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Abstract

The taxonomic relationships among 25 samples representing nine species of Orobanche L. (Orobanchaceae) were
determined by the analysis of morphological characters and molecular polymorphism using random amplified polymorphic
DNA (RAPD) and inter simple sequence repeat (ISSR). In order to construct dendrogram elucidating the relationships
among the examined taxa, the coded data were analyzed using the software package NTSYS-pc 2.1 based on the Neighbor-
joining (NJ) tree building method based on a distance matrix. The aim of this study is to develop taxonomic relationship
based on morphological and molecular data, in order to obtain a more reliable taxonomic relationship of Orobanche species
under study. The dendrogram produced by the analysis of the molecular data (RAPD and ISSR) resembled that constructed
by NJ dendrogram for the morphological variation. The studied taxa were separated in two groups, the first comprised of
the five species of section Trionychon (O. purpurea, O.lavandulacea, O. ramosa, O. mutelii and O. aegyptiaca) and the
second comprised of the four species of section Orobanche (O.cernua, O. crenata, O. minor and O. pubescens). High
similarity was detected between O. pubescens and O. minor. The results confirmed the close relationship between O.
ramosa and O. mutelii. Moreover, this study demonstrated the grouping of the studied taxa in most cases by geographically

isolated population.

Key words: ISSR, Morphology, Orobanche, RAPD- PCR, Taxonomy, Trionychon.

Introduction

Orobanche L. is a genus of holophrastic flowering
plant that has lost its autotrophic properties in favor of a
parasitic lifestyle (Cronquist, 1988). It belongs to the
family Orobanchaceae which comprises 170-200 species
of parasitic herbaceous plants mostly native to the
temperate Northern Hemisphere (Beck-Mannagetta, 1890;
Uhlich et al., 1995). Among the Orobanche species, O.
crenata, O. cumana, O. ramosa, O. cernua and O. mutelii
were recognized as parasitic plants of economically
important crops (Katzir et al., 1996; Paran et al., 1997).
Comparative studies regarding Orobanche species from
different natural habitats are of great importance since
they can clarify the evolutionary path from being non
weedy parasitic plants to aggressive weedy parasitic
weeds (Verkleij & Pieterse, 1994).

Orobanche L. includes four sections: Gymnocaulis
Nuttall, Myzorrhiza (Phil.) G. Beck, Trionychon Wallr
and Orobanche L. (Beck-Mannagetta, 1930). In previous
taxonomic treatments, these sections are recognized as
separate genera: Aphyllon Mitchell, Myzorrhiza (Phil.) G.
Beck, Phelipanche Pomel and Orobanche L. respectively
(Holub, 1977, 1990; Teryokhin et al., 1993). Teryokhin
(1997) classified Orobanche, Phelypaea and Cistanche in
subtribe Orobanchinae, while Phelipanche constitutes the
subtribe Phelipanchinae, implying that Orobanche is not
monophyletic. Nuclear ITS, karyological and genome size
data indicate that Phelypaea and Orobanche sections are
closely related (both share a chromosome base number of
x=19), while the remaining sections (all with
chromosome base number x=12) constitute a separate
lineage (Schneeweiss et al., 2004a, 2004b).

A number of recent studies have addressed the
relationships among Orobanche species based on

morphological variations (Andary, 1994; Roman et al.,
2003; Mohamed & Musselman, 2008). Orobanche and
Phelipanche species are characterized by variation in their
bracts, placentation type, inflorescence type, chromosome
number and distribution. The molecular taxonomy of most
economically important Orobanche species were analyzed
with DNA markers, Zaid et al. (1997) used RAPD to
investigated O. aegyptiaca, O. oxyloba, O. ramose and
three O. crenata collections, gathered from different
locations in Egypt, by using RAPD analysis. Benharrat et
al. (2002) applied the ISSR for taxonomic studies of
Orobanchaceae by using five different ISSR primers.
Their results showed that, ISSR technique proved to be a
good tool for distinguishing between closely related
broomrape species (Benharrat et al., 2002). In addition, this
technique was used to distinguish between different
populations of Orobanche crenata (Roman et al., 2002)
and Phelipanche ramosa (Buschmann et al., 2005).

Thorogood et al. (2008, 2009a, 2009b), studied O.
minor using ISSR and sequence-characterized amplified
region (SCAR) markers. Their results demonstrated that
O. minor was comprised of genetically divergent
populations associated with different hosts in UK.
Recently, one hundred ISSR primers were tested on
specimens from five different species (Phelipanche
ramosa, P. mutelii, P. purpurea, Orobanche alba and O.
minor). Thirteen primers were found to produce
polymorphic bands suitable to distinguish the known
sections and genera. Another three primers could
distinguish the genera and probably higher taxonomic
ranks (Hristova et al., 2011).

The aim of this study was to determine the genetic
relationships among Orobanche species from Egypt and
Saudi Arabia, to evaluate the usefulness of the ISSR and
RAPD technique in generating DNA markers for genetic
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and taxonomic studies, and to relate morphological and
molecular data, in order to obtain a better understanding
of the taxonomic relationship of Orobanche species under
investigation. The influence of the geographical
distribution and the hosts' types on the relationship
between the samples of the same species were also
studied in the present investigation.

Materials and Methods

Materials: In the present study, 25 samples of Orobanche
L. were collected from different localities representing
two sections and nine species. The list of the studied taxa
and their localities are given in Table 1.

Methods

Morphological investigation: A total of 49
morphological characters were described (Table 2). The
macromorphological characters of the whole plant viz.
habit, stem, leaf, flowers, inflorescence, capsule and seeds
were described directly from the fresh specimens of the
taxa under investigation.

DNA extraction and RAPD fingerprinting: For DNA
extraction, seeds of 25 samples of the studied taxa were
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germinated at 20°C for 15-20 days. Seedlings were
collected on ice and DNA was extracted using the CTAB
method based on Saghai-Maroof et al. (1984) as
described in Badr et al. (2012). Twenty-five arbitrary 10-
mer random primers (Operon Technologies, Inc., USA)
were used for RAPD finger printing. However, only 10
primers gave clearly defined products (Table 3). PCR was
carried out using a Biocycler TC-S thermal cycler from
HVD, Austria. The PCR reactions were developed in a
total volume of 50 ul with the following components: 5 pl
of 10x reaction buffer (75 mM Tris HCI, pH 9.0, 50 mM
KCI, 20 nM (NH4), SO, and 0.001% bovine serum
albumin), 2 pl of 25 mM of each primer, 1 ul of Taq
DNA polymerase (1 U/ul), and 50mg/ pl template DNA.
The volume was completed to 50 pl with deionized
diethylpyrocarbonate (DEPC) and water. The following
PCR program was used: an initial denaturation of DNA
was carried out at 94°C for 1 min, annealing at 37°C for 1
min, extension at 72°C for 2 min and a final extension at
72°C for 12 min. The RAPD products were separated
using 1.4% agarose gel in TAE buffer (0.04 M Tris-
acetate, 1 mM EDTA pH= 8) by electrophoresis at 100
volt for 60 min. The gels were stained in 0.2 pg/ml
ethidium bromide and photographed using a gel
documentation system (Gel Doc-BioRad, 2000).

Table 1. A list of the studied taxa of the Orobanche species and their localities.

No. Taxa Locality
I- Section: Orobanche L.
1. O.cernuaLoefl. 1 On Lycium showii, Sinai, Egypt
2. O.cernua Loefl. 2 On Helianthus annus, El- Arish, Egypt
3. O.cernua Loefl. 3 On Launaea lanifera, Hail, Saudi Arabia
4. O.crenata Forssk. 1 On Trifolium alexandrinum, Cairo, Egypt
5. O.crenata Forssk. 2 On Trifolium alexandrinum, Sharquia, Egypt
6.  O.minor Smith. 1 On Vicia faba, Cairo, Egypt
7. O.minor Smith. 2 On Solanum tuberosum, Hail, Saudi Arabia
8. O. minor Smith. 3 On Lycopersicum esculentum, Hail, Saudi Arabia
9.  O.pubescens Urv. 1 On Tropaeolum majus, Cairo, Egypt
10.  O. pubescens Urv. 2 On Tropaeolum majus, Alexandria, Egypt
11.  O. pubescens Urv. 3 On Tropaeolum majus, Hail, Saudi Arabia
12.  O. pubescens Urv. 4 On Anthemis pseudocotula, Hail, Saudi Arabia

11- Section: Trionychon Wallr
13. 0. aegyptiaca Pers. 1
14. 0. aegyptiaca Pers. 2
15. 0. aegyptiaca Pers. 3
16. 0. aegyptiaca Pers. 4
17. 0. lavandulaceae Reichenb.
18.  O. mutelli F.G. Schultz. 1
19.  O. mutelli F.G. Schultz. 2
20. O.mutelli F.G. Schultz. 3
21.  O. purpurealacg. 1
22.  O. purpureaJacg. 2
23. O.ramosal.l1
24, O.ramosal.?2
25. O.ramosal.3

On Lycopersicum esculentum, Sharquia, Egypt
On Lycopersicum esculentum, Alexandria, Egypt
On Lycopersicum esculentum, Hail, Saudi Arabia
On Brassica oleraceae spp. botrytis, Hail, Saudi Arabia
On Cucurbita pepo, Sharquia, Egypt

On Medicago sp. Alexandria, Egypt

On Malva parviflora, Hail, Saudi Arabia

On Rumex vesicarius, Hail, Saudi Arabia

On Artemisia judaica, Hail, Saudi Arabia

On Artemisia monosperma, Hail, Saudi Arabia
On Lycopersicum esculentum, Sharquia, Egypt
On Trifolium alexandrinum, Sharquia, Egypt

On Trifolium alexandrinum, Alexandria, Egypt




439

TAXONOMIC RELATIONSHIPS OF EVIDENCE FROM RAPD-PCR AND ISSR MARKERS

(@) w2 or'0 <

[ | I I I I l 1 [ < < T C Z < < T < < c < I C e (1) W3 0F0-0£0 waua eI (9]
s S S S S S s 1 El q q El N XD e PeIg e
o ' : ' ' : ) ) ' ) NAJED UYL IDLIOYS -
RIIERT
L L o o 1 1T 1L 1 1 1 1 L L L 0 0 o0 1 1 1 1 1 aepnaueL |, adeys oeag 'y
eAQ)
asuaq]
T T d a a a a a 1 1 1 1 T 71 7 1 1 T a o a o a o a o oa 35007 NS 22u2dsaI0[UL - "¢l
ATy N
4 49 WA 4 v H LA | 4 S S S S s S 8 S S S S S ayids adfy ssudssaropuy - °g|
asuaqq
v v v a d S S S S - - - - - - - - - v v Vv paianEd§ sy atpad Ul
uasqy
_ anoy e et
- T - 0 0 - - - - o o0 o o0 - - - - - - - - - vovov 2190 xade jeap 0]
TRnpuElr)
- - A A - - - - L L L L - - - - - - - - - o O D asojuswoy, aanyxs) | 6
aqejaasueTy
- - -0 0 - - - SRS © N (6 T (6 B (6 B - - - - - - - - 1 1 1 L[0IIUB[-NBAQ) adeys geap g
BAQ)
RURIN | -
- - - 1 1 - - - - S S S S - - - - - - - - - IS eads JuawaiueLe (sajeas) Jea ] L
Aear
ST 87 8T 1 T T sT s 1 1 T 8T 1 s T 8T ST ST ST 8T 7] 1 1 F— 9
Jendaug
VoV v I I v ov. v 2 2> 2 2 2 B e e e e e e e I I I UOHO9s SSeID WAE S
SNOJIA
AN A d d L 1L L 12 1 1 1 L1 Il 1 I I I I d d D D D Ps— AN WS p
Snoqe|nD
payouiig
g 4 ¢ 4 a 4 d g 4 d 4d g 4 n n n n n o 0o o000 NN payaRIqUA wag g
sweld prisg
8 e e S uoaniseieg g
d d d d d d d d d d d d d VoV ¥V ¥V Y vV YV VvV d d d [enuuy naqeH
ST FT €T TC 1T 0T 6l 8L LI 91 s KL €1 T L 01 6 8 L v £ t £ 4 I nels anavaeyy  oN

1 DQE) U SIIUINU Y)Y 0) SUIPI0IIE PITURLIE JIE BXE

L TEXE] pAtpngs a1 Jo yuepd apoym ap Jo saavieyd jedfojoydaowoldny (7 Aqe ],



SHERIF SHARAWY & EMAN KARAKISH

(o}
(o}

51

)

o

M

o

Lo

“
o~

=]
o4

o

(e}

o~
o4

l

(]

M

L]

[}

(o}

€

(]

ke

I\

]

d

(o]

BD

[

I}

Ll

(o]

M

o™

-

ol

BD

[3]
”

(o]
(o]

o~

M

o4

L}
.

L}
L}

MM M A

o~
(]
o

LONEL O s I8

“

(o]

(]

”

M

(o]

ol

I\

o

I}

(o}

o

ol

BD

[

o]

Ll

(o]

(o]

€D

o~

o4

(e}

o4

Ao
12[OA O aN|q e
anjg ajed o1ys

pawpaog,

aunuy

Jaddn ueyy 1aFuo| ago Jamor]
Jaddn ueypaauoys 2qo) samo]
jenby

paqol-¢

aunuy

paqol-g

g

pasIn’y

wheng

ANeqe|ig

aupnuedue)

(ehwdpey <

(T) wa pgr1-01°1

(D w2 00°1- 080

PIvA

a0]g

MOJAA

EULENY

payloog,

anuy

aendueLiy,

amjoadur

Paqol-9

paqol-g

paqol-¢

paqoj-g

(@ wd pgo <

(1) w2 pg0-0F'0

ueduie)
aendn)y

om,
uasqy

wed gaddn vjjoao)

dny ago) gjjoao)

i

§340] B[]010)

200] Jano] B||010)

2qo] aaddn vjoaon;

2|00y

adeys e|joao)

IN0OJ03 B[[0107)

dnaqop xAje)

adeys aqop xApe)

xade xAje)

Wiaua] e

adeys x4e

sajoandrIg

Il
I

‘ol

‘81

i

[

bl

rl

£l

6 8 L 9

neig

amaraey)

ON

440

(paued) T aqe ],



441

TAXONOMIC RELATIONSHIPS OF EVIDENCE FROM RAPD-PCR AND ISSR MARKERS

ULy

DD 9 5 D D D O D A M M MDD D D D A M M MM D D O . ,_._\,_M aougans pass gt

sudi

0 0 O O O e e d Q 8] O O O O 8] (8] 8] 8] 0 8] | | | | B 2O adeys paag “gp

usoag[

[I 1 i A A € € 1 A £l i i i k| £l £ £l £l k| k| k| k| A A A MOf[oA nojea paasy Ly

PAULIAL

D D D M A MR MMM MMM A M A A MM AN D 3] ] o ans apsde)  op

oo o o o o o0 o O o o o o 494 49 4 9 9 @A F D g H H H PIOAQ adeys ansdey g
(§) Wwa g o=

I 1 [ 1 ¢ T ¢ ¢ T £ £ U t | | 1 1 | [ | Tz (T)wd 08°0-15°0 WauA L0 ph
(1) wa 48 0-0€°0

aenpue|o) .

2 19 9 D DO O D 19 D 3 3 D D 3] 3] 3} 3} 3} 3 3] 1S I 15 TN £ BN 18 AEBAQ EF

snosge[n)
QLYY _
o1 | M | I | | | | | | | | | | | | | L\ L\ T S \ N\ o f
... e e e e .- .- P2qol-# .

L L N < < e L T T C C l e e < < t C C l < < PaqOI-Z It
" r r r ) ) ) T r ) ) ) r r " r r ) r r T ) ) ABINPUEID) RIS
(DTN O N 5 N B O B (O N LS NS S R N R D 5 H H H H oD D 0 NGO AN NS OF

(€) w2 08" [-01°1
| [4 [ € [ € £ £ i [4 € £ I i C C | | | € £ l T T (Z)wa g0 1-19°0 P5ua 21815 6
(1) w2 09 0-0F0
WASISID] .
N N N d d N N N N N N N N N N N N N N N N N d d d NS "8E
7 ; 7 7 7 7 7 ’ ’ 7 A8Eq BI109 2A0qY UOIIAS UL STUaL

g 7 7 S 4 4 4 ‘. g ‘ ' - C | S1U2 :

Wow Y v W W Y Y W Y Y Y Y gy QY gy 9y 9y 9y 9y 9y 9y 9y 9y qv 2]10103 J0 350 1V nissul 51 LE
(E)w2 00'| <

1T T € ¢ 1 ¢ T £ £ £ T ¢ 1 | [ 1 1 | [ | Tz (Z)wd 00 [-08°0 WU AL 9¢
(1) w2 08°0-0F0
Snasqeo)

d d d 0 D d d d D d d d d D D 8] D d d d d d D D 0 Ja2saqn uawiEll] St
(€)W ot <

¢ ¢ ¢ ¢ ¢ T © © ¢ ¢ ¢ © £ © © ¢ ¢ | | | [ T T ()2 OF'0-1€70 YU IAUY  HE
(1) w2 0£0-0T°0

sna e

I I ) I ) ) ) I f f ) ) I = o o

AA A D D A A A D A A A A D D ] D A A A A A D D 0 Snosqe[o) Yy eg
(I | 1 1 [ [ [ | | | | 1 D D 8] D D D D D D D D 8} Pt aup| [esIop BljOI0]  TE

h b - h h h b : : - - ; e naIuar) : e

$T FT ET TT 1T 0T 61 BL LI 91 SLoFI €1 T koM b 8 L 9 5 r £ 4 I NIy APRIEL)  ON

‘Cpaue)) gaqe],



SHERIF SHARAWY & EMAN KARAKISH

s

v

s

W

d

d

S

Ay

|

d

0

a

Q

s

Y

s

W

d

57

W

U

s

1D

d

~l

d

8]

o~

|

Q

(]

b

Q

10

(]

i

Q

(]

s

v

(]

57

~l

s

~l

v

(s}

&}

v

[

0

v

(]

&}

s

v

(]

s

(]

57

M

d

(s}

(s}

(Dwaoro =<

(1) w2 0F"0-0€0
wAey jenby
EAN[RNTETINRINGITS
jaadue]

e nduenf,

aeAQ)

asuaqy

25007

EINERTEY]

ayds

suaq
pataneag
JUETES

amay
SN
ARNpUE|L)
REIGIRITITEY |}
dejoadue]
AR|ORDUR-DIRAC)
AeAQ)

edLqUI

A eadg

Apeary
ssauay
Iendaug
aenauy

[BALIPUIIAT)
aasagnd senpue|ry
SNO[[1A
ASOIUAWIO ],
ELTHTSY
paydukig
payaeiqun
sweid pri
siuepd paeaniny
[IUUEIEN]
[enuuy

pFua) 1aeag]

2718 10e1g]

adeys 1oeag

QUMANIIS 20UAISU0)U]

ad ) aauaasauopu)

saeY 1901pad

xade jea]

unxa) Jua|

adeys jear)

Wwawaiuene (sajeas) jea]

uonemp (sajeag) jeay

HONI2E S50 W25

2INND) WG

wag

U0 YISeIR ]

HqeH

91

01

h

i

wi
~

rt

£

w

0z

ol

81

Ll

921

"
=

rl

£l

Tl

01

6

L

9

RIS

EEIRTATHTSY

442

‘pauony) 7 mae g



443

TAXONOMIC RELATIONSHIPS OF EVIDENCE FROM RAPD-PCR AND ISSR MARKERS

paregjuy X
[ 1 1 1 I 1 1 I 1 I 1 1 D O 0 D D [ I ) sius) auy| [esiop |00 TE
usmolg]
a a dad k| g4 a 4a a g M M M M M M a a a o oa a a ada M M M 1201 01 anpq e ued aaddnejoao)y ¢
anjg ajed o1 ysnnga
payooy, _
., e e T ., e I T I ., I I I T T = U1 QO] B joa e
14 4 | L L q q | q a4 q q 1 q a4 q q L E q L L ey laqoj gporel O
1addn uey 1aFu0] 2q0[ M0
14 4 1 51 Bl El 2 o1 o1 El El 4 ¥ s1 s7T 1 Bl T 1 Jaddnueyuasuoys aqop omer] (IR ERS T R T BT
|enby
paqol-¢
e e e 2 2 T e e 2 2 . 3 3 2 2 . 3 - ;- 2 2 3 ;- 2 a0 fa ¥ Q7
14 4 | £ £ g q | £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ g 10] Jamo] gljono 8T
paqol-g
| E| (] [A El Bl E| T [A T [ [ gl El El El [ < (] El El T < T aanug aqol aaddn gjjosony /g
paaIny)
2 0 D 5 5 S 5 S 2 5 S 5 5 s s S S 2 J 20 D D >0 2 B0 9z
adeys wjjor0)  '¢f
g d bl i | 2 0 0 d | il 1l il SR e e | bl i 2 O bl d apepaundiey IS B[00 €
(€)wd pg'| <
T < £ € T € £ £ T T € € C T € € | < £ T T T £ £ (@) wa pg1-01°1 s Bjoae)  pg
(D w2 0071~ 0870
12MA
nig o
AA A MM A A A M d d H g M AN A M A A A A M b3l d MOIPA JNO[O2 B[JOI0T  "ET
ELLEAN
payioo |, i1 3qo
- - - - = - - - - = - - a - - 11 aquo il
I 1 a q | d £l g q q d | 1 L L 1 1 1 L | | L L amuy 1aq0] i
annSue g, sdius 300 o
T 1 1 1 1 1 1 1 1 1 1 1 1 | L L 1L L 1L 1L L L IR adeys aqo] Iz
Paq0-9
pqol-g :
; ; z o ; < S ; ; ; z z z T z xade x82y 0z
£ € B 9 9 v t [ A L s S < s ¢ ¢ 5 [ T l l paqol-F MEd 0
paqol-g
(T wa g0 < = .
I f T 1 C i ) T T C C ) f T T i f T T C i c (1) w2 pgo-0t"n poua) XAe) gl
aenuedwey .
200 D L% TS T | D B} EDOED L] By ED BD B) 2000 Lo ) adeys x8pey gl
Jepndnsy
7 / ’ / ’ ’ ; ol sajoajoeag
L oL L L L €L L L €L L L €L I VoW v V I A €L v V v VoW Wasqy sajoxoeng L]
ST P €T IT 1T 0T el 8L LI 91 =1 kI £ T 1L DL 6 t L 9 H t £ z I nwg ANIRIBYTY 0N

10)) "7 e L



I
2
X
< . . AL
wﬂu 99 5 5 H H OH H H M M M M D D D D M M M M M D D D snoaqe|ry VEINS PR "6F
S H
= . . . . ) andia )
< o o o 0 o 1 El i o0 o o o o o o0 o o o0 o 0 4 a El El q A0 adeys paag g
=
L Laoag
o3 d d g A A 9 d d A 9 d d d g d 9 9 d° 4 d °9 d A A A WOIIRA 003 PR3g Ly
z PAULAL
AWn DD D M A MM A M A A M M AR M R A M M M D D D . aogjns dnsde) o
s snoIqe|s)
< o : s prosdyy o amede e
5 oo o o0 o o o o o o o o o i a4 G| 1 14 1 G| | El El !l pIoAQ adeys spnsded ‘o
L
T () wa pgp=
_.u“n._ [ 1 e € I T T € € Z € € T e | I 1 1 | z z I [ [ (T w2 8'0-1570 yiaua] KA bk
»n (1) W2 0£70-0€°0
aenpuepny .
o D D 5 D OB » B 9 5 H» H H H H H H o H H H OH O IO IO . MEAQ Tep
snaIqe(n
Ay _
1 | I | 1 I I I 1 1 1 I I I 1 1 1 I S | S S ajpyns BBy “TH
- - - - P, - - - - - - - - - - - - PO .
ot ¥ r r C < C ¥ C c < < C C C C C C ¥ C c < c C paqor-z It
aenpuepn B
D D 1 5 5 OB O H OB 5 5 H O OB OB O © 5 5 O O O 19D 1D D snoiqein AMXH NS OF
(€)W O™ 1-01°1
[ [ C € C € € € C [ € 1 C C C | 1 I € £ I T [ (D) w20’ =190 YU 21AS Tpe
(w2 09°0-0+"0
WasIsIag
N N N d d N N N N N N N N N N N N N N N N N d d d Juansisaad 10N 8¢
C q q q 359 St akoqy UOFIS UL STUIIE,
a -4 -8 v / -4 -8 v Y d v Y / v / - v 25 =102 - e
WO W W Y Y W Y Y Y Y Y W gy gy gy Qv Qv QY gy gy 9y gy 9y Qy 2][0103 J0 252 1Y haasu s 4 ULE
(€)wa Q0| <
I T [ € € | < [ € € ¢ I € | | l l | | | l < | [ [ () w2 00°[-08°0 3 uawerly  "9¢
(1) w2 08°0-00
SnoIqe|r)
A— A— A_ J O A— A— A_ J n_ A— A— A— O y_|v O yﬂv A— L8 [ n_ A— D D Q H-.-;JQA‘B:A_ _ .nl-u‘..-n
(€)wd oD <
T T € € C T T € € [ € T C € £ 1 | 1 z T € € [ (D)W OF'0-1£°0 PRuap Ay pE
(w2 00070
snojfjiA .
AA A D D A A A D A A A A D D D D A A A A A D D D snoiqe|s) AUy eg
ST P €T I 1T 0T el BL LI 91 sT FD €1 T 0L O 6 8 L 9 g r £ 4 1 NEIS ALY ON

444

Cpaue)) 7 aqeg,



TAXONOMIC RELATIONSHIPS OF EVIDENCE FROM RAPD-PCR AND ISSR MARKERS 445

Table 3. The codes and nucleotide base sequences of the 10 random, 10-mer RAPD primers and the five ISSR
primers that have been used for DNA fingerprinting for the examined taxa of Orobanche.

Serial RAPD primers ISSR primers
Primer code | Primer base sequence Primer code | Primer base sequence
1. OPA-08 5'CCAGTACTCC'3 (CAA); 5'CAA CAA CAA CAA CAA3
2. OPA-10 5'GTGATCGCAG'3 (GACA), 5'GAC AGA CAG ACAGACAT3
3. OPB-03 5'CATCCCCCTG'3 (GATA), 5'GAT AGA TAG ATA GAT A3
4. OPB-07 5'ACGGATCCTG'3 (CA)RG 5'CAC ACA CAC ACARG'3
5. OPB-10 5'GGTGATCAGG'3 (CTC)4RC 5'CTC CTC CTC CTC RC'3
6. OPE-12 5'AGACCCAGAG'3
7. OPE-17 5'CTACTGCCGT'3
8. OPF-16 5'AACCCGGGAA'3
9. OPJ-01 5'CCCGGCATAA'3
10. OPU-17 5'CCCAGCTGTG'3

ISSR fingerprinting: The ISSR reactions were conducted
using 5 specific primers; the codes and sequence of the
used primers are shown in Table 3. The amplification of
ISSR markers was performed according to Nagaoka &
Ogihara (1997). The reaction mixture consisted of Hot Start
Master Mix of 12.5 pl, primer (10 mM) 2.0 ul, template
DNA (50 mg/ul) 1.0 pl, dd H,O up to 25 pl. Amplification
was carried out in a HVD thermocycler programmed as
follows: 94°C/4 min (1cycle); 94°C/2 min, 45°C/1 min,
72°C/2 min (45 cycles); 72°C/5 min (1 cycle) and 4°C
(infinitive). A marker of 1 kb of a total of 7 bands ranging
from 250 to 1000 bp was used as DNA molecular size
standard. The ISSR products were electro-phrased in 1.5%
agarose gel in TAE buffer (0.04 M Tris-acetate buffer, pH=
8 at 100 volt for 60 min. Like the RAPD bands, ISSR
bands were visualized on UV-trans-illuminator and
photographed using gel documentation system (Gel Doc-
BioRad, 2000). Each experiment was repeated twice and
only stable products were scored.

Data analyses: The relationship among the examined
taxa were estimated based on differences among them in
both morphological traits as well as ISSR and RAPD
finger printing separately and in combination. The
morphological traits were given codes ranging between 0
and 3 depending on the variation in the average value for
the measured traits. The RAPD and ISSR finger printing
revealed as bands were scored as 1 and 0 for the presence
or absence of the bands, respectively and the data was
then used for the analyses. In order to construct trees
elucidating the relationships among the examined taxa,
the coded data were analyzed using the software NTSYS-
pc 2.1 (Rohlf, 2000) based on the Neighbor-joining tree
building method based on a distance matrix (Saitou &
Nei, 1987). All analyses were performed with the version
2.02 of the software package NTSYS-pc (Rohlf, 2000).

Results and Discussion

Relationship among taxa based on morphological
variation: The relationship among the studied species of
the genus Orobanche from Egypt and Saudi Arabia, based
on morphological variation, was expressed as NJ and is
shown in Figure 1. In this tree the 25 samples were clearly
divided into two groups at a NJ distance coefficient of
about 5.70; the first group included the samples of O.
purpurea, O. lavandulacea, O. ramosa, O. mutelii and O.

aegyptiaca and the second group was composed of
samples representing O. cernua, O. crenata, O. minor and
O. pubescens.

In the former group which comprised of 5 species of
section Trionychon, the two samples of O. purpurea were
delimited at a distance coefficient of about 5.50 from the
other three species of the same section. The remaining
taxa of the section Trionychon were distinguished into
two clusters at a NJ distance coefficient of about 5.20. In
the first cluster including the four samples of O.
aegyptiaca, the two samples collected from Egypt were
separated from the other two samples collected from
Saudi Arabia at low distance coefficient of about 2.50. In
the second cluster, O. lavandulacea is distinguished from
the remaining two species (O. ramosa and O. mutelii) at
distance coefficient of 5.20. On the other hand the three
samples of O. ramosa were separated from the three
samples of O. mutelii at distance coefficient of about 4.60.

In the second group that comprised of the 4 species
of section Orobanche, the three samples of O. cernua
were delimited from the remaining species of the same
section at distance coefficient of about 5.00. At distance
4.80 the two samples of O. crenata were separated from
the samples of the other two species of section
Orobanche; O. minor and O. pubescens, these 2 species
were separated at distance coefficient of about 3.20.
Regarding the 4 samples of O. pubescens, the samples
1&2 collected from Egypt were clearly distinguished
from the samples 3&4 collected from Saudi Arabia at a
low distance coefficient of about 2.60. Also, the samples
of O. minor collected from Egypt were separated from the
other two samples (2&3) that collected from Saudi Arabia
at a low distance coefficient of about 2.40.

The relationship among the examined taxa as
revealed by analysis of morphological traits agrees with
previous taxonomic studies on Orobanche established by
Beck-Mannagetta (1930), Andary (1994) and Plaza et al.
(2004). The two sections (Orobanche and Trionychon)
were mainly identified by the structure of the calyx,
corolla colors and the presence or absence of bracteoles.
This result agrees with Pujadas-Salva (2002) and Plaza et
al. (2004). In addition to traditional taxonomy, Plaza et al.
(2004) studied the micro-morphology of Orobanche seeds
in the Iberian Peninsula and found enough variability to
develop a key identifying Orobanche species according to
the thickness of the epidermal anticlinal walls.
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Fig. 1. NJ tree illustrating the relationships among the studied 25 taxa of Orobanche based on the analysis of morphological variation.

Within section Trionychon, O. purpurea was separated
from the remaining species by its pubescent stem, imbricate
leaves, ovate bracts, toothed corolla tip, persistent style and
warty stigma surface. O. aegyptiaca, O. lavandulaceae, O.
mutelli and O. ramosa share some similarities such as host
ranges and constituted a species cluster within the section
Trionychon. O. lavandulaceae was separated from the other
species by its glabrous leafless stem, and two lobed calyx
apex. O. aegyptiaca was separated from O. mutelli and O.
ramosa by its relatively more branched stem, spirally
arranged tomentose leaves, moderately dense to lax
inflorescence, blue corolla, pubescent stamens and wrinkled
seed surface. O. mutelii was treated by some authors as
infraspecific variant of O. ramosa (Mohamed & Musselman,
2008). O. ramosa had a smaller calyx and corolla
distinguishing it from O. mutelii with tomentose stem, hairy
pedicle, large calyx and corolla, entire calyx tip, campanulate
corolla, wrinkled capsule surface and elliptic seeds.

Within section Orobanche, the dendrogram showed
that O. crenua was relatively isolated from the other
members of the section analyzed (O. crenata, O. minor
and O. pubescens). O. crenua is parasitic on many hosts
including wild plants, differs from the rest in presence of
leaves, blue corolla, glabrous capsule surface and yellow

seeds. Within the other three species, O. pubescens was
closely related to O. minor than to O. crenata. O.
pubescens had a unique morphology and easily
separated from the other species. It has pubescent stem,
dense inflorescence, fragrant flowers, entire calyx tip
and a long corolla which is usually white with purple
veins. Although the 4 taxa of O. pubescens were quite
close in the dendrogram, a slight divergence was found
between the members collected in Egypt and those in
Saudi Arabia.

However, it was found that, within the species, the
geographical distribution effects on some morphological
characters of the taxa under investigation. This was
evident in the four O. pubescens samples and the three
samples of O. minor. In the former species, the two
samples from Egypt differ from the 2 samples from Saudi
Arabia, in the corolla color and length, anther, filament
and ovary lengths . In the later species (O. minor), the
sample from Egypt differ from the two samples from
Saudi Arabia, in the corolla color and the number of the
stigma lobs. On the other hand, it was found that the host
had no effect either on the morphological characters or in
the relationships between the samples of the same species
and our result disagreed with Roman et al., (2003).
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Table 4. Number and type of amplified bands generated by the ten used RAPD primers in the 25 taxa of Orobanche.

Band type RAPD Primers and number of bands

OPA-08 | OPA-10 | OPB-03 | OPB-07 | OPB-10| OPE-12 | OPE-17 | OPF-16| OPJ-01| OPU-17| Total
Monomorphic 4 3 2 5 3 2 2 2 1 1 25
Unique 4 1 1 0 1 1 0 0 0 1 9
Polymorphic 11 8 4 13 12 4 4 3 3 7 69
Total bands 21 12 7 18 16 7 6 5 4 9 103
% Polymorphism 714 75 714 722 813 714 667 60 75 778 757
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Fig. 2. Photograph illustrating RAPD finger printing of the studied 25 samples of Orobanche as revealed by the primer OPB-08. The lane
to the right is a molecular size marker. Numbers on lanes 1-25 correspond to the serial numbers of samples as numbered in table 1.

Relationship among taxa based on RAPD and ISSR
polymorphism: A total of 103 RAPD bands were
revealed in the profiles by the used primers in 25 samples
of Orobanche; of these 69 bands were polymorphic and
25 were monomorphic (Table 4). The polymorphic bands
included nine unique bands that were revealed by six
primers. The highest number of bands was produced by
the primer OPA-08 (Fig. 2), the primer OPB-07 produced
the highest number of polymorphic bands (13) and the
primer OPB-7 produced the highest number of
monomorphic and unique bands. The smallest number of
bands (4 & 5 bands) was produced by the two primers
OPJ-01 and OPF-16 respectively; the number of
polymorphic bands was three for the primers OPJ-01 and
OPF-16 with 60% and 75% polymorphism respectively.
The percentage of polymorphism as revealed by the used
primers ranged between 60% by the primer OPF-16 and
81.3% by the primer OPB-10, compared to the total
polymorphism of 75.7% as shown in Table 4.

The number and molecular size range (in bp) of
RAPD amplified bands produced in the 25 taxa of
Orobanche by the ten primers are shown in Table 5. The
three primers OPB-07, OPB-10 and OPA-08 generated
more total products in all taxa compared to other primers.
The products size ranges between 350 and 4000 bp. The
primer OPB-07 produced different number of bands in the
examined taxa, these numbers ranged from eight in O.

lavandulacea, O. mutelii and O. ramosa to 18 in O.
cernua. The primer OPA-10 produced bands ranging
between 10 in O. purpurea and O. ramosa to 16 in O.
cernua. The number of bands produced by the primer
OPA-07 was also much higher than other primers; it
ranged between seven in O. cernua to 17 in O.
aegyptiaca. The other primers produced lower number of
bands that appeared in a narrower size range; this is
particularly true for the primers OPE-12, OPF-16 and
OPJ-01 (Table 5).

The number of bands produced by the five ISSR
primers in the 25 samples of Orobanche was much lower
than those produced by the RAPD primers. The 5 primers
tested produced a total of 76 bands including only 41
polymorphic bands (Fig. 3). The number of bands ranged
between 16 revealed by the primer (CA);RG and seven
products as revealed by the primer (CAA)s. The number
and types of bands produced by all primers are given in
Table 6. The primer (GACA), produced a band that was
present only in the sample of O. lavandulacea (lane 17)
and also the primer (CA)¢RG produced a unique band in
sample 1 of O. pubescens that was collected from Egypt
(lane 9). On the other hand, it was apparent that the ISSR
profiling clearly differentiated between the Orobanche
species belonging to section Orobanche from species
belonging to section Trionychon as shown in Table 6.
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Fig. 3. Photographs illustrating example of the ISSR finger printing for the studied 25 samples of Orobanche as revealed by five ISSR
primers; primer codes are as follows: A=Primer 1, B=Primer 2, C=Primer 3, D=Primer 4, E=Primer 5 (see table 3). Number on lanes
1-25 correspond to the serial numbers of Orobanche samples as numbered in table 1.
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Fig. 4. NJ tree illustrating the relationships among the studied 25 taxa of Orobanche based on the analysis of RAPD and ISSR
molecular fingerprinting.

Table 6. Number and type of amplified bands generated by the five used primers in 25 taxa of Orobanche.

Band type ISSR primers and number of bands Total
(CAA); | (GACA), | (GATA), | (CARG | (CTC)RC
Monomorphic 4 2 2 3 2 13
Unique 0 1 0 1 0 2
Polymorphic 3 8 10 11 9 41
Total bands 7 11 12 16 11 76
% Polymorphism 429 81.8 83.3 75 81.8 56.6

The tree produced by the analysis of RAPD and ISSR
markers profiles using Neighbor Joining (NJ) method is
shown in Figure 4. The topology of this tree generally
resembles that of the tree based on the morphological
variation (Fig. 1).The studied taxa were separated in two
groups at NJ distance coefficient of about 5.80, one
comprised of the 5 species of section Trionychon and the
second comprised of the four species of section Orobanche.
In the former group the two samples of O. purpurea were

clearly separated at a distance of about 5.60 on the NJ
distance scale from the remaining species of section
Trionychon. The remaining four species (O. lavandulacea,
O. mutelii, O. ramosa, O. aegyptiaca) were delimited into
two clusters at a distance coefficient of about 5.20. The first
cluster comprised of the four samples of O. aegyptiaca,
where the samples 1&2 that were collected from Egypt were
distinguished from the two samples 3&4 that were collected
from Saudi Arabia at low distance coefficient of about 2.60.
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In the second cluster, O. lavandulacea is separated
from the other two species (O. mutelii, O. ramosa) at
distance coefficient of about 5.00. At NJ distance
coefficient of about 4.90 the three samples of O. ramosa
were separated from the other three samples of O. mutelii.
In the second group of the NJ tree based on RAPD and
ISSR polymorphism, the four studied species of section
Orobanche were delimited into two clusters at distance
coefficient of about 5.10. The first cluster comprised of the
three samples of O. cernua that are separated from the
other three species (O. crenata, O. minor, O. pubescens). In
the second cluster at distance coefficient of about 5.00, the
two samples of O. crenata were distinguished from the
other two species (O. minor, O. pubescens). The latter two
species were delimited from each other at distance
coefficient of about 3.40. Regarding the three samples of O.
minor, sample 1 that was collected from Egypt was
distinguished from the samples 2&3 that were collected
from Saudi Arabia at low distance coefficient of about
2.50. At low distance coefficient of about 2.60 the two
samples (1&2) of O. pubescens that were collected from
Egypt were separated from samples (3&4) that were
collected from Saudi Arabia.

In this study, the NJ trees based on morphological and
molecular data (Figs. 1&4) produced similar taxonomic
results that splitting the examined Orobanche species into
two main groups; the first group contained the species related
to section Orobanche and the second one contained the
species related to section Trionychon. This result, largely in
agreements with previous taxonomic studies based on
chemotaxonomy of Orobanche (Velasco et al. (2000)), and
chemo- taxonomical and molecular studies conducted by
Roman et al. (2003) and Manen et al. (2004). According to
Holub (1977, 1990), Teryokhim et al. (1993) and Gevezova
et al. (2012), the two studied sections were recognized as
separated genera: Orobanche and Phelipanche (syn. O.
sect. Trionychone). Moreover, Pujadas-Salva (2007) placed
Phelipanche as subgenus of Orobanche.

According to Stoyanov (2009), subsect. Minores was
represented by six species in Bulgarian flora; and because
of the high morphological similarity of five of them,
including O. minor and O. pubescence, they were grouped
in aggregate O. minor (Chater and Webb, 1972; Gilli,
1982; Delipavlov, 1995). According to Musselman (1986,
1994) this aggregate consisted of one species with wide
morphological variability caused by the host plant and was
poorly resolved even by broad- scale molecular
phylogenetic analysis (Manen et al., 2004; Schneeweiss,
2007; Park et al., 2008).

According to Sharawy (2008) O. minor was more
related to O. crenata than O. pubescence depending on
variation in polymorphism in seed protein components. The
analysis of the combined data of ISSR and RAPD as well
as the morphological characters indicated that O. minor
was closer to O. pubscence than O. crenata. In section
Trionychon, O. ramosa and O. mutelli were closely related
in the analysis based on morphological and molecular
characters, the grouping of these two species together is in
agreement with the view of Sharawy (2008).

In conclusion, the relationships between the studied
species of Orobanche, based on variation in morphological
and molecular characters, agree with their previous
delimitation in two genera: Orobanche with four species

and Phelipanche (syn. O. sect. Trionychon) with five
species (Holub, 1977, 1990; Teryokhim et al., 1993;
Gevezova et al., 2012). The case of high similarity that was
detected between O. pubescens and O. minor, disagree with
Musselman (1986, 1994) and Stoyanov (2009). This study
confirmed the relationship between O. ramosa and O.
mutelli, the later was treated by some authors as
infraspecific variants of O. ramosa (Mohamed &
Musselman, 2008). The result demonstrated clustering not
only by species but also, in most cases, by geographically
isolated population (Gevezova et al., 2012).
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