenerate primers approach in order to isolate Pinene synthase and linalool
synthase genes from Yarrow plant. Up to date, there is no any report on the availability of these genes
in the world gene bank. In this investigation the total RNA was extracted from Yarrow then pinene
synthase and linalool synthase genes were isolated, using degenerate primers and Polymerase Chain
Reaction (PCR). PCR amplified two bands of 250 bp and 720 bp. The sequence data were compared
with NCBI gene bank data. The results of diversity study among varieties and families based on Pis
and Lis genes showed most similarity between Achillea and Artemisia plants. Also this similarity was
seen between Asteraceae and Lamiaceae families and these families grouped together same group.
These results also showed a relatively high similarity of Pis and Lis with some other plants which
confirmed sequencing data.

Keywords: Degenerate primer, Achillea millefolium, Pinene synthase, Terpenes, Linalool synthase
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