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antioxidant synthesis pathway to use in phylogeny of important genera belong
to Anthemideae subfamily

" lblb de al ) s TS s g (530 (Il 6 e T el

VBT b Ct.a} Sooslis f}l.c J&isls skl =
Olgaol s ol ool lslial il w8 s 5 4 =Y

Yamchi A™, Sadeghi Dastjerdi M?, Rahimmalek M?, Sayed Tabatabaee BE?
1. Assistant professor, Gorgan University of Agricultural Science and Natural Resources, Gorgan,

Iran
2. Graduated MSc Student, Assistant professor, Professors, Isfahan University of Technology, Iran.

yamchi@gau.ac.ir : S0 5 xS oy (D30 J stnn ooy 55 38
(/T 1 oy )b —AY/PTY 23l 55 )

ouuS>

4 & wid Anthemideae oalgils p3 b wia 0 Fpeo dhoo 3 dalse § (559518 gl dioyd (OM)3kg

Ladgighd . Wiyld G3gald 35 ey BB ST Sl BT 9 Bubisighh Ol g cwiils W
3T (PAL) 3 igoT (o¥T b igd oo Sbivdi oos 3T SOOI I AT 537 & Wit 6 Sl 5 S slaejls

il dyon (wlaly il pal2 OF Jg coni 9 2lobd (Sly b oo BASHIN Jw g 30 (S

O3 &Sk Sodls okl 55 SBLT ple 9 gl Joo ol (Slp oid g S Iy 2bnx €=

ot § 55 b oud CBlis >lei Lululy 5 Dygo 4 solaisl Sl KT .l plut (NCBI) pal2 o

Cd Yoo Jsb 4 Slamb jade Sl iz 33 BT b ST PAL2 gy cmegd Jib 4ol Anthemideae
DNA

4 .l cod (NCBI) 05 <l 58 9 (Je5 comnd 4018l 38 9 Ogl5” PCR Jgaome (s § iSG 1) wigils o
ecenl 9 Transition uomes o s iRlr) badgl’s Mg wlol p pal2 OF £455 (wyp st
EFF woyd g oolawl Mega ver 5.0 51381 py 31 ond 573 Sla iz o 3 (L gils”ss Transversion
ol cbli> (995 4 Pal2 BF 5 31 595 e Sl i WIS UL Eg (v p EHlorgdilgn @IS D dulone
9 Artemisia sp. sl i 9 D00 4 b we op K035 Achillea sp. ¢ Matricaria sp. § vl

Nigh 0 Dguto [0 3 B i w598 Chrysanthemum sp.


https://dor.isc.ac/dor/20.1001.1.20084439.1394.10.2.15.3
http://mg.genetics.ir/article-1-1364-en.html

[ Downloaded from mg.genetics.ir on 2026-06-13 ]

[ DOR: 20.1001.1.20084439.1394.10.2.15.3 ]

C)‘)&ﬂ)@u‘i J|

e (Pal) SWligaT (o¥T Juid 03 3 (s b o5

PCR 815 bl 5 ol sla S50~ b
anl e bl pal2 s, se 05 gl S5ET b sk
NCBI 5 o5 S glesls oKL "
s s sosls s Jlg (http://www NCBLnlm.nih.gov)
e g 3] e oS (6l sy g0 0 Skl sl
03 3530 BLAST (i Il Sl eslatad b s 5 LS
ol gt sl 5 a5 1S 5 gla 5 NCBI (glaesls oL
bt (Gilacdisen el Cany 33 0LLS Ll s 03
$E1a> & 50 4 MEGA ver 5.0 SRl 5 b eslazal L s JIss
Coge Sheliml G S 5 S s sl sy
Gy (Activ site) (gl swel oad chli= 1y o3 S
EXPASY (http://www.expasy.org) <l 5| PAL .54,
" o AlE Rl 038 patte §l s A i
Sl dls oo 0T L bl el afisn odd s yen la
ok Chliz >l cpl Sl e 5 LS plelid 55 s S 5
A& b OLIGO ver 5.0 ,f53le 5 5l eslizul b 23y S5
b b gl i Ve Aol s g g S
L ST as b e 0581wl s 5 2d, S5
Gl ¢l gpboledl b owas b e S
G5 s s s SOBT s sl asls )l s
R-pal, , F-pal, 5~AHTCMGCMACRMGAGCVGC -3’
AL e 5~ GGDGTYCCYTGGAAGTTACCACCRT -3’
Al ads S VO Jals 2l e V0 e 53 PCR STy
Al S s S Ve ke 53 cBle Ve PCR
¥ WANTPs ¥y le /Y lad Tag DNA i
wlp Gb (DNA ¢ S0 Yo 5 SSET a5l Ve S
FYEX[AFC/ Y +00C/ Y +VYC /Y T4 x VY C N

A bl ) X 40 €0

ol iS5 Slakd b JI5 5 oledlen

S abols DY ame Sl Ghis; ge Dlalad oL JIs sk «
oS 5l edi ag pTZSTR/T aewdy 4 PCR Sy
A rl;,u'\ InsTAclone™ PCR Cloning Kit (Fermentas)
“ S S5 Sty Gl S s Sl eslitad b e

ClS 3l e AAd Jazme MCI061 E. coli s SU s

ol slge ol tizes ALS b slaOlanst sT bd s L
S s LSS s bl el gl el S
Sl 51 B STy ol e ik Al Sl
ahis S oS ol (PAL) UL ol (VT b ol (sl o 51
5 (Gl ) sl gl e (BLI
Cgmrms QLS 3 (Lo sils o os) 4 50 (Slapd solie
(Lewis and Yamamoto 1990; Rice-Evans 2004) »,3 .
Sl gl il OLLS 5l el o1zl PAL VJ_J-;T
Fritz et ) Lib o 05303 5kS ¥¥0 B YYO JuSUse 055 bl
03l 5l e s alyT LS 3 (al. 1976; Veveridis et al. 2007
oS 5o paly 05 Ol il p a5l Dl clls pal 53
el sdd 35S (Salvia miltiorhizza) S o e o)l
sbaesl sl 5 31 S Anthemideae .(Song and wang 2009)
e w ol gl 5l 03 3 se Gl i 5 Sl S8 g
Sl b b Ol 3 S 5 Jyd DLS 5 0o Ll
e xS i s SIS OS5
Matricaria sp. sla iz 4 055 o0 o3l 5l 5 ol sla e
Tanacetum sp. «(ss55l5) Chrysanthemum sp. (4 5L)
Achilleamillefolium  («w,s)  Artemisia  sp.(aals.)
= 0556 55 oLl (L)L) Santolina sp. 5 (Ol)sbes)
wools OblS sopal S5 glaeslsls slael 1S
& s Lledds b s s bl Anthemideae o3l 5l 5
s e & el 0l E1S ey cnl o Slaslllas 48
o8 e gl  oa pal O oL I8 s obss sy onl s
(23,8 1A aalllas 3, e

DNA | gl 5 alS sladisel 4

Oloslr 31 580 (sladisai L ALS bt sod g ke
aole b byle Sl (5l OIS 5 5 g B0 5 [0
jlg&S@)UJ\aumglﬁwﬁjlm.meS
Al Gle s e g (S b e gla i
sl 53 DNA sl s S 13 eslisal 5,5 DNA
Sl e 23 S plwl il o35 Murry and Thompson (1984)
Y 38T 5 5l eslial b 0T S 5 kS DNA £ s

A5 gy 5 (IMPLEN) e gty xSl 5 Aoy



https://dor.isc.ac/dor/20.1001.1.20084439.1394.10.2.15.3
http://mg.genetics.ir/article-1-1364-en.html

[ Downloaded from mg.genetics.ir on 2026-06-13 ]

[ DOR: 20.1001.1.20084439.1394.10.2.15.3 ]

e (Pal) SWligaT cow¥T Juid 03 31 i b o5

Qb&»ﬁs)‘ﬁulﬂ J)

700 bp
500 bp

r\.\S,a Sy (Activ site) o5, Jd ~Is Expasy cula
Ao gt S Oy s 4 Gl el Lo JI 5 )
Matricaria sp. s > > R-pal, 5 F-pal, sls ST
&la=L Chrysanthemum sp. s Achillea sp. Arthemisia sp.
O JS8) Lo 8 25 o bk i Vor )8 Jsb w

M 6 7 8 9 M 2 3 4 5

700 bp
500 bp

0 ¥ Salx pal2 sls S5LT 5l eslisl LPCR I ol s (1 IS5
Matricaria sp. gls o> ;2 Pal2 03 &L Lse oy 0w s

2L Chrysanthemum sp. , Achillea sp. Arthemisia sp.

o3l 5l o3 e iz L3 pal2 0 5l edel s 4 e JIg
ol I b s Kas b daasl s s 4 Anthemideae
&3 o8 NCBI eLfili 03 30 OIS Ll 53 3 gl
ool G @ Sl Iy Coms a5 4l nl S Lud
3 Jeol gl gnl b JI5 s cpl poesdle S LG
Silsspan 35S de SO3 3 sdel Lo 4 Dlakad anr 3
2l 53 PAL2 lapnss n hemlgmel JIg b Lol sl
AU o ol s o Jled b Gog Lls 5 0lals
ol 53 .ol BLAST 5l dlol mli s s
o3l gl o3 gl iz o3 pal2 oF 5l ekel Cs gla JIg
Jol> s .(VJsux) As o3 NCBI oL > Anthemideae
Jde 55 bl s Pairwise-distance S Sls aslos
Sy SSlopal2 0f sl . g5 Aosd 55 s P-distance , K2P
- ol gl 5 Gla i e S8 kol 5 g Ao s o il
Calid i 35 5 sl e L Anthemideae
A. L Anthemideae o3l 5 asllas 3,50 la i oy

() Jsi) L g annua

- YWAF LB/ o )los [ o200 090 [ oy 8 S5

ol Sise S ssl bl LB ek (555 Lol
ol Glatlann Aol 5 s sl 4 (0T L35 5 ke
bl (¥ s 802 (1 oy a5 oS i ey
5 baleas 3l dandl £l sl (7 5 Colony PCR 215
saalan (oo opl plil 51 ey A3 eslinad a5l an
Aad oL g s s g0 asked gl a5

aosls Jloi 5 4 52

OF 3lociss jan 5 doedly & byrje JIs Lot Ll s
5 @bl el @ b e b el s @ gl JI5 L
BLAST il 5l eslitel b e L (5l alls b Iy
o Sosm a5 oo NCBI (slaosls oL 55 55 50
S L s bk (s3leckis s izen A S I3
Glaodls oL L3 s OlalS @ by gl Jls Loy
Multalin 5 Mega ver5.0 (sla,l3ble 5 5l eslizul L NCBI
“e Sl esliad L pal2 0} g5 do s acloes b8 e
Gla Sl slu 5 45 plnil ARLEQUIN ver 3.1 33l
0 sl O 5l e s A b ummenl 5 ioees
5ok o Ll S 55 IS 3w WLl 5 Gl Sl
oSl pman el sk pal2 0F Gl Lo
L P-distance 5 K2P Jus 53 .lul . pairwise distance
s ol 53 kel Cews & MEGA ver 5.0 le 3 5l eslina
Pairwise - Sle bl 5 odd alos S5 glaaksls ples
Gladised gslud pds s 4 nl s b S &4 distance
Sl iz S55kd daly s p sskie 4 on s 25 e
e p 3l ealiad b pal2 saoj ki 5l Anthemideae o5l gl 5
L beesls Kbl sl Jlow 5 4525 MEGA ver 5.0 )53l
3 S5 Sose asmedse e cup Sl el
Sl g5 amlie ok 4 d ey lad i slasls pal
calls dsys pal2 o Lk 5l Anthemideae ool gl 5 <
ol s boald g Sl 5 esland L
o Slp Oeomen Aol Cows 4 (http://www.ebi.ac.uk)
boodel s a4 iS5 s Iy (sl sl sl JIg
Sl sl sl 5 & MEGA ver 5.0 lslo 5 51 esliz

0> ScanProsit (g gt Hlpl eslinal b s 5 A5 LS


https://dor.isc.ac/dor/20.1001.1.20084439.1394.10.2.15.3
http://mg.genetics.ir/article-1-1364-en.html

[ Downloaded from mg.genetics.ir on 2026-06-13 ]

[ DOR: 20.1001.1.20084439.1394.10.2.15.3 ]

C)‘)&ﬂ)@u‘i J|

e (Pal) SWligaT (o¥T Juid 03 3 (s b o5

Achilleamillefolium gls oo o0 pal2 O3 s S ) P-distance 5 K2P Jde 55 .l » pairwise distance [ JK.LA bl aw gy Vs

S G 5 9 Artemisi aannua b sSae gla i ‘M}.@.lj L, Sde gla i w0 L Chrysanthemum sp. s Matricaria sp. Artemisia sp.

Asteraceae o3l 5l 51 il gla i b Se

Jgjfvb ol g5 Ao o pairwise distance JS wi;l,,a

pairwise distance JS u.fuL«

L opleds o
PSS L s

el 5 pioeen gla P-distance Jo bl K2PJue ulul NCBI s
KF585042 Artemisia siberi
KF585044 Matricaria chammomila
JARYA) ALY ANGY KF585045 Chrysanthemum sp
KF585043 Achillea millefolium
1OY /YYA Aan% - With Arabidopsis thaliana
AR JAYY ATV - With Artemisia annua
JAR) ARNY CYYY - With Lactuca sativa
With
Lactuca sativa
- Ageratinaadenophora
JANYAR AR 4 /YYV

Gynura bicolor
Helianthus annuus

@ e 33 ol a0 5555 Matricaria chammomila
o Sl cle 4 sl e Anthemidea ol gl 5 s Ka
A i oo ndhf 0 gl gdail elal 5 i 5
Watson et al. 2000; Himmelreich ) . ,ls ;| 3 Matricariinae
LS glaraa e85 Sl w a5 Lopaly o5 Ll (et al. 2008
Sese Sl 25 IS Gal) 4 o nb 4 S I8
el g sl el ey &S G Ol Ll 5 LSk
SlotiS JooSS s 15 o D5 IS Gla05 ol e 4 Lo
S O el Lo s e AL iy uﬂ Oldlas s
- ol gla i Lo L Anthemideae ool il 5 oge sl
LS e e 0L o5 4 B s < S & 50 Asteraceae
05 ol paly 0 i 5l anlllae 5550 Sla i 2l 755 595
-ods Cbli- Asteraceae osl sl sla o eSS sk 5s

(Y USKE) sl os gy
K2P sl os polal o S5 ol 50 g5 Ao alie
ol el s 4 @l s 4 3 Pedistance
4 g Slad Llbsel e LS e AU Cald Ao
&5 51 Anthemideae osl gl 05 (sla i &S sy OLES 5
- S5y Asteraceae oslgls gla e sl 4 paly O3

0F US8) desly

Pairwise- S .Sl el Cews 4 g5 4w s oske @
IR SN ) P-distance 5 K2P Jue Lol distance
olplt sl gl izmanl 5 ioeen Gl oL ulal
OUT gla x5l 0 gl paly slao) JIs a5 alS cla
claesls) As aulss 35 35290 NCBI (glaesls oL s
05 o e b s (Gl sl oals Joled dlie ol 55 ol
S50 S i 53 ool w4 @L:.? L aolBlus O w
Cowds laesls &8 Wi anslie Anthemideae ol gl 5 aslles
- e D ol w4 ch L alS slaesl gl L sl okal
w4 oaby sl Sls Anthemideae ol gl 55 sl
OLS 53 1y SsSde sla03 3,50 3 sdal Cows 4 g 55 Ol
Sl Sl eslinad cle 58 a5 Anthemideae ool Sl 5
Ale 53 s sladised sl pds Pairwise-distance

25 ALS gleesl sl
33 4 33 awlis gl p ;o Pairwise-distanc Sle avsloes
Oreled beal) 35 s paly O sl RS b b
05 53 bl (pl abs 5l Jols S o8 (sl odlS 03l
SITS JsSUs0 sl LS ol ocal Cos & s L pal,
Watson et al. 2000; ) Lss geeas ndhf a3, IS O]
O3 33 » 3538 45 &S 4S8 « (Himmelreich et al. 2008

s Achille amillefolium slas S 45w saaliss ndhf 5 pal,



https://dor.isc.ac/dor/20.1001.1.20084439.1394.10.2.15.3
http://mg.genetics.ir/article-1-1364-en.html

[ Downloaded from mg.genetics.ir on 2026-06-13 ]

[ DOR: 20.1001.1.20084439.1394.10.2.15.3 ]

e (PAl2) SWLigoT co¥T hed O3 5 (s b Iy OLer 5 ool o)

= « , = . 240
1 PALZ Arramigin.diberi no. CuCiuwd CEAC iy O CR EC
2 palé.Ackillea.millefolium a7. TW‘ETET'I‘T E r !- TET - E T !
3 palZ Matricaria.sp ad. 'I'!F »TTT ! T -l ‘J.E'l' TE h
4 pali.Chrysanthemum. sp (-8 T‘l’r‘l*i@ CG. - ‘l'!'l' ‘I" r
5 TSh:Artemizia.annua T4. Traﬁ'r’r - AACG. 4 -l'r T Ths TFI- E
& Artemigia.annua.strain.Madagascar 74.7 H'E =TTT T ! : -l'l' "['E THyT ‘J'FI- !
7 Gynuza.bicoler.GbPAL €5. #!i'rrﬁ CANT rﬁ-r o T e .
2 Helianthus. annuus &3. ﬁ TTT TERRC T’! C TET&- !
9 Ageratira_ zdanorhora &3 rl'#‘l"[-"[' Cl iy "['= NT '# !
10 Cynara.scolymus &l. ﬁj:'l’i T| 'l'! r E E
11 Laectuca.sativa 2. =TRTTT T T uT T G
conzengug /1 00% &l = =| TS H EE ;
consensus/30% =0 = 5 Tl BT -
consensus/E0% =0 2| TS BT -w
conzengus/T0% =0 TS i 5T !
1 BALZ Artem:gia._siberi _00.0%
€ palé.hckillea.millefolium 67.7%
3 pali . Matzicaczia.sp £4.7%
4 palZ Chrysanthemum.sp 6Z.8%
5 TSh:Aroemisia.annua T4.7%
€ Aztexdsia.annaa.strain.Madagasca: T4.7%
7 Gynura_bicolor . CoPAL 65.0%
8 Helianthug annuug £3.3%
S Agezatina.adencphora £3.5%
10 Cynara.scolyms 81 6%
1l Lactuca.sative B2 4%
consensus/.00%
consensus/f90%
consensus /0%
consensus/70%

pal2 O3 s Asteraceae o3l sl gla o 2l L Anthemideae osl 5l 5 sla i e calid do s w2 5l Jool> @Lu' - K

25 Muatricariasp. (pai2)
99 Chrysanthemumsp_ (pal2) e
& Achillae millefolium (pall) »
Artemisia siberi (pall) e
T5A Artemisia annua
TSA Artemisia annug cv.Madagascar
Lactuca sativa
Cynara scolvmus (pal2- exons 1-2)
Gynura bicolor GbPal
Agerating adenophora (pal2)
Rudbeckia hirta
Helianthus gnpnuus (pal gene)
Populus richocarpa (pal2)
Papulus remuloides (pal2)
Jatrepha curcas (pal gene)
Manihot esculanta (pal gene)
Petroselinum crispum (pal2)
Glyvcine max (pai2)
Bisum sativum (pal2)
Trifolium pretense (pal2)
Solanum vcopersicum (pai2)
Solanum tubergsum (pai2)
Nicotiang tabacum (palB)
Nicotiana attenuate (pal?)
Rubus idaeus (pai2)
Coffea canephora (pail2)
Coffea Arabica cv. Catura (pal2)
Impomoea nil (pai2)
Brassica rapa subsp. Campestris (pai2)
Brassica junceavar. Napiformis (pal2)
Arabidopsis [yrata subsp. Lyrata (pai2)
Arabidopsis [yrata (pai2)
Arabidopsis thaliana (pal2)
Brassica napus (pal2-2 gene)
s Brassica napus (pai2-I gene)
23 Brassica napus (pal2-1)
10 Scutellaria viscidulae (pal)

s 53 s ge Sl e ) plaas S L BLI 53 OUT ol 5 Anthemideae o) ils i3 wge sbs 0158 K55 by a4 bge sled g s g T S

Sl 0 dd jasie o Cwdle L Anthemideae osl st 5 5 S'de (sl wier Maximum parsimony g o 5l eslinal L pal2 o3 jelal s NCBI (slaesls

- YWAF LB/ o )los [ o200 090 [ oy 8 S5



https://dor.isc.ac/dor/20.1001.1.20084439.1394.10.2.15.3
http://mg.genetics.ir/article-1-1364-en.html

[ Downloaded from mg.genetics.ir on 2026-06-13 ]

[ DOR: 20.1001.1.20084439.1394.10.2.15.3 ]

C)‘)&ﬂ)@u‘i J|

e (Pal) SWligaT (o¥T Juid 03 3 (s b o5

L-ﬂl);‘,m;w;«{@u.mw)ﬁa,u;ﬂbjoxjéuw
s bealld gt G, oS sl Ol Lt 4 asdlas
S5z 055t S gl 1y pal 03 Jy ol
wlsl 3 a8 el g s 53 Ol 51 gl elie
2 A s 85U S 05l Ol ) G
am a5 slp el O3l Ol SRl 5 ol plowil J
LS s il e Al cbolaast o i
O30 |y 0,590 350 C!ﬁ:ﬂ,l alsl 53 5 a3le oo Slges asls

P

Fritz RR, Hodgins DS, Abell CW (1976) Phenylalanine
ammonia-lyase. Induction and purification from yeast and
clearance in mammals. Journal of Biological Chemistry
251: 4646-4650.

Himmelreich S, Kllersj M, Eldens P, Oberprieler C (2008)
Phylogeny of southern hemisphere = Compositae
Anthemideae based on nrDNA ITS and cpDNAndhF
sequence information. Plant Systematics and Evolution
272: 131-153.

Lewis NG, Yamamoto E (1990) Lignin: Occurrence,
biogenesis and biodegradation. Annual Review of Plant
Biology 41: 455-496.

Murry M, Thompson WF (1984) Rapid isolation of high
molecular weight plant DNA. Nucleic Acids Research 8:
4321-4325.

Rice-Evans C (2004) Flavonoids and isoflavones:
absorption, metabolism and bioactivity. Free Radical
Biology and Medicine 36: 827-828.

SOLS S Lsam 5 gl LS Coeal 4 g L
55 05 ol b adaly 5 by s Slllas LOT 3 Slaws]
23 elie Sllas S0 0F el o Js el Sl 4
S 9 31K 35> Anthemideae olgl 5 sla s
OLLS S p o3 o3 opl Ol sy 48,8 &) Slalllas
S s wwe) pl 3 aS Sldlas ssdse 3ol e s
SOD ;5 CAT APX GPX Gla w51 s & 015 o ol
Yang ) 5 S o Lil (Panax ginseng) K= o505 oS 3
ool s e Iy el 5 Sde andllas 5 (et al. 2010

Lul i 3 b 5l cnl sdiSaS slad3 Oly s Ske slags T 3

Song J, Wang Z (2009). Molecular cloning, expression and
characterization of a phenylalanine ammonia lyase gene
(smPAL) from Salvia miltiorrhiza. Molecular Biology
Report 36: 939-952.

Veveridis F, Trantas E, Douglas C, Vollmer G,
Kretzschmar G, Panopoulos N (2007) Biotechnology of
flavonoids and other phenyl prpanoid- drived natural
products. Biotechnology Journal 2: 1235-1249.

Watson LE, Evans TM, Bluarte T (2000) Molecular
phylogeny and biogeography of tribe Anthemideae
(Asteraceae), based on chloroplast gene ndhf. Molecular
Phylogenetics and Evolution 5: 59-69.

Yang DC, Sathiyaraj G, Lee OR, Parvin S, Khorolragchaa
AJ, Kim Y (2010) Transcript profiling of antioxidant
genes during biotic and abiotic stresses. Molecular
Biology Report 10: 458-4668.



https://dor.isc.ac/dor/20.1001.1.20084439.1394.10.2.15.3
http://mg.genetics.ir/article-1-1364-en.html
http://www.tcpdf.org

