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MOLECULAR-GENETIC CHARACTERIZATION OF SOME MAIZE GENOTYPES 
BASED ON LTP-RELATED AMPLICONS

Bondarenco Ecaterina, Bondarenco Vladimir, Barbacar Nicolae
Institute of Genetics and Plant Physiology, Academy of Sciences of Moldova

Introduction
Plant nonspeci c lipid transfer proteins 
(nsLTPs) are a group of small, basic-soluble 
proteins. Plant nsLTPs have been puri ed 
from various sources such as wheat, maize, 
apricot, rice, pepper, and others (Jegou et al., 
2000; Douliez et al., 2001; Kader, 1996; Jung   
et al., 2006). 

nsLTPs are classi ed into two subfamilies 
according to their molecular masses: nsLTP1 
(9 kDa) and nsLTP2 (7 kDa) (Kader, 1996; 
Liu et al., 2002). These 2 types of nsLTPs dif-
fer in protein sequence, structure and biologi-
cal properties (Douliez et al., 2001; Marchler-
Bauer et al, 2007). 

NsLTPs facilitate in vitro transport of lipids 
(Douliez et al., 2000; Pato et al., 2002). The ex-
act in vivo function of these proteins is still un-
known. The extracellular localization of LTPs 
have suggested that LTPs may be involved in 
the secretion and/or deposition of extracellular 
lipophilic materials, including cutin layer and 
surface wax (Kader, 1997; Molina et al, 1993). 
A remarkable property of plant nsLTPs is their 
involvement in plant defense (Tassin et al., 
1998; Garcia-Olmedo et al., 1995; Selitren-
nikoff, 2001), although the precise mechanism 
of antimicrobial actions against pathogens is 
still unclear. Molina and collaborators (1993) 
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reported a nine-fold increase of the barley ltp4
gene transcription level at 12 h after fungal 
infection. Trevino et al. (1998) described the 
three LTP genes from drought-tolerant wild 
tomato (L. pennellii) that were induced in 
ABA (Abscisic Acid)-treated leaves. Recently 
it was demonstrated that not all nsLTPs are in-
volved in plant defense mechanisms. NsLTP2, 
which are able to bind not only different lipids 
but also complex sterol molecules (Cheng et 
al., 2004), are involved in defense responses 
of the plant (Maldonado et al., 2003).

Due to the ability of nsLTPs to inhibit the 
pathogens’ growth and multiplication and the 
induction of some LTP-genes as response to 
pathogenic attack, the lipid transfer proteins 
were included in the superfamily of pathogen-
esis-related proteins (PRs) as PR-14 family, 
having barley LTP4 as a typical member (Van 
Loon and Van Strien, 1999).  

The goal of the given research was to 
study the expression of several members of 
LTP gene family in maize plants subjected to 
pathogen attack and to assess the possibility of 
using LTP-speci c primers in SCAR analyses 
of maize varieties. 

Materials and methods
The object of the given research is maize (Zea 
mays), which is a good model organism for 
investigations in the  eld of genetics, cell and 
molecular biology and a crop of global im-
portance for human food and animal feed and 
ethanol production. It is one of the most valu-
able crops for the agriculture of the Republic 
of Moldova. 

The studies reported below were carried 
out in the laboratory “Molecular Genetics”, 
Institute of Genetics and Plant Physiology, 
Academy of Sciences of Moldova. The per-
formed investigations were based on the use 
of the following methods and techniques: nu-
cleic acids extraction, PCR, reverse transcrip-
tion, bioinformational processing of known 
nucleotide sequences, etc.

Maize (Zea mays) genotypes from the col-
lections of the Institute of Genetics and Plant 
Physiology, ASM (kindly offered by Dr. Badi-
cean D. and registered as resistant or non-re-
sistant to draught) and the Institute of Maize 
and Sorghum “Porumbeni” (kindly offered by 
Dr. hab. Iurcu A. and registered as susceptible 
or resistant to pathogenic attack) were used 
as biological material for the DNA and RNA 
extraction. Male in orescence and/or leaves 
were gathered and nucleic acids were extract-
ed. DNA was extracted according to the pro-
tocol from Sambrook et al. (1989). RNA was 

extracted using the kit “Ribo-sol-A” (Ampli-
Sens). Maize seedlings grown under normal 
conditions (control) and infected with Fusari-
um sp. (experiment) were used as material for 
RNA extraction. RNA was also extracted from 
leaves and male  owers of mature  eld-grown 
maize plants attacked by the fungi Sorospo-
rium reilianum. Prior to reverse-transcription 
RNA samples were treated with deoxyribonu-
clease I (DNase I) RNase-free (Fermentas) ac-
cording to the protocol.  

The kit “Reverta” (AmpliSens) was used 
for reverse-transcription reactions. 1 μl of ran-
dom hexamers primer and the same volume of 
oligo(dT)15-17 were used for each reaction. 

The PCRs were carried out with GoTaq 
kit (Promega) in a volume of 20 μl, using the 
following sequences as primers: mpDQ24, 
mpASP, mpU66 (table 1), in a  nal concentra-
tion of 1pM/10 μl of the reaction. The primer 
sequences were developed using the Primer3 
program (Rozen et al., 2000).

Table 1. Primer Sequences

Primers Sequence

mpDQ24 Fd: GCGCCCTGCATCTCCTAC;
Rs: GGTGAGTGTATCATAAGGAACATGC

mpASP
Fd: CCAGCAGAGCAGAAAGCAG

Rs: ACCGCAAGACAGAGTCTGAA

mpU66 Fd: CCACTCCCAAGCCAGTACC

Mact
Rs: AATAAACCAAACAGCCAAAAGG

Fd: GGTACACGCTTCCTCATGCT
Rs: ACCTTCACCTTCATGCTGCT

The phylogenetic tree was constructed 
with the use of TREECON software package 
(Van de Peer et al., 1994), version 1.3b, us-
ing Link (1995) method of distance estimation 
and single linkage clustering method for tree 
construction.

Results and Discussion
While characterizing presumable pathogene-
sis-related PCR-ampli ed fragments in maize 
genotypes infected by a pathogenic agent 
(Sorosporium reilianum) (Bondarenco et al., 
2007), we have sequenced a cDNA-based am-
plicon, which shared a motif with “Z. mays 
mRNA for anther speci c LTP-like protein” 
(NCBI accession number: AJ006702). Using 
a pair of primers speci c for AJ006702 LTP-
like (mpASP primers), a range of PCRs on 
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maize genomic DNA and on cDNA was car-
ried out. 

The results of the ampli cation with 
mpASP showed a broad range of polymorphic 
fragments for the genotypes under investiga-
tion, with one amplicon in common ( g.1).

Fig. 1. Ampli cation of LTP-like fragments 
on maize genomic DNA using mpASP.
M- 100 bp Ladder (Fermentas); 1: P346xRF7; 2: RF7x-
CH9; 3: 1-27-3c; 4: 1-39-5D; 5: 12-13-8B; 6: 12-13-8C; 
7: 12-18-5A; 8: 12-39-6g; 9: 12-40-3B; 10: 12-40-3C; 11: 
12-40-3D; 12: 12-40-3E; 13: 16-21-2h; 14: 16-25-3D; 15: 
A619; 16: P354; 17: Vi-244; 18: B73; 19: 12-11-1B; 20: 
12-38-1A; 21: CM7; 22: 12-2-1B; 23: 12-11-1A; 24: 12-
28-5B; 25: 12-40-2D; 26: 12-47-4B; 27: 5-24—3D; 28: 
12-23-3C; 29: Mo17; 30: negative control (all but DNA); 
31: RF7; 32: Mf; 33: 092; 34: P346; 35: CH9; 36: W47; 
37: VIR116; 38: 092xRF7; 39: CH9xMf; 40: RF7xMf

To gain data about the expression of the 
“Z. mays mRNA for anther speci c LTP-like 
protein”, we have used cDNA as template for 
PCR reactions ( g. 2a). The same templates 
were used in PCR with primers speci c for a 
housekeeping gene (actin) ( g. 2b).

A 

B 

Fig. 2. A. Expression pro le of an LTP mem-
ber with the use of mpASP primer pair. B. 
Expression pro le of actin with the use of 
Mact primer pair.
M- 100 bp Ladder (Fermentas); 1: P354 (male  owers, 
uninfected); 2: P354 (male  owers, infected); 3: Pioneer 
(male  owers); 4: 16-21-2h (male  owers); 5: Pioneer 
(leaves); 6: 16-25-3c (anther walls after pollen matura-
tion); 7: 16-25-3c (leaves); 8: 16-21-2h1 (male  owers); 
9: negative control (all but template). 

As  gure 2a shows, two amplicons were 
obtained (lanes 4 and 8), both on cDNA from 
male  owers of 2 genotypes: 16-21-2h and 
16-21-2h1, which are registered as resistant to 
S. reilianum. We have noticed a DNA-based 
amplicon of the same size for the genotype 16-
21-2h ( g.1: lane 13, pointed out with an ar-
row). Other maize genotypes known as resist-
ant hold the fragment of the same size ( g.1: 
lanes 7, 9, 10, 13, 19, 22, 28, pointed with an 
arrow). 

There was no ampli cation observed on 
cDNA from male  owers of susceptible plants 
( g. 2a: lanes 1, 2). As we have expected, 
there were no signs of ampli cation in leaves 
( g. 2a: lanes 5, 7). Interestingly, no amplicon 
was gained on cDNA from anther walls after 
pollen maturation in a resistant genotype ( g. 
2a: lane 6), which might suggest an essential 
diminishing of the given gene expression after 
pollination or that it is speci c for inner tis-
sues of the anthers (ex.: pollen, tapetum) and 
is not expressed in anther walls.  

During a search for maize nsLTPs, carried 
out through public nucleic acids databases, we 
have found a “Z. mays clone 4270 mRNA” se-
quence (NCBI accession number DQ244290) 
noted as from “stress-induced full length 
cDNA library” (Jia et al., 2006). Comparing 
the DQ244290 sequence with the data present-
ed in the NCBI databases, we presumed that 
DQ244290 is a LTP-like gene and proposed 
the term zmDQ24 LTP-like (Bondarenco et 
al., 2008). 

Using a pair of primers speci c for zm-
DQ24 LTP-like (mpDQ24 primers) and hav-
ing maize genomic DNA as template, PCRs 
were carried out, which resulted in the gain of 
an amplicon of the same size (approximately 
1kb) for all the corn genotypes under study 
(data not shown).

The results of ampli cation using mpDQ24 
primer pair and cDNA as template are present-
ed in  gures 3a and 4. The cDNA-based am-
plicons are smaller in length than those DNA-
based, which is probably due to the absence 
of introns.

The results presented in  g. 3 suggest that 
the “clone 4270 mRNA” is present in maize 
leaves, male  owers and anther walls. cDNA 
from male  owers of diseased plants of a sus-
ceptible genotype (attacked by S. reilianum) 
were applied as template in lane 2, while the 
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cDNA from the male  owers of healthy plants 
of the same genotype – in lane 1. Comparing 
the PCR-ampli ed LTP fragments of lanes 1 
and 2 we might presume the repression of the 
given gene expression as a result of pathogen 
attack.

A

B 
Fig. 3. A.  Expression pro le of an LTP 
member with the use of mpDQ24 primer 
pair. B. Expression pro le of actin with the 
use of Mact primer pair.
F – 100 bp Ladder (Fermentas); 1: P354 (male  owers, 
normal size); 2: P354 (male  owers, hypertrophic size); 
3: 16-21-2h (male  owers); 4: 16-21-2h1 (male  owers); 
5: 16-25-3c (male  owers); 6: 16-25-3c (anther walls af-
ter pollen maturation); 7: 16-25-3c (leaves); 8:  Pioneer 
(male  owers); 9 (c): negative control (all but cDNA)

After a recent search through public nu-
cleic acids databases, we have found that 
DQ244290 displays a signi cant alignment 
(max. ident. 99%, E value = 0.0) with “Z. 
mays clone 319432 nsLTP2” (NCBI acces-
sion number EU968356, Alexandrov et al., 
2009). Knowing that members of nsLTP2 
gene family are involved in plant responses 
to pathogen attack we decided to study the 
expression of the member of LTP2 family in 
corn plants infected with Fusarium sp. Mp-
DQ24 primer pair and cDNA from uninfected 
maize seedlings and plants infected with F. 
graminearum, F. oxysporum and F. verticil-
lioides (kindly offered by Dr. Sirbu, Institute 
of Microbiology, ASM) were used for PCR 
( g. 4). The results surprised us by the pres-
ence of 2 amplicons for the majority of the 
investigated genotypes. It might be the case of 
alternative splicing, which was demonstrated 
for members of maize nsLTPs by Arondel and 
collaborators (1991). Alternative splicing is 
an important instrument of gene regulation 
(including stress conditions) and provides a 
considerable accumulation to the total number 
of different transcripts of the given gene and 
eventually proteins.

As it was the case for mpASP primers, a 
rich variety of polymorphic fragments also re-
sulted from PCRs performed on maize DNA 
using mpU66 primer pair ( g.5).

A 

B

Fig. 4. A.  cDNA-based ampli cation results 
with the use of mpDQ24 primer pair. B. 
Ampli cation of actin with the use of Mact 
primer pair.
M - 100 bp Ladder (Fermentas); 1: 12-11-1A (uninfected); 
2: 12-11-1A (infected with F. graminearum); 3: 12-11-1B 
(uninfected); 4: 12-11-1B (infected with F. verticillio-
ides); 5: 12-11-1B (infected with F. oxysporum); 6: 12-11-
1B (infected with F. graminearum); 7: B73(uninfected); 8: 
B73 (infected with F. graminearum); 9: Mo17 (uninfect-
ed); 10: Mo17 (infected with F. graminearum); 11: Mo17 
(infected with F. verticillioides); 12: Mo17 (infected with 
F. oxysporum); 13: Vi-244 (uninfected); 14: Vi-244 (in-
fected with F. oxysporum); 15: Vi-244 (infected with F. 
graminearum); 16: Vi-244 (infected with F. verticillio-
ides); 17: A619 (uninfected); 18: P354 (uninfected); 19: 
negative control

A

B

Fig. 5. Ampli cation of LTP1-related frag-
ments genomic DNA of maize from A. col-
lection of the Institute of Genetics and Plant 
Physiology, B. collection of the Institute 
“Porumbeni”, using mpU66 primer pair. 
M- 100 bp Ladder (Fermentas); A) 1: RF7; 2: Mf; 3: 092; 4: P346; 
5: CH9; 6: W47; 7: VIR116; 8: 092xRF7; 9: CH9xMf; 10: RF7xMf; 
11: P346xRF7; 12: RF7xCH9; B) 1: 1-27-3c; 2: 1-39-5D; 3: 12-13-
8B; 4: 12-13-8C; 5: 12-18-5A; 6: 12-39-6g; 7: 12-40-3B; 8: 12-40-
3C; 9: 12-40-3D; 10: 12-40-3E; 11: 16-21-2h; 12: 16-25-3D; 13: 
A619; 14: P354; 15: Vi-244; 16: B73; 17: 12-11-1B; 18: 12-38-1A; 
19: CM7; 20: 12-2-1B; 21: 12-11-1A; 22: 12-28-5B; 23: 12-40-2D; 
24: 12-47-4B; 25: 5-24-3D; 26: 12-23-3C; 27: Mo17.
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These primers were speci cally designed 
to amplify one of nsLTP1 members named “Z. 
mays phospholipid transfer protein mRNA” 
(NCBI accession number U66105).

52 amplicons that resulted from PCRs 
with the use of mpASP and mpU66 primer 
pairs were processed and employed for clus-
tering ( g. 6). The amplicons, being assessed 
through the single linkage clustering, revealed 
a high genetic relatedness of maize genotypes 
resistant to draught and those resistant to path-
ogenic attack. Based on this observation we 
might presume a genetic linkage between the 
LTP-related polymorphic spectra and maize 
resistance to stress factors. 

Conclusions
- Using primers speci c for some members of 
maize nsLTP gene family some maize geno-
types from the collections of the Institute of 
Genetics and Plant Physiology and the In-
stitute of Maize and Sorghum “Porumbeni” 
were analyzed. Based on polymorphic spec-
tra generated by mpU66 and mpASP primers 
we could propose the use of these primers for 
SCAR-based genotyping of maize plants. 
- The high genetic relatedness of resistant gen-
otypes revealed by single linkage clustering 
method might suggest the presence of a genetic 
linkage between the LTP-related polymorphic 
fragments and maize resistance to pathogenic 
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Fig. 6. A dendrogram illustrating the clustering of maize genotypes based on LTP-related 
fragments.
a. plants from collection of the Institute “Porumbeni”; R –genotypes resistant to pathogenic infection; S – highly sus-
ceptible genotype; b. collection of the Institute of Genetics and Plant Physiology; R – draught resistant varieties; N 
– non-resistant genotypes.

a.

b.

infection. The same idea is supported by the 
expression studies that uncovered the pres-
ence of the”Z. mays mRNA for anther speci c 
LTP-like protein” in male  owers of corn gen-
otypes resistant to S. reilianum. 
- The study of the expression pro le of a mem-
ber of corn nsLTP2 family member - clone 
4270, in corn plants infected with Fusarium
sp. resulted in the identi cation of two PCR-
ampli ed fragments that might be an illustra-
tion of alternative splicing. 
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