Introduction:
The cell cycle is a sequence of cellular growth and division, it is the process by which somatic cells (body or non-germ cells) reproduce and from which growth occurs. The major function of the cell cycle is the production of identical genetic information being passed on to daughter cell ( Biology Department, 2001). The cell cycle can be separated into several different stages. 

The longest time spent of a cell's life is in the Interphase stage. Interphase can be further subdivided into three phases, Gap1 (G1), Synthesis (S), and Gap2 (G2) (Biology Department, 2001).  G1 deals primarily with a variety of growth and synthesis processes, which occurs after mitosis. The chromosomes are replicated in the S phase and in G2 more growth and the synthesis of structures necessary for mitotic division (Biology Department, 2001).

The rest of the cell cycle is dedicated to mitosis. The first phase of mitosis is Prophase. Initially it entails the condensation of the chromosomes into strands from its uncoiled form of chromatin. As time goes on the strands shorten and thicken, until two strands or chromatid, connected at the middle via a centromere form. As well the nuclear envelope and nucleoli disassemble (Biology Department, 2001).

Metaphase follows, and this is when the mitotic spindle is formed and the chromosomes align themselves so that their centromeres lie on the equatorial plate of the cell. Each chromatid is connected to one spindle by the kinetochore at the centromere at the opposite end of the cell (Biology Department, 2001).

Anaphase witnesses the break down of the chromatids into identical chromosomes when they are pulled apart and their centromeric links break. The microtubules attached to each chromosome then pulls each chromosome to opposite ends of the cell. At the end of Anaphase, both poles of the cell have an equal amount of chromosomes (Biology Department, 2001).

In Telophase, the chromosomes at the ends of the cell begin to disperse. The nuclear membrane and nucleolus start to reassemble. Eventually the nucleus returns to the interphase stage while non-kinetochore microtubules elongate the cell further (Biology Department, 2001).

The last stage of mitosis, Cytokinesis, involves the actual cytoplasmic division of the cell. In plants this involves the formation of a cell plate and a new cell wall across the parent cell between the two nuclei (Biology Department, 2001). In animals cytokinesis occurs through the constriction of the cell membrane forming a cleavage furrow between the daughter nuclei (Biology Department, 2001).


The purpose of this lab experiment is to study and subsequently be able to identify each stage of the cell cycle using a microscope and some stained cell specimens.

Materials and Methods:
Observing mitosis in Root Tips

First the prepared slides containing the Allium sativum root tip immersed in one drop of 1% aceto-orcein stain were obtained. Next a coverslip was placed over the preparation and squashed gently down with a force perpendicular to the coverslip. The squash preparation was examined using a Leica compound light microscope, first starting with the 10x objective, and moving up to the 40x and finally to the 100x oil immersion lens. Observing a single field of view in the apical meristem region of the Allium sativum, the numbers of cells in their respective phases of the cell cycle were counted. This process was repeated for two other non-overlapping fields. Results were recorded in Table 1.  Five annotated drawings were made each representing the stages of the cell cycle from interphase to telophase from the squash preparation; actual sizes of the cells were recorded using an ocular micrometer.

Observing Cytokinesis in Animal and Plant Cells

A prepared slide showing iron-haematoxylin stained cells of a developing Ascaris sp. embryo in the process of mitosis was examined under the Leica microscope at a power of 40x. An annotated diagram of an Ascaris sp. cell in the stage of cytokinesis was made. The Ascaris sp. cell’s size was recorded using an ocular micrometer.

A prepared slide of Methylene blue stained onion cells was observed under the Leica microscope. An annotated drawing of an onion cell in the stage of cytokinesis was made and its size was recorded using an ocular micrometer.

Results:
Figure 1 – This aceto-orcein stained specimen of the Allium sativum cell was in the prophase stage of mitosis. The chromosomes can be seen condensed in the center of the cell and are visible as individual long thin strands. No nuclear envelope was observed, nor were any other organelles seen. The cell’s size was found to be 81um in width.  All the Allium sativum cells were roughly rectangular, and reddish in colour.

Figure 2 – This aceto-orcein stained specimen of the Allium sativum cell was in the Anaphase stage of mitosis. The chromatids of each chromosome could be seen to be pulled apart into two separate identical chromosomes. No other organelles were observed. The cell’s size was found to be 59um in length. 

Figure 3 - This aceto-orcein stained specimen of the Allium sativum cell was in the Telophase stage of mitosis. The condensed chromosomes were seen located at each end of the cell. No other organelles were seen. The cell’s size was found to be 71um in width. 

Figure 4 - This aceto-orcein stained specimen of the Allium sativum cell was in the Interphase stage of mitosis. A nucleus was observed and inside of which could be seen the uncoiled and dispersed DNA. The cell’s size was found to be 55um length.

Figure 5 - This aceto-orcein stained specimen of the Allium sativum cell was in the Metaphase stage of mitosis. The chromosomes were seen to be arranged with their centromeres on a single plane along the center of the cell. The cell’s size was found to be 60um in length. 

Figure 6 – The prepared slide of the iron-haematoxylin stained cell of a developing Ascaris sp. embryo in the animal cytokinesis stage of mitosis was observed. The chromosomes could be seen to be separated into the two daughter sets. A cleavage furrow was also seen developed in the cell’s membrane between the two new nuclei. The cell’s size was found to be 144um in diameter, and was somewhat spherical in shape and transparent. Compared to the Allium sativum cells, the Ascaris sp. cell was larger in size, rounded in shape and had fewer chromosomes.

Figure 7 – The prepared slide of the Methylene blue stained onion cell in the plant cytokinesis stage of mitosis was observed. Two daughter nuclei were observed to be at each end of the rectangular cell. Long fibrous lines connecting the daughter nuclei were also observed. The cell’s size was found to be 60um in length, and the cell had a slightly bluish tinge to it. . Compared to the Allium sativum cells, the onion cell was the same in size, rectangular in shape and probably had about the same number of  chromosomes since the plants are related.

Table 1: Percentage of Cells in Each Stage of the Cell Cycle.

Number of cells
Percent of 

Stage
Field 1
Field 2
Field 3
Total
Total

Interphase
37
33
42
112
83.6

Prophase
3
1
5
9
6.7

Metaphase
0
1
2
3
2.2

Anaphase
1
3
2
6
4.5

Telophase
1
2
1
4
3

Grand Total
134
100

Table 2: Time Cell Spend in Each Phase.

Cell phases


Interphase
Prophase
Metaphase
Anaphase
Telophase
Total hours

Time (hrs)
18.4
1.5
0.48
0.99
0.66
22

Figure 1:
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Discussion: 

The cell cycle, for cells that can divide, is the period of one division to the beginning of the next. The cycle involves the activities of growing and dividing (Solomon et al., 1999). The major phases of the cell cycle are interphase, mitosis and cytokinesis. Interphase is the stage between successive cell divisions, the cell is very active during this time. Mitosis involves the cell division, and it includes prophase, metaphase, anaphase, and telophase.  Mitosis ensures that each new nucleus receives the same amount and types of chromosomes as the parent nucleus did (Solomon et al., 1999). Cytokinesis is the division of the cell cytoplasm to form two new cells, generally cytokinesis begins in the late stages of telophase (Solomon et al., 1999). The cell cycle is important to the cell because it regulates when and how the cell divides and what it does when it’s not dividing. All in all it is being the life cycle of the cell, which is the most important thing about the cell cycle.


In the experiment most of the cells, around 84% of those observed, where in the interphase stage of the cell cycle. It is know that the cell spends 90% of the cell cycle in this phase so it is coincides nicely that it was that around 84% of the cell in the observed specimen were in interphase (Biology Department, 2001). Since it takes 22 hours for the Allium sativum cell to complete the cell cycle, it was calculated that around 18 hours (84% of 22 hours),  was spent in the interphase stage (Biology Department, 2001). Having calculated the times (see Table 2), it was found that the cells spent most of their time in interphase with 18 hours, prophase followed with a time of 1.5 hours, followed by anaphase with 99 minutes, followed by telophase with 66 minutes. The stage in which it was found the cells spent the least time in was metaphase, which accounted for only 48 minutes. Obviously this information can reveal how much time each stage takes to complete with prophase taking the longest and metaphase taking the shortest. 


The telophase stage is associated with cytokinesis, with cytokinesis usually starting late in telophase stage of nuclear division. Cytokinesis in higher plant cells involves the formation of a cell plate and a new cell wall across the cell between the daughter nuclei (Biology Department, 2001). In animal cells , a ring of actin microfilaments form perpendicular to the mitotic spindle encircling the cell in the equatorial region. The ring contracts, which creates a cleavage furrow eventually separating the cytoplasm into two daughter cells (Solomon et al., 1999).


A very important structure in cell division is the centrosome, which is the main microtubule-organizing center in eukaryotic cells. The centrosome contains two centrioles, in interphase each one duplicates resulting in two pairs of centrioles (Solomon et al., 1999).


Even though mitosis is fairly reliable, mistakes do happen. There are two possible reasons for genetic variation occurring between daughter cells. The first being a mutation resulting from an error in the replication of the chromosome during interphase, resulting in a chromatid not consisting of identical chromosomes. Secondly, though chromosome segregation is an accurate process, errors in chromosome segregation could also lead to genetic variance, say if one chromatid happens not to be pulled apart or a separated chromosome is not moved to a pole of the cell by a microtubule. These definitely could cause a genetic discrepancy  (Biology Department, 2001).

Conclusion:

In studying the different stages of the cell cycle from the specimens revealed the different states the DNA for each respective stage in the cell cycle. The majority of the cells spent their time in the interphase stage of the cell cycle, and that all cells in the stages, excluding interphase and cytokinesis, all had the diploid number of chromosomes
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