AY-VY domis (AYAY Olins 5 concin o)l conty Jlo €SS et 3 5 (05556

WA/ 5740 ol b WA/ ¥V i 3L 5o
S 2 (S 31005 ITS 4 quiins b 135 b PCR-RFLP (5351 dus s

T IS 031 e ol 5 Ly e 0303 gy sl

Q\]LHJ)S e S S ali.id‘: c@._...b CLF 0 dSisls ndj‘bdil? 5‘5;\
Q\J.‘:‘l LJWLL: LQ\).U)'L& Ali:.j‘} 5@_[1 (a}l.c omb 5@\.&@.\‘\1) ajjfv

b I e 58 e gty ALE sl 8 (51 SLUDNA Olsie 05 ol o oo S0l 51 (S
S S o L aallls ol el Y b Ol diadl s aus 5 By ob I 45 buT 51wl ITS (glazas
G533 o) gl e S a Uy ITS 4l IS i (68U aalllas (oo 6 515 Aad PCR-RFLP s,
s et o HT Cmtn Slaslinal L st ol sl aelie S5uS5 L1y PCR-RFLP 5 b JI)
d;t;gm@u.uwuolﬂwm&fﬁéuﬁ;ﬂnm@ﬂﬁjhaﬁﬂ S s S
S sl JIs5 oles 55 53 BSTBI o 55T el Jls 8 0l 53 i oSl 436 o5 ECORT 0 5T 053k
sl g 515 13 a3 S8 53 1) s 3500 SLaa S iy 55 A Ll b oSSl D ok anlllan
T. hyrcana «,8 LRFLP iy, ;5 0T gleal 31 S « <l Tilia begonifolia Steven 4,8 guues S s
el 458 8 15 e 25,8 53 T rubra Rupr. a5 8 b wites b JI55 555 53 5 Tabari and Colagar
55 PCOA lows (r=+/0V) Ls b 55 Jee O ga3T Sl oslizal b 555 55 cpl (Vb b g gunad Ol o ¢ iomncd
S8 L s ol Ku 5l oS e Laca L 5 T. rubra 5 T. hyrcana T. dasystyla sbas S L b S
Sl oS aua 5 0le) U3 4 3L 4 4 5 bl ol L 1 a8 oyl 5 ol 4l g5 1, T, begonifoila
Osis 4 oy ol epeiies s 15 G200 b 0T gl 6V B g 5o 55 5 1TS 4 UPCR-RFLP s,
b olgiin ALE Lok 8 ki )ls 6l au5a oS 5 eske el b,

S5k B 5T e by Dl Jsb S e 555 G903 T ol i ST 03l

St Sl ool laabdes 51,5 559 5 e 50 ) (G 55 A 4 55 g,
St 0150 5 G383 gy 4 gl T (A Jolse 3148 ogipa S (S hiaclian s aeS 5
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S el SLalS e I(Tilia spp.) sl

Cademn (Slad 8 o 043 &8 53 0y £ 85 & g
OT e £ 51 o5 5 035 slab o oo 5 0T
Sl ulwl 1, 0T glaas S -8 glals
o L Ol el o ol 03505 JSCin cwlibm
G5 3l 31Ky S HLDNA s, 6,8 LS
Jmol (6 ey Oliabl Gl aiie oS5 )3 a5
Slhed iz (S5 (S Nl Gl gy LU ol 53 5503
s I 5 S 4l 2SS e ST ol plov]
(ol A7 andllan s 5kl 35 OT s
j\osuzdlqM;@@?;ouam;,\ygﬁ);w
El @ S Ol O by fesle (SO, s s,
PCR-RFLP (La_js, ol 5l (oSS il s aplie
B e o SIS L lie s34n 58
2 a8 eSS 5 glalis ol Ll 3l (6 S
(Nakamura coul j3e 51,18 055 Ol s esle e
bl Sy Sleslecul 4 a5 L et al., 1998a)
23 5l i il (sla 657 Lol (5 s
O, &es 5 Yousefzadeh Law s 0l Jlad (gls Ko
ooy Sl ealiawl LG syls i 55 sl G o(Y41Y)
93 IS8 o 55 ) 4 ITS 4G PCR-RFLP
L LeT bLs)l g5 5 Jhia i glaws S ITS b
e s et 5T pin S sl U St
o3, S Sl ol b L OT 51 ol ks g lin

l:ac?ag) 9 619.0
S G S Sl sy o) s i g0s O
T. begonifoloa : fals LS o K 53 55 50

olis slag e ol ALS o £ olas
Ol ca & 5 slulis I s oM DNA ;s
(Blaxter, 57 oo o2l 5 31, Lo sl S Bl
o9, ,> (Hebert et al, 2003a, 2003b <2003
033 o655 oo & 0 55 31 s 2551 DNA
S ol il o Sty S5l
(Hebert s55 s oslizal uim &G Calibes glaws &
r.'c ~le (Marshall, 2005 «t al., 2003a, 2003b
axbad Ol e s | SIS 0y S st (555 (0 508 BBl
Ll oS ALE o35 askad s Oy 5l gl ASL
wbls 5 )8 US )L Ol e 4 LS (sla i ples 1
P Y P SIS | RSN P PO
@atpB arbel :as 10l se 4) OS5 2w 5 S

09l Jols oS ey e bl ymatK indhF
slginy S L Olgze & (trNL-F 55 o aU strnL

TS s 5y 50 ALE i 4 a5 Sl 0l
sl s 4 (Chase et al., 2005) »,1s ;5 sl
SOl wTod sl &) el s |l
G b 21568 Vsl ogsn S S Ai el
Lol OLalE 53 (non monophyletic) oL
TGN P PE JEFR g - PE g PUPEY.
NESSUN X SN B PE SIS - P P LM
el JUis 4 i)l O Ky sy o8 ol o
‘u\,w\,g.mout;‘gﬁ,\s,g‘_;iMpsj
Ol s=& 4 (Internal Transcribed Spacer) ITS +=U
(Kress ol ol slgit 0L 31 & gl 1S
b Ol e 45 ITS2 b 4503 5, €t al., 2005)
DLalE 5y (6l 4S5 Ol e 4 gnyme G315 3,50
(Chenetal., 2010) ol ol slgis
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White Lw 5 ods 3,15 5 el sla Il bl
ITSL pU b s a2 Jols 8 (1440) 0,0
(G-TCCGTAGGTGAACCTGCGG-3" JIs o)
S DITSA LS o San il 5
3wl B-TCCTCCGCTTATTGATATGC-3'
O dgds jaodd S5 Slgcble 5 ol Ll
Gl Sl bl 53 B S Do
o Sl 5 Tal o 5T 51 (6 S5 Solalad lenkie
iy Jds G PfU @ 5T SIPCR &Y ames JIs
LT 5,5 (proof-reading) YL o CkS
J gz oo b 55 5yt o3linal (631 0 b
ITS1-5.85-1TS2 Jul_& 4 STITS a_sks Pfu-PCR
g Al s esliw p OLITMWG &S5 4 ol
O S edes Sl s slael ;85,5501 51 i
255 &) 50 ¥ aens Chromas ,ij3le 3 L MWG
Blast L - Jl53le 5 6,55 4 b 55 b JI 5 anslie
Sl NCBI &S b Lo s gLyl bl 51 4S

N rlqu" (www.ncbi.nlm.nih.gov)

((asls 55) T. dasystyla Steven «(asl; 55) Steven
s(a=l s3)T. hyrcana Tabari and Colagar
lac—s oluls N3 &8 (4l 45) T. rubra Rupr.
(Yousefzadeh et al., 2010a) «=;s, Calses
(Yousefzadeh et al., <& 1 wlid Couy Slallas
ITS s pss sl o nen 5 2010b)
035 o planil LT (Yousefzadeh et al., 2012)
2353 S48 (poman 38 oslinal 5 Ol
T. hetrophylla  Vent.: Jol_2 05 eSSt
T. miqueliana  (T. hupehensis Heng
s T. paucicostata Maximowicz Maximowicz
s> S L s 5 4 T. tomentosa Moench
AF460198 (DQ120724 AF460197 AF174639
Lk oslizal b5l sl 55 AF25002
S e 91TS dlad pisT DNA gzl S
e &8 1 51 e 55 SDNA £ szl 15T s
WL:;—QUJ}_M Jos 95 (e CTAB ! eslazsl L
plx! (Hosseinzadeh Colagar et al., 2010) &bl
ITS1-5.85-ITS2 Jul s aSTITS a ikt J_.SJ S

PCR o> JoSis sl ol Clale 5 Loyl i —) Juer

Pfu-DNA polymerase-PCR

Tag-DNA polymerase-PCR

SEYF (g 3 Kilo a3 10-9F SEYF gl 3 Kl o 53 20-9F gl Skl
SEFD (sl ol Kl ax 5 07 SEFD (sl ol Kl ax 5 07 Jlas!
LA gy sl Kl am 3 VY WP o Ksslo a3 VY ar g o VY
Lo gl 3l Kl e 53 AF WP o Kslo a5 AF bl s
433V (sl 3l Kl amys VY 430 (gl 3l Kby am s VY ol s

10 mM KCI, 20 mM Tris-HCI (pH 8.8 at
25°C), 0.1% Triton X100, 10 mM
(NH,);S04, 0.1mg/ml BSA, 2mM MgSO,,
0.2 mM each of dATP, dCTP, dGTP, dTTP,
0.5 mM of each primer, 20 ng of template
DNA and 1.25U Pfu DNA polymerase
(Fermentas, Germany)

10 mM KCI, 10 mM Tris-HCI (pH 8.8 at
25°C), 0.08% Nonidet P40, 1.5 mM MgCl,,
0.2 mM each of dATP, dCTP, dGTP, dTTP,
0.5 mM of each primer, 20 ng of template
DNA and 0.5 U Tag DNA polymerase
(Fermentas, Germany)

PCR (sla KuSTTy ol clale
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Fal's
= PCR O gmcmo (=9 31 it (59—
LTS aakss 1T (g1, (ECORV 9 ECORI (S a9 35T
old gt S 5 oo 5T dr S 51 oslizd
oL 1 ¢S sl,15) ECORV 25T 53 318l 5
55 b ol 05) ECORI w2515 Gl 3 iy
2 s ol 3 8 eslizal (s 8 0lalS
5 4 53,8 T U5 ,5ECORV 5T g (o 5T
39 slbnl 5y 50 (65U S YO 5 FYY S gu Jlakes
Al g0 1y 0 LSS DNA oaT Cns 4 gl &S
313 0L uls coptoman (0 g ) JK3) 513 1 3
it S15PCR J e (53, ECORV 55T o5
OLLS TS J pmmme diil 5 s ¢ o) oLy oSl 03
o+l ol » (Jobes and Thien, 1997) .l ,ls S
1B an S L o osalin oy 5T a5 S
L LS Gl p 5 L e s ey Ol b s
25 La0sSTb plas 53 sl ol Codilhe SKuSS
Sl S ol slls Hpal o 5T 0 Csd e
58 g caalllan S glna i 8 s s

=T e S YAV C_aise > T, dasystyla
Lgs 458 ol momen <l b 51,15 Hpy16611
Jlcd gl Koo 1 s i sl a8 o y3 45
(2T L 5 YAY b o 55 4 S il O
ol o ol 054 HpY1661
92 L2 (P08 olul p G09S dwylie
b sl s imiien b Jle5 w9y 9 RFLP
slapl S5 55 S 5 ITS1-5.85-1TS2 aikaie ¢dtens
OLaiBlast L 5l53le 5 L s JI 5 amglie 5 5L )
(o 313 GlaS Il iz 4 a3 55 g0 askad 457 51>

Jaj)l_fRFLPQLaIa.SGA»J.AS(IJf”.\_br_.U

el S ods o8 Iy ulul  iRFLP ko
L s (NCBI) 03 (Mol s ST 53 5ldad a3l

¥/+ a5 Nebeutter L s )l ;—Sle,

«(http://tools.neb.com/NEBcutter/index.php)
JsLs (restriction enzymes) Sz V{PTA sl
(Rsal Hpal Alul (EcoRV Bsr Bl (EcoRl
S olaabl gl m s Ot Hpy 16611 5 Mscl
2L oRalsT 5 5T dn oo s Gl
20 SN e 5 L 5T e Gllos
5> 5 ECORV S ECORI o5 5T 55 Lo o 5T
Y pamn oar 5T wdn 6l sy oS le5T
J—fﬁwy@».)shshﬁifb L g5 145/ PCR
AU s S b1 Jols (s 2l Son Ve sla SaSTs
33 e OT 12l S ¥/0 5 0 55T daly + /10 oYX
e S 0 sl g S 5 g B L
DUY St an )y s ol 58 oSS yg 51 my ok
YV 55 SaiSTy bosddes (LS S5t 5l 4306
i 8L el 6K D 4 3 Kl 4y
U s Sl 03531 31 e el (g1 o
50585 SN des 53 &S 55,8T U5 55 DNA & 53
Ao D50 4 il Il ll 2 (230505 3 8
a s a8 ey 8 gl p s ol S
s Ward ﬁ)ﬁ‘)ﬁ\fwuijjqdlﬁf
i IMP 15510 5 5l eslial L5 (Y+20) 01
olns Ol gl alos o 5 o Lol Y71/
Slatiue 4 40 oo 1.3 8 15 eslizul 5 ) 4o alis
« (Principal Coordinate Analysis; PCoA) L.l
il g it 5 o eSO 505T Ol 5
pe b Zals bl ) i 5l e 8 50l Ol

45 ol POPTOO0IS 31 5 L (a8 alis


http://tools.neb.com/NEBcutter/index.php
http://tools.neb.com/NEBcutter2/enz.php?name=10f3bd8a-A5&enzname=EcoRI
http://tools.neb.com/NEBcutter2/enz.php?name=10f3bd8a-A5&enzname=Hpy166II
http://tools.neb.com/NEBcutter2/enz.php?name=10f3bd8a-A5&enzname=Hpy166II
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23,5 »>T. rubra s T. hyrcana T. dasystyla
58 Ot 3,590 658 g5 i § 15 s SIS
ooy 3 0T slal 51 S« il T. begonifolia
w5 S 5695 K 55T, hyrcana « 8 LRFLP
u,?t_gﬁz;_wdfgdn}: a3 I sl
(Y JSC8) ol 4 8 )1 5 1jme a5 8 5 T. rubra
b s 92 ol Gl Ol 5 e 05037 S eslizl L
b g gt 830 S 5 ot S
Sl s 2 2550 30 93 51 Jmol el YL

(r=0.57)

ITS1 Primer

o;m\p¢\f,,x> 3 (Y220) 0l,8%a 5 Ward
S G b e o IS (20 i
S ey S .88 D)so Gyerly
I LT RFLP 36 05 658U bl 5 sy 5550
sl ool &7 (Y JSK8) 5 500 oSS s 03 5 4 s
e s el 1o, S s Lbeg S
523l Cdilbs g gaa)ly ST B9 5 pie
2SS e e Lan L slas 8 2y 50 o
Lslaas S L blijl 5o a8 5l 3 s slaeys 8

Lgl_M_Z}fuZ))}:J_A):ch\_thi_i;a

ITS4 Primer

[ =eewesmmms=As T80 Dp mammsmmanmmnunn {3

A) T 18sRNA I— 325 bp #4297 bp—| Large subunit RNA
ITS2

ITS1

I— ITS1 - 5.8s - ITS2 PCR product  »= 780 bp _I

B) |ITSlPri.|.ncr> T <ITS4Pri.|.ncr|

L ~430bp o~ 350 bp —

EcoRV site

1 M1 2 3 M2

© (1'*‘?1))

1000
900
800

700
600
500

400
300
200
100

750
500

250

;\ybgw@;@b,uﬁtﬁgﬁgu(A.;,,\fTJj);lTsuiasw;Tra,PCR G g ) o
¢TS1-5.85-1TS2 aaks (g5, 0T (g3 ,Shas ijﬂ;Tr_mL;,_th Slec (B 4TS aalas s LT 5, Shas
ATSINTSA sla sl J s 1) O g . ol 55 Aoy \j,,LfTJjL;,,w;TrAA}PCR SWd g (C

Lol SSLM2 5 ML ECORY S 0 5T Jaw i gas 5T oan Y 0 g
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T. dasystyla
— =T
/,/ ] M— dasystyla ~
Tilia Hupet I pam s

(A) (8)
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58 slaanl S5 Ll .ol alwls gl
51,55 S 5T hyreana 8 L T. begonifolia
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U8 L s LS 8T Laws 51T, heterophyla
S Sl eds 5 ,me 036 L 4,8) T, hyreana
(YAVY O, 5 Yousefzadeh v g SLS

!

o aallae slaas S 5L Ol e ¢ pioman

s il PCOA s 6 55 (SIS &) 5
Lsls 55 Cul jamin ¥ IS5 53 45 b Olaa
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53 ki plae O ol Jled )5 595 g0 slass S 5
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54 51T rubra 5 T. hyrcana (T. dasystyla
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Hyrcana
dasystyla
rubra

non hyrcanian

+ T.miqueliana

T.tomentosa
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* Toubral Trubrad
Trubral rubra
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Coord. 1
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383 b )y » L (Y1Y) 01, Kea 5 Yousefzadeh
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RIS RO PR PO P JN A E PR PSR
L 0ls5 e olbas i s ai S oled (535 05057
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Fi13 5 035 O35l e o3l s 4 Ll (1990)
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Comparison of PCR-RFLP pattern with sequencing analysis
of the ITS region of Hyrcanain's Tilia
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Abstract

Sequencing of ITS region is one of the candidate markers as a DNA barcoding in Plants.
Since sequencing technique is expensive and time consuming, we used PCR-RFLP technique
and compared the result of these methods (PCR-RFLP and sequencing) to evaluate the
efficiency of PCR RFLP technique in recognition of different species of Tilia from Hyrcanain
forest. Electrophoresis pattern of ITS regions of nine species of Tilia were studied by eight
restriction enzymes. Results indicated that the EcoRI and BsrBI did not have restriction site in
the genus Tilia. Mantel test showed that the dendrogram derived from RFLP and cladogram
indicated relatively high congruency (r=0.57). PCoA analysis recognized T. dasystyla,
T. hyrcana and T. rubra from Hyrcanian's origin, but it could not separate T. begonifloia from
the other hyrcanian species. In this respect, derived results were similar to sequencing one. In
conclusion, with regard to less expensive and less time consuming PCR-RFLP technique and
high similarity between its result with sequencing, we recommend this method as a simple
and economical method with relatively high efficiency studding plant phylogeny.

Key words: Internal Transcribed Spacer (ITS), Restriction fragment length polymorphism,
Restriction enzyme, Phylogeny
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