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GENES IN MAIZE GENOTyPES UNDER PATHOGENIC ATTACK
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INTRODUCTION

Plant diseases are a stable threat to agriculture around the world. Plants 
have evolved a complex immunity system to resist regular attacks from pathogens. 
Understanding how plants resist the assaults from potential pathogenic microbes by 
their innate immunity system is decisive for developing a sustainable agriculture by 
improving crop quality and quantity and protecting the environment while reducing the 
use of pesticides. 

Plant innate immunity system consists of sophisticated multi-layered defense 
programs. Big achievements have been made in the last fifteen years towards an 
understanding of the molecular mechanisms by which plants recognize the invading 
microbes and activate appropriate defense programs. Over 60 plant disease resistance (R) 
genes have been cloned from model and crop species [21]. The majority of these genes 
encode proteins containing domains “NBS” and “LRR”, “TIR”, “CC” (table 1), which 
appear to be conserved in the plant and animal kingdoms. Presently, understanding how 
these R genes work has become the new research focus in the field of plant molecular 
pathology. 

Table 1. Diversity of r Genes (the table is based on the data from Xiao, 2006).

r	genes reference

NBS-LRR: nucleotide-binding site and leucine-rich repeat [6]

▪ Tir:	Toll and interleukin receptor-like  domain (found in 
dicot genomes)

[13]
[1]
[4]
[12]▪ cc: coiled-coil domain (found in both dicot and monocot 

genomes )

non-NBs-lrr

▪ rlPs: receptor-like proteins [9]
[19]

▪ rlks: receptor-like kinases 16]
[17]

▪ Pk: protein kinases. [11]
[15]

▪ atypical	r proteins, [20]
[10]

▪ er: enzymatic resistance genes (directly detoxify the 
pathogen-derived toxins)

[8]
[18]



70

The aim of the research described below was to molecularly characterize 
presumable pathogenesis-related PCR-amplified fragments in maize genotypes infected 
by pathogenic agents (i.e. Sorosporium reilianum).

Material and Methods

The object of the given research is maize (Zea mays), which is not only a good 
model organism for investigations in the field of genetics, cell and molecular biology, 
but also a crop of global importance for human food and animal forage, and it is one of 
the most valuable crops for the agriculture of the Republic of Moldova. 

The genetics of maize has a long history, starting with mutants that were 
identified in the early 1900s [3]. Its large chromosomes and chromosomal features, 
such as knobs, have allowed a rich integration of cytogenetics and genetics. Maize has 
long been known for its high level of polymorphism within coding regions. Recent 
work suggests that the degree of polymorphism between maize lines is even greater 
than that between humans and chimpanzees [3].

The investigations reported below were carried out partly in the laboratory of 
Dr. Georgiana May, Department of Ecology, Evolution and Behavior, University of 
Minnesota, U.S.A., and partly in the laboratory of Prof. Barbacar “Genomics and 
Gene Expression”, Institute of Genetics and Plant Physiology, Academy of Sciences 
of Moldova.

The performed investigations were based on the use of the following methods and 
techniques: nucleic acids extraction, PCR, reverse transcription, reverse transcription-
PCR, restriction analysis, DNA sequencing, bioinformational processing of nucleotide 
sequences, etc.

As biological material for the DNA and RNA extraction, maize (Zea mays) 
genotypes from the collections of the Institute of Genetics and Plant Physiology, ASM 
and the Institute of Maize and Sorghum “Porumbeni” (kindly offered by Dr. hab. Iurcu) 
served. Male inflorescence and leaves were gathered and nucleic acids were extracted 
(according to the protocols from [14]).

In order to reveal the polymorphic specters of  DNA  isolated  from  the 
investigated maize genotypes, a range of PCR reactions was carried out, using primers 
that were developed in the laboratory “Genomics and Gene Expression”, Institute of 
Genetics and Plant Physiology, ASM [2]. The primary structures of primers employed 
in the given research are the following: cmg 5.1: 5’ – CCGGCTCATCCTCCTGGCCT 
– 3’; cmg 5.2: 5’ – GCAGCGGTGTCAGCTGACCAAC – 3’.

The RNA extracted from control plants and plants susceptible and resistant to 
a pathogenic agent served as template in reverse transcription reactions. Some of the 
amplified fragments were excised, purified (using QIAquick PCR Purification Kit, 
QIAGEN, according to the gel extraction and purification protocol included) and 
sequenced. The sequencing results were processed using the program “Sequencer 4.0” 
and compared to the sequences from the International Nucleotide Sequence Database 
(all GenBank + EMBL + DDBJ + PDB sequences) using “BLAST” (Basic Local 
Alignment Search Tool) program. The sequences obtained were characterized using 
Gene runner software (Version 3.01).

All PCR reactions were carried out on Applied Biosystems 2720 thermal cycler. 
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The PCR reaction mix consisted of TaKaRa Taq-polymerase (0.5U/µl); 10× PCR 
Buffer (Mg2+ plus); dNTPs (2.5mM each); primers (reaction concentration 1µM) and 
deionized water (final reaction volume including template = 25 µl). Reaction conditions 
were: I) Td (95ºC) 1 min; II) Td (95ºC) 15 sec; Ta (57ºC) 30 sec; Te (72ºC) 1 min; 35 
cycles; III) Ta (57ºC) 30 sec; Te (72ºC) 1 min; 4 cycles. Reverse transcription reactions 
were carried out using Promega AMV RT kit (according to the recommendations 
included for the 1st strand synthesis of cDNA). Oligo(dT) was supplied by Invitrogen 
(C=0.5µg/µl). Reverse transcriptase reactions were performed at 42ºC for 60 min and 
deactivated at 70 ºC for 10 min. 

Results and Discussion 

As the main biological material of the research, the reproductive system of 
maize serves. That is why, from a large range of pathogenic agents occurred in the 
Republic of Moldova, we have chosen Sorosporium reilianum, which attacks mainly 
the gametophyte. 

Sorosporium  reilianum (synonyms Sphacelotheca reiliana, Sorosporium 
reilianum and Sporisorium reilianum) is a fungus that attacks maize and causes the 
disease called head smut, which is spectacular in appearance and easily distinguished. 
This fungus is widely spread all over the world. It attacks mainly the gametophyte, that 
is why head smut is not evident until the tassels and ears appear. It is characterized by 
the presence of sori on the tassels, ears, or rarely, the leaves. A sorus is a compact mass 
of dark brown to black spores (teliospores) covered with a thin grayish white membrane 
which soon ruptures to release a powdery mass of spores which are quickly scattered 
by air currents and rain. A tangled mass of threadlike strands, vestiges of the vascular 
system of the corn inflorescence, ramify through the sori and are characteristic of 
infection by the fungus (Figure 1). The presence of the vascular strands, surrounded by 
the mass of black-brown spores, distinguishes head smut from common smut. Infected 
tassels are completely or partially covered by sori and normally do not produce pollen 
[5].

29 different maize genotypes were investigated. RNA was extracted from the 
male inflorescence, anthers and leaves of the following maize genotypes: P354 and 
A619 (susceptible to S. reilianum); AI 21-16-3c, AI 21-16-3d, AI 21-16-2h and AI 
21-16-2h1 (resistant to S. reilianum) and Pioneer (serving as a control). DNA was 

Figure 1. Maize from the 
experimental lot of land of 
the Institute of Maize and 
Sorghum “Porumbeni”. 
A: Corn tassel covered by a 
sorus of a head smut; B: Not-
infected maize plant.
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extracted from M15, RF7xM1, 16-25-3c, P354, M1, Vir 44, Rf7xCH9, P14, 12-39-6g, 
W47, 307.02, 092, P20, orisont, P27, Pioner, A237, P11, F7, P16, MK01, W237. 

Using the mentioned-above primers, maize genomic DNA was PCR-analyzed 
(Fig. 2).

Fig. 2. PCR-amplified products on a 1.5% agarose gel; template: maize genomic 
DNA (1-22); M – marker 1kb+ DNA ladder (Invitrogen).

1- M15; 2- RF7xM1; 3- 16-25-3c; 4- P354; 5- M1; 6- Vir44; 7- RF7xCH9; 8- P14; 9- 
12-39-6g; 10- W47; 11- 307.02; 12- 092; 13- P20; 14- orisont; 15- P27; 16- Pioner; 17- A273; 

18- P11; 19- F7; 20- P16; 21- MK01; 22- W237; c- control. 

Several amplified DNA fragments were eluted from gel, purified and 
sequenced.  

A fragment (working name: 7.1_cmg; Fig.3; Tab.2) common for the investigated 
genotypes (Fig.2) showed a high homology with nucleotide sequences of Zea mays 
presented in the database GeneBank. A maximal identity of 96% (E value = 1e-63) was 
disclosed between the analyzed sequence and motifs from Zea mays B73 pathogenesis-
related protein 2 and GASA-like protein genes. A similarity of 92 % (Evalue = 1e-
53) was revealed between 7.1_cmg and Zea mays rust resistance protein rp3-1 (rp3-1) 
(gene that encodes resistance protein against a fungus Puccinia sorghi), a homology of 
93% (E value = 5e-54) with a protein kinases B73 serine/threonine and a similarity of 
96% (E value = 5e-66) – with a putative zinc finger protein. 

5’ –TCCGGCTCATCCTCCTGGCCTGAGGCGAACTTGGTGGCGATGTCCATCAG
CTCGCTCGCCCTGGTGGGGGTCTTGCGACCCAGCTTGCTCACCAGGTCGCGG
CAGGTGGTGCCGGCGAGGAACGCGCCGATGACATCCGAGTCGGTGATGTTG

GTCAGCTGACACCGCTGCA – 3’

Fig.3.    7.1_cmg sequence results

A fragment (working name: 7.1_cmg; Fig.4; Tab.2) general for the investigated 
genotypes (Fig.3) showed a high homology with nucleotide sequences of Zea mays 
presented in the database GeneBank. A maximal identity of 96% (E value = 1e-63) was 
disclosed between the analyzed sequence and motifs from Zea mays B73 pathogenesis-
related protein 2 and GASA-like protein genes. A similarity of 92 % (E value= 1e-
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53) was revealed between 7.1_cmg and Zea mays rust resistance protein rp3-1 (rp3-1) 
(gene that encodes resistance protein against a fungus Puccinia sorghi), a homology of 
93% (E value = 5e-54) with a protein kinases B73 serine/threonine and a similarity of 
96% (E value = 5e-66) – with a putative zinc finger protein. 

Another fragment (working name: 13.1_cmg; Fig.4; Tab.2) is a polymorphic 
fragment (Fig. 2, lane 13). No significant similarity with Z. mays sequences was found 
for this fragment via megablast. Discontiguous megablast showed a high homology with 
18 nucleotide sequences of the organism Oryza sativa and 1 – with Triticum aestivum, 
including a maximal similarity of 91% with AK109512.1 (cDNA clone) – homolog of 
T-04513 protein kinase (A. thaliana).

5’- TCCGGCTCATCCTCCTGGCCTCCGGACAGCTTCGCCGCCTCCGCGGTCCT
GTAGACATCGTCGGTGCCAATGGCGATCTGCTTGATCTCTCCGCATCATGCGT
GTCTAGAGTCAAGCCTCGACTGCTGGGGCGGCCATAGCGCGCGCGAAGAAG
GAGGAGGAGGAAAACCAAATTGCACACCTGGGCATATGCATTCCCCTTGGCA

TACTCGGTGACACCATAGTTGTTGGTCAGCTGACACCGCTGCA -3’

Fig.4.  13.1_cmg sequence results

RNA extracted from control, susceptible and resistant maize genotypes were 
used as template for reverse – transcription reaction followed by PCR. The results are 
shown in the Fig. 5.

Fig. 5. Results of the rt-PCR on a 1.5% agarose gel; template: maize RNA (1-8).
 M – marker 1kb+ DNA ladder (Invitrogen); 1: P354 (non-infected ♂ flowers); 2: AI 16-25-3c 
(♂ flowers); 3: P354 (leaves); 4: AI 16-21-2h (♂ flowers); 5: Pioneer (♂ flowers); 6: Pioneer 

(leaves); 7: AI 16-21-2h (leaves); 8: c- control (all but RNA). 

A fragment (working name: 2cmg_3.01; Fig.6; Tab.2), specific for a resistant 
genotype (lane 2, fig. 5), was used as query in a search via megablast. A motif of 
the query sequence (bases 23 - 65) showed identity (max ident. 100%, E-value = 2e-
12) to a motif from Zea mays clone 20233 mRNA sequence noted as “from stress-
induced full length cDNA library” [7]. The same motif of the query (bases 23 - 56) 
showed a 100% identity (E-value = 2e-07) with a motif (bases 115 - 148) from Zea 
mays CL5254_1 mRNA sequence (gb|AY111812.1|). 2.2cmg_3.01 has another motif 
(69 – 79 bases) which is in common with Z. mays mRNA for anther specific LTP-like 
protein (AJ006702).
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5’ –ATTCCGGCTCATCCTCCTGGCCTGGTAAACTACTGCGACTGGGGAGGGAG
CAGCAGGGGCATCAGGTATGATGATATAGTTTGGTTCCTCTCTTCGGTAGTGG
TGCCATTAGACCATTGTTTTTCGGTATGATTTCCTTGGTTCTGTTGCGAAAAG
CCGAAAATTAGTTGAGATCCTGCTGGTACATGTTCTTCAATAGTCGGATGGTT

GGTCAGCTGACACCGCTGCA– 3’

Fig.6.  2.2cmg_3.01 sequence results

The PCR-amplified and sequenced fragments were characterized using Gene 
runner software (Version 3.01). The results of the bioinformational processing are 
presented in Table 2.

Table 2. Molecular analysis of the sequenced fragments.
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Found 158 cut sites 
using 287 enzymes. 
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not cut. 

7 ORFs
Translational Init. Seq 

CCAAT box.  
CTF/NFI binding sites 

SP1 binding site

 2 RNNMTGG
1 CCAAT

1 GCCAAT
1 GGGCGG
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Found 70 cut sites 
using 287 enzymes. 
234 enzymes did 
not cut. 

2 ORFs MALT box TATA box
Translational Init. Seq.  

1 GGAKGGA
2 TATA

2 RNNMTGG

CONCLUSION 

As a result of the described-above investigations, 2 PCR-amplified products of 
genomic DNA and 1 PCR-amplified product from cDNA were molecularly characterized 
and used in a “Blastn” search. The results of the search revealed the sequences that 
produced significant alignments. Among these sequences, we were interested in a 
gene encoding a resistance protein to fungus Puccinia sorghi (that causes rust disease 
in maize and other crops), in protein kinases (which also participate in plant defense 
mechanisms) and in putative Zn-finger proteins. The PCR-amplified products from 
cDNA showed a common motif with a Z. mays mRNA for anther specific LTP-like 
protein (LTPs also are pathogenesis-related genes). This is a very interesting result 
since some RNA samples used in the given research had been extracted from maize 
male flowers and anthers. 

The results can serve as a start point for the future research of the involvement 
of the members of the LTP and PK gene families in the plant defense mechanisms 
against pathogenic infection and in the identification of a genetic linkage between the 
polymorphic regions and resistance to pathogens.
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