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Introduction
For more than 70 years, since Thomas Morgan defined his heredity theory using giant, “polytene”
chromosomes of Drosophila melanogaster (fruit fly), the polytene chromosomes have been a central
model system in cytogenetics and chromosome studies. The dramatic, differential chromatin
compaction along the genome, producing the sequence specific, banding pattern, has provided
researchers with the unique opportunity to map genes to these underlying chromosome landmarks.
This was originally done in order to determine linear relationships among genes, - a task that was
fulfilled with the genome sequencing in 2000. However, the genetic cause of the chromatin
differential compaction, which has puzzled generations of scientists, still remains unknown. To
determine the key factors of the differential organization of the chromosomes, a more precise
representation and categorization of the polytene cytology, as well as a means of more accurate
mapping of genes to the underlying physical structure, on a large, preferably genome scale, are
needed. Here we describe and troubleshoot the protocol for our new, efficient method1, which
utilizing high pressure treatment of formaldehyde fixed polytene chromosomes, allows acquisition of
the maximum structural and mapping information from the resulting multiple, high resolution, light
microscopy images, amenable to application of the computer vision technology2,3.

Reagents
● Drosophila melanogaster larvae, 3rd instar.
● TB1: 15 mM KH2PO4 (pH 7.0), 80 mM KCl, 16 mM NaCl, 5 mM MgCl2, 1% PEG 8000
● PBS.
● PBS*: PBS + 5 mM MgCl2.
● PBST: PBS+0.1% Triton X-100.
● ==PBST:== PBS + 0.1% Triton X-100
● Acidic formaldehyde fixative: 50% acetic acid, 2-3% lactic acid, and 3.7% freshly prepared
paraformaldehyde.
Caution: Use in well ventilated area. Avoid contact with skin, eyes or mucous membranes. The fixative
can cause permanent damage to tissues.
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● Liquid Nitrogen
● EtOH 100%
● DAPI, 20 ng/ml.
Caution: DAPI is a known toxin. Avoid contact with skin, eyes or mucous membranes; wear gloves.
● ProLong mounting medium (Invitrogen)

Equipment
● Dissecting slide, with 1.5 mm deep, round depressions.
● Two fine point forceps.
● Dissecting microscope.
● 20 μl and 200 μl Pipetmans with tips.
● Glass slides.
● 22 mm square glass coverslips.
● 18 mm square siliconized glass coverslips.
● 35 mm plastic Petri dishes.
● Parafilm.
● Dremel rotary tool with Flex-Shaft attachment.
● Custom made rotary tip for the attachment (Fig. 1).
●

25 mm wide x

60 mm long strip of Whatman filter paper (0.2 mm thickness), with

40 mm wide x

60 mm

long piece of clear plastic film (transparency, 3M) taped on top of the filter strip (Fig. 1).
● Strips of silicone-impregnated paper the size of the glass slide.
● Phase contrast microscope with 20x and 40x objectives.
● Avenger Gold toolmaker, precision MTC-200-1 vise (Penn Tool: Maplewood, NJ,
"http://www.penntoolco.com":http://www.penntoolco.com), or comparable models with high surface
parallelism.
● Torque wrench, with the range of 2–17 newton meters (or two torque wrenches with the
appropriate power ranges).
● Thermos for liquid nitrogen.
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● Long handle forceps.
● Razor blades.
● Fluorescence microscope with digital camera.
● Computer with image acquisition and processing software.

Procedure
1.

Grow D. melanogaster larvae at 18°C in fly bottles on standard fly food; use full
grown, 3rd instar larvae for not more than two days from the start of their
emergence.

2.

Transfer several larvae to 35 mm Petri dishes with ~100 μl water; give heat-shock for
transgene lac repressor expression if needed1 , followed by 1-2 h recovery.

3.

Place the Petri dish with larvae on ice for ~20 min to immobilize larvae.

4.

Using fine-point forceps, dissect salivary glands in TB1 buffer8 on the glass slide with
a 1.5 mm depression. Remove head parts and most fat body. Rinse glands with 20 μl
Pipetman, adjusted to 7-8 μl volume, emerging the tip in the buffer prior to touching
the glands.

5.

Transfer glands with the same Pipetman tip to fixative on another slide with a well
depression, fix exactly 2 min.

6.

While the glands are being fixed, attach a 22 mm square coverslip to the center of a
glass slide with a small amount (3-4 μl) of water.

7.

Dispose of the anterior pars of glands with the ducts and transfer (not more than one
pair of glands per preparation) in exactly 7 μl of the fixative to the center of the
coverslip, covering the preparation with an 18 mm square siliconized coverslip.

8.

After transferring the glass slide to the bench surface, cover it with a
of W hatm an filter paper (0.2 m m thickness), taping a

(transparency, 3M) on top of it. (Fig. 1).
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25 m m wide strip

40 mm wide piece of clear plastic film

9.

To spread the chromosomes, use a Dremel Flex-Shaft attachment inserting a soft
plastic tip into the bit holder. Use tips that have 6-12 smooth, protruding knobs
around the circumference of the tip edge (Fig. 1). Tips can be constructed by cutting
200 μl Pipetman plastic tips close to the wide base, cutting triangular notches around
the end circumference, and then lightly melting the cut tip end on a gas burner to
form rounded, slightly protruding ( 1.5
attachm ent rotating at

m m ) knobs. Using a m anually held Drem el Flex-Shaft

200 rpm, apply the vibration to the preparation by slightly

touching the plastic film covering the preparation with the knobbed rotating tip,
positioned at ~45° to the surface. Using spiral movements spread the chromosomes
from the coverslip center towards its periphery, periodically removing the filter paper
and film to monitor the progress using a phase contrast microscope. Continue this
process for several minutes, until the chromosomes appear satisfactorily spread
without much overlapping cell debris.
10.

To remove excess fixative, start pressing the preparation lightly, gradually
increasing the pressure. Continue for several minutes, by sliding movements of the
thumb over the area of the coverslip. Finish the step by firm press with the thumb. At
this step, most of the excessive fixative has to be removed not to introduce a
damaging hydraulic shock to the chromosomes in the vise.

11.

Removing the filter paper and plastic film, cover the preparation with a strip of
silicone-impregnated paper (0.12 mm thickness) of the same size as the slide (the
siliconized side faces the coverslip) and place another glass slide on top of this. After
aligning the layers, place the glass slide sandwich in the center of an Avenger Gold
toolmaker, tin coated, precision MTC-200-1 vise (Penn Tool: Maplewood, NJ,
"http://www.penntoolco.com":http://www.penntoolco.com), or comparable models
with high surface parallelism.
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12.

Use a torque wrench to tighten the vise, always keeping the moving surfaces and
tightening threads moderately oiled to maximize the smoothness of the operation.
Use at least two steps for pressing. First, press the preparation lightly (up to 3
newton meters, as measured by a torque wrench) for 2 min to force out excess
fixative and stabilize the preparation by reducing a hydraulic shock caused by
outward liquid flow. Gradually tighten the vise (up to 17 newton meters), maintaining
the preparation at this pressure for ~1 min. If well centered, the slides almost never
cracked.

13.

Gradually release the vise pressure and transfer the slide with the coverslips to
liquid nitrogen for

1 m in. Flip the top, siliconized coverslip off with a razor blade, placing the slide

with the rem aining coverslip with preparation into 100% EtOH to thaw for

20 sec before removal

of the coverslip from the glass slide.
14.

Store coverslips within sealed 35 mm Petri dishes for up to one week in 100% EtOH
at -20°C.

15.

Proceed with FISH or immunostaining if planned, as suggested1 . Buffers can be
modified as suggested below (troubleshooting).

16.

For DNA staining use DAPI, 20 ng/ml in PBS (or other buffers; see troubleshooting
below) 15-30 min.

17.

Use fluorescence microscope to acquire one (best focused) optical section of the
areas of interest.

18.

Use Photoshop to minimally process the image (changing brightness and contrast and
using “unsharp mask” filter to improve print quality).

Timing
20-30 min per slide for preparation of the chromosome spreads.
Time of downstream processing for FISH (fluorescence in situ hybridization) or immunostaining is
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planned according to the protocols1,4-7.

Critical Steps
4.

Dry tip may cause glands to adhere to the walls of the tip – take the buffer in and out
of the tip several times before touching the sample. This step usually takes 2-3 min.
If dissection can be done in less than 30 s, this step can be omitted, and dissection
can be performed in the fixative (Step 5).

5.

Smaller amount of fixative impairs spreading and increases contamination with cell
debris; large amount of fixative may cause the material to run to the periphery and
largely escape. More than a pair of glands per slide impair further spreading,
pressing and flattening, decreasing the resulting quality.

6.

Record the torque readings optimizing the protocol. Try to tighten the vise slowly,
without abrupt movements.

Troubleshooting
Steps 4, 15. Most protocols suggest treatment of D. melanogaster salivary glands in PBS (during
dissection, step 4). We recommend using TB1 instead, because PBS adversely affects chromosome
structure, unfolding chromatin. In our standard procedures for immunostaining and FISH1 we use PBS
only after fixation and dehydration of the preparations. For EM, we use PBS instead of PBS, and
PBST instead of PBST. We suggest using these buffers also for light microscopy when structural
preservation is the most important consideration. Addition of 5 mM MgCl2 to the buffers renders
chromatin more condensed and bands more pronounced. However, excessive chromatin
condensation may prevent antibody penetration and thus will weaken the immunostaining signal. So
it's advisable to optimize buffer conditions, particularly, MgCl2-to-buffer ratio, according to your goals.
Step 7. Use only one gland per preparation if structural preservation is critical.
Step 12. Applying higher pressure increases structural resolution of the chromosomes. The best
fragments are usually found on the periphery of the coverslip, where there is less cell debris and the
chromosomes become more compressed. However, more fragmentation occurs as the pressure
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increases.

Anticipated Results
Less than 10% slides have to be discarded. More bands are preserved, in better registration than in
conventional preparations (Fig. 2). We anticipate better results with automated, hydraulic vises.
Due to the high resolution and reproducibility of the method, a large dataset of multiple images of all
loci can be easily generated and made amenable to computer vision analysis1-3, which will produce
the most detailed, objective representation and categorization of the polytene cytology and will
facilitate genome mapping. This information will be beneficial for various chromosome studies,
including identification of cis-elements and other key factors of chromosome organization.
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Figures

Figure 1
1. 200 &#x3BC;l Pipetman tip with cut triangular notches (not yet ready to use). 2. Tip
ready to use, with the edge melted to round the knobs. 3. Flex-Shaft with attached tip. 4.
Glass slide. 5. Whatman filter strip. 6. Plastic strip taped on top. 7. Suggested path for
vibration.
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Figure 2
(a) X telomere. (b) 3L telomere. (c) Fragment of 2L arm. DAPI. Scale bar = 1 &#x3BC;m.
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