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6. Salvia lerifolia
7. Stachys lavandulifolia
8. Origanum vulgare
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4. Euclidean distance
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Fig. 1: Mean of the essential oil content of the studied Salvia mirzayanii populations
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Fig. 2: Average-linkage dendrogram of the seven Salvia mirzayanii populations resulting from the cluster analysis of
the oil component based on Euclidean distance. Chemotypes: 1= linalyl acetate+1, 8-cineol; 1=

linalylacetate+linalool+a-terpenyl acetate; I11= linalylacetate+sabinene hydrate; V= linalylacetate+y-cadinene; V= a-
terpenyl acetate+1,8-cineole
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Table 1: Geographic and climatic characteristics of the studied Salvia mirzayanii populations (SMP) from Iran
B3 ot ol
Hormozgan Fars Province
At s olelr &l &S N ohls OLesg s <Ulg S 9laez Jomo
Sirmand Sarchahan Tang-e-Zagh Lar Darab Sarvestan Bavanat Collection area
SMP7 SMP6 SMP5 SMP4 SMP3 SMP2 SMP1 N »
Population code
<] 4 o 4 o 4 o i o 4 o i o 4 gs’u‘)“’ J}‘a
27° 55 27° 26 27° 24 30° 42 28° 46 29° 12 30° 44 i
Latitude (N)
Ll oz Ll iz Copnd
56° 17 56° 18" 56° 117 54°12°  48°36°  53°35° 53° 427 SR ST erise
Longitude (E) Geographic location
870 960 1120 1680 1450 1830 1600 . el
Altitude (m.a.s.l.)
203 253 205 23.0 22.0 18.0 10.5 (Ol7 Bl 22, bl isleo S
Mean annual temp. (°C)
37.0 33.4 34.6 34.0 31.0 28.1 225 Tl a2) el slos inlar eilee .
Maximal mean annual temp. (°C) POSE RN}
142 173 12.0 14.0 11.0 8.0 6.0 Ol o 42,9) bl slos e 025Le Climatic conditions
Minimal mean annual temp. (°C)
205 226 210 203 230 220 270 e
Rainfall (mm/year)
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Table 2: Essential oil compositions of the seven Salvia mirzayanii populations from Iran

(20,0) lade
Content (%) el
O plord ool ¥ oberd o8 ¥ bt oo Vo sberd oo V elerd S S 5 el
Chemotype V Chemotype IV Chemotype Il Chemotype Il Chemotype I° “g)‘?b Compound name?
Obiwsg oo N <yl Uil Ao ol gly &5 Rl
Sarvestan (SMP2) Lar (SMP4)  Darab (SMP3) Bavanat (SMP1) Sirmand (SMP7) Sarchahan (SMP6)  Tang-e-Zagh (SMP5)

- - 0.1 - 0.1 0.1 - 927 a-Thujene
0.3 0.8 1.7 0.3 1.2 1.0 0.8 936 a-Pinene
0.5 0.3 0.8 0.4 0.8 0.9 0.6 974 Sabinene
0.5 11 24 0.5 1.8 18 1.2 980 B-Pinene
0.3 0.7 0.5 1.1 1.3 14 1.0 986 Myrcene
0.8 - - - - 0.5 0.9 989 dehydro-1,8-Cineole
- 0.7 0.4 1.6 0.5 - - 990 dehydroxy trans-inalool oxide
- 0.6 0.3 0.9 0.2 0.4 0.4 1005 dehydroxy cis-Linalool oxide
- 0.1 0.2 0.4 0.1 - - 1017 a-Terpinene
0.4 0.4 0.8 - 0.2 0.4 0.4 1024 p-Cymene
_ - - 0.4 - - - 1025 0-Cymene
7.9 3.2 5.9 7.4 6.6 7.0 7.0 1035 1,8-Cineole
0.2 - - - - 0.9 0.8 1043 (2)-B-Ocimene
- 0.7 0.4 1.1 1.0 - - 1043 (E)-p-Ocimene
- 0.2 0.3 0.5 0.2 0.3 0.2 1058 y-Terpinene
0.3 0.4 0.5 - - 0.4 0.4 1067 cis-Sabinene hydrate
0.2 1.0 0.7 2.3 0.8 0.7 0.9 1072 cis-Linalool oxide
- - 2.3 21 - - - 1088 trans-Linalool oxide
0.2 1.1 0.8 - 0.9 0.7 0.9 1088 Terpinolene
1.0 6.1 4.4 - 8.3 7.6 6.8 1098 Linalool

5 038 et 2B 60 gt o 4k S FYE Glag ST Jlo s 5l ealitial b Buios ol 55 (6103k (mail oyt 58 9 lailial SLaS 5 5 golans b lejep 355 dme) (522 S rkeg Sl (ST (6505l il plolit (b,
S -0 oleard b o uolS-Llrabinl JIUd F Slows o5 «Ohown ol +Skiwl JJIbd ¥ Slaats o cnbiwl i 5-WT + Jodld + bl JIUT Y olaod b (JotimrA gV rolinl JILI ) ol
A axxlye ) Jga 4 &b jge slacimen LSy ciogi (6l - JytimAg )+l
a) Mode of identification: retention index (RI), mass spectrometery (MS), and co-injection (Col) with some available authentic compounds. b) RI: retention indices determined in the present work

relative to C6-C24 n-alkanes on the DB-5 column. ¢) Chemotypes: I= linalyl acetate+1,8-cineol; II= linalyl acetate+linalool+a-terpenyl acetate; I11= linalyl acetate+sabinene hydrate; 1V= linalyl
acetatet+y-cadinene; V= a-terpenyl acetate+1,8-cineol. For a detailed description of populations SMP1-SMP7, cf. Table 1



ool b o bl (gl £ 955 U3

Olpl o ijse Curax Zan ooll saio LSis aluS 5 Y Jgas sl
Table 2 continued: Essential oil compositions of the seven Salvia mirzayanii populations from Iran

(20,0) lade
Content (%)

b loords G ¥ bt oo ¥ sl ool Violed s Vsl oo - S5 el
Chemotype V Chemotype IV Chemotype Il Chemotype Il Chemotype I¢ sk Compound name?
Qg o Y <l Uy, Mo yoas ke &l a8 R
Sarvestan (SMP2) Lar (SMP4)  Darab (SMP3) Bavanat (SMP1) Sirmand (SMP7) Sarchahan (SMP6)  Tang-e-Zagh (SMP5)

0.1 - - _ - 0.3 0.4 1100 2-Nonanol
0.2 - - 9.3 - - - 1100 trans-Sabinene hydrate
0.4 _ _ _ _ _ _ 1119 trans-p-Mentha-2,8-dien-1-
- 0.5 0.5 . - - , 1126 a-Campholenal
- - 1.0 0.5 - - - 1134 cis-Verbenol
- 0.3 0.6 - - - - 1134 Nopinone
0.4 - - - - - - 1134 trans-Verbenol
_ 1.3 _ _ - - - 1143 trans-Sabinol
- - 1.0 - - - 0.3 1143 trans-Pinocarveol
- - - 0.6 - - - 1144 neo-lsopulegol
- 1.7 0.7 1.7 0.5 - 0.7 1152 Nerol oxide
- 0.8 1.1 - 0.8 - - 1165 Pinocarvone
1.0 - - 11 - 0.8 - 1168 §-Terpineol
- 0.3 - - - - - 1176 Menthol
0.4 0.7 1.0 0.7 0.5 0.5 - 1180 Terpinen-4-ol
0.2 0.4 0.3 0.3 = = - 1187 p-Cymen-8-ol
2.0 3.8 2.2 55 5.4 4.8 4.6 1195 a-Terpineol
0.5 0.7 1.6 - - - 0.4 1199 Myrtenal
_ _ _ _ 0.2 0.6 _ 1202  trans-p-Mentha-1(7),8-dien-

oS 00,5 s 9B 2060 (i 50 a5 FYF (la T Jlo i 5l ooliil b 3o ol 53 ()03 ol pm s y3 0 uilial SLS 5 5l 3lans b lojed 2,55 dom) (o2 6 ka9 iSeml (T 65135k Gl s bl g,
J::.l.;).'l'—uﬂ B pleond o (uoli-LBr bl Sl :F Sleend Gos cOljane ol +obl JJL) ¥ Sleond s liul M;—L&JT + ol bl S Y pleends o o Josimm AV rbinl LU Y oleends
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a) Mode of identification: retention index (RI), mass spectrometery (MS), and co-injection (Col) with some available authentic compounds. b) RI: retention indices determined in the present work

relative to C6-C24 n-alkanes on the DB-5 column. c) Chemotypes: I= linalyl acetate+1,8-cineol; I1= linalyl acetate+linalool+a-terpenyl acetate; 111= linalyl acetate+sabinene hydrate; IV= linalyl
acetatet+y-cadinene; V= a-terpenyl acetate+1,8-cineol. For a detailed description of populations SMP1-SMP7, cf. Table 1
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Table 2 continued: Essential oil compositions of the seven Salvia mirzayanii populations from Iran

(20,0) lade
Content (%) el
0 ol oo ¥ bt G ¥ ol oo ¥ sl o Vsl oo S5 el
Chemotype V Chemotype IV Chemotype IlI Chemotype Il Chemotype I° s ot Compound name?
Oy oo Y <l Uy, oy ke gly o5 RE
Sarvestan (SMP2) Lar (SMP4) Darab (SMP3) Bavanat (SMP1) Sirmand (SMP7) Sarchahan (SMP6)  Tang-e-Zagh (SMP5)

- - - 0.7 - - - 1204 cis-4-Caranone
1.0 24 - - - - - 1208 cis-Carveol
_ - - - - 0.9 - 1212 Linalyl formate
- 0.2 0.2 - - - - 1212 4-methylene-Isophorone
- 1.0 - 15 0.9 - 1.2 1228 Nerol
- - 0.2 - - - - 1241 Cumin aldehyde
1.6 7.3 49 9.3 9.5 9.8 8.0 1256 Linalyl acetate
1.0 1.0 1.4 - - - 0.8 1266 n-Decanol
0.8 0.9 0.9 3.6 1.2 15 12 1301 Carvacrol
- - - 0.3 - - - 1323 Myrtenyl acetate
1.4 0.9 1.3 0.3 0.8 0.9 0.6 1343 5-Elemene
8.0 0.8 - 0.7 8.4 8.7 6.2 1352 a-Terpinyl acetate
0.1 14 0.7 15 14 21 1.3 1357 Neryl acetate
- 0.4 - - - - 0.5 1364 10-Undecenol
- - - 0.9 - - - 2366 (2E)-Undecenol
0.3 1.9 1.0 2.6 2.2 1.9 1.8 1376 Geranyl acetate
- 0.4 0.2 - - - - 1383 B-Cubebene
- - - 0.3 - - - 1384 a-Duprezianene
- 0.4 - - - - - 1392 2-epi-p-Funebrene
3.6 1.7 3.0 1.0 14 15 1.6 1397 B-Elemene

5 038 et B 260 gt o 4 S PV Glag ST Jlo s 5l ealitnl b 3uios ol 55 (6103k ol ot 50 0 il LS 5 ) (s8lans b lajed 8255 dme) (502 S kag Sl STy (65l il o lolid b,
S -0 olead b (uolS-LlBrabinl JIUd F Sloas oos «Olown ol +abil JIUS ¥ Slaats o cbiwl i 5-WT + Jodld +obiwl JIU Y olaad b (Jotimr A gV rolinl JILI ) ol
9IS axzlye ) Jgaz 4 &lijge slaciaenr Sl ciiog 6l Syt Ag) rolinl
a) Mode of identification: retention index (RI), mass spectrometery (MS), and co-injection (Col) with some available authentic compounds. b) RI: retention indices determined in the present work

relative to C6-C24 n-alkanes on the DB-5 column. ¢) Chemotypes: I= linalyl acetate+1,8-cineol; II= linalyl acetate+linalool+a-terpenyl acetate; I11= linalyl acetate+sabinene hydrate; 1V= linalyl
acetatet+y-cadinene; V= a-terpenyl acetate+1,8-cineol. For a detailed description of populations SMP1-SMP7, cf. Table 1.
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Table 2 continued: Essential oil compositions of the seven Salvia mirzayanii populations from Iran

(20,0) lade
Content (%) el
0 ol ool ¥ oberd ool ¥ olesd s ¥ glesd s Voot oo S5 el
Chemotype V Chemotype IV Chemotype IlI Chemotype Il Chemotype I° s o5k Compound name?
Oy o Y s Ul oy ke gl o RE
Sarvestan (SMP2) Lar (SMP4) Darab (SMP3) Bavanat (SMP1) Sirmand (SMP7) Sarchahan (SMP6)  Tang-e-Zagh (SMP5)

0.1 - - - - 0.5 0.7 1405 Cyperene
1.0 1.4 1.0 0.8 - 1.0 14 1405 a-Gurjunene
- 0.7 0.7 - - 0.5 0.7 1431 (E)-Caryophyllene
29 - - - - - - 1426 B-Gurjunene
- - - 0.5 - - 15 1431 a-Guaiene
1.7 0.6 0.6 - - 1.0 4.0 1444 Aromadendrene
- 0.4 0.2 - - - - 1451 a-Humulene
- - - 0.6 - - - 1451 allo-Aromadendrene
0.4 - 1.2 - - 1.4 1.9 1462 y-Gurjunene
- - 0.2 - - - - 1472 trans-Cadina-1(6),4-diene
0.6 0.3 - 0.4 - 0.5 0.3 1473 Amorpha-4,7(11)-diene
10 1.0 - 0.9 - 0.7 0.6 1483 y-Muurolene
0.2 0.3 - - - - - 1491 Germacrene D
16 0.9 2.0 - - 0.8 14 1498 B-Selinene
- 0.6 - 0.8 - = - 1498 Viridiflorene
4.8 5.8 5.6 3.0 1.0 54 4.8 1502 Bicyclogermacrene
- - - - 0.4 - - 1502 cis-p-Guaiene
0.3 - 0.2 - 2.8 - - 1510 Premnaspirodiene
- - - - 0.8 - - 1513 trans-p-Guaiene

5 005 end 92l 068 i ;0 a)S PV Gla ST oy 5l oliiul b 3aion ol 50 (65005l (il e yiws 50 8 lailiul SluS 5 5l golasi b lejen )5 ‘(u“:") o7 i Sl (T3 6505k sl i lulids o,
‘_}ﬁ.;.;):—LAJT B pleond o (uoli-LBr bl Sl :F Sleend Gos cOljane ol +obl JJL) ¥ Sleond s liul ‘_}ﬁ.;;):—uﬂ + ol bl S Y pleends o oot AV rbinl LU Y oleends
SIS axzlye ) Jgaz 4 &ljge slaciaenr Sl ciiog 6l Syt Ag) + ol
a) Mode of identification: retention index (RI), mass spectrometery (MS), and co-injection (Col) with some available authentic compounds. b) RI: retention indices determined in the present work

relative to C6-C24 n-alkanes on the DB-5 column. ¢) Chemotypes: I= linalyl acetate+1,8-cineol; II= linalyl acetate+linalool+a-terpenyl acetate; 111= linalyl acetate+sabinene hydrate; IV= linalyl
acetatet+y-cadinene; V= a-terpenyl acetate+1,8-cineol. For a detailed description of populations SMP1-SMP7, cf. Table 1
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Table 2 continued: Essential oil compositions of the seven Salvia mirzayanii populations from Iran

(20,0) oo
Content (%) el
0 (ol oo ¥ olerd ool ¥ olesd s ¥ gled s V olerd o S5 el
Chemotype V Chemotype IV Chemotype IlI Chemotype Il Chemotype I° s ot Compound name?
Oy oo Y Sl <l oy ol gl o5 R
Sarvestan (SMP2) Lar (SMP4) Darab (SMP3) Bavanat (SMP1) Sirmand (SMP7) Sarchahan (SMP6) Tang-e-Zagh (SMP5)

0.7 - 75 0.8 0.2 0.9 1.0 1522 y-Cadinene
- - - - - 0.3 0.3 1526 Cubebol
3.9 - 2.8 0.5 - 3.3 3.2 1638 a-Muurolol
- - - - 2.2 - - 1651 epi-a-Muurolol
- - - - 0.4 - - 1657 Pogostol
0.7 - 0.9 - - - - 1657 a-Eudesmol
5.8 4.7 5.8 2.8 4.1 6.3 5.4 1658 a-Cadinol
- 6.2 - - - - - 1658 B-Eudesmol
0.2 - 0.7 4.6 0.2 - - 1666 Intermedeol
- 0.9 - - - - - 1683 5-neo-Cedranol
- 0.8 - - - - - 1687 a-Bisabolol
34 3.4 3.8 - 1.7 3.3 29 1708 Shyobunol
- - - 0.9 - - - 1709 2E,6Z-Farnesol
0.4 - - - - - - 1748 Oplopanone
- 0.5 - = - - - 1749 Khusimol
0.8 - - = = - - 1756  8-hydroxy-dihydro-Eremophilone
- 0.4 - - - - - 1896 Rimuene
1.0 - - - - - - 1897 n-Nonadecane
- - - 0.3 - 0.4 0.5 1957 2-Phenyl ethyl phenyl acetate
- 1.2 - - - - - 1961 Geranyl benzoate

5 038 et B 250 gt o 4 S PV Glag ST Jloy 5l ealitnl b s ol 55 (6,103k ol ot 53 3 il SLS 5 5l 3lans b lajed B2y dme) (5002 S kag Sl STy (6505l il ololid b,
S -0 olead b o uolS-LlBrabinl JIUd F Slows o5 «lown ol +biwl JILd ¥ Slaats o cnbiwl o 5-WT + Jodld + bl JIU Y olaad b (Jotim A gV rolinl JILI ) ol
9IS axzlye ) Jgaz 4 &lijge slaciaenr Sl ciiog 6l Syt Ag) rolinl
a) Mode of identification: retention index (RI), mass spectrometery (MS), and co-injection (Col) with some available authentic compounds. b) RI: retention indices determined in the present work

relative to C6-C24 n-alkanes on the DB-5 column. ¢) Chemotypes: I= linalyl acetate+1,8-cineol; II= linalyl acetate+linalool+a-terpenyl acetate; I11= linalyl acetate+sabinene hydrate; 1V= linalyl
acetatet+y-cadinene; V= a-terpenyl acetate+1,8-cineol. For a detailed description of populations SMP1-SMP7, cf. Table 1
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Table 2 continued: Essential oil compositions of the seven Salvia mirzayanii populations from Iran

(20,0) oo
Content (%) el
O ol Gud ¥ abosd oo ¥ bt ood V skt o LRELSS R Sy el
Chemotype V Chemotype IV Chemotype IlI Chemotype Il Chemotype I¢ s ot Compound name?
Oy yo N <hyls <Uls, A e Oz &y 55 RI?
Sarvestan (SMP2) Lar (SMP4)  Darab (SMP3) Bavanat (SMP1) Sirmand (SMP7) Sarchahan (SMP6)  Tang-e-Zagh (SMP5)
0.8 0.6 - - - - 0.3 2049 13-epi-Manool oxide
- - - - 0.9 - - 2073 12-Stearolactone
0.2 0.6 - 35 0.2 - - 2097 Kaurene
26 _ - - - - - 2103 n-Heneicosane
0.8 0.5 0.3 0.2 - - 0.2 2162 2-Phenyl ethyl anthranilate
0.4 0.4 - - - - - 2246 Sclareol
- - - - 3.8 - - 2284 7a-hydroxy-Manool
0.8 _ - _ - - - 2295 n-Tricosane
96.5 97.6 97.4 98.2 96.4 99.8 98.1 o3 plolid ggee
Total identified
0.6 0.7 1.1 11 2.2 18 12 (39 2% Fi9 20)) ol e

Oil content (w/w %)

G 03,8 e B 260 (gt 40 4, YE-F ‘_;Lmol.iﬂ Jloy 5l eolazwl b Badzs ool 50 (6,105l il . yws jo o lailawl bS5 5l golaws b ylojee 80,5 ‘(u“:") S (S g Sl ‘(GU) G5k il s ololis o,
—AgVrliwl Ju -1 0 bt o e alS-lalr ool JJLd :F Sleond cod cljane uole +olinl LIS Y olaad oo colial S -l + Jodlid +benl LU ¥ lbord o o Jomr A rolinl LIl Y ol

9 anrlye ) Jgoz @ &lijse lacamer Sl ciogi Gl Jste

a) Mode of identification: retention index (RI), mass spectrometery (MS), and co-injection (Col) with some available authentic compounds. b) RI: retention indices determined in the present work relative to
C6-C24 n-alkanes on the DB-5 column. ¢) Chemotypes: I= linalyl acetate+1,8-cineol; II= linalyl acetate+linalool+a-terpenyl acetate; I11= linalyl acetate+sabinene hydrate; IV= linalyl acetate+y-cadinene;

V= a-terpenyl acetate+1,8-cineol. For a detailed description of populations SMP1-SMP7, cf. Table 1
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Chemical Diversity Among the Essential Oils of Natural Salvia mirzayanii (Lamiaceae)
Populations from Iran

Nematollahi!, A. R., Mirjalili¥*, M. H., Hadian?, J. and Yousefzadi, M.
Abstract

Salvia mirzayanii Rech. f. & Esfand. (Lamiaceae), with the common name of Moortalkh, is an endemic species grown
in Bushehr, Khuzistan, Sistan and Baluchistan, Fars, Kerman and Hormozgan Provinces of Iran. In the present study,
variation of the essential oil content and composition among seven populations of the plants collected from different
natural habitats including Fars Province (Bavanat, Darab, Sarvestan and Lar) and Hormozgan Province (Tange-Zagh,
Sarchahan and Sirmand) was investigated. The essential oil was first isolated by hydrodistillation and then analyzed by
GC/FID and GC/MS and finaly their chemical variability was determined. Results showed that maximum and minimum
essential oil content (w/w%) obtained from Sirmand (2.2%) and Sarvestan (0.6%) populations, respectively. Altogether,
127 compounds were identified in the oils. Linalyl acetate, trans-sabinene hydrate, 1,8-cineole, linalool, y-cadinene and
a-terpenyl acetate were the major compounds. Cluster analysis (CA) of the essential oil components characterized five
chemotypes as 1) linalyl acetate+1,8-cineole, II) linalyl acetatetlinalool+a-terpenyl acetate, 111) linalyl acetate+sabinene
hydrate, IV) linalyl aceatet+y-cadinene and V) a-terpenyl acetate+1,8-cineole. The high chemical variation among
populations according to their geographical and bioclimatic distribution could be considered for in situ and ex situ
conservation and domestication of the plants.

Keywords: Hydrodistilation, Lamiaceae, Domestication, Chemotype, Gas chromatography, Natural habitat
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