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Article Summary
Introduction

Programmed cell death (PCD) or apoptosis is a form of cellular response to cell signaling. It consists of components of the cell that are chopped up and packaged into vesicles that are digested by scavenger cells. Apoptosis prevents enzymes from leaking out of a dying cell and damaging neighboring cells. It is very important in growth development and defense. Even though PCD is mostly discussed and tested with animals,  it also plays a role with plants. In the test, lace plants (Aponogeton Madagascariensis) are used to help determine PCD in plants. Their main focus was on the chloroplasts of plants. The purpose of the study was to determine the development of PCD in plants using the vivo live streaming video microscopy and quantitative approach. Scientists have predicted that most chloroplasts of plants will disappear before the plant cells die. 
Materials and Methods 

The experiment was tested using a few different methods using stages. The PCD stages delineated within a leaf, window, and over time. With the PCD within a leaf, scientists divided lace plant growth into four PCD stages. The stages include: 1) cells on the meristematic leaf border; 2) cells on the first true window interior to the second outermost longitudinal vein; 3) cells on the window interior to the third outermost longitudinal vein; and 4) cells on the window closest to the midrib vein. With the PCD within a window, scientists divided lace plant growth into three stages. The stages include: 1) non-PCD cells located within two cell layers of the encompassing veins; 2) cells located midway between the surrounding veins and the window center undergoing PCD; and 3) cell located in the winder center that are in a late stage of PCD. With the PCD within over time, scientists used three detached lace plant leaves that continued to grow while floating in distilled water and monitored them over two days. Along with these techniques mentioned, scientists also used a transmission electron microscopy (TEM) to observe changes in the cells undergoing PCD.
Results

In the four stages of PCD within a leaf, the average number of chloroplasts decline steadily within the advanced stages of PCD. The remaining chloroplasts congregated when the number of stands defined in the last two stages. The leaves were often white toward the center region whereas the leaves were often green on the periphery region. In the three stages of PCD within a window, cells close to the vein generally had more chloroplasts whereas the the cells closer to the winder center contained few chloroplasts to none. In the PCD within over time, the leaves of the lace plant elongate on a average 2.7 ± 0.5 mm/day over two days. Cell division continued in non-PCD cell, but not in the center cells. When using the TEM, chloroplast density was greater in the peripheral non-PCD cells than in the center cells, and the chloroplasts caused slight indentations in the nucleus of the lace plant cells. 
Discussion

It is said that once division is initiated, chloroplasts continue to divide during PCD. The question rolling around most scientist’s minds is whether or not chloroplasts are involved in triggering PCD. In the lace plant experiment, most remaining chloroplasts were observed around the nucleus and formed indents in the nuclear periphery during the later stages of lace plant PCD.  Some evidence suggest that chloroplasts may be responsible for PCD regulation. The question is still up and open in the air, but according to the lace plant experiment this test is the most up to date yet. 
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