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Reiling, H., W-E.Kalisch and T.Whitmore. We have made use of the combination of three
Ruhr-Universitdt Bochum, FR Germany. techniques which together enable us to plot
Computerized EM Chromosome maps. computerized, semi~-quantitative chromosome maps

of the EM band-interband pattern from polytene

chromosomes in Drosophila. These being: (1)
the surface spread polytene (SSP) chromosome preparation technique, (2) a digitization
technique for the cytological data of EM photos of SSP chromosomes and (3) a computer program
for plotting chromosome maps.

The usability of the SSP chromosome preparation technique has already been proven for
LM, TEM and SEM analyses of the band-interband patterns in Drosophila and Chironomus (Kalisch
1982a,b; Kalisch & Hdgele 1981,1982; Kalisch & Jacob 1983; Kalisch & Whitmore 1983). We
could show that in EM micrographs of selected SSP chromosomes all the polytene structures
(i.e., individual bands and their right-handed interbands) can be depicted individually.
Recently we have found a way to digitize the cytological data of the EM band-interband
pattern of the SSP chromosomes from Drosophila by using a set of 'graphic elements' for the
characterization of an individual polytene structure (in preparation; details will be given
on request by the authors). These graphic elements are symbolized by variables: A = band
diameter; B = band type; C = band thickness; D = interband length; E = outlines of interbands
and puffs; R = band radius (for curved bands); W = sectioning of the chromosome map; V§ =
reference numbers (for details see Table 1). The values of variables A-V§ come in part from
measurements of EM micrographs of SSP chromosomes (variables A, C and D) and from standard-
ized computer-internal and plotter-internal values ({(variables B, R, W, and Vg). A computer
had to be used to compile and to store the large amount of data.

In Table 1 we present our standard computer program, especially written for Drosophila
chromosomes, by which the digitized data can be recorded, stored and plotted as a chromo-
some map. The program is written in EXTENDED BASIC for a SHARP PC-1500 pocket computer,
which is coupled with a plotter (SHARP CE-150) and extended to ca. 11.5 Kbytes RAM with a
memory module (SHARP CE-155). For the serial storage of data we used a taperecorder (SHARP
CE-152). The program offers the choice of three options (in the following the first program
line number concerned is given in brackets): (1) digitized ' data of an individual polytene
structure can be recorded [50-110], (2) recorded data can be corrected [120], plotted as a
chromosome map [140-895] or stored on tape [135-139]. (3) Data stored on tape can be
corrected again [2000-2130] and/or plotted as chromosome map [140-895]. Data (A-V$ of each
polytene structure are stored together with a code number [50] for recalling an individual
data from the tape [3000]. We use the {extended) reference numbers of previously published
chromosome maps as code numbers. For the plotting of chromosome maps one can select from a
menu of four different possibilities: (1) only the band-interband pattern is plotted [140-
895], (2) the pattern is plotted together with a (C/D) scale, which visualizes the indivi-
dually measured values (in 0.2 mm units) of band thicknesses (variable C) and interband
lengths (variable D) [1300-1490], (3) the pattern is plotted together with a sectioning of
the chromosome (divisions, subdivisions and/or individual bands) and the reference numbers
[1200-1290], (4) the pattern is plotted together with the C/D scale, the sectioning and the
reference numbers [140] as to be seen in Fig. 1. For special inputs of the menu see [28-33].
Due to the limitations and specifications of the equipment used the minimum plotting unit
is 0.2 mm. By the latter one, the chromosome outlines (band diameters, puff sizes) have to
be calculated relative to the maximum value of 160 units.

Fig. 1 shows, as an example, the computerized EM chromosome map of region 83A-85C in
D.hydei. The map (shown in its original plotting size; i.e., 3.2 mm of the map equals 1 um
of an X3,200 EM micrograph) is based on data from several EM micrographs of SSP chromosomes
of salivary glands from late 3rd instar larvae. Compared with the hand-drawn LM chromosome
map so far existing (Berendes 1963), the computerized EM map shows a 44% (50:72) increase in
the number of bands. Besides the semi-quanitativeness of the A, C and D values the computer
maps have the distinct advantage that the actual pattern can be plotted according to subse-
equent cytological analyses. A flow diagram of the program listed in Table 1 will be sent
on request by the authors.
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S:REN PROERAN. FOR SHARP PC-1588
6:REN + PLOTTER CE-158

3
a
g
E:
:
-
-
3

11:REN ¥
12:R%EN YROU/COU/ TP = 3
13;REN PROGRAN FOR RECORDING, ¥
CORRECT ING/PLOTYING *
UARJABLES FOR CHROnO- %
16:REN SONME BANDS BY TRPE ¥
12:REN *
18:REN ¥
19:REN
28:REN 12552
21:REN ¥
22:REN INPUTS FOR VARIABLES *
23:REN *
24:REN
25:REN

22:0Jn EC38)

28:MWAJT 15B:PRINT “ROUSRECORDING OF
URRJABLES®:®RINT “NENUE = ROU+S
+C/pY

29:°RINT “"COU=CORRECTING OF UARIABL
ES“ioRINT "HMENUE = COU®

3@:PRINT "TCP=TAPE CONTROLLED PLOTT
. ":PRINT “MENUE = TCP+S+C/D%

31: TNPUT *INPUT ROU/COU/TCP = “;Q$

32; 1F Qs="COU*GOTD 2288

33: 1F (Q$="TCP*)OR (Q3="TCP+5)OR ¢
Qd=*TCP+5+C/D")B0OT0 3298

37:%DR 1=21T0 30

38:ECI)=p

39:NEXT

4}):4=9, 829, C=p, D=8, R=2

42:U8=2" D", N3=°DY, N8="0"

43: F=9, 128, 129, K28, Nag, S=8

44: 7=8, U=9, X=9, Y=8, Z=8, L=0

45:PRINT "NEW BAND"

SBi?NPUT “PRDGRAN LINE, INPUT T 2 %

55 'NPUI "BAND DIAMETER, INPUT A = *

523 ‘F R>16@60T0 1519
6@: INPUT “BAND TYPE, INPUT B = “;B
65: 'F B<126070 )528
66: IF B>636010 )538
78: YNPU'I YBAND TH]CKNESS, INFUT C =

75-'NPUT Y INTERBARND, INPUT D = ¥;D
80: IF N$="N"G0TO 32

83: 'F B>=2860T0 85

84:GOT0 )82

85: 'F §>=586010 98

86: 'F B)>=486010 188

98: 'NPUT “RADIUS, INPUT R = ¥;R

33: 'F R=26010 128

95: !'F R¢aprs26010 1548

lBB"NFUT “"DJUISION BORDER, INPUT W =

193: 'F HSH'N‘EDTU 110
184: 'F W=360T0 113
195: IF W>3E0T0 1558
186: TF W>1GOTOD ;13
118: INPUT “DIV]SION NO,. INPUT U$ = v
B
113: 'F D<BGOSUB 1688
135:WRIT 250:PRINRT T;Q;B;CiD;Rju;us
116: 'F D)=p60T0 I13
112:°RINY T;B;0;EC]1);E(-Ds2+8.5)
118:850yr
s TNPUT "CORRECT UARIARBLES 7 Y/N=
s

N"WAIT 158:PRINT "CHANGE
DATAY:COTD 58
122;Msavyy
123: YNPUT “"PLCTTING OF BAND? Ys/N = “

124.'F M$="N"GOT0 135

125: CUSUB 148

128:Ns.

128: !NPU! “CORRECT GRAPHING 7 Y/N =
“

138.'F Ns=‘N PRINT "CHANGE DATA“:
€010 58

135:°RINT #1,9,B,C,0,R, i, U$

136: 'F Dy=260T0 139

I138:°RINT 471, 8,0, EC¥)

139:C0T0 32

148: TF (Q$=>"COVT)OR (Q$="ROU+S)IOR ¢
Qs~"ROU+5+C/D")G0SUB 1288

142:'F (Q$="TCP+S")DOR (0$="TCP+5+Cs/D
v 260SUB 288

144:1F C=P60T10 798

145: 'F B>=6860T0 688

146: 'F B>=~586010 598

142:'F B>=486010 423

148: 'F B>=3860710 3292

1439: 'F B»=2860T0 209

158:REN

152:REN ¥EFFEEFFRTEFFFFTFENTENATHNY

153:REN ¥

154:REN BAND ¥

155:REN *

156:REN TEERFEFFTEFFERETFFRERTEETITET

157:REN

168:72=D

165: CRAPH

178:LINE C11B-INT €As2),-1>-C11B+]NT

} Ar2),-1),B-18

188: 2=2+)

185: 'F 2<CTHEN 165

189: 'F (Q3$="ICP+C/D")OR (Q39="TCP+5+C
+D*)G0SUB 1388

181:'F (Q$="ROU+C/D")OR (Q35"ROV+S5+C
sBT)OR (U$=*COV*)E0SUB 1388

+45:GOY0 728

282:REN

202:REN (22222822 FEEEEES
283:REN

204: REN CONUEX BAND *
285: RE]

x
206:REN FFFEFFEFEIFIRFEFREESEERERELE

218:52B-28, J=18, 228, 1 =B

213:'F S>B6010 228

215: J=2

220:X=JNT (SAR (R¥R-A/2¥A’2))

238: GCRAPH

235:CLCURSOR (118, -K): SORGN

24@:LINE ~CINT ¢-Ar2),K), 8

245:F0R J=R~]JNT CAr/2)T0 R+INT (A/2)
STEP J

25@:X=]NT (R-1>

255:Ya]NT (SAR (R¥R-XE¥X))

260:LINE —(-X,¥-2),8-20

285:NEXT 1

278:2=2+)

225: 1F 2<CGOT0 249

288:GLCURSOR (8, K-C): SOREN

29: 'F (Q$="TCP+C/D")OR (Q$="TCP+5+C
~D")60Sus 1308

291:'F (Q$="ROU+C/D*)IOR (0$="ROU+S+C
<0")OR (Q3$5"COU*)E0SUB 1388

295:G0T0 788

300: REN

302:REN CEEFFEREFEFERERTTRFRETRENERE

n *

304:REN CONCAUE BAND *
305:RER ¥
3P6:REN FEEEF FEEETEN
387:REN

318:$=-38, J~10, 2=

313:'F S»PGOTO 322

315: 122

328:K=INT (SOR (R¥R-A/2¥A/2))
RAPH

LCURSOR ()18, K): GORSN

INE ~(INT (-Ar2), -K),

DR I=R~INT (R/2)T0 R-*INT CAsr2>
STEP J

=INT (R-1)
355: VaINT (SAR (R¥R-X¥X))
36 INE -(-X, -C(Y+2)), B~38
365:NEXT ]
220: 222+

F 2(CGOTD 3482

LCURSOR (B, -(K+C)): SORGN

398:'F (Q$="TCP+C/DY)0R (Q$="TCP+5+C

D" )GOSUB 1309

391:'F (Q$="ROU+C/D" YOR (Q$5"ROU+S+C
<D")OR (Q$s"COU“)IBOSUB 303

335:C010 788

EN
FEFTEFTERRREFTRETFLERTLREHEE
il *
FIELD *

En *
b2 I3ty 2222 23432222322 2224 4]
ER

428:LINE <111~INT CAs2), —12=C111+INT
(Ar2),-1),B-40
: 1

~23,3

£ Z2>=CGOT0 485

450: CRRPH

455:LINE (1B9-INT (A/2), —1>=CJ89+INT
tar2), 1, 8-48

468: 7=2+)

465: 'F 2>=CG6OTD 485

478:LINE (B,-~2)-(8,-2),9

475: 72241

480: 'F 24CGOTO 45

485:'F (Q$="JCP+C/0")0R (Q$="TCP+5+C
+D*2605UB 1388

486:'F (Q$a'RDOUSC/D")IOR (Q¥="ROU+S+C
sD"I0R (Q3~"COU)IEOSULB ! 309

490:C01D 702

508:REN

S582:REN k¥¥¥ FREEEEF

S583: REN

CONUEX FIFLD

]
586:REN FEFFEFFTFTFRFFURRTTEARFTLSTT

4]
)
o
.
m
=
R T ]

518: J=18, 2=8, $=8-58

513:'F 5>B6010 515

514: 1=2

515:K=]NT (SOR (R¥R-Ar2¥A.-2))

528; CRAPH

522:CLCURSOR () !8, ~K):SORGN

S524:LINE ~(-INT CAr/2)-1,%), 9

S526:F0R ]=R-INT (As2)-1T0 R+JNT C(A/2
}-]STEP J

528:¥=]JNT (R-1)

538:Va]NT (SOR (R¥R-X¥X))

532;LINE -(-X, Y-2), B-58

S34:NEXT

5372:2a2+)

548: 'F Z>=C60T0 585

S43:L]INE -(8,K-2-2),3

545: 7=2+)

$48:'F 2>=C60T0 385

S58iLINE ~(~INT (Ar2)+],K), 3

S53:F0R J=R-INT (A<2)+]1T0 R+INT (Ar2
d+]STEP J

555:X=INT (R-1)

558:Va]NT (SGR (R¥R-X¥X))

568:LINE -(-X, Y-2), B-58

565:NEXT !}

568: 222+

578: 'F 2>=C60T0O 585

525:LINE -48,K-2-2),9

528: 2=22+)

580: TF 2<CGOT0 524

585: GLCURSOR (8, K—C): SOREN

598: TF (Q$="TCP+C/D*)0R (Q3=VTCP+S+C
sD*)60SUB 1388

§9]: IF (Q$="ROU+C/D")OR (Q$3"ROU+SC
#D¥)IOR (Qs$='COUTIGQSUB 1308

595: COTO 709

802; REN ¥EFE¥

*
CONCAUE FIELD *
*
*

FEEREEVRENERS

687:REN

810: 1=]0, 2=8, 5=p-68

613: 'F 5>86010 615

614; J=2

615:X=INT (SAR (R¥R-R/2¥R’2))

628: GRAPH

622: GLCURSOR (118, K): SOREN

624:LINE -¢~INT (Ar2)-),-K), 3

626:SDR ]=R-INT (Ar2)-1T0 R+INT (A2
)-]STEP J

628: X=INT (R-1)

830:V=]NT (SOR (R¥R-X¥X))

632; LINE -(-X,-(Y+2)), B-68

634:NEXT 1

B837:7=2+}

€4@: 'F Z>=C6010 §85

643: LINE —(8, —~(K+242)), 3

S

648: 'F Z>=CEOTO 685

652:LINE ~¢~INT (As2)+1,-K), 3

653:S0R ]=R-INT (As2)+) 10 R+INT (A2
Y+]STEP J

655: X=INT (R-1)

658: V=INT (SQR (R¥R-X¥X))

66@:LINE —¢-X, ~(Y+2)), 8-68

B665:NEXT ]

668: 722+]

629: 'F 2>=CG0T0 685

B75:LINE —(B,-(K+242)), 83

B6728: 7=2+)

6801 "F 2<CGOTO 624

685: CLCURSOR {8, ~(X+C)J: SORGN

698: 'F (Q@$="TCP+C/D")0R (Q3a"TCP+5+C
~+D*)G0SUB 1388

631: 'F (@3=“ROU+C/D¥)IOR (Q$="ROVU+S+C
<DYIOR (Q3="COUT)EQSUB )388

6395: COT0 P28

208:REN

702:REN tt*?ttmtt*tttt*tt*‘tt‘ttﬂt

793:RER

784:REN INTERBAND *
P05:REN

286:REN ttttttﬂtttttttttttt**tttm
787:REN

710:'F D=PRETURN

'F DKBEOTO 8ed
RAPH

INE (8,8)-(8,-D),3
EXT

F (Q$2¢1CP+C/D"I0R (Q$="TCP+5+C
/0" )GOSUB 1428

761:'F (Q$="ROU+C/0")I0R (Q3="ROU+S+C
sDY)OR (@$="COU")GOSUB 1488

778 RETURN

en Eft

B8B2:REN L2214 FERFREEFLE
8e. EN *

8s En PUFF x
82S:REN *
886:EN FEXFEEREF 11223
882:REN

818:7=8, 1=

820: DR J=ITOD (-Dr2)+8.5

825: GRAPH

83B:LINE (8, -2)-¢(8,-2),3

835:LINE C(1@8-INT (EC]1)s2),-3)-C11 0~
INT CECE)r2),-1),8

B4B:LINE C(1B9+INT (EC])/2),-12-C) 11+
INT (ECIY/2),-10,8

845:LINE €8y -1)-¢8,-1),9

850: 2=2+)

855: "F 2>apBS (0)60T0 888
:LINE (B, -2)-(8,-2),3

2+]
F 2>=nBS <D)GOT0 888
BPSiNEXT 1
888: TEXT
895: G010 739

1288:REN

3222:RED FXERFETFTERFEFFTHARATENTES
1283:REN ¥
1 2@4:REN
1285:REN ¥
1286:REN FERFFITCCRFIFETXKCEFFLENENS
1 287:REN

3218:'F W=9RETURN

1211:CRAPH

1215:'F W=86010 1225

1216:'F W=3GOT0
12)2:'F WX1GOTID 1245

1225:LINE (8, 1)-(188-INT (Ar2), 1), 8
1230:'F WC3G0T0 1278

1235:LINE (B, 1)-C1A8-INT (As2), 12,1
1249: 'F WK36QT1Q 278

1245:LINE €12, 1)-CiR8~-INT Ar2),!

3

LABELING Ed

1258: TEXT

1260:RETURN

:'F U$s"NO“GOTO 298
LS128 )

LINE (8, 8)-(8,:-3},9
RDTRTE 1
1289:LPRINT Us
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1283:R01ATE 2

1285:LINE (8, 8)-¢9,8),3

1282: TEXT

J298:RETURN

1300:RE1

$382:RET FFEFFFFFFFFERRTFEFFFFFEFEF
31383:REN ¥
:384:REN
1385:REN *
J306:REN FFEFFETFEFFFFFFETFEFFERTFE
23A2:REN

1310:728

1315: CRAPH

J328:LINE (8,8)-¢(8, (), 3

1325: CRAPH

1338:GLCURSOR (208, -)): SORGN
1335:LINE ~¢20,8), 9

1348: 722+

1345:'F 2>aCRETURN

1358: LLCURSOR (B, -1):30RGN
1355:LINE ~-¢2,0),9

1360:7=2+]

1365: 'F 2)=CRETURN

1378: CLCURSOR (@, —1): SORGN

1325; L'NE —<JB,B) 2

1380
1385:°'F Z)=CREIURN

1390:0010 1358

1488: 728

14)9: CRAPH

S420:LINE (B, 2)-(2,PBS (D)), 3
1425:CRAPH

2438: CLCURSOR (135, -+1): SORGN
1435:LINE -(15,8),8
1449:7=2+)

1445:'F Z)>~ARS (DIRETURN
1442: CLCURSOR (5, A): SOREN
145@: CLCURSOR (8, - ): SOREN
1455:LINE -¢2,8),9

1460: 722+

1465: 'F 2>=ABS (DIRETURN
1420:GLCURSOR (@, --1): SOREN
1425: L‘NL -¢18:,8), P

CsD SCALE *

ORDERS FOR CORRECTING ¥
NISTOKES IN INPUTS *

*
J587:REN FRRFEFFFFFFFFEFTTFFTFELNFE

1518: BEEP ON

1511:BEEP 18, 28, 1900
1515:PRINT “CHANGE n .
3518:£01D S5

SAALEER A"
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1520t BEEP ON

1521:REEF 18, 20, 1292

1525:PRINT “CHRANGE 8 :

*526:60T0 62

1338:BEEP ON

1531: BEEF 18, 28, 1002

$535:PRINT "CHANGE R :

*536: 0010 68

1548t BEEF ON

154) :BEEP 18, 20, 1009

1545:©RINT "CHONGE R : LPARGER R

154616010 39

15508:BEEP ON

155] 1 BEEF 1@, 2p, 1009

1555:PRINT "CHANGE W : SPALLER UW"

*556:G0T0 28

1568:BEEF ON

1561:BEEP !9, 29, A28

1363.PRINT “CHANGE E(¥):SMALLER EC¥
>

LARGER B*

SHMALLER B

1566:C010 :61A
1520 REEP ON
1521 : BEEP i@, 28, 1988
1525:PRINT “END OF PROGRAN®
5263 END
15881 BEEP ON
1585 REEP 18, 20, 1008
1585:PRINT "CHANGE INF. PREUIOUS BA
py
158616010 2015
1600 RES
16025 2EN KFFEEFFFFFFRFRRCRIFFFFEFEF
16@3:]EN *
1604:REN
1685:REN
JGBEIREN FFFFEFFTEFFFRTFTRCEFFFTTRE
1607:REN
:1688:REN
S618:WAIT 88: 2<9,
: D/2)IN1 ( n/2>sovo 1698

INPUTS FOR PUFFS *

2
:638 NPUT R FOR PUFF--OUIL JNES = *

E(l))lGBGOlO 1560
1648: 72242
1858:PRINT "2 =
2-2/2

1668:NEXT ]
I628:RETURN
16398: DR IanO ~-Dr240.5

:288: "NPUT A FOR PUFF--QUTLINES = *

"37/2;"RESY = v -0/

3>
1285: "F £(]1)>}526010 368
12]0:2=2+2
1720:PRINT V2 = M;7/2;7REST = v -0/
2*8.5—2/2
IP3B:NEXT )
2481 RETURN

2880 REN
2082:REN FEFFTFFEFTTFTTTFRLAFTLTFET
20883:REN ¥

2094:%EN INPUTS FOR FINDING *
2805 REN THE RELEZURNT BAND *
2006:REN

*
2802: REN FFFFFFFFTCFFFFFIFETRIFRTFE
2088:REN
2818:PRINT “SEARCHING FPREVIQUS BAND

2815: 'NPUT “PROGRAM LINE, INPUT T =

i
2020: 'NPUT #1, A, 8, C, 0, R, i, Us
D>=96010 2048
PUT #1, B, 0, EC¥)
2848:'F F>T160T0 2020
2050:WA)T 250:PRINT T;AQ;R;0;0;R;u;V
]

2068: 'F D>=A6010 20878

2865:PRINT 1;B;D;FEC1);F(-Dr240.5)

2828: 'NPUT "CORRECT UARJABLES 7 Y/N
n vng

2025:! H3='N"EOIO ;388

2883:Nsavrpr

2120:REN

2)82:REN FEFFFFRETFTEEFFFFRETEFTEFE

2103:REN ¥

2104:REN IJNPUTS FOR ¥
2183:REN CORRECTING UPRJIARLES ¥
2106:REN

¥

2182:REN FXRRFFECCERRFCFEFEFAETEF KK
2188:REn
2110:0ap, Bad, CaB, Dag, R29, U=p
2}1):Fap,Us=" D ¥, Q3270 120
2112:F0R ]a]10 39
2)13:E(})=0
2114:NEXT I
2128:°RINT TINPUTS FDR FOLLOWING 88

NO“

2)30:C0T0 58

3888:RE0

3802;REN FFFFFFFFFFFETTFEIRTETEFTHE
3023:REN ¥

3884:REN INPUTS FOR 1RPE *
30085:REN CONTROLLED PLOTTING *
3006:REN
3887 REN FYFCFAFTRRRERFTITURRRCEIFE
3888:REN
30)0:7=2

39308: 'NPUT "FIRST BAND = ";F
3848: INPUT “LAST BAND a ";L
3850: 'F F>16010 3878

3060: Ta1+]

M 1>=L+J60T0 !578

PUT #1,9, B, C, O, R, i, Us
3285: 'F D>=E010 3102

3099: 'NPUT 81,8, 0, EC¥)
3188:'F F>16010 3068
3)19:GOSUB )42

3122:C0T0 3060
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Figure 1. Computerized EM chromosome map of region 83A-85C in D.hydei. The map is based

on measurements of cytological data (band diameters, band thicknesses and
interband lengths) from several EM micrographs of SSP chromosomes.



