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Introduction

Drought stress is considered one of the greatest limiting factors in agriculture 
and the ability of crop plants to adapt to such conditions is crucial for worldwide 
crop production. Because of increasing scarcity of water resources today objective 
is creation of drought resistant crops and/or the development of plant varieties with 
ef  cient water use. This is possible through deeply study of genes involved in drought 
stress responses. 

For new strategies development in this objective accomplishment the main 
task consist in understanding molecular mechanisms that are at the basis of drought 
resistance of crops. For many crops was shown a low genetic correlation for yield in 
various areas that indicate different sets of genes implicated in yield determination 
[1]. Selection for high yield in certain area (subjected or not to drought conditions) is 
not the effective strategy in obtaining a stabile yield. An alternative is identi  cation 
of genetic factors implicated in drought resistance and their introduction in desired 
genotypes through selection programs based on genetic markers [2 - 5]. Understanding 
the genetic and molecular nature of resistance potential of maize genotypes to abiotic 
stress (especial drought) will open new opportunities in creation of maize hybrids with 
high resistance to abiotic stress. 

Experimental procedures Plant material, drought treatment and RNA isolation

Maize genotypes from the maize germplasm collection at the Institute of 
Genetics and Plant Physiology of ASM were used. These genotypes are commonly 
grown within the Republic of Moldova. We focused our expression analysis on 5 maize 
genotypes with different degrees of drought stress tolerance: high drought resistant 1) 
MK01, 2) DH1xMK01; low drought resistant 3) XL12, 4) XL12xDH1; unresisting to 
drought 5) DH1. Maize plants were grown in greenhouse conditions until the three-leaf 
stage and then subjected to drought conditions. After drought conditions were imposed 
for 10 days, total RNA was isolated from control and drought treated plants. Leaves 
from sixteen individual plants were collected and pooled into 4 replicates (4 plants per 
replicate) for RNA isolation using Trizol protocol.

 
Microarray analyses

We used a reference design for this microarrays experiment which utilized a direct 
comparison between samples (drought and control) and four biological replications for 
each treatment. Hybridizations were conducted according to the protocols from Maize 
Oligonucleotide Array Project [6] using a Tecan HS4800Pro Hybridization Station. 
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Data extraction and statistical analysis

The GenePix Pro 6.0 software package was used for data extraction. The maize 
oligo-arrays comprise a two-slide set of an A and a B slide. The quality of obtained 
data was checked through quality metrics analysis. The four A slides and four B slides 
from each experimental treatment were analyzed separately to avoid confounding 
batch effects with the effect of interest (i.e. target expression). Statistical analysis was 
performed in R using the Limma package from Bioconductor [7, 8]. Saturated spots 
and those with abnormal morphology were removed from the analysis. No background 
correction was performed, and all slides were normalized using loess normalization 
[9]. Q values were computed from Limma-generated p values using the Bioconductor’s 
qvalue package [10]. Red and green intensities for each spot across all slides in a given 
experiment were also computed to permit discrimination between very low intensity 
(near background) spots and brighter, more trustworthy ones. An arbitrary q-value 
cutoff of 0.2 was used, and only spots with red and green intensities ≥ 500 RFU and 
differentially expression ≥ 3.5 fold compared with control plants were focused on. 

Results and discussions Differentially expressed genes under drought stress 
conditions

In the present study we identi  ed a range (73-212, depending of genotype) of 
differentially expressed genes >3.5 fold change, under drought stress conditions. The 
number of down-regulated genes was greater than that of up-regulated genes. For non-
resistant and low-resistance genotypes, the number of differentially expressed genes 
was higher than that for drought-resistant genotypes (Figure 1). 

Products of differentially up expressed genes can be classi  ed in two major groups. 
The  rst group includes functional proteins that function in drought stress conditions: 
proteins with function in energetic metabolism (ATP synthase, delta l pyrroline-5-
carboxylate synthase, beta-ketoacyl-CoA synthase, alkaline alpha galactosidase 1), 
heat shock proteins (hsp 17.2, hsp 101), detoxi  cation enzymes (Serine/threonine-
protein kinase SAPK4), proteases, sugar transporters, sugar synthesis enzymes, etc. 
Heat shock proteins are actively implicated in macromolecules protection, as shown by 
[11]. Sugars function as osmoprotectants, protecting cell components from dehydration 
[12]. The identi  ed differentially up expressed genes for MK01 maize genotype are 
represented in table 1.

The second group includes regulatory proteins that regulate genes expression or 
are implicated in stress signal transduction: transcription and splicing factors (putative 
zinc  nger transcription factor, ASF/SF2-like pre-mRNA splicing factor SRP31, etc.)

From down expressed genes the major part encode functional proteins involved 
in energetic metabolism (aldehyde dehydrogenase MIS1, glutathione S-transferase 
GST 14, chloroplastic iron-superoxide dismutase, NAD(P)H-quinone oxidoreductase 
chain 5, chloroplast putative anthocyanidin-3-glucoside rhamnosyltransferase, 
phosphate transporter 2-1, phosphate transporter 2-1, ATP synthase subunit beta, 
glucosyltransferase-3, 26S proteasome regulatory particle triple-A ATPase subunit4b). 
Previously also was reported that under abiotic stress conditions are reduced energetic 
metabolism, grows, photosynthesis ratio [11-13]. Also we identi  ed and several 
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regulatory dow expressed genes tah encode regulatory proteins (RNA-binding protein, 
putative nucleoid DNA-binding protein cnd41).

Figure1. Differentially expressed genes under drought stress conditions for analyzed 
maize genotypes.

Table 1. Differentially up expressed genes for MK01 maize genotype in drought stress 
conditions.

1 MZ00035780 3,55 0,000996469 0,07 4031 7054 11,7 NA
2 MZ00044247 3,45 0,001101578 0,07 5181 7152 11,0 NA
3 MZ00042727 3,26 0,000633449 0,09 7564 13209 9,6 NA

4 MZ00042613 3,08 0,003615849 0,09 594 481 8,4
ATP synthase F0 

subunitatea 6 {Os-
trinia furnacalis;} 

5 MZ00037850 2,87 0,026025323 0,14 1261 5482 7,3
{Oryza sativa 

(japonica cultivar-
group);} 

6 MZ00052842 2,62 0,031484145 0,15 451 1086 6,1
unknown 

protein{Oryza 
sativa} 

7 MZ00041406 2,28 0,000102283 0,07 379 526 4,8
60S ribosomal 

protein L30. {Zea 
mays;} 

8 MZ00025596 2,14 0,000365207 0,09 441 743 4,4

delta l pyrroline-
5-carboxylate 

synthase {Oryza 
sativa} 
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9 MZ00019291 2,09 0,035374886 0,14 2256 482 4,2 NA
10 MZ00009041 2,06 0,000696462 0,09 774 1022 4,2 NA

11 MZ00056932 2,02 0,001180465 0,09 637 934 4,1
unknown 

protein{Oryza 
sativa}

12 MZ00042871 2,02 0,000106469 0,09 8707 16694 4,1 r40c1 protein 
{Oryza sativa}

13 MZ00026371 2,02 0,000141486 0,07 468 796 4,0

Serine/threonine-
protein kinase 
SAPK4 (EC 

2.7.11.1) (osmotic 
stress). {Oryza 

sativa;} 

14 MZ00045409 1,98 0,004156645 0,09 303 520 4,0

B1008E06.13 
{Oryza sativa 

(japonica cultivar-
group);} 

15 MZ00025751 1,97 0,001225092 0,09 548 554 3,9

beta-ketoacyl-CoA 
synthase {Oryza 
sativa (japonica 

cultivar-group);} 
16 MZ00021759 1,97 6,79E-05 0,07 2175 2620 3,9 NA
17 MZ00004430 1,96 0,000447928 0,07 1531 2327 3,9 NA

18 MZ00020918 1,96 0,000247114 0,09 384 578 3,9
alkaline alpha ga-
lactosidase 1 {Zea 

mays;} 
19 MZ00053154 1,94 0,000644939 0,07 603 865 3,8 NA

20 MZ00055394 1,94 0,00017103 0,07 2098 2751 3,8

unknown 
protein

{Arabidopsis thal-
iana;} 

21 MZ00009837 1,94 8,57E-05 0,07 605 645 3,8 NA

22 MZ00035463 1,93 0,001127797 0,09 14310 17957 3,8
heat shock protein 

17.2 
{Zea mays;} 

23 MZ00040981 1,91 0,000110415 0,07 428 540 3,8

Sucrose 
synthase 1 

(EC 2.4.1.13) 
(Sucrose-UDP glu-
cosy- ltransferase 1)
(Shrunken-1). {Zea 

mays;} 

24 MZ00025084 1,90 0,000397598 0,09 484 656 3,7
hypothetical protein 

{Phaseolus vul-
garis;} 

25 MZ00012799 1,89 0,000138526 0,07 1060 1370 3,7 hypothetical protein 
{Oryza sativa} 
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26 MZ00043117 1,89 0,007829097 0,10 587 904 3,7
{Oryza sativa 

(japonica cultivar-
group)} 

27 MZ00009964 1,89 0,059679569 0,19 544 666 3,7 NA

28 MZ00012920 1,88 0,000174063 0,07 482 600 3,7

hypothetical protein 
similar to Oryza 

sativa chromosome 
1,P0443E07.21 
{Oryza sativa 

(japonica cultivar-
group);} 

29 MZ00015224 1,87 0,001012615 0,09 1077 1143 3,7

Transcription factor 
zinc  nger {Oryza 

sativa (japonica 
cultivar-group);} 

30 MZ00030085 1,86 0,000663757 0,09 360 812 3,6 NA

31 MZ00052818 1,85 0,025306633 0,14 349 989 3,6

ASF/SF2-like 
pre-mRNA splicing 
factor SRP31 {Zea 

mays;} 

32 MZ00015105 1,80 0,000451203 0,07 404 689 3,5

Indole-3-glycerol 
phosphate lyase, 

chloroplast precur-
sor (EC 4.1.2.-)

{Zea mays;} 
33 MZ00040006 1,80 0,001052036 0,07 6065 8594 3,5 NA

Approximately 53% of the differentially expressed genes implicated in drought 
stress response were of either unknown function or un-annotated, depending on the 
genotype. Elucidating their roles may help in better understanding the complex plant 
response to drought stress.

Future our work is focused on RT-PCR validation of the selected group of genes 
differentially up-regulated in drought conditions. Additionally the primers for some 
of these genes can be used as molecular markers for drought resistance selection and 
amelioration programs in Moldova. 
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 The Ocimum L. genus includes about 200 species and varieties, and one of the 
best known is sweet basil – Ocimum basilicum L. [common basil, sweet basil]. This 
species grows in the spontaneous  ora of Asia, Africa and the warm areas of North 
America [5]. It has been cultivated for over 1000 years. To many countries of Europe, 
sweet basil was brought from India and Egypt [1]. It was known in Antique Greece 
where it had frequently been used in the treatment of many diseases. It was even used 
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