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PDB files - atomistic representation

* Protein Data Bank files :
— A way to store and exchange polyatomic structures (proteins, DNA)
— File describing the 3D structural information of molecules

— A worlwide free access to files obtained experimentally by crystallography
techniques or computed with geometry optimization codes
http://www.rcsb.org/

HEADER TRANSFERASE 19-APR-13 4BJP

. . TITLE CRYSTAL STRUCTURE OF E. COLI PENICILLIN BINDING PROTEIN 3
e File format:

— ASCII file pdb' JRNL DOI 10.1371/JOURNAL.PONE.0098042

— We mainly extract REMARK 200 EXPERIMENT TYPE : X-RAY DIFFRACTION
information from 265 C ASP A 149 -38.902 78.078 31.778 C
keyword 266 O ASP A 149 -39.587 78.804 32.500 O

267 CB ASP A 149-36.407 78.326 31.747 C
TER 3106 ALA A 567

END
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PDB files — DNA example 1/3

10 base pairs example — Molecule level

HEADER DNA 10BP EXAMPLE

MODEL 1

ATOM 1 05° A 1 9.256 -9.769 4.573 O
ATOM 2 C5° A 1 10.679-9.579 4.526 C

ATOM 33 OP1 A 2 12.795-8.381 9.736 O

ATOM 65 P A 3 11.850-2.41812.300 P

ATOM 445 05 A10 1.100 5.57032.583 O
TER 445 A 10

ATOM 446 05 B 14 -9.356 10.98033.794 O

ATOM 688 C4 B 20 2.805 3.343 8.223 C
TER 688 B 20

ENDMDL
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This file encodes
DNA molecule

Start molecule

Atom coordinates —
first strand (A)

Atom coordinates —
second strand (B)

End molecule



PDB files — DNA example 2/3

* 10 base pairs example — nucleotide level

HEADER DNA 10BP EXAMPLE

MODEL 1

ATOM 1 05° A 1 9.256 -9.769 4.573 O
ATOM 2 C5° A 1 10.679-9.579 4.526 C

ATOM 33 OP1 A 0]

P,

ATOM 65 P A 3 11.850-2.41812.300 P

“:';.'-\_;.

ATOM 445 05° A 0]
TER 445 A 10

ATOM 446 O5° B 14 -9.35610.98033.794 O

ATOM 688 C4 B 20 2.805 3.343 8.223 C
TER 688 B 20

ENDMDL
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PDB files — DNA example 3/3

* 10 base pairs example — atomic level

HEADER DNA 10BP EXAMPLE

Nucleotide structure

ATOM 65 P DCA 3 11.850 -2.418 12.300 P

ATOM 66 OP1 DCA 3 15.242 -2.080 12.670 0 Phosphate
Phosphate Base ATOM 67 OP2 DCA 3 11.107 -3.437 11.073 0

group ATOM 68 O5' DCA 3 12.981 -1.059 12.299 0 group
ATOM 69 C5' DCA 3 11.563 0.189 11.896 C
ATOM 70 C4' DCA 3 12.527 1.314 11.875 C
Sugar ATOM 71 04' DCA 3 11.455 0.915 11.029 0
NH, ATOM 72 C3' DCA 3 11.954 1.427 11.278 c | Sugar
ATOM 73 03' DCA 3 12.405 2.645 11.894 0
\N ATOM 74 C2' DCA 3 10.453 1.552 11.042 C
| ATOM 75 C1' DCA 3 10.249 1.499 11.527 C
fo) N)\O
T o ATOM 76 N1 DCA 3 9.058 0.693 11.174 N
HO— P —0 ATOM 77 C2 DCA 3 7.998 1.341 10.557 C
on ATOM 78 02 DCA 3 8.060 2.547 10.316 )
OH ATOM 79 N3 DCA 3 6.897 0.610 10.230 N | pase

ATOM 80 C4 DCA 3  6.836 -0.699 10.496 C
Cytosine nucleotide ATOM 81 N4 DCA 3  5.745 -1.381 10.158 N
ATOM 82 C5 DCA 3  7.924 -1.372 11.112 C
ATOM 83 C6 DCA 3 9.008 -0.643 11.454 C
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Integration into Geant4 (1/2)

 Pdb4dna example will be provided in the next Geant4 release 10.1

PDB Library

PDBIib

Geant4 classes

To be
implemented

|
|
[ Inherited Geant4 classes
|
|

G4VUserDetectorConstruction

P

DetectorConstruction

+Load(filename=const string &,isDNA:unsigned short int &,
verbose:unsigned short int): Molecule*

+ComputeNucleotideBarycenters(moleculeListTemp:Molecule *): Barycente]

+ComputeBoundingVolumeParams(moleculeListTemp:Molecule *,
dX:double &,
dY :double &,
dZ:double &,
tX:double &,
tY:double &,
tZ:double &)
+ComputeNbNucleotidsPerStrand(moleculeListTemp:Molecule®)
+ComputeMatchEdepDNA(Barycenter * Molecule *,
x:double,y:double,z:double,
numstrand:int &,numNucleotid:int &,
codeResidue:int &): unsigned short int

V Y
Barycenter Molecule <>——1Residue k>— Atom
+x: double
+y: double
+z: double

+Construct()

G4VUserPhysicsList

G4VModularPhysicsList

PhysicsList

+ConstructParticule()
+ConstructProcess()
+5etCuts()

G4VUserPrimaryGeneratorAction

PrimaryGeneratorAction

+GeneratePrimaries()

|
|
P

i
|

]—l \l_ T G4UserRunAction
gdroot RunAction 4I-D +BeginOfRunAction()
A +End0fRunAction()
I : I G4RunManager
| 1 | G4UserEventAction
<>} +BeamOn( ) e —
EventAction _P +BeginOTEventAction() +Definelior Ldvolume()
| - +EndOfEventAction() +Initialize()
+computeStrandBreaks(sbh:G4int*
l | y
I I G4EventManager
I grenpeletion I ——————————< > +ProcessOneEvent()
I G4UserSteppingAction G4SteppingManager

B
l

+UserSteppingAction()

+5tepping()




Integration into Geant4 (2/2)

PDBIlib

+Load(filename=const string &, isDNA:unsigned short int &,
verbose:unsigned short int): Molecule*

+ComputeNucleotideBarycenters(moleculelistTemp:Molecule *): Barycentef

+ComputeBoundingVolumeParams(moleculelistTemp:Molecule *,

dX
dy
dZ
tx
tY
t7

rdouble
rdouble
rdouble
rdouble
rdouble
rdouble

&,
&,
&,
&,
&,
&)

+ComputeNbNucleotidsPerStrand(moleculelistTemp:Molecule®)
+ComputeMatchEdepDNA(Barycenter * Molecule *,
x:double,y:double,z:double,

numStrand:int &, numNucleotid:int &,

codeResidue:int &): unsigned short int

Barycenter

Molecule >——

* DetectorConstruction call PDBIib to construct molecule geometry

Residue |

Atom

+x: double
+y: double
+7: double

N

DetectorConstruction

A

PhysicsList

>

PrimaryGeneratorAction —{>

— vV

gdroot

I
I
I

RunAction

EventAction

+computeStrandBreaks(sb:Gd4int*]

SteppingAction

>

* EventAction compute match between Edep and DNA via Detector construction



Algorithm to find the closest atom 1/2

Goal = allocate energy depositions to an element [sugar, phosphate,
base] of nucleotides and then deduce SSB and DSB

A bounding box is calculated with atoms coordinates
No other Geant4 solid is needed for simulation

We consider that a sphere is a good approximation to englobe a
nucleotide. A list of spheres representing nucleotides is calculated

DNA specific

/

List of spheres .
Bounding box Energy deposition
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Algorithm to find the closest atom 2/2

il : Find the closest nucleotide from the energy
deposition inside the two strands

7 : Find the closest atom from the energy
deposition
- atom by atom inside the selected nucleotide
- considering Van der Waals radii

1
3: Due to sphere overlapping, find a better match
in the next two nucleotides in the list 2

4.: Return algorithm response:

- No DNA hit |
- DNA hit, return nucleotide ID, DNA strand, group type ’ /\
(sugar, phosphate or base)

Geant4-DNA Tutorial - 14/11/07 - ESA, Noordwijk, The Netherlands
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Strand breaks

* Begin of event:
A map for each strand is created to store nucleotide ID and associated

energy deposition

* For each step:
If the step is in the bounding volume, increment energy deposition per

event
Ask to PDBIlib to check the step position

* |fthe stepisin asugar or a phosphate: get nucleotide ID, strand
number, energy deposit, update the map (ID, Edep+=StepEdep)

e End of event:

Edep > threshold in sugar-

Compute and store
phosphate to get a SSB

strand breaks
Store energy deposit
in the bounding volume “ " " “ “

Geant4-DNA Tutorial - 14/11/07 - ESA, Noordwijk, The Netherlands

Distance between 2SSB >
distance to get a DSB
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Hands-on pdb4dna

2

1=

Application

Directory content
Build the example
Preparation before run
Run with GUI

Run in batch mode

(3
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pdb4dna

— Directory content

$ 11 /mnt/g4tuto/geant4-10.01-install/share/Geant4-

Sl 10.1.0/examples/extended/medical/dna/pdb4dna

e # % B

1FZX. P db
17ZBB. pdb
ana'”ﬁir
(Makelis

init.mz
init wvi
pdb4dna. cc
pdb4dna.in
README
LREADME

runInGUI .mac

B vis.mac

PDB files

Root macro file

Macro to run
in batch mode

Macro to run
with GUI

i:nIn1T11 ization.hh
rs1s. hh
torConstruction.hh
. hh

EuHHhﬁLtlHH”PFSE1QEr.hh
PDBatom. hh

PDBb: . hh

PDEL lh hh

PDBmolecule. hh
PLEI:&ldUc.hh
PhysicsList.hh
PrimaryGeneratorAction.hh
RunAction. hh
RunInitObserver.hh
SteppingAction.hh
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Build the example (1/2)

$ module load geant4/10.01-mt

$ cd tutorial

$ cp -r /mnt/g4tuto/geant4-10.01-1install/share/Geant4-
10.1.0/examples/extended/medical/dna/pdb4dna

$ mkdir pdb4dna-build

$ cd pdb4dna-build

$ cmake ../pdb4dna

user@user-VirtualBox:~/tutorial/pdb4dna-build$ cmake ../pdb4dna

)
v i
[ i ]

Detecting C compiler ABI info

Detecting C compiler ABI info - done

Check for working CXX compiler: Jusr/bin/c++

Check for working CXX compiler: Jusr/bin/c++ -- works

Detecting CXX compiler ABI info

Detecting CXX compiler ABI info - done

Configuring done

Generating done

Build files have been written to: /home/user/tutorial/pdb4dna-build
user@user-VirtualBox:~/tutorial/pdb4dna-build$




Build the examp

user@user-vVirtualBox:~/tutorial/pdb4dna-build$ make -j2
Scanning dependencies of target pdb4dna
6%] [ 12%]

62
68
73
81
87
93
Bo"

g g o g o o aF
o Ty S Sy S

r—l

[100%] Built target pdb4dna
user@user-virtualBox:~/tutorial/pdb4dna-build$
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Preparation before run (1/3)

Visit Protein Data Bank website ====) http://www.rcsb.org/
E::hlar Edition Affichage Historique Marque-pages Qutils 2 Q * 7

RCSB Protein Data Bank - R.. % | =+
- = {

€ | 9 | @ www.resb.org/pdb/home/home.do

[8) Les plus visités (@) Débuter avec Firefox (51 A la une

Home Deposition ~ Education * News » Tools ~ Help & Contact Us ~ More = Login to MyPDB Account

 memeeR or Tre SIPIDES | @EMDataBank

w
<2 PD B ~ a ?DB"J.OJ. An Information Portal to Biological Macromolecular Structures
PROTEIN DATA BANK . As of Tuesday Oct 21, 2014 at 5 PM PDT there are 104371 Structures | PDB Statistics | b & @

Search Everything Author Macromolecule Seguence Ligand (7]

Advanced e.g.PDB ID. molecule name, author B

Browse Search History, Previous Results

n

Biological Macromolecular Resource

Full Description
1 New Features Hide

Latest release:
August 2014

Structural View of Biology List View of Archive By: Title | Date | Category

-
Molecule of the Month \
Ebola Virus Proteins A
The genome of ebola virus contains instructions for building seven proteins, which assemble with the genomic RNA to form one of the deadliest viruses. Ebola virus is surrounded by a membrane stolen from an infected cell, and
studded with ebola glycoproteins. A layer of matrix proteins support the membrane on the inside, and hold a cylindrical nucleocapsid at the center, which stores and delivers the RNA genome. Ramachandran Plots
Full Article Website Release Archive: ~

Protein Structure Initiative Featured System

Deciphering Microbial DUFs 1 RCSB PDB News Hide
Researchers in structural genomics have several ambitious goals. On one hand, PSI researchers have chosen several important organisms, such as members of the microbial flora in our gut and a bacterium that is remarkably
resistant to radiation,and are systematically determining the structures of all of their component proteins. As with the elucidation of genome sequences, this will allow an unprecedented understanding of the inner workings of Weekly | [] Quarterly | Yearly
cells. A second goal is woven through this goal: to determine enough structures that we can confidently say that we have observed all the possible ways that a protein can fold. This will be an invaluable resource for the
understanding of the basics of protein structure and function, and to fuel research on protein structure prediction.

2014
Comparison Tool for
Exploring Sequence and
Structure Ali

Full Article | Archive | PSI Structural Biology Knowledgebase

RCSB PDB Mobile Supported on iOS & Android Platforms
The app supports simple queries of the PDB archive, browsing of results, 3D structure visualization, and access to the complete catalog of Molecule of the Month articles.

Hide
[ _p Organism [s Taxonomy ] o —
aw
[e Exp. Method ] [ T T ] o Homo sapiens (26851)
N ,Ei“;‘ﬁ:‘u?c'j,jg';ﬂggﬁj Visualize pairvise sequence and
[ N Release Date ] [c Polymer Type ] o Bos taurus (2361) :x.:;:ln:ure al\g:m:ms using
o Saccharomyces cerevisiae (2346) ifferent mathods more

n s ! o Rattus norvegicus (2205)

Ol (eo]=z]e
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Preparation before run (2/3)

You can find a file by its name, type, sequence, etc...

Home Deposition ~ Education ~ MNews - Tools ~ Help & Contact Us ~ More ~

An Information Portal

[==
PROTEIN DATA BANK As of Tuesday Oct 21, 2014 at 5 PM PDT there are

Search m Author Macromolecule Sequence Ligand [7)
Advanced == 1FZX B

Browse

{ PDB ID ] [ DB Reference

- - * 1FZX * PDB ID: 1FZX (1FZX - NDB)
Biological Macr

Full Description

1 Learn: Featured Molecules

Structural View of Biology List View of Archive By: Title | Da

For the tutorial, we look at:

1FZX file : 12 bp DNA strands (run with GUI)

1ZBB file : dinucleosome (run in batch mode) 1788

(Note that for the tutorial, those PDB files are provided in the pdb4dna directory)

« Do you know 1AOl.pdb? »
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Preparation before run (3/3)

L7 ¥ )
€ | @ wwaw.resb.org/pdb/explore/explore.do?structureld=1FZX A Google

Les plus visités (@) Débuter avec Firefox [3) Alaune

Home Deposition ~ Education ~ MNews v Tools ~ Help & Contact Us ~ More ~ Login to MyPDB Account

P A memeer or Tre & IPIDEB @ EMDataBank
PROTEIN DATA BANK

> An Information Portal to Biological Macromolecular Structures
=

As of Tuesday Oct 21, 2014 at 5 PM PDT there are 104371 Structures | PDB Statistics | B4 8e

Search Author  Macromolecule  Sequence  Ligand @

Advanced =9 e.g.. PDB ID. molecule name, author

Browse Search History (1), Previous Results (1)

|# pisplay Files =
[ NMR SOLUTION STRUCTURE OF THE DNA DODECAMER GGCAAAAAACGG

¥ pownload Files =

DOI:10.2210/pdbifzx/pdb NDB ID: 1FZX

Primary Citation

Solution structure of an A-tract DNA bend.

MacDenald, D.~, Herbert, K.~, Zhang, X.~, Pologruto, T.~, Lu, P.5~

Journal: (2001) J.Mol.Biol. 306: 1081-1098

PubMed: 11237619 (' I I 2 x
DOI: 10.1006/jmbi.2000.4447 &'

Search Related Articles in PubMed /3

|Z pisplay Files =
* Download Files =

PubMed Abstract:

The solution structure of 3 DNA dodecamer d(GGCAAAAAACGG)/d(CCGTTTTTTGCC) containing an A-tract has been determinediby NMR spectr: FASTA Segusnce
in a geometry consistent with solution and gel electrophoresis experiments. Fourteen degrees of the bending oceurs in the G regions flank|
characterized by decreasing minor groove width from the 5' to the 3" direction along the A strand. This is a result of propellerftwist in the AT
adenine bases. The four central thymine bases all have negative indlination throughout the A-tract with an average value of §5.1 degrees. Al
the proton on N6 of adenine and the 04 of thymine one step down the helix are within distance to form bifurcated hydrogenfbonds. The 5'

PDE Fila (Text)

: i i " | & 30 view More Images...
of tilt and roll. The |arger 3' bend, 10 degrees, occurs in two base steps: the first composed of tilt, -4.1 degrees, and the secfnd a combinati . ge
in inclination between an adjacent cytosine base, which has an inclination of -12 degrees, and the next base, a guanine, whith has 3 degre mmiCIF File viewers:
formation of a hydrogen bond between the protons of N4 of the 3' cytosine and the 06 of the next 3' base, a guanine, stabillzing the roll co ) . Err e Protem/Workshap
comparison, we also determined the structure of the control sequence, d(GGCAAGAAACGG)/d(CCGTTTCTTGCC), with an AT tofl5C transition irf mmCIF File L gz)
Kiosk Viewer 1
A-tract, resulting in a bend of only 9 degrees. When ligated in phase, the control sequence has nearly normal mobility in gel flectrophoresis i
POBML/XML File 1
koradoy ile (
Autoradiography, Base Pairing, Computer Simulation, DNA, Bacterial, Hydrogen Bonding, Models, Molecular, Models, Theoretidhl, Nucleic Acid PDBMLJ'}(ML FI|E I\QZ) MyPDB Personal Ann tati Hide
1 . . To save personal annotatifins, please
Related Structures: HMR Restraints (Text) login to your MyPDB accocjic.
MMR. Regtraints (gz) &
olzle iy Tl Ele o e
VZ NMR. Festraints (gz) 28/10/2014 |
L L I

Description of the molecule Download the file Online view

References (require Java)
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Run in GUI (1/4)

Due to GUI limitation, if you want to select a file into open file dialog
you need to rename the extension from pdb to mac.

$ cp file.pdb file.mac

Run GUI

$ ./pdb4dna

Becarefull, the command will change in the next release to: . /pdb4dna -gui

Geant4-DNA Tutorial - 14/11/07 - ESA, Noordwijk, The Netherlands
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pdbddna - x
G4File Run  Gun Draw Viewer
: @
Scene tree | Help History viewer-0 (OpenGLStoredQt) (£
viewer-0 (OpenGLStoredQt)
Scene tree : viewer-0 (OpenGLStoredQt) -
v [ [ ] Touchables ‘
v [ [] world [0] 1
o [l atomP [0]
» [ atormP [0]
o [ atomP [0]
o [l atomP [0]
» [ atormP [0]
o [l atormP [0]
o [ atomP [0]
o [ atomP [0]
« [l atormP [0]
o [ atomP [0]
o [l atomP [0]
»f [l atomP [0]
» [ atormP [0]
o [l atomP [0]
o [l atomP [0]
» [ atormP [0]
o [l atormP 0]
o [l atomP [0]
o [ atomP [0]
» [ ] atomP [0]
 [] atomP [0]
» [] atomP [0] Output
[ IO -
Touchables Isllnfelr . a M | Threads: | All - Q
Show all == Hide all ¥
# Viewer menu
/gui/addMenu viewer Viewer
/gui/addButton viewer "Set style surface" "/vis/wviewer/set/style surface"
» Viewer properties /gui/addButton viewer "Set style wireframe" "/vis/viewer/set/style wire"
/gui/addButton viewer "Refresh viewer" "/vis/viewer/refresh"
/gui/addButton viewer "Update viewer (interaction or end-of-file)" "/vis/viewer/update™
/gui/addButton viewer "Flush wiewer (= refresh + update)" "/vis/viewer/flush" o
/gui/addButton viewer "Update scene" "/vis/scene/notifyHandlers" “
»  Picking informations ' k
Session : |

Geant4-DNA Tutorial - 14/11/07 - ESA, Noordwijk, The Netherlands
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Run in GUI (2/4)

Load PDB file (.mac) Click on ‘Draw’ menu, and Try different visualisation...

- pdbddna
G4Fle Rum Gun QNHEVE Viewer

Build bounding volume only

i ﬁ drawAtoms t
Help

Scene tree drawNucleotides penGLStoredQt) [E)

- drawResidues

viewer-0 (OpenGLStor : :
©p drawAtomsWithBounding

Scene tree : viewer-0 drawmMucleotidesWithBounding

» [ [ ]| Touchablé  drawResidueswithBounding
R
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Run in GUI (3/4)

Those screenshots correspond to 1ZBB.pdb (.mac)
Visualization of a di-nucleosome (Asymmetric Unit of a tetra-nucleosome)

‘Residue view’

‘Atomistic view’

‘Barycenter view’

Geant4-DNA Tutorial - 14/11/07 - ESA, Noordwijk, The Netherlands 23



-

G4File  RuR o Viewer

&

Scene tree | Help  History

viewer-0 (OpenGLStoredQt)

Scene tree : viewer-0 (OpenGLStoredQt)
v v [] Touchables
v O [ werld [0]

v [l atomP [0]
v [ atomP [0]
v [ atomP [0]
v [l atomP [0]
v [ atomP [0]
[+ [l atomP [0]
[+ [ atomP [0]
[+ [ atomP [0]
[l atomP [0]
[+ [ atomP [0]
[l atomP [0]
[+ [ atomP [0]
[+ [ atomP [0]
[+ [l atomP [0]

v Hl

Touchables slider

o
Show all ~ == Hide all
L

> Viewer properties

P Picking informations

Run in GUI (4/4)

pdbddna

viewer-0 (OpenGLStoredQt) [ : La U n C h a Sl m U |atIO n

Output

]E[ Threads: |All = Q

configured by ‘runinGUl.mac’
in the Run menu

Call run and gun commands in

Number of Oxygens = 140
Number of Nitrogens = 90 h 1 b
NMumber of Sulfurs =0 t e SESSIOn teXt OX
Number of Phosphorus = 22
Number of undifined atoms =0

Session : | /gun/partICIe e-

/gun/energy 10 keV
/run/beamOn 10
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Run in batch mode (1/2)

1. Prepare your macro file “tutorial.in” using your favorite

editor (geany...)

You can start from the “pdb4dna.in” macro file

turorial.in
/run/initialize

> Select your PDB file

/PDB4DNA/det/1oadPDB 1ZBB.pdb
/PDB4DNA/det/buildBoundingv

/PDB4DNA/event/setEnergyThres 8.22 ev
/PDB4DNA/event/setDistanceThres 10

/gun/particle proton
/gun/energy 1 kev

/run/initialize
/run/beamon 10000

> Construct the bounding
volume

Set thresholds for strand
breaks: energy, distance

Set characteristics of
primaries

Initialize and run
the simulation
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Run in batch mode (2/2)

2. Run the simulation

$ ./pdb4dna -m <your_macro_file> -t <number of threads>

Becarefull, the command will change to:
./pdb4dna —mac yourmacrofile —mt numberofthread

$ ./pdb4dna -m tutorial.in -t 2

: 98006

: 99008

Geant4-DNA Tutorial - 14/11/07 - ESA, Noordwijk, The Netherlands
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Hands-on pdb4dna

=

[\

)
/

)

—
ROOT analysis
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ROOT analysis

 Asimulation will produce a root file “pdb4dna_output.root”

3 histograms: energy deposits in the bounding volume per event,
SSB and DSB

$ root analysis.C 8 P02 D1tk et e
» Energy deposit in the target (eV)
Entries 9993
W E L C o M E tO R O O T * sogf Mean 144.4
% 70H
version 5.32/04 13 July 2012 = %
* s0
You are welcome to visit our web site * “%
http://root.cern.ch * 5
* zoé
10;
- R - W
ROOT 5.32/04 (tags/v5-32-04@45051, Jul 13 2012,
15:55:10 on Tinuxx8664gcc) Number of SSB __ Number of DSB -
1200 C I MT;::E 116 60 i_ N Ml::s 1
CINT/ROOT C/C++ Interpreter version 5.18.00, July 2, 2010 1@; ok
Type ? for help. Commands must be C++ statements. g :
Enclose multiple statements between { }. w0 “t
root [0] 00 0
Processing analysis.C... wb b
-> Edep in the target : 1.44367 Mev B E
-> Number of SSB : 1666 or o
-> Number of DSB : 60 “””“JTLﬁF%”Q“ﬁ“Q“S“n D T S,
root [1]



Go further

Now, you have an overview of pdb4dna.

Your feedback is important.

Contact us, we will provide you information concerning technical
aspect, implementation, possible improvements...

delage@clermont.in2p3.fr

perrot@clermont.in2p3.fr

Thanks a lot and thanks to the organizers!
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