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Benha Universty.                                                                                                     First semester 2016 -  2017
Faculty of  agriculture                                                                                            Level: Postgraduate                                                                                                 
Agricultural Botany Department                                                                            Time : 2 Hours                                                                       
	Total mark:  ( 60 )
Course : Answer model of plant microtechnique ( 7633  )
ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
The first question: Answer only two points of the followings:
      1-Remember different steps of sample preparation with the way of  paraffin wax    
          and write only one in detail? ............................................................................... 10 M
      The steps of sample preparation with the way of paraffin wax are:-
	1-Take samples of plant.
	2-fixation
3-Washing and saving
	4-Dehydration	
5-Clearing with xylene	
6-Impeding in wax 
7-Sections cut by rotary microtome
	8-Staning 	
   9-mount in resin
  10- Examine slides
And the student writes about one of the steps in detail as stated theoretical lectures
For example:-
Fixing, dehydrating & embedding plant material
       The techniques herewith have been chosen as they are both reliable and as far as possible avoiding the use of xylene, which is now considered to be extremely hazardous to health. As permanent mounting media generally use xylene as a solvent, its use should be kept to an absolute minimum as the last stage of the staining schedules prior to mounting.
This small series of articles is designed to supplement (and in some cases update) the microscopy literature, to which the reader is referred - especially Eric Marson's excellent little book 'Practical Microscopy' and Johansen's 'Plant Microtechnique'. I will include a full bibliography and reading list in Part II.
I. Where to find suitable material
     Suitable botanical material is never far away. Gardens, hedgerows, even garden centres will often allow you to take a few small clippings if you explain what it's for. It is important that specimens are correctly labelled, and if your knowledge of botany is as poor as mine, there are plenty of cheap secondhand books on garden plants & wild flowers available.
II. Collection & Fixation
       The first step in preparing material for wax embedding is to 'fix' the material. This both kills and preserves the cells so that no further changes take place.
      It is important to fix material as soon as possible, and is preferable to take the fixative to the plant than vice versa. 28ml McCartney bottles, which have rubber, lined metal screw caps, half filled with fixative, are an ideal way of taking the fixative into the field. Each bottle should have a blank label attached ready to take the name of the material collected. Each bottle should be used for one type of material only.
     Specimens for fixation should not be more than 5mm thick, and no greater than 10mm at the widest point. Hard materials like roots and woody stems should not exceed 5mm2. If using FAA or FPA (see below), the specimens can be kept stored quite safely in the fixative for months.
    If specimens float in the fixative, a water pump can be used to extract the air (see Vacuum Infiltration). The specimens should be left in the fixative for at least 24 hours after they have sunk to the bottom before dehydrating.
     There are several types of botanical fixative, but the most common 'all purpose' fixatives ate FAA - Formal Acetic Alcohol, and FPA - Formal Propionic Alcohol. Johansen (1940) recommends FPA (and considers this more effective than FAA), so I have included the formula below:
    Formalin-Propiono-Alcohol Botanical Fixative
Note: Isopropyl alcohol is not suitable for fixatives (Johansen 1940).
IMS (Industrial Methylated Spirit) 50% 450ml
Propionic acid conc. 25ml
Formalin (approx.37% formaldehyde solution) 25ml
III. Dehydration
    Once it has been fixed, the next stage is to slowly dehydrate the material to slowly remove all the water. In order not to destroy the delicate tissues, this is done gradually in a series of alcohol/water solutions of increasing strengths.
The following TBA / Isopropyl alcohol schedule is based on Johansen (1940).
	 
	Step 1
	Step 2
	Step 3
	Step 4
	Step 5
	Step 6
	Step 7
	Step 8

	Approx Total % Alcohol
	50
	70
	85
	95
	100
	Pure TBA
	Pure TBA
	Pure TBA

	Times
	2hrs
	o/night
	1hr
	1hr
	1hr
	1 hr
	1 hr
	1 hr


These are 'average' times and may be extended for harder tissues.
IV. Embedding
Step 9 Place material on top of cooled paraffin wax (just sufficiently solidified - not cooled completely) and just cover with the TBA from step 8. 1hr after material has sunk to the bottom.
Steps 10 & 11 Two further changes of pure paraffin wax over the next six hours or so (the first can be overnight).
Step 12 Finally one last change (30 mins) and the specimens are ready for making blocks, and sectioning. As a number of articles and many books have been written on making blocks and sectioning (i.e. Marson, J.E. 'Practical Microscopy'), so I will not reiterate the processes here.
These are 'average' timings, and may have to be extended for harder tissues, or reduced for delicate tissues.
**************************
2-Write different steps of double staining sample preparation and what is the color expected in cases of cellulose and xylem tissues? ................................................. 10 M
The student writes about steps one of the way of double staining sample as follows:-
Safranin O / Fast Green FCF
The following schedule is based on Eric Marson's (NBS Booklet 17), amended and updated:
1% Safranin in Cello solve alcohol 1g Safranin O, alcoholic
50ml Cello solve
25ml 95% alcohol
25ml Purified water
1g Sodium Acetate
2ml Formalin
Premix the cello solve and alcohol and stir in the Safranin O until dissolved.
Add the Formalin to the water and dissolve in the sodium acetate then mix the two solutions.
Fast Green FCF in Cello solve alcohol 0.2g Safranin O, alcoholic
50ml Cello solve
50ml 95% alcohol
Other regents required: 1% Picric acid solution in water
1% Lithium carbonates solution in water
OR
100mls 50% alcohol with a few drops of ammonia
Staining Schedule
Bring sections to 75% alcohol (After dewaxing, place slides in two changes of 100% alcohol (5mins each), followed by 5 minutes in 75% alcohol).
Stain for 1 hour to 24 hours Safranin O
Rinse in water to remove excess stain
Rinse in 1% Picric acid solution (dip and reverse)
Rinse in 1% Lithium carbonate solution (dip and reverse) OR 50% alcohol to which a couple of drops of ammonia have been added (dip and reverse)
Rinse in 75% alcohol (dip and reverse)
Rinse in 100% alcohol (dip and reverse)
Stain in Fast Green FCF (dip and reverse)
Dehydrate 100% alcohol I (dip and reverse)
Dehydrate 100% alcohol II Dehydrate 100% alcohol I (dip and reverse)
Clear in Xylene I Dehydrate 100% alcohol I (dip and reverse)
Clear in Xylene II Dehydrate 100% alcohol I (dip and reverse)
Mount in Practamount or Canada Balsam
The color of cellulose tissues is green.   and xylem tissues is red
**************************
3-Discus why:- ...................................................................................................... 10 M
a- Black spots is appearing in sampling after the staining?
To increase the survival of the sample solution in the kill and fixation ( over 
fixation)
                b- Fixatives are usually used in mixtures and not in separate one?
	Do not meet the characteristics of a good fixation. For example:-
          Alcohol alone filling dry cells and Acetic alone filling cells is occurring but 
           when mixing them  and be a good fixative.20 M

**************************
   The  second question: Answer only two points of the followings:
    1-Mention microtome types - with each type of uses?............................................10 M
	The student writes about microtome types:-
1-Rotary microtomes for paraffin wax sections.
2-Sliding microtome for celloidin sections.
3-Microtomes for frozen sections.
4-Ultra microtome for electron microscope sections. 
The student writes about microtome uses in detail as stated theoretical lectures
For example:- Microtomes for frozen sections because  samples that do not bear the 
 Heat  and rapid medical samples.
**************************
      2- Explain scheme types of microscope slides? ...................................................... 10 M
The scheme types of microscope slides:- 

[image: ]
      3- Discus three problems are facing samples cutting by the rotary microtome -  
          causes and curing …….......................................................................................... 10 M
[bookmark: _GoBack]	The student answered by as stated in the theoretical lectures decision.
**************************20 M

  The third question : Answer only two points of the followings: 10 M

Student will explain : 
· The numerical aperture : is a measure of ability to distinguish fine structural detailsin a specimen and determines the depth of focus and the useful range of magnification. Mathematically this lies in the range 0.04-1.3 and is equivalent to the product of the refractive index (11) for the medium in which the lens operates and the sine of the angle (11) equal to one-half of the angular aperture of the lens:
NA = n sin μ
The value of the NA is imprinted on the side of each objective, along with information on the magnifying power, type of correction applied ,and whether it is an oil immersion lens. A l0X achromatic objective usually has an NA of 0.20 and a 20X objective of 0.40. Apochromatic objectives have higher NA values than achromats. The upper limit of the NA of a dry objective is 0.95, which corresponds to an angle of70° as the maximum angle of incidence on the stage object (= 1400 angular aperture). The maximum NA of immersion objectives that use an oil with a refractive index of 1.5 is about 1.4.
**************************
· Huyghenian lenses :  The ocular or eyepiece system of the microscope serves to enlarge the primary image formed by the objective and to render it visible to the eye. Most microscopes are equipped with "Huygenian" oculars, of between 5X and 12X magnification, that consist of two lenses and an intermediate fixed diaphragm.
The diaphragm commonly contains perpendicular crosshairs but may instead be  equipped with a micrometer disk or a grid with a fixed rectangular pattern that is useful for particle size measurement or estimation.
**************************
· Student will mention the anatomical measurements of dicots. leaf as follow:
	1) Thickness of upper epidermis cuticle layer

	2) Thickness of Lower epidermis cuticle layer

	3) Upper epidermis thickness

	4) Lower epidermis thickness

	5) Palisade tissue thickness

	6) Spongy tissue thickness

	7) Thickness of blade

	8) Thickness of  collenchyma layers below the upper epidermis at midrib

	9) Thickness of  collenchyma layers above the lower epidermis at midrib

	10) Thickness of upper  fibers layers  in the vascular bundle

	11) Thickness of xylem tissue

	12) Number of xylem vessels  in the vascular  bundle

	13) Thickness of widest  xylem vessel in  the vascular bundle

	14) Thickness of phloem in  the vascular bundle

	15) Thickness of lower fibers layers  in the vascular bundle

	16) Length of  midrib vascular bundle

	17) No. of vascular bundle in  midrib

	18) Thickness of leaf midrib


**************************
Student will write about : 10 M

· Empty magnification : When you magnify without resolution you have what is often called empty magnification. This is very common in the consumer type USB microscope market. You may make a solid square as large as you wish and it will still be a square. It looks larger but it may not be resolved with the same detail as a smaller (less magnified) square using high quality (high NA) optics. To see this you look at the edges of the square to see how “not smooth” they really are. As the NA value goes up the price goes up exponentially. High quality optics is expensive. 
If you need more than 500 to 1000x you will need to use oil immersion techniques in order to get the resolution you need to actually see the detail at 1000x.
·  Spherical aberration : when light rays at different distances from the optical center come to focus at different points on the axis. This will cause a blurred image and you will not be able to focus sharply on any object.
[image: ]


**************************




Student will mention the types of microscopically measuring accessories and explain only one type as follow:
1-  micrometer glass disk(eyepiece graticule)
 In instances where measurements with an eyepiece micrometer disk are not accurate enough for the user's purpose, a filar micrometer eyepiece (OSM) should be employed. The filar micrometer
eyepiece must be calibrated for each objective with which it might be used. The calibration of the arbitrary field of view scale divisions and the external filar drum divisions is done against the known values of a stage micrometer scale.
When measuring the size of a cell, organelle or specimen down a microscope, an eyepiece graticule is used. This is similar to a normal eyepiece but it contains a disc engraved with a scale. The divisions that make up the scale are called eyepiece graticule units. The eyepiece graticule units have to be calibrated before the scale can be used tomeasure specimens.
Calibrating the eyepiece graticule
Calibrating the eyepiece graticule is done using a stage micrometer, which is a slide with an accurate linear scale engraved on it. This slide is placed on the microscope stage. Looking down the microscope, both scales can be seen at the same time. This allows the size of the divisions on the eyepiece graticule to be measured. One large division on the stage micrometer is 1000 _m (1 mm). Each large division is divided into 10 smaller divisions, each 100 _m (0.1 mm) wide.
1 - Place the stage micrometer on the microscope stage.
2 - Line up the divisions on the eyepiece graticule with those of the micrometer .
3 - Work out the length of one eyepiece graticule unit in micrometres .
4 - Repeat for each of the objective lenses on the microscope.
[image: ]
2- stage micrometer:
 The stage micrometer is a 1" X 3" slid e with an etched scale, usually of 100 equal small divisions; the entire scale is usually 1 millimeter (1000 microns) long. Every fifth and tenth division is usually a somewhat longer vertical line to enable the user to count the stage micrometer readings more readily. Every small division is equal to 10 microns; five divisions equal 50 microns: ten divisions equal 100 microns. The stage scale is the known scale of lengths. (Some stage micrometers are calibrated infractions of an inch
rather than metrically).
[image: ] 
This is the most accurate method of measuring microscopic objects. The ocular micrometer is a glass disc with lines uniformly etched on it and the stage micrometer is aglass slide with etched lines 0.01 mm apart.
The ocular micrometer will serve as a ruler against which the specimen under observation will be measured, after it has been calibrated against a stage micrometer.
How to calibrate:
1. Match the first line of the ocular disc with the first line of the stage micrometer. Call
this line 1
2. Next look for a second line on the ocular micrometer which lines up with another line
on the stage micrometer. Call this line 2.
3. Count the number of spaces on the stage micrometer between line 1 and line 2. Use this number as the numerator for the equation below. Count the number of spaces on the ocular micrometer included between lines 1 and 2. Use this number as the denominator. Multiply the numerator with 0.01 mm since micrometer stage space is equal to 0.01 mm. To obtain the value of one ocular micrometer space, use the following equation:
(No. of stage micrometer spaces) x 0.01 mm
1 ocular micrometer space =
No. of ocular spaces
Sample calculation
Line 1: line 0 of the ocular micrometer and line 0 of the stage micrometer
Line2: line 10 of the ocular micrometer and line 7 of the stage micrometer
No. of ocular spaces = 10
No. of stage micrometer spaces = 7
Hence, 1 ocular micrometer space = (7 x 0.01 mm)/10 = 0.007 mm
3- filar micrometer eyepiece
	The filar micrometer eyepiece has an adjustable eye lens with a fixed scale, 0 to 8 i n the field of view. Also in view, there is a pair of vertical (fiduciary) lines which move along the fixed scale as the external drum is rotated by the user. Below the fiduciary line pair , there are intersecting X hairs which travel across the field of view simultaneously as the fiduciary line pair is moved. The intersection of the X hairs makes possible accurate readings of the position of the moving lines above them as the X hairs travel across the object being measured.
	At right angles to the filar eyepiece and attached outside the eyepiece, there is a rotatable drum, divided into 100 equal divisions; each tenth division is numbered; each fifth division line is slightly longer to make readings easier. As the external drum is turned by the operator, the fiduciary lines in the field of view are actuated to move across the fixed scale in the field of view; simultaneously the intersecting X hairs travel across the field of view. When the fiduciary lines are exactly on 4 of the fixed scale and the drum is at 0, the intersection of the x hairs is exactly in the center of the field of view.
Each complete rotation of 100 small divisions of the external drum moves the X hairs and the fiduciary lines the equivalent of 1 whole space on the field of view fixed scale . The d-rum divisions are read against an index l i n e engraved on the outside of the filar eyepiece. For example, 2 full turns of the drum and a partial turn of 37 small divisions equals 237 small divisions of the drum. For ease of calibration , it is convenient to start a measurement with the fiduciary lines straddling 4 on the fixed scale in the field of view and the external drum reading 0. 5. The task is to calibrate the arbitrary value of each small division of the external drum (100 of these is equal to one whole mace on the fixed scale in the field of view) against the known values of each small division of the stage micrometer scale (10 microns each) FOR EACH OBJECTIVE. The calibration for each objective is recorded for future use. Thus, when  measuring an unknown length of a specimen, the filar micrometer can be used without need for a known stage scale .


[image: ]
[image: measuring_eyepiece]
10 M

1- Student will give an account on: 
· The chromatic aberration: is a failure to bring light of different wavelengths (colors) to a common focus. You may see color fringes or halos especially at the edges of the field of view or around the specimen you are looking at. Chromatic aberration is inherent in achromatic lenses which are the standard type used in microscope objectives but well designed objectives usually hold it to a minimum and within acceptable limits.
[image: ]
· Parfocalisation :  Switching Objectives: Your microscope is par centric and parfocal. This means that if an object is centered and in sharp focus with one objective, it will be centered and in focus when another objective is rotated into the viewing position. However, slight adjustments to re-center and refocus (with the fine-focusing knob) may be necessary. As you switch objectives from 3.2X to 10X to 40X to increase magnification.
· Student will compare with drawing the differences between light and electron microscopyas follows:  
[image: transmission-electron-microscopy-7-728]
[image: Description: C:\Users\DR.mohamed\Desktop\Image6.gif]
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With best wishes
Prof. Dr. Faten Hassan Mahmoud Ismaeil
Professor of Agricultural Botany , Fac. of Agric., Benha Univ.
 Dr. Mohamed Mohamed Mahmoud Abd-El-Aal
Assistant Professor of Agricultural Botany , Fac. of Agric., Benha Univ.
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DIFFERENCES BETWEEN OM AND EM

OPTICAL MICROSCOPE

ELECTRON MICROSCOPE

1. The source of light.

2. Thespecimen.

3. Thelenses that makes the
specimen seem bigger.

4 The magnified image of the
specimen that you see.

The light source is replaced by a beam of
very fast moving electrons.

. The specimen usually has to be specially

prepared and held inside a vacuum
chamber from which the air has been
pumped out (because electrons do not
travel very far in air).

. The lenses are replaced by a series of coil-

shaped electromagnets through which
the electron beam travels.

. The image is formed as a photograph

(called an electron micrograph) orasan
image ona TV screen.
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