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Improved Estimation of
DNA Fragment Length
from Gel Electrophoresis
Data Using a Graphical
Method

ABSTRACT

A comrprirer peogtumn Nl e devel-
oped for comparing DNA fragment size
e Aty eleetrophiosgic mobilie nxing o
gnﬂ'gl.#mr.'f nagrhod. e progrom gaes v
tretrker denn ord Selecis iee Seamloparithe
wte lindar pange (sl-rangel. fe, e G
porgicn of the semilogarithaic crme (mo-
bilite va log ol DNA - freaganens lemuife).
Chver Neig e O finddr inrerpolition i
derived for ealealating Hee size af o DNA
Sragmicni whose mobilice fwlls Inohe gl
range. The peograi olid deriies 4 hvper
frardic e rpolarion formals Sr covers e
eitiiee A for determingg he fize of @
PINA L Frapmen whose mobiliey 3 beyvong
the  eroiflapariphmic linepr rotge. e
meethod deseribved b iy paper (&0 fers-
five, accuraie and relichle. This program
con dlin he wed do compode praleln o
potvoreplice size from sodiume dodecyd sl
fare polveerclamide  pel  eleciropiorsi
o, The DOS™ vergion af the DNASIZE
e tam s _||'.la|-.'.'.|'.'. 1varderfale _Irl‘ﬂllll MNefraner
gt WL o e BiloTechNet® by EMuil

INTRODLCTION

el electrophoresis is the standind
methind for determimag the size of
varicas mae romolecules such as DNA,
prideins wnd polypepidss, In gel elec-
trophoresis, il 5 customary 1o run Lhe
markers along with the caperimental
fragmienis. NA marker data are used
to constmor A standard curve, which
serves as the aniernal calibeotion for
determining the length of the exped-
mentzl fragments on the gel, Sevenl
methods have bean proposed for ap-
prowimating the relaionship bevween
migration  distance and DNA - sae
(2,4.5,11), Based on thess approxima-
tions, a nwnber of compuler programs
have been developad (57,100,

The standard method for measuring
DM A fragment size is 1o plot the log of
DMAsize ve, mobility and 1o determine
the values of the unkrown from this
plon [the semilogarithonic method (4]
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[t method of ploting (5 wsefol be-
cause the graph is a steaight ling over 3
partion of the fragment size range. Un-
formanately, it 15 nonlicear in 1|1l.': high
malecular weight range. peecloding ac
curaie 2stimaces (11 Seuthern (11 has
shown that a reciprocal refutionship
[iM - afnd = (L - Loy =, whege M is
wability, L is length and Ao, Loand ©
dre constanis] cxists over @ wider mos
lecular weight range thom for the
semilegarithomie method. However, this
methed 15 Lmited 1o the use of thres
standards ar o time for calculating the
size of an unkeown frogment. An albér-
native o this local method of estima-
1ion is o perform oa least squares fit
over the entire range., in order to calco-
lae & single set of constants, Mo, Lo
and C (e global method) {107, Simi-
larly. Studnicka (12) ¢slimates a single
set af constinis uging the hyperbalic re-
gression method. The global method
(00,130 yields o single equation, and
the conteibution of emor to the est-
mates, due 1o faulty (or misestimaled)
stundards, 15 less. Howewer, this
methed is less accurate than the local
method (2,350 On the other hand, the
lacal method is less relishle becouse it
fits even the abarrant points: exmctly
(570

[n this paper, a graphical mehod for
gstimnating ihe size of a RDNA !'r;1g11}<!'n1
has - bBeen described ¢ overncome L
limitations of the global and locul
methods described ghove, The graphi-
cal method, combining the hyperbolic
repression and lingar epresson meth-
mds, derives {13 the lincar inrerpolation
formuale over the slrangs for caloubat-
ing fragment length and (ii) the hyper-
batic interpolation over the entire range
foe estimaring the size of a DNA frag-
ment whose mobility s beyond the sl-
range (95 The compoter program Can
glan be used for estimatimg XNA frag-
ment size from el electrophoresis doia
or proteinpeptide size from sodivm do-
decyl suliute polyascrylamide gzf elec-
tropharesis [SDS-PAGE | daca using the
graphical mathod.

GORITHM

Analysis of Standard Data

The graphical method was used 10
fit the gmandard data obtained by nan-

L s T

ning the NA maker with the ‘”Dq,r
mentsl fragments. The detiiled feg,
tion ¢ the graphical method, w ]n.-_]Lf-
the combination of lnear repreg,
and Typerbolic regression, has Deeg %
seribed previously By Haghava o
(2.9, The lincar interpolation uvey
semilogarithimic. lincar range ang g
hyperbalic interpalation formula e,
the emire range were derived fg
crandard datn as describicd below,

Limear Interpolation Formula

The semilogarithmic curve of
Tosg of [N A frngment length ve
ity of known standard was vsed for
eiving the lincar imterpolation fomm
In this curve. the sl-range, which s
lincur portion of the owrve, Swas @
picted, The sl-range wias selected by
ing a tunahle algarithin (23 Dak inig
shrunge of the curve were fitted bywg
ing the laeear equation,

M=dg+drsioga ity (B8

where M. L, Ay and 4| represent 2
mahiliny, the size of the DNA
ment, the constant and the slops of
curve, espectively. The valucs of§

R

gnd A were calculated by fiting £
dita i the slrange using @ |o
syuares curve fitting method {1},

Hyperbolie Taterpolation Fermuks _

The hvperbolic intzrpolalion fi:
mila was derived from a knone !L_TH
dard by using hyperbolic ress
unalys:s It has besn shown that a
rocal relationshin berween the m,nhic
and the DMNA frugment size exlsie o5
i wider TFNA molecular weight I'l’h"
and can be expressed by The :I"Illlﬂ'-*‘

equUarion: %
(B2

(- M) L - Lo =Ch

where %1 is mahility, L &8 Iﬂglhfxié
Mp, Lo and Cqare constants, Equabts
is a reclengnlar hyperbols 95
asymptotss ase Mp and Lo The f“i
siants were determined by fitting 1""’
dard data 1o reowangular hypelte
using the least squares curve-PoE
method. The detailed derivation ¥
hyperzolic interpolstion farmuild
besn described previousty (9,82)

Size Fstimation of DNA F ragm”{ -

The sizes of experimental fragd
ware caleolated using gither gy
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pibie 1. Campuzstion of Size of Restriction Frogments Using the Graphical and Hyperbolic Re- or equation 2 depending on the mobil-

w ity of the fragments. The program de-
. termines whether the mobility of the
Phariatie Mathou Fuphles! Mathod (YA fragment is in the cl-range. If the
Maobility Actual Size Computed Parcentage Computed Fercentage nl:nhﬂj.[;- is found in the sl-range, equa-
(mm) (bp) Slze (bp)  Varietion Slze (bp) Varlstion tion | is used 1o caleulate the size of the
| — DMA fragment; if the mobility 18 out-
200 23420 23340 0.8 23340 0.8 side the sl-range, equation 2 is used.
718 sa18 9451 04 D45 04
233 8857 paRe = e T COMPUTER PROGRAM
oE 5 4362 4153 4.7 4159 -4.7
o g 2520 2302 0. 2902 0B The _DJ\A_S]EE computer program
2027 2053 18 2083 18 was written in C langozge and com-
0.8 = = d piled under Turbo-C for running on an
ang 1632 1658 16 1658 16 I iBM*.compatible computer under the
DOS™ enviranment, The program s
q ! ] 1063 3.2 )
a8 st ToEs o - fully menu dreven and can be run by s
443 &0z 525 3.8 625 28 ers with lirtle knowledge of computers)
iB.2 17 536 36 538 348 The main options of the program are:
" (i1 Input data. The progzram allowy
454 s e il iR F il the user 10 enter and update the stan-
435 il 407 2.8 296 0.0 dard (DNA marker) dowa and unknowr
513 a4 348 11 339 15 g dats. e :
(11] Size calculation of experimen-
e 208 ana 2.1 o8 =4 E tal fragments. This opuon allows the
56.2 o991 215 2.7 222 0. o user 10 calonlate the size of the expar |
56.2 220 218 .23 233 o mental fragment using standard data
g The size of the experimental prod
g = 124 =i 138 A = weinfpeptide fragment can also be caly
i Lo - culated by this progrem using SD&
i PAGE data of known markers,
,'_k' (iii) Standard curve. This opiion
i llows on-screen display of the stan
: L o dard curve and it the data using thy
2] hyperbolic regression method. The stan
darnd curve can also be plotted using arf
[ . HP-GL-compautibie piotter
[ b fiv) Miscellanenus, This oplios
[ allonws the user to displaviprint thy
15 & standurd datafexperimental data and
E o b uksa to exit from the program.
tf‘-' 2 Mlgration Dlstanos
r g W RESULTS
('}
=
& . | Estimation of DNA Fragment Size
e 24T Mlaproasisn
| The size and mobility of DNA e
| striction fragments, separiied by 199
agarnse gol electrophoresis, were taken
friom Fagure 2B of Studnicka et al (12)
The frapments are & mixlure o
1en L s — - - L — lambdasffiedl],  pBR3ZVHinll  am
h “ = i = “ pBRIIVHind I +#irfl. The  actun
Migration Distance daia, the data fitted o the linear equs
Four —— e T tion and the data Hitted 1o the hyperbold
-mm L. Restriction fragment of ADNA and pBRIZZ separated by 1% agarose g (121, A} e e
] 51: 'Em'h'llll. Pl {miprnicm disioece v, log ol fagiment im.:l Far e enise ranze-of ocianl dala 5 s " : E
m'kfi Arithirar olo) Foe the al-range of aciusl dots, dean Fitted by Birear régrascion and dacs Timed l".'-_"“”: | shows that linear FCRFCSSI0N
Pl mprpaing fits better than hypedolic regrassion i
I'Iﬁ 17 s
8 1
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Tabde 3. Cotnputzting of Miiléculur Weighi ol B

iy Nron SDE-FAGE

Hyperbolic Method Graphical Method
Mability Actual Size Computad Percentage  Computed Percentage
{mam) (kDa} Size (kDa)  Varlation Size (kDa)  Variation
2500 206000 205541 0.450 205,941 0.453
| 6200 T18.000 115645  pa0e MBAN 0432 g
.| 800D g7am 85.031 2.432 SE.7% 0626 |§
| | 170 esaco BI230 4854 66136 0206 |%
19500 45000 43 448 3450 43440 3450
L |00 23000 29,367 1267 28357

1.287 |

the relztomship bepween mokility und
DA length for the entire molecular
weight ringe. The gruphical method,
ecibining s two approaches, rakes
odvantage of the incresssd semsitivicy
of the Jinear regression method when in
e sl-rangs: and can be applicd 1o the
antine Binge when using the yvperbolic
- mpnession nethod.

—-—

Proteli/Peptide Size Estimation

It has begn shawn previmsly that
the size of 4 protein can be estimaged
from SDE-PAGE dug using the hyper-
bolic regression method {10,123, Sied-
micka (12) has shown that the protein
mdeculir weight standard data oh-
taineil from SDS-PAGE under differen)
experimentul eonditions of polyacryl-

amicle el concentration, wempersture,
willth, 2te, fits the hyperbolic curve
very well, so this method can be ap-
plied 1 the estimation of protein or,
poiy peplide size.

A mixtire of prowing (curbonic an-
hydrase, 20 kDa: egy alburmin, 45 KDy
bovine serum albwmin, &5 kDw; phos-
plarylase B, 97.4 kDa: [i-glaceosidase,
116 kD and miyosin, 203 kDa) was
um in 10% acrylamide =] conlaining
O.4% SDS a0 100V for 90 mif, i the
datn were unalyzed using the arephical
and hypebolic regression methods,
The composison of boh methods s
showa in Table 3, As seen in Table %
the percentage of emor in the cose of
the graphical methad ¢1.07% for entire
range und 042% for the sl-range) is
e lawer than ther for the hypeshaljc
vegressios meehod (2.13% for the epe
tre range and 2_54% i ghe sl-range).
This shews thal the rraphical metbod
can b used for esthmatiog proiein or
peptide size




Short Technical Reports |

the sl-range, The percentage of arror
between known stee and computed size
using both methods, i.e.. the hyperbolic
repression and grephical methods. are
stiown in Table 1. As seen in this table;
thee mean of absolute ercor for the entire
ramge using the graphical method is
1.9%, which 13 much lower than that
obtained by the hyperbolic regression
method (329 ) This sipnifeant recluc-
fiom in error is due ta the use of the line
ear regression method i the =l-range.
In the sl-range, the mean of abaoluwe ér-
ror using linear repression 1 1A%
{araphical method) and when using hy-
perbolic regression it is 4.5%. The
nomximum variation 15 3 4% i the case
of lincar regression, and 16.8% with
the hyperbolic methed.

The DNA pel elecrophoresis data
ohtainéd from a published repon (8 al
pBRIXI DNA (0.4 pe) digesed with
different restriclion  enzymes ot an
agarose concentration of L2% wene
also analvzed by the graphical sod hy-

Table 2, Estimation of Hestrictban I ragment Sizes of pBR3IZL Using the Graphioal and Hrprr

bohlic Regression Methods

Hy perbolic Mathod Graphical Method i

Mobility Actual Size  Cemputed Percemag; ﬁ:umpule-d Pereantage :

{mm} {bp) Size {bp) Variation Size(bp} Variation |

350 4362 4381 0.4 4363 00 5

KR 3rag 3798 0.0 3802 04 £
44.0 3=ar 3204 1.0 220 Q.5
&d.0 283 2323 1.2 22497 0.2
8.0 2067 2048 0.5 2045 0.8
76.5 1123 1152 0.8 1132 0.8
a5.0 561 5hE 0.8 fetal. | 0.6

perholic regression methods. A com-
panson of both methods is shown

Table 2. It can Be seen that the mean of

abrsoiuie ervor for the entire munge in the
case of the graphical nethod is 0.47%,
which is less than that for the hyper-
bolic method {0.7%). This indicates

thut the linear regression iu-.thu-JI
mvice effective than the |13r|'.lcrbl:u||.

gression methed for estimating rr.,{
ment stze in the sb-range. In coning
the hyperbolic regression methad 5f
fast end reliable methed for obtainin:
simple analytical equation that rqnw%
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DISCUSSION

The objective of this stady was 10
develop 4 sensitive, accurate and reii-
able method for estimating DMNA feag-
ment size and estimating the molecular
weight of protéing or polypeptides from
SDS-PAGE data. A computer program
was also developed to automate the es-
timation wsing the method described
above. Presently, thers are fwo bvpes af
methads, i.e., focal and global, gener-
ally used to estimate DNA fragment
size, Generally, the locsl method is
mare accurate in comganion o the
globial method, but the emwor contribu-
thon s high dueto (i) faulty or misesti-
mated standards and (i} the unknown
that lies outside the range of standards.
The global method, by using a unified
equation, provades an alternative for
overcoming these limitations; however,
the global method is bess accusate be-
cause none of the relativaships between
size and mobililty exists over 4 wide
range (2.3).

Thee grapiucal method desenibed o
this paper combines a global method,
e, the hyperbolic method, with the
linear regression method, thos signifi-
cantly imcreasing the accurcy of DNA
frapment size estimation in the sl-
range. The linear regression method
used in this paper is different from ears
fer linear mepression methods where
the enfire corve was fitted by the linear
regression and the kst squares surve-
fitting methods, in our lingar regression
methad, only the set ol dala ponts in
the linear portion of the curve 18 se-
lected and fited e a saight line. Fog
calculating the size ol a [rapuenl hav-
ing mobslity bevond the sl-ronge, the
hyperbolic repression method is used.
Thux, the graphical method described
here is accurate, sensitive mod apphica-
ble for o wider runge.

A computer program has been de-
veloped that is based on the graphical
wethod for estimating DMNA fragment
size, In addition v this, the program al-
lows ong 1o present @ comparison of
stamalard curves olstaired fram gel elec-
trophoresis data by running the gel un-
der differem sels of coaditions, The
pragram s written i C and cen De run
on an [BM PC or compatible somputer
under MS-DOS® vession 20 or higher
anel requires a CGA, BGA or VGA cund

L0 BioTechnigues

[t muns without a math coprocessos, and
o Yard copy of & graph can be obtained.
A copy of the executive version of
the program DNASIZE can b ob-
tained fromt the authar (Internet:
mghava@imiechermetiny, from Bio-
TechiNet® or from Netserver at EMBL.
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CATRIMOX-14™ |
... simiple solution

Jfor lrelatimg HNA |

Calfimox-14™ reagemt is 1
novel cationic surfactant whic
Iyses cells and simultaneowsly

precipitates RNA(Nasere 363 |

186-188, 1993), RNA can b
recovered by one of sevenl
simple methods. . A kiv fe
isoduting RNA from wenly
samples of whole hlood o
other cell suspensions 15 of
fercd, Catrimox-14™ reaged
can also be purchased sepe-
rately with instructions.

owa
iotechnology
orp

I TECHMNOLOGY TNNCY ATION
CIENTER, (AKDALE i £1515
(ATBICAIIE (BODIIFL-TL1
FAN(HONIL4137

Cirche Redcler Service Moo 1H

 —




