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ASSESSMENT OF GENETIC VARIATION AND PRESENCE OF
NITRATE REDUCTASE GENE (NR) IN DIFFERENT LETTUCE
GENOTYPES USING PCR-BASED MARKERS

[42]
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ABSTRACT

Thirteen lettuce genotypes belonging to four lettuce types (Butterhead,
Cos/Romaine, Crisphead, and Stem lettuce) were investigated using RAPD finger-
prints as genetic marker to assess genectic diversity. Also, the presence of nitrate re-
ductase gene (NR) in lettuce genotypes was investigated by PCR assays. From 30,
random prnimers tested, only 13 were reproducible, giving 85 bands. The genetic
similarity was estimated based on the pair-wise comparison of amplificatiort prod-
ucts. The thirteen lettuce genotypes showed variation at the DNA level. The UP-
GMA cluster analysis separated the 13 lettuce genotypes into two distinct groups.
Moreover, gene-specific primer pairs for amplification of nitrafe reductase revealed
the presence of nitrate reductase gene in Ambassador, Bath, Merveille des Quatre,
Romain de Benicardo, Colona and Chinese stem genotypes only. The work pre-
sented in this paper illustrated that semsitive specific PCR. assays represent a valu-
able and a new tool for screening lettuce breeding material for low nitrate content.
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possibly lethal, compounds (Lee, 19703
Hodgson & Levi, 1997 and Al

INTRODUCTION

Some species of vegetables, such as

beet (Beta vulgaris L) celery (Apivm.

graveolens L. var. dulce (Mill) Pers.),
lettuce (Lactucas sativa L.), and spinach
(Spinacia oleracea L.}, can accumulate
more than 2500 mg nitrate per kg fresh
weight of leaf tissue (Blom-Zandstra,
1989). High amounts of nitrate in edible
plant parts may adversely affect both hu-
man and animal health due to the reduc-

tion of nitrate to nitrite, which is a toxi- -

cant and a precursor of other harmful, and

Redhaiman, 2000),

. Nitrate reductase (NR, EC 1.6.6.1) is
the first enzyme of the mtrate assimila-
tion pathway in higher plants. It reduces
the major plant ritrogen source, NO ~ 5,
into NO ~, , which is then further reduced
to NH; by NO ~; reductase (Redinbaugh
& Campbell, 1991; Pelsy & Caboche,
1992 and Crawford, 1995) .While varia-
tion in nitrate accumulation in lettuce
plants can be caused by environmental
conditions (especially light intensity) and
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by nitrogen ferilizer source, a body of
literature also reporis significant genetic
effects (Reinink et al 1987; Reinink,
1992 and Belligno et al 1996).

Information on the genetic diversity in
breeding materials is essential for the
optimal design of plant breeding program
for low nitrate content (Van Hintum,
2003). In horticultural crops, RFLP (re-
striction fragment length polymorphisms)
markers have been used successfully to
identify cultivars of a wide varicty of
species (Hubbard et af 1992; Parent &
Page, 1992; Vosman et al 1992 and
Bowers ef al 1993). Recently, a modifi-
cation of the automated polymerase chain
reaction (PCR) has crecated another class
of molecular markers, i.e. random ampli-
fied polymorphic DNAs (RAPD) (Wil-
liams et af 199¢4). Compared to RFLPs,
the RAPD procedure is a fast and sensi-
tive method that avoids using radioactive
isotopes and is well suited for studies of
many samples (Thormann and Desborn,
1992). Therefore, RAPD analysis can be
used to identify many useful polymor-
phisms quickly and efficiently, and as
such, it has tremendoys potential for use
in cultivar identification {Lu et al 1996).
The objeciives of this study were to (1)
estimate the genetic relationship between
lettuce genotypes based on RAPD mark-
ers and (2) investigate the presence of
nitrate reductase gene (NR) in lettuce
genotypes for low nitrate content by PCR
analysis.

MATERIAL AND METHODS

Plant material and DNA extraction

Thirteen lettuce genotypes belonging
to the following types: Butterhead (Am-
bassador, Augusta, Bath, Kennedy, Lil-

ian, and Merveille Des Quatre Saisons
genotypes), Cos/Romaine (Little Gem,
Lobjoit's Green, and Romain de Be-
nicardo genotypes), Crisphead (Saladin
and Colona genotypes), and Stem lettuce
(Chinese stem and New Chicken geno-
types) were chosen to form as broad a
genetic base as possible.

The extraction of genomic DNA was
done following the modified CTAB pro-
cedure (Hoisington et af 1994). The con-
centration of extracted genomic DNA
was adjusted to 10 ng/ul. Lettuce geno-
types were duplicated after DNA extrac-
tion, and reduplicated in consecutive
steps of RAPD analysis, to test reliability
and reproducibility of the RAPD proto-
col,

Specific pcr amplification for the ¥R
gene

Specific primer pairs for amplification
of nitrate reductase gene were as follows:
forward primer, 5'-
GGTAGGCGATTGGCTAACATTG
TCTGC-3' reverse primer 5'-
GAGACAC-
CAACAGTCTTTCCTCTGCG-3'
(Sherameti et a! 2002). Amplification
was carried out in 25 pL reaction vol-
umes, containing 1X Taq polymerase
buffer (50 mM KCl, 10 mM Tris, pH 7.5,
1.5 mM MgCl;) and 1 unit of Tag poly-
merase (Pharmacia Biotech, Germany)
supplemented with 0.01% gelatin, 0.2
mM of each dNTPs (Pharmacia Biotech,
Germany), 25 pmol primer, and 30 ng of
total genomic DNA. Amplification was
performed in a thermal cycler (Thermo-
lyne Amplitron) programmed for 1 cycle
of 30s at 94°C; and 40 cycles of 1 min at
94°C, 1 min at 63°C, and 1 min at 72°C,
followed by 5 min at 72°C. An aliquot of
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10 ul from each reaction product was
resolved by electrophoresis on 1.5% aga-
rose gel in 1X TBE buffer, stained with
ethidium bromide, and visualized with
UV light.

RAPD amplification

Thirty RAPD analysis was conducted
in a thermal cycler (Thermolyne Am-
plitron) using 13/30 randem primers ob-
tained from Operon Technology, USA.
The conditions reported by Williams et
al (1990) for creating RAPD markers by
PCR were optimized for use with letiuce
template DNA. PCR products were visu-
alized along with a DNA marker on 2%
agarose gel with 1X TBE buffer and de-
tected by staining with ethidinm bromide,
Gels were photographed on Polaroid
films under UV light

Statistical analysis

The bands were scored manually as
present (1) or absent (0), and transferred
to a binary matrix. Only distinct and ma-
jor bands were analyzed using NTSYSpc
(Rohlf 1993). Genetic similarity (GS)
between the two genotypes i and j was
calculated according to the formula of

Jaccard (1908), using the SIMQUAL

module of the NTSY Spc.
GSij =Nij /(Nij+ Ni+ N)

Where: Ni is the number of detected
bands in the genotype i and not
in genotype j, Nj is the number
of detected bands in the genc-
type j and not in genotype i , and
Nij is the number of bands
common to genotype i and j .

The generated similarity matrices
were further analyzed using the UPGMA
(unweighted pair group method using
arithmetic averages, Sneath and Sokal,
(1973) clustenng method in the SAHN
module of the NTSYSpc . Dendrograms
were created using the TREE module.

RESULTS AND DISCUSSION

Extent of polymorphism revealed in
lettuce by the RAPD technique

Thirly primers of arbitrary nucleotide
sequence were used to amplify DNA
segments from I3 lettuce genotypes. For -
each primer evaluated, a multiple bands
profile or fingerprint was produced com-
prising from one to five major bands plus
a varying number of minor bands (Fig. 1).
With most primers, the overall signal
strength was good although some
ambiguities arose in the scoring of minor
bands. Overall, the complexity of the
band profiles was similar to those ob-
tained with other plant species (Williams
et al 1990) confirming previous observa-
tions that the number of bands in RAPD
profiles is independent of genome com-
plexity (Rafalski ef al, 1991). Of the 30
primers tested, 13 primers were selected
for further analysis based on the intensity,
size, and number of amplified products
(85 bands). A considerable degree of
polymorphism was detected with all 13
primers (Table 1). Certain amplified
bands appeared to be common to several
genotypes while others were present in
some genotypes but absent in others (Fig.
1}.

Cluster analysis of the genetic dis-
tance values was conducted to generate
dendrograms indicating relationships
between lettuce genotypes. UPGMA
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Table 1. The 13 Selected Operon primers and the number of amplified products and

polymerphic fragments.
, Sequence Amplified Polymorphic

Primers ch to ¥ prorc)iucts fr::gm:gts
OP-A04 AATCGGGCTG 7 6
OP-A05 AGGGGTCTTG 3 I
OP-A06 GGTCCCTGAC 6 6
OP-A07 GAAACGGGTG 6 4
OP-A08 GTGACGTAGG 8 7
OP-A09 GGGTAACGCC 4 1
OP-All CAATCGCCGT 11 7
OP-Al2 TCGGCGATAG 7 5
OP-Al4 TCTGTGCTGG 6 4
OP-Als TTCCGAACCC 4 3
OP-Al6 AGCCAGCGAA 9 7

- OP-A17 GACCGCTTGT 9 6
OP-AlI8 AGGTGACCGT 5 3

Lt L2 L4 L8 LI0O LI2Z Li3 L4 Li5 LI18 120 L21 L23

Fig. 1. Polymorphism revealed using primer OP-A06 to amplify genomic DNA purified
from 13 lettuce genotypes: (feft to right) Ambassador (L1), Augusta (L2), Bath
(L4), Chinese stem (L8), Colona (L10), Kennedy (1.12), Lilian (113}, Little Gem
(L14), Lobjoit's Green (L15), Merveille (L18), Romain (L20), Saladin (L.21) and
New Chicken (L23). '
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TT—0.803

rZ— 0.722

L4 0.875

114 _.0.787

L20 0. 752

LIO  0.836

LI8 0.804

Li2 0.87L

L13 0.698

L8 _ 0.580

Li5 0.844

L2I 0.716

0.540 0. 600 0. 660 0.720

0. 780 0. 840 0. 900

Fig. 2. Dendrogram constructed from similarity coefficients and showing the
clustering of lettuce genotypes.
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analysis of 13 lettuce genotypes based on
85 RAPD markers differentiated two ma-
jor groups (Fig. 2). The first group con-
tained the Butterhead type (Ambassador
and Augusta, Bath, Merveille des Quatre
Saisons, Kennedy and Lilian genotypes),
Romaine type (little Gem and Romaine
de Benicardo genotypes ), Crisphead type
(Colona genotype), and Stem lettuce type
(Chinese stem genotype) . The second
group contained Cos/Romaine type (Lob-
joit’s Green genotype), Crisphead type
(Saladin genotype), and Stem lettuce fype
{New Chicken genotype). Regardless of
the basis for their distinct genetic pat-
terns; these two groups should be inter-
crossed in further breeding programs for
low nitrate content in lettuce,

Nitrate reductase gene (NR) of lettuce
genotypes

The nitrate reductase gene was ampli-
fied from Butterhead type (Ambassador,
Bath and Merveille des Quatre Saisons
genotypes), Cos/ Romaine type (Romain

Al-Redhaiman; Motawei; El-Shinawy and Abdel-Latif

de Benicardo genotype), Crisphead type
{Colona genotype), and Stem lettuce type
{Chinese stem genotype). The amplifica-
tion of the NR gene of these genotypes
yielded one fragment of approximately
8G0bp long. On the other hand, the NR
gene was not amplified in PCR product
from other genotypes. Escobar-
Gutierrez et al (2002) found that nitrate
concentration showed not only great vari-
ability between lettuce cultivars in gen-
cral, but also between the main lettuce
types and between cultivars within the
Butterhead type . Therefore, the low ni-
trate content in lettuce may be due to ni-
trate reductase genes. Sherameti et al
{2002) demonstrated that the total nitrate
reductase activity is regulated compara-
bly to the expression of the nitrate reduc-
tase genes. Moreover, Curtis et af (1999)
concluded that the presence of the nitrate
reductase gene (NR) in transgenic lettuce
was confirmed by nitrate reductase en-
Zymatic assay, a reduction in the nitrate
content of lecaves and by Southern
hybridization.

Ll L2 L4 L8 L10 L12 LI3 L14 L15 L23 L18 L20 L21

2ol

Fig. 3. Agarose gel of amplified nitrate reductase gene from 13 lettuce genotypes: (left fo right)
Ambassador (L1), Augusta (L2), Bath (L4), Chinese stem (L8), Colona (L10), Kennedy
(L12), Lilian (L 13), Little Gem (L14), Lobjoit's Green (L15), Merveille (L.18), Romain
(L20), Saladin (L21), and New Chicken (L23).
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i The work presented in this paper
illustrated that sensitive specific PCR
assays represent a valuable and a new
- tool for screening of lettuce breeding
material for low nitrate content which
will be a major objective in lettnce
breeding program to limit nitrate
concentration in salad crops. That conld
be a great importance since the high
nitrate comceniration can be toxic and
may cause illness or even death to
humans (Al-Redhaiman, 2000).

REFERENCES

Al-Redhaiman, K.N. (2000). Nitrate
accumulation in plants and hazards to
man and livestock health; A Review. J.
King Saud Univ., 12:143-156.

Belligne, A.; G. Fisichella; M. Tropea;
G. Sambuco and G. Muratore. (1996).
Effects of different nitrogenous fertilizers
on nitrate content of leifuce plants.
1. Comparison of a new slow-release fer-
tilizer with traditional fertilizers. Agro-
chimica 40: 85-93.

Blom-Zandstra, M. {1989). Nitrate ac-
cumulation in vegetables and its relation-
ship to quality. Ann. Appl. Biol 115:
553-561.

Bowers, J. E.; E. B. Bandman and C. P.
Meredith. (1993). DNA fingerprint char-
acterization of some wine grape cultivars,
Amer. J. Enol. Viticult. 44:266-274,
Crawford, N.M. (1995). Nitrate: nutrient
and signal for plant growth, Plant Cell 7:
859-868.

Curtis, LS.; J.B. Power; AM.M. de
Laat; M. Caboche, and MLR. Davey.
(1999). Expression of a chimeric nitrate
reductase gene in transgenic lettuce re-

613

duces nitrate in leaves. Plant Cell Re-
ports 18: 889-896.

Escobar-Guticrrez, A.J.; L.G. Burns, A.
Lee and RN, Edmondson (2002).
Screening lettuce cultivars for low nitrate
content during summer and winter pro-
duction. Journal of Horticultural Sci-
ence & Biotechnology. 77: 232-237.
Hodgson, E. and P.E. Levi (1997).
Modern Toxicology, 2 ™ Ed. pp 22-35
Appleton and Lange,Connecticut.,
Hoisington, D.A.; M.M. Khairallah and
D. Geonzales-de-Leon. (1994). Labora-
tory. Protocols. pp, 1-25, CIMMYT Ap-
plied Molecular Genetics Laboratory,
Mexico, DF,.

Hubbard, M.; J. Kelly; S. Rajapakse;
A. Abbott and R. Ballard. (1992). Re-
striction fragment length polymorphism
in rose and their use for cultivar identifi-
cation, Hort Science 27; 172-173.
Jaccard, P. (1908). Nouvelles recherches
sur la distribution florale, Bull Soc
Vaudoise Sci. Nat. 44: 223-270.

Lee, D.H.K. (1970). Nitrate, Nitrites and
Methemoglobinemia. Envirom. Res. 3:
484-511.

Lu, Z.; G.L. Reighard and W.V. Baird.
(1996). Identification of Peach Rootstock
cultivars by RAPD markers. Hort. Sci-
ence 31: 127-129.

Parent, J. and D. Page. (1992). Identifi-
cation of raspberry cultivars by nonradio-

“active DNA fingerprinting, Hort. Science

27: 1108-1110.

Pelsy, F. and M. Caboche. (1992). Mo-
lecular genetics of nitrate reductase in
higher plants. Adv. Genet. 30: 1- 40.
Rafalaski, J.A.; S.V. Tingey and J.G.K.
Williams. (1991). RAPD markers a new
technology for genetic mapping and plant
breeding. Agric. Biotech. News Info. 3:
645-648.

Annals Agric. Sci., 49(2), 2004



616

Redinbaugh, M.G. and W.H. Camp-
bell. 1991. Higher plant responses to ¢cn-
vironmental niirate. Physiol Plant, 82:
649-650. - _

Reinink, K. (1992). Genetics of nitrate
content in lettuce. 2.Components of vari-
ance. Euphytica 60: 61-74.

Reinink, K; R. Groenwold and A.
Bootsma (1987). Genotypical differences
in nitrate content in Lactuca sativa L. and
related species and correlation with dry
matter content. Euphytica 36: 8-11.
Rohlf, F.J. (1993). NTSYS pc Numerical
Taxonomy and Multivariate Analysis
System, Version 1.8 user guide. Applied
Biostatistics Inc O' New York pp. 6-25.
Sherameti, L; S.K. Sopory; A. Tre-
bicka; T. Pfannschmidt and R. Delmui-
ler (2062). Photosynthetic electron trans-
port determines nitrate reductase gene
expression and activity in higher plants.
J. Bio. Chem., 277: 46594-46600. :
Sneath, P.H A. and R.R. Sokal. (1973).
Numerical Taxonomy. The principles
and practice of numerical classification.

Al-Redhaiman; Motawei; El-Shinawy and Abdel-Latif

pp. 10-45. WH. Freeman and Company,
San Francisco, U.S.A.

Thormann, C.E. and T.C. Deshorn.
(1992}, Use of RAPD and RFLP markers
for germplasm evaluation. In: Applica-
tions of RAPD Technology to Plant
Breeding, pp. 9-11. Joint Plant Breeding
Symp. Ser. Crop Sci. Amer.,, Amer Soc.
Hort. Sci., and Amer. Genet. Assn.; Min-
neapolis, Nov. 1992,

Van Hintum, T. (2003). Molecular char-
acterisation of a lettuce Germpiasm Col-
lection. Eucarpia Leafy Vegetables 10:
99-104.

Vosman, B.; P. Arens; W. Rus-Korteka
as and M.J.M. Smulders (1992). Identi-
fication of highly polymorphic DNA re-
gions in tomato. Theor. Appl. Genet. 85:
239.244,

Williams, J.G.K.; A.R. Kubelik; K.J.
Livak; J.A. Rafalski, and S.V., Tingey
(1990). DNA polymorphisms amplified
by arbitrary primers are useful as genetic
markers. Nucleic Acids Res. 18: 6531-
6535.

Annals Agric. Sci., 49(2), 2004



Genetic variation in lettuce 617

T--if. Y v=1.4 t(\')&t(i‘\)fti}l.mnuﬁé'agﬁlnbrl.bbj|1-_lf:l§|)j|r_,\aﬂ o g sz
Sl D B A cpe BT 0o GABSH g 31 gl CABERY) yysa3
PCR ) Lol g 4ty 5ad) Sl aladdady eddd Jdt5a 435 )6

[£Y]

‘Cighlll 4o Ak =" g Ul dasa — g glaa dass — ' Glasal alld
L gl --H-A“'-JﬂMZHL}-gﬁﬁﬂuﬂ;klﬁ@—%&uémaqg—\

e B oy DNA (g5l paalall
osall ¥l Cwaady i ADLu
Ofic gase ) UPGMA Ui plasiuly
CMr S g RSy -0 S
R PR O S
Ambassador, Bath, Merveille des Quatre,
Romain de Benicardo,
Ciaja odds Jadsuly Chinese stem
Saagdl Ihqjd‘.lloﬁaiJng
WesS POR —J b A A o
ol A Gl gl s 4 Sae

gl e W gine gadsd

Colora and .

e ADAE A0 5 gl ClNEAYY Cou ya

Lag gl B gaady il e s @SB
Glos¥ ahy ol k) b ok
@'J_,yl <da _j)L ‘L'J-.“‘J.)'“ .)_)-!== ‘:"éh“'“
dasialy (Bl el ok, Zigsd
£ RAPD I g yhay 4y 5alt iU
oaladl cpall Bl& oo calSH L
Jilas Bad gy el Y b il jally
G s ol Y asly PCR D
Aaja A0 lghely (e Lol oS5
Lo b WL BYVIEE Mo [ QAR Y
L_;_;MAG.‘;Q@.SQ CJ_)‘H‘:L_A‘L}I:AJI

(_g_,i_)'g.aB ‘.,.lr. A pans daai 2.l :?._lsai

CJ‘——S_)-ILJ:‘MJ——AMJ-!

Annals Agric. Sci., 49(2), 2004





