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ABSTRACT 

Three genotypes of maize, namely (Baghdad, 5018, and Sara) were investigated in 

the fields of the College of Agricultural Engineering Sciences, University of 

Baghdad/ Al-Jadriya, in the fall season 2021-2022. With three sowing dates (26 

July, 4 August, 12 August), The experiment was implemented according to a 

randomized complete block design (RCBD) with three replications. The aim is to 

detect the expression of the INCW1 gene associated with sucrose-to-glucose 

analysis, which is critical for many metabolic functions in different sink tissues, 

and determine the amount of fold gene expression to find out which of the geno-

types contain the invertase gene, and which ones have a high level of gene ex-

pression based on the fold of gene expression. The results showed significant 

differences in the invertase enzyme activity for the genotypes. The best genotype 

was (Sara) which showed a value of 1.14 mg-1.units.protein—followed genotype 

(Baghdad) 0.86 mg-1.units.protein. The least effective protein was for genotype 

(5018), which showed a value of 0.40 mg-1.units.protein. As for the sowing dates, 

the second sowing date (D2) was the best, which showed a value of 1.39 

mg-1.units.protein. Followed by the third sowing date (D3), which showed a value 

of 0.51 mg-1.units.protein, and the first sowing date (D1), which showed the most 

negligible value of 0.51 mg-1units. The expression of the INCW1 gene varied in 

the genotypes of three sowing dates with values ranging between (0.30) and (2.38), 

where the genotype (Sara) at the second sowing date (D2), which showed the value 

highest of gene expression (2.38) and the exact date (D3) gave INCW1 gene 

showed value (2.21) for genotype (Baghdad). The genotypes also varied in their 

tolerance to increase or decrease the gene expression, which is considered one of 

the most important sucrose decomposition genes for maize crops. 
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INTRODUCTION 

The advent of molecular marker technology has changed plant breeding methods 
for the better, and the increase in the activity of enzyme invertase plays a regula-
tory role in the early stages of grain development and formation by converting 
sucrose from the leaves to hexose to support cell division in the endosperm and 
fetus1. 
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One of the main mechanisms for increasing the accumulation of hexose sugars, 
which stimulate cell elongation in maize, is the activity of the invertase gene2. The 
important role of cell wall genes in plant development makes their genes a good 
choice for isolation 3,4. The content of the Invertase enzyme is regulated by the 
protein Inhibitors (INVINTLS) formed seven days after insemination 5. Then, the 
development of the growth seed of maize continues through regular stages after 
fertilization. The endosperm and seed are completely dependent on photosynthesis 
in the leaves. The Sac-hydrolyzing enzyme that produces Hexose Sugar from su-
crose is necessary for the developmental stages of maize grain formation and 
composition, which determines the plant's yield stability. 

Invertase, separately or integrated with plant hormones, can regulate many plant 
growth and development traits, as sucrose plays a major role in carbon metabolism, 
and carbohydrates are synthesized in the leaves (source) as sucrose, originated and 
transported to (sink) 7. In maize, Ivr2 and Ivr1 gene expression is enhanced in the 
presence and absence of polysaccharides8, 9. Transported sucrose provides energy 
and carbon for plant growth and development and regulates gene expression 6. 

The Invertase enzyme of the INCW1 gene is one of the enzymes that introduce 
carbon into the process of carbon metabolism, where carbon metabolism is a 
hallmark of C3 plants, including maize, and sugars control the invertase gene 
INCW1 in an orderly manner 10. 

The function of the INCW1 gene is to transport carbohydrates into pollen11. Two 
genes encoding sugars in the invertase enzyme Ivr2, and Ivr1 both develop calories 
and pollen but their gene expression pattern is different, Ivr1 is upregulated by 
removing carbohydrates, while Ivr2 is by increasing the supply of carbohydrates 4, 

12 

INCW1 gene appears in two forms, Incw1-S (small) and Incw1-L (large), since 
both metabolizable and non-metabolizable sugars are present in Incw1-L13. The 
INCW1 gene is one of the enzymes that introduce carbon into the metabolism 
process, where carbon metabolism is a hallmark of C3 plants, including maize, and 
sugars control the invertase gene Incw1 in an orderly manner 9. 

The cell wall invertase gene Incw1 located in the endosperm maintained its effect 
on the seed weight of maize plants 14, 15'. The Incw1 gene may affect the weight of 
100 kernels by controlling the growth and development of the maize cob 16. 
INCW1 gene levels are increased in old and whole leaves but decreased in young 
maize leaves 17. 

The mechanism of action of the invertase enzyme:- 

Stimulation of pathways enzyme, which is known for sucrose splitting in plants, is 
carried out by two pathways, the first by invertase  

(sucrose + (H2O)  glucose + fructose)  

Moreover, the second is the enzyme sucrose (SUS). 

(Sucrose (SUS) + UDP  Fructose + glucose UDP) 

Both pathways work on the decomposition of sucrose in plants, but the products of 
their reactions differ. 
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Figure 1.The mechanism of action of the invertase enzyme 18. 

It produces invertase (glucose) instead of (glucose UDP) and thus forms a double 
number of hexose sugars such as (glucose and fructose). The resulting signals can 
change the expression of various genes, so invertase can be a powerful influencer 
in the biosynthesis and knowledge of hormones such as abscisic acid (ABA). In 
addition, glucose and hormone signals can also influence the expression of genes 
that encode sucrose synthase and invertase. 

MATERIALS AND METHODS 

Three genotypes of maize were used in the field Experiment, which are Baghdad, 
5018, Sare Var., where Invertase activity was estimated by adding a stock solution 
that was prepared from (DNSA reagent, NaoH, Roshan's salt, starch and sucrose). 
At a ratio of 2000 μl to 10 μl, the sample powder is put in a water bath for 20 
minutes at a temperature of 37 ° C, then placed in a Spectrophotometer at a 
wavelength of 540. According to 19. 

 

Gene Expression 

 

RNA extraction 

The samples (leaves) were collected and immersed in triol solution at room tem-
perature for 24 hours, whereby RNA was extracted from the sample according to 
the TRI Reagent method (Molecular Research Center, Cincinnati, OH, USA) 20 

Real-time quantitative PCR: 

The quantification of pure gene mRNA was performed by Real-time quantitative 
PCR. Use SYBR Green dot dye to quantify cDNA using Mastermix as recom-
mended by the manufacturer. 

Gene expression analysis using the Levac method: 

ΔCT = CT gene - CT House Keeping gene 

ΔΔCT =ΔCT Treated or Control - ΔCT Control  

The fold of gene expression = 2-ΔΔCT 
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RESULTS 

The results of estimating the invertase enzyme activity INV are in Table.1 indi-

cates the superiority of the genotype Sara (V3) by giving the highest average in-

vertase activity of 1.14 mg-1 units.protein, followed genotype Baghdad (V1) 0.90 

mg-1.units.protein.While genotype 5018 (V2) was the least effective for invertase 

activity, it was 43.69 mg-1.units.protein. The highest mean of enzyme activity was 

for the second sowing date  D2 (4 August) appointment, which was 1.39  

g-1.units.protein. Followed the third sowing date D3 (12 August) with an enzyme 

activity rate of 0.51mg-1.units.protein, while the first sowing date D1 (26 July) had 

the lowest rate of enzymatic activity, reaching 0.50 mg-1.units.protein.  

 

The interaction between genotypes and sowing dates showed that genotype Sara  

(V3) in the second sowing date D2 (4 August) was the best, giving an average of 

2.20 mg-1.units.protein. followed  genotype Baghdad (V1) in the same sowing date 

1.35 mg-1.units.protein. Genotype 5018 (V2) gave the lowest average   0.08 

mg-1.units.protein. at the third sowing date, D3 (12 August).  

 

 

 

GENOTYPES 
SOWING DATES 

1D 2D 3D Mean genotypes 

1V 0.42 1.35 0.82 0.90 

V2 0.52 0.61 0.08 0.40 

V3 0.58 2.20 0.63 1.14 

Mean sowing dates 0.50 1.39 0.51  

v 0.05L.S.D  0.15 

D 0.05L.S.D  0.15 

L.S.D 0.05 DV 0.26 

Table 1. Effect of sowing dates on Invertase enzyme activity (INV) (mg-1.units.protein) genotypes of maize in fall season 

2020-2021. 

Table 2 Shows genotype Sara (V3), giving a gene expression value of 2.38 at the 

second sowing date D2 (4 August), which exceeded the genotype Baghdad (V1), 

which has a gene expression value of 2.21. 

At the same sowing date, the difference from the comparison treatment was 1.38 

and 1.28 for the Sara and Baghdad genotypes, respectively.  

Genotype 5018 (V2) did not show any expression of the gene for any of the three 

sowing dates. The third sowing date, D3 (12 August), did not express any gene for 

any of the three genotypes.  
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Group Sample ACT IVR1 DCT DDCT Folding 

 

D1 

 )V1( 37.02 30.45 -6.57 0.00 1.00 

 )V2( 35.98 28.51 -7.47 0.00 1.00 

 )V3( 35.98 28.47 -7.51 0.00 1.00 

SE  

 

 

D2 

 )V1( 35.90 28.19 -7.71 -1.14 2.21 

 )V2( 35.35 28.78 -6.57 0.90 0.54 

 )V3( 35.87 27.11 -8.76 -1.25 2.38 

SE 0.58 

 

 

D3 

 )V1( 32.09 27.17 -4.92 1.65 0.32 

 )V2( 34.90 27.83 -7.07 0.40 0.76 

 )V3( 34.02 28.24 -5.78 1.73 0.30 

SE 0.15 

Table 2. Gene expression for three genotypes of maize under three sowing dates in the fall season 2020-2021. 

DISCUSSION 

The cell wall invertase gene INCW1 is essential in transferring carbohydrates from 
the source (leaves) to the sink (grains) 21. The gene also has a role in grain filling 
and improving its productivity, and whether the increase in the gene expression of 
invertase enzyme will affect the growth and development stages of maize plant22. 

Heat stress reduces INV activity in maize, preventing sucrose decomposition to 
hexose and decreasing starch biosynthesis in the endosperm 23. The gene expres-
sion of the invertase genes is still poorly understood 24. Furthermore, The increase 
in antioxidant gene expression under high temperatures is described in 25 

CONCLUSIONS 

The genotypes of maize that interact With three sowing dates (26 July, 4 August, 
12 August) showed significant differences in the activity of the invertase enzyme 
for the genotypes. The best genotype was (Sara) which showed a value of 1.14 
mg-1.units.protein. As for the sowing dates, the second sowing date (D2) was the 
best, which showed a value of 1.39 mg-1.units.protein. The expression of the 
INCW1 gene varied in the genotypes of three sowing dates with values ranging 
between (0.30) and (2.38), where the genotype (Sara) at the second sowing date 
(D2), which showed the value highest of gene expression (2.38) and the same date 
(D3) gave INCW1 gene showed value (2.21) for genotype (Baghdad). The geno-
types also varied in their degree of tolerance to increase or decrease the gene ex-
pression, which is considered one of the most important sucrose decomposition 
genes for maize crops. 
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