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Abstract

The Nucleic Acid Database (NDB) [1] is a resource and

repository for researchers in the �eld of nucleic acid struc-

ture. This tutorial will describe the contents of the NDB

and the query interface that is available to access this

information on the World Wide Web.

1 Introduction

The Nucleic Acid Database Project [1] was created
in 1991 as a resource for reseachers in the �eld of
nucleic acid structure. Beginning in January 1996,
the NDB also became a deposition site for oligonu-
cleotide crystal structures. The purpose of the NDB
is to gather all structural information about oligonu-
cleotides obtained from x-ray crystallographic exper-
iments, and to organize this information in a man-
ner that maximizes the utility of this information for
the diverse community of consumers and producers
of nucleic acid structure data.

Table 1 shows the distribution of the 440 crys-
tal structures in the NDB as of July 1996. The NDB
includes coordinate data as well as information de-
scribing the crystallographic experiment and re�ne-
ment. Structural features derived from coordinate
data such as bond distances, angles, torsions and base
morphology are calculated for each structure and in-
cluded in the NDB. The primary and derived data in
the NDB are summarized in Tables 2 and 3.

Table 1 NDB holdings as of July 1996

Structure Type Number

A-DNA 57

B-DNA 76

Z-DNA 52

DNA-Drug Complexes 98

DNA/RNA Hybrid 15

A-RNA 13

RNA-Drug Complexes 19

t-RNA 10

DNA with unusual features 21

RNA with unusual feature 16

Protein-DNA complexes 67

Protein-RNA complexes 8
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Table 2 Primary experimental data stored in the NDB

Structure features Descriptor

NDB, PDB and CSD identifiers

Availability of coordinates

Availability of structure factors

Structure description Sequence

Conformation type

Description of modifiers of base, phosphate and

sugar

Mismatched base-pairs

Name and binding type for drug

Description of base pairing

Description of asymmetric unit

Description of the biological unit

Citation Authors

Title

Journal

Volume

Pages

Year

Crystal data Cell dimensions

Space group

Data collection description Source of radiation

Data collection device

Radiation wavelength

Temperature

Resolution range

Total number of unique reflections

Crystallization description Method

Temperature

pH value

Composition of solutions

BMCD crystal identifier

Re�nement information Method

Program

Number of reflections used for refinement

Data cutoff

Resolution range

R-factor

Refinement of temperature factors and occupancies

Coordinate information Atomic coordinates, occupancies and temperature

factors for the asymmetric unit

Symmetry operations to generate the unit cell

Symmetry operations to generate the biological

unit

Table 3 Derivative data stored in the NDB

Distances Covalent bond lengths

Nonbonded contacts

Virtual bonds involving phosphorus atoms

Torsions Backbone and side chain torsion angles

Pseudorotation parameters

Angles Valence bond angles

Virtual angles involving phosphorus atoms

Base morphology Parameters calculated by a variety of algorithms

RMS deviations Deviations and RMS deviations from small molecule

standard values for covalent bond distances and

angles.
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2 Data Flow

The ow of data through the NDB is illustrated in
Figure 1. The NDB abstracts experimental data
from the primary literature and from author depo-
sitions, and records this information in mmCIF tem-
plate �les. The template �les are ordinary mmCIF
data �les which have added comments containing def-
initions and enumerations that assist in data process-
ing and curation. After validation processing, the
primary data are loaded into the NDB database sys-
tem. Once the primary data has been loaded into
the database, the derivative features in Table 3 are
calculated from coordinate data and loaded into the
database. The calculation of derivative features is
managed by the application, NDBQuery, which is
also responsible for providing local query access and
for generating database reports. Some of the features
of NDBQuery are discussed in the next section.

NDB
Network Server

WWW/Gopher/FTP

Derived Features
Bond lengths
Bond angles
Torsion angles
Virtual bonds and angles
RMS deviations
Nonbonded contacts

Encapsulated Programs
Base morphology

NDBQuery     WWW
NDBQuery

    NDB
Database

Graphical Reports
2D Plots
Scatter Plots
Histograms
Molecular Graphics
Packing Diagrams
Conformation Wheels
Kinemage Files
XGobi Input Files Tabular Reports

Coordinates 
Asymmetric Unit
Biological Unit
Packing coordinates
(popular file formats)

Structural Atlas

Primary Data
mmCIF experimental
mmCIF coordinates
mmCIF structure factors

Figure 1 Functional diagram of the data man-

agement scheme used by the NDB. The �g-

ure illustrates the generation of derived struc-

tural features by the NDBQuery program us-

ing both internal and encapsulated methods.

The collections of graphical and tabular re-

ports created by the NDBQuery application

are accessible via the NDB network server.

3 Query Tools

The NDBQuery application provides a query inter-
face to the NDB. This application guides the user in
the creating complex selection queries on the NDB
through a series of interactive menus. The applica-
tion is designed to help the user select a collection
of structures satisfying a set of conditions which may

be placed on either primary or derived structural fea-
tures. The application then guides the user in re-
trieving information related to the group of selected
structures.

NDBQuery provides a variety of output op-
tions. The form of output is simply the retrieval of
coordinates for selected structures in a format such
as PDB or mmCIF. Tabular reports can be created
in formatted ASCII text �les and also using the more
sophisticated formatting features provided by LATEX.
Some example reports produced by the NDBQuery
program are shown in Figures 2 - 4. NDBQuery cre-
ates graphical reports in a variety of di�erent for-
mats. Some examples of these graphical reports in-
clude the histogram charts shown in Figure 5, the
scatter charts shown in Figure 7, the pie charts Fig-
ure 6, the torsion ring plots shown in Figure 8, and
molecular graphics shown in Figures 9 and 10. All
of the query and report generation operations per-
formed by the NDBQuery program can be saved in
script �les enabling very complicated queries and re-
ports to be processed in a single command, without
the aid of the user interface.
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Cell Dimensions for Structures Containing the Sequence C A A T T

NDB ID Descriptor/a b c Alpha Beta Gamma SpcGrp Coord

BDJ069 5'-D(*CP*GP*CP*AP*AP*TP*TP*GP*CP*G)-3' C 2 Y

63.63 24.70 38.29 90.00 110.27 90.00

PDT017 PPR1-DNA COMPLEX I 2 2 2 Y

53.80 92.60 174.70 90.00 90.00 90.00

UDJ031 5'-D(*CP*GP*CP*AP*AP*TP*TP*GP*CP*G)-3' I 21 21 21 Y

27.01 39.26 54.06 90.00 90.00 90.00

UDJ049 5'-D(*GP*GP*CP*CP*AP*AP*TP*TP*GP*G)-3' P 21 21 21 P

26.25 36.82 53.23 90.00 90.00 90.00

Created by the Nucleic Acid Database Project on Sat Jul 27 13:36:42 1996

Figure 2 Example tabular report produced by the NDBQuery program. This report displays

the structure descriptor, cell constants, and coordinate status for NDB structures containing

the sequence fragment CAATT.

Citations for Structures by Author S. Neidle with Intercalated Drugs

NDB ID Citation

DDB009 H.-S.Shieh, H.M.Berman, M.Dabrow, S.Neidle

The Structure of a Drug-Deoxydinucleoside Phosphate Complex; Generalized

Conformational Behavior of Intercalation Complexes with RNA and DNA Frag-

ments

Nucleic Acids Res., 8, 85-97, 1980.

DRB008 H.M.Berman, W.Stallings, H.L.Carrell, J.P.Glusker, S.Neidle, G.Taylor, A.Achari

Molecular and Crystal Structure of an Intercalation Complex: Proavin-Cytidylyl-

(3',5')-Guanosine

Biopolymers, 18, 2405-2429, 1979.

DRD004 A.Aggarwal, S.A.Islam, R.Kuroda, S.Neidle

X-Ray Crystallographic Analysis of a Ternary Intercalation Complex between

Proavine and the Dinucleoside Monophosphates CpA and UpG

Biopolymers, 23, 1025-1041, 1984.

Created by the Nucleic Acid Database Project on Sat Jul 27 13:24:16 1996

Figure 3 Example tabular report produced by the NDBQuery program. This report displays

the citations for structures reported by S. Neidle which contain intercalating drugs.
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Mismatched Base-Pairs for Structures With a G-G Mismatch

NDB ID Strand 1 Strand 2 Descriptor

AHIB53 C--5 U--13 5'-R(*GP*CP*UP*UP*CP*GP*GP*CP*)-D(*(BR)U)-3'

AHIB53 G--6 G--12 5'-R(*GP*CP*UP*UP*CP*GP*GP*CP*)-D(*(BR)U)-3'

AHIB53 U--3 G--15 5'-R(*GP*CP*UP*UP*CP*GP*GP*CP*)-D(*(BR)U)-3'

AHIB53 U--4 C--14 5'-R(*GP*CP*UP*UP*CP*GP*GP*CP*)-D(*(BR)U)-3'

BDL046 G--4 G--9 5'-D(*CP*GP*CP*GP*AP*AP*TP*TP*GP*GP*CP*G)-3'

BDL046 G--9 G--4 5'-D(*CP*GP*CP*GP*AP*AP*TP*TP*GP*GP*CP*G)-3'

Created by the Nucleic Acid Database Project on Sat Jul 27 14:02:22 1996

Figure 4 Example tabular report produced by the NDBQuery program. This report displays

the mismatched base pairs and the structure descriptor for NDB structures containing at least

one G-G mismatch.
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Figure 5 Example histogram charts produced by the NDBQuery program. The distributions

of backbone covalent bond angles are shown for B-DNA structures without mismatched base

pairs, modi�cations, or bound drugs.
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P 41 (1.2%)

P 65 2 2 (1.2%)

P 1 (1.2%)

R 3 2 (2.4%)

P 21 (3.7%)

C 2 (4.9%)

P 32 2 1 (1.2%)

P 21 21 21 (17.1%)

P 43 (1.2%)

P 21 21 2 (1.2%)

R 3 (2.4%)

P 61 2 2 (15.9%)

P 61 (14.6%)

C 2 2 21 (7.3%)

P 43 21 2 (24.4%)

A-Type Structures

I 2 2 2 (0.9%)

I 21 21 21 (0.9%)

P 42 21 2 (0.9%)

P 41 2 2 (2.6%)

P 21 (1.7%)

P 21 21 2 (0.9%)
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F 2 2 2 (4.3%)

P 65 (1.4%)

P 41 21 2 (42.9%)
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RH-Type Structures

Figure 6 Example pie charts produced by the NDBQuery program. The distributions of space

groups are shown for four nucleic acid conformation types.
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Figure 7 Example scatter charts produced by the NDBQuery program. The pair-wise distri-

butions of selected backbone torsions are shown for DNA structures obtained with resolutions

better than 1.9�A for three DNA conformation types.
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Figure 8 Example torsion ring chart produced

by the NDBQuery program. The observed

backbone torsions for the Dickerson dode-

camer, BDL001 [2] are displayed over a solid

cyan band indicating the range of values ob-

served for all B-DNAs in the NDB. The con-

centric variable shaded regions indicate the

one, two and three sigma regions for the distri-

butions of backbone torsions for all B-DNAs

in the NDB.

X
Y Z

X

Y
Z

X
Y

Z

X
Y

Z

BDJ025 (P 21 21 21)

Figure 9 Example molecular graphic produced

by the NDBQuery program. Four views of

the biological unit of the self-complimentary

duplex d(CGATCGATCG)2, BDJ025[3].
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Figure 10 Example molecular graphic pro-

duced by the NDBQuery program. Four

views of packing in the unit cell for the self-

complimentary duplex d(CGATCGATCG)2,

BDJ025[3].
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4 Distributed Access to the NDB

The NDB can be reached on the World Wide Web at
the address http://ndbserver.rutgers.edu, and at our
mirror site at the European Bioinformatics Institute
at address http://www.ebi.ac.uk/NDB/.

An overview of the NDB resources available
on the Web are summarized on the NDB home
page in Figure 11. These resources include: sev-
eral query interfaces; an atlas of nucleic acid struc-
tures; an archive containg coordinate data, standard
tabular and graphical reports describing contents of
the database; dictionaries of standard geometries and
parameter �les; information and software related to
macromolecular CIF and DDL projects; documenta-
tion and newsletters.

Figure 11 The Nucleic Acid Database home

page.

4.1 Network Query Interface

The NDB network query interface (Figure 1)
provides a subset of the capabilities of the NDBQuery
program on the World Wide Web. The menu of avail-
able query interfaces is shown in Figure 12. The �rst
interface option provides the most robust access to
the NDB. The second interface provides a selection
query interface using a simple one page form contain-
ing some of the most popular database attributes.
The third interface performs a structure selection
query and creates a status report for the group of

selected structures.

The control menu for the robust query inter-
face is shown in Figure 13. The selection query and
report creation facilities provided by this interface are
similar to those provided by the NDBQuery program.
This interface allows the user to navigate through
the database and to identify the database attributes
which will be constrained in the selection query or
appear in an output report.

In building a selection query, database fea-
tures of interest are chosen from the table and col-
umn menus shown in Figures (Figure 14)and (Figure
15). Conditions are placed on the selected features
using the form shown in Figure 16. This form permits
the speci�cation of a target value for the condition
and the type of comparison to be made (e.g. equal
to, greater than, containing the string, etc.). Mul-
tiple conditions are applied using the logical opera-
tor (AND/OR) speci�ed with each condition. The
result of a selection query is a menu of output op-
tions similar to those shown in Figure 17. From this
menu it possible to display/retrieve the coordinates
for the asymmetric and biological units for the struc-
ture, view the NDB Atlas entry for the structure, or
view the structure using the RASMOL viewer [4]. An
example of output from a selection query is shown in
Figure 18.

In addition to these output options, the in-
terface can be used to build tabular reports for the
subset of structures that are returned by the selec-
tion query. From the main interface menu shown in
Figure 13, a user can enter the report generation sec-
tion of the interface and select the database features
that will populate an output report. Reports are gen-
erated by the interface and returned to the network
browser in the form of HTML tables (Figure 19).

The second query interface provides a simple
alternative to the menu driven selection query. The
simple selection form interface is shown in Figure 20.
This selection interface presents a subset of the NDB
database attributes in a one page form. This selec-
tion interface produces the same menu of output op-
tions as are provided by the more complicated menu
driven selection interface.

The status query selection form is shown in
Figure 21. This interface permits a selection query
on the restricted set of features: NDB structure
identi�er, author, citation title, and status code.
These features are typically available for all struc-
tures throughout the data curation process. The re-
sult of the status query is a status report similar to
that shown in Figure 22.
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Figure 12 The NDB top level query options

page. From this menu three query options

may be selected: the full WWW NDB query

interface, the quick form-based query inter-

face, and the status query Interface. A tu-

torial describing the use of these query inter-

faces may also be selected.

Figure 13 The main menu of options for the

full NDB query interface. This menu coordi-

nates the structure selection queries and tab-

ular report generation.

Figure 14 The table selection menu provides a

list of the table organized in categories accord-

ing to content. Clicking on a table name from

this screen will produce the list of columns in

the selected table.

Figure 15 The column selection menu provides

a list of the columns in a selected table. Each

column is displayed with a description and a

few examples.
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Figure 16 The condition form allows the user

to place a constraint on the value of the col-

umn attribute. In this form, the selection

condition that the space group be P212121 is

added to the selection query. This condition

on the space group will be appended to the

existing selection conditions on the a cell con-

stant which are displayed at the bottom of the

form.

Figure 17 This form displays the list of the

structures which have been selected by the

current selection query. A list of options

which can be selected from this form include:

the coordinates for the asymmetric unit in

mmCIF, PDB and NDB formats, the coor-

dinates for the biological unit in PDB for-

mat, the full NDB format entry, the structure

of the biological unit viewed using a RAS-

MOL viewer [4], and the coordinates of the

biological unit returned to the user with the

chemical/x-pdb mime type.
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Figure 18 Example display from a structure

selection query for NDB structure AHJ043[5]

showing the coordinates in mmCIF format

and the structure viewed using the RASMOL

viewer [4].

Figure 19 An example report created from

NDB report preparation interface following a

structure selection query. The selection query

picked B-DNA structures in P 21 21 21 space

group with an a cell dimension in the range,

23.5 to 24.5 �A. This example report displays

the sequences and cell dimensions for the se-

lected structures.

Figure 20 An example illustrating the use

of the NDB Quick Query Form to select B-

DNA structures determined by author Dick-

erson, which contains no modi�cations nor

mismatched base pairs, and were determined

in space group P212121 with resolution better

than 1.5 �A.

Figure 21 An example illustrating the use of

the NDB status query form to select struc-

tures that in being processed at the NDB and

are waiting for materials or approval from au-

thors.
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Figure 22 An abbreviated NDB status re-

port showing the author and the structure de-

scriptor for NDB structures with status code

WAIT. A variety of dates indicating the mile-

stones of data processing are available in the

status report but are not shown in this �gure.

4.2 Other NDB Network Resources

In addition to the query interfaces, the NDB
also provides a variety of other network resources.
A Structural Atlas of nucleic acids developed by the
NDB provides a summary of the essential experimen-
tal and structural features for each for the structures
in the NDB. An Atlas entry includes links to coor-
dinate data �les and graphic illustrations of the bio-
logical unit and unit cell packing for each structure.
The information in the Atlas is generated as a report
from the NDBQuery application. Images in the at-
las can be generated automatically using NDBQuery
(Figures 9 and 10) or selected from a repository of
manually prepared images (Figures 25 and 26). The
index for the Web version of the Atlas is shown in
Figure 23, and an example Atlas entry is shown in
Figures 24 - 26.

The NDB maintains an archive containing co-
ordinate data �les, standard reports describing the
current contents of the NDB, dictionaries of nucleic
acid standard geometries and parameter �les, on-
line documentation, software and project newsletters.
This archive is available via ftp or through a Web in-
terface. The Web index for the NDB archive is shown
in Figure 27.

The NDB is also the primary network site
for information related to the development of the
macromolecular CIF (mmCIF) dictionary and DDL.

The mmCIF home page is shown in Figure 28. The
mmCIF archive site contains a variety of introduc-
tory and historical information about the mmCIF
and DDL development e�ort, and the latest text and
HTML versions of the mmCIF and DDL dictionar-
ies. Information about software tools for mmCIF
and several mail reectors on mmCIF topics are also
archived at this site.

Figure 23 The index page for the NDB Struc-

tural Atlas.
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Figure 24 An atlas entry for the B-DNA do-

decamer structure, BDL001 [2]. This page

of the atlas gives the structure type, com-

pound name, sequence, citation, space group,

cell constants, crystallization conditions and

re�nement data. Links are provided to co-

ordinate data, images of the biological unit,

and images of packing in the unit cell for this

structure.

Figure 25 A molecular graphic from from the

NDB Atlas entry for the B-DNA dodecamer

structure, BDL001 [2]. This ball and stick rep-

resentation is color coded by sequence.
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Figure 26 A molecular graphic from from the

NDB Atlas entry for the B-DNA dodecamer

structure, BDL001 [2]. This space �lling rep-

resentation of the unit is color coded in terms

of the symmetry related molecules.

Figure 27 The Archives page provides links to

a variety of information that is routinely up-

dated by the NDB. This includes collections of

standard reports describing the current con-

tents of the NDB, dictionaries of nucleic acid

standard geometries and parameter �les, on-

line documentation, project newsletters, and

links to the NDB FTP archive.
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Figure 28 The macromolecular CIF (mmCIF)

home page. The information which can be

accessed from this page includes: the history

of the development of the mmCIF dictionary

and Dictionary Description Language (DDL),

the text and HTML versions of the mmCIF

and DDL dictionaries, descriptions of mmCIF

software tools, and related mailing lists.
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