1 ldentification and classification of virus particles in textured

el ectron mcrographs Field of the Invention The present invention rel ates
to identifying structures in inmages. In particular, the present invention
provi des a nmethod and an arrangenent of identification and «classification
of virus particles in textured el ectron m crographs. Background of the

I nvention .Virus assenbly is an intricate process and a subject of intensive
research. Viruses utilize a host cell to produce their p virus
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tools to characterize the structural effects, especi aI.tI %}dl t.glgmedi ate and
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maturation and 1 ntracellular transport would facilitate objective studies
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structural effects can be visualized by EM. However, the lack of proper tools to characterize
the structural effects, especially intermediate and obscure particle forms and to quantify it

properly in an objective vway. Image analysis tools to characterize and quantify virus particle,

maturation and intracellular transport would facilitate objective studies of different virus
assembly states using electron microscopy. A lot of information is acquired but need to be

structured and statistics produced from it to evaluate the effect and draw conclusions.

Summary of the Present Invention
Characterization of the structural morphology of virus paiticles in electron

micrographs is a complex task, but desirable in connection with investigation of the
maturation process and detection of changes in viral particle morphology in response to the
effect of a mutation or antiviral drugs being applied. Therefore, a procedure bas been
developed for describing and classifying virus particle forms in electron micrographs, based

on determination of the invariant characteristics of the projection of a given virus structure.



2 The tenplate for the virus particle is created on the basis of

i nformati on obtained froma small training set of electron m crographs and
is then enployed to classify and quantify simlar structures of interest
in an unlimted nunber of electron m crographs by a process of

correlation. Using linear deformation analysis, this novel algorithm

descri bed here can handle virus parhicle variations such as ellipticity
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Brief Description of the Drawings

Figs.1A and 1B show typical transmission electron micrograph images of

developing herpes virus;

Fig 2A shows empty herpes virus nucleocapsids;

Fig. 2B shows herpes virus nucleocapsids with a transiucent core;

Fig. 2C shows herpes virus nucleocapsids containing packaged DNA; l

Fig. 3A shows a virus particle with an elliptical shape;

Fig. 3B shows a virus particle that has been deformed to make it circular.

Fig. 4A-C show test functions for viral capsid structures (A, B and C} in
electron micrographs employing no coefficient reduction (None) or 80% of the coefficients
exhibiting least variation (VAR); '

Fig. 5A shows a matching of a test function A to an authentic capsid structure
and to a similar but false structure.

Fig. SBA shows a matching of a test function B to an authentic capsid structure
and to a similar but false structure.

Fig. 6 shows matching with the test function A inside of a vesicle.



Fig. 6 shows matching with the test function A inside of a vesicle. 3 Fig.
7A- C show fal se positive (FPR) and fal se negative (FNR) ratios for the
different test functions A, B and C, respectively. Fig. 8 shows the
positive probability functions (PPFs) for the test functions A, B and C
Fig. 9 shows a conparison of the actual total nunber of viral structures
present in a set of test images (X-axis) as determned by a virologist to
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capsids, a shell of viral proteins, which encase and protect the genetic material. Capsids are
spherical structures that can vary with respect to size and symmetry and may, when mature be
enveloped by a bi-layer membrane. The maturation of virus capsids is an important stage in
virus particle production, and one that is frequently studied. However, their appearance in
electron micrographs varies considerably which makes analysis a challenge. A umique feature
of herpes viruses is the tegument, a layer of viral proteins that surround the capsid prior to
final envelopment. The envelope is acquired by budding of tegumented capsids into secretory
vesicles in the cytoplasm. Thereafter, infectious virus particles exit the host cell by fusion of
these virus containing vesicles with the plasma membrane.
An objective procedure for the classification and quantifying of virus particles
have been developed in such transmission electron micrographs. In the related analysis of
cryo-electron microscopic (cryo-EM) images, considerably more effort has been devoted to
exploring different methods of identification. In eryo-micrographs, cross correlation
employing multiple templates and methods for edge detection have been applied successfully.
Suitable approaches allowing characterization and quantification of the

maturation of virus particles and their intracellular translocation facilitate objectivé studies of



enploying nultiple tenplates and nethods for edge detection have been
appl i ed successfully. Suitable approaches allow ng characterization and
guantification of the maturation of virus particles and their
intracellular translocation facilitate objective studies of 4 these
phenonmena enpl oyi ng el ectron m croscopy. However, the electron m croscope
images are difficult to anal yze andsdescribe in an objective way because
of their heavily textured background. | n additi i ndi vi dual virus
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2A- C. Tierespediigelyand arrangenent according to the present invention is
illustrated w th,virus i cl I : Fmting
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exenplified below . An jdentifjication and classifi Carli;é on a&gara us
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pixel size, resolution and enlargement for each micrograph.
In a pre-processing step, the relevant particles are selected and transformed from
possible deformed appearances to circles.
In a step of forming templates, selected and transformed particles are used to
form a template, which may be characterized by a test function. .
“In a matching step, the template or test function, is utilized to identify particles
in further image(s). The steps of the method will be further described and exemplified below.
An identification and classification apparatus according to the present invention
may be based on a general personal computer with sufficient calculation power. The
identification and classification apparatus is provided with an interface for receiving
micrographs, pre-processing means for transforming the deformed images, means fo.r forming
the templates or extracting test fanctions and means for performing a matching procedure.
These steps are typically and preferably carried out by software code modules.
Cell cultures such as human embryonic Iung fibroblasts (HF) were maintained in

bicarbonate-free minimal essential medium with Hank’s salts (GIBCO BRL) supplemented «



identification and classification apparatus is provided with an interface
for receiving mcrographs, pre-processing neans for transformng the
deforned i nmages, neans for formng the tenplates or extracting test
functions and nmeans for perform ng a matching procedure. These steps are
typically and preferably carried out by software code nodul es. Cell
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Image acquisition, discretization and analysis then followed. Electron

micrographs of HCMV-infected HF cells were digitalized employing an 8-bit gray scale ata
iesolution of 5.5 nm/pixel in a HP Scanjet 3970. The implementation was performed with
Matlab 7.0.1 (The Mathworks Inc., Natick, MA, USA} and Sun Java 1.4.2 software on a Delf
Optiplex GX260 personal computer. This analysis involved an easy-to-use graphical
interface and automation of the patameters described below for rapid and convenient use.
User-friendly and reliable tools for studies of intracellular virus assembly were
then developed. The approach was based on finding a compact set of points in R 'the field of
the micrograph, for each of which a point has a corresponding fimction value. This set of
points and their fanction values are collectively referred to as a test function or template and

can be described by a sequence {(x,,¢, )}, Where x is the point and ¢ is the function value.

The test function is preferably produced in such a fashion that the sequence of function value

is correlated to the values on the gray scale of the corresponding points. Accordingly, a



interface and automation of the paraneters descri bed below for rapid and
conveni ent use. User-friendly and reliable tools for studies of
intracellular virus assenbly were then devel oped. The approach was based
on finding a conpact set of points in R2,the field of the mcrograph, for
each of which a point has a corresponding fiuiction value. This set of
points and their function values aregcollectively referred to as a test
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In order to identify the variables of the transformation for an individual virus
particle, an ellipse set manually was used to estimate the position, size and deformation of
each capsid wall, as best shown in Figs. 3A and 3B. Image 110 (called A) has an elliptical
shape while image 112 (called B) has been deformed as described to make it more circular
shaped. Thus providing three (@, .7 and d ) of the four variables. The sample was then
partially transformed to obtain the primary radius measured without deformation (d=1), as
illustrated in Fig. 3B.

Features that are independent of rotation such as the polygonal architecture of .
the capsid wall and position of the DNA core may be determined by the ¢, value for each
sample. In order to find this value, each partiaily transformed sample may be normalized
around its mean in the interior of a circle covering the visually significant area of the images
114a, 116a and 118a, as shown in the left column of Figs. 4A-C. Then, the sum of the
squares of the distances in the /*-sence for each sample may be minimized with respect to the

angles. Since this minimization involves N-1 variables, with N being the number of reference



shaped. Thus providing three (rp0O , r and d) of the four variables. The
sanple was then partially transforned to obtain the primry radius
nmeasured wi t hout deformation (d=1), as illustrated in Fig. 3B. Features
that are independent of rotation such as the polygonal architecture of the
capsid wall and position of the DNA core may be determ ned by the cR val ue
for each sanple. In order to find this value, each partially t ransf or ned

sanpl e be nornalized around it nean inth |nt a.circle
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statistical correlation:
sequences of function values y,; and Yy (referred to below as vectors) containing the same

sequence of pixel positions was determined using the standard estimated statistical

correlation;

( _‘Jjny_; )
2
EEA S AR

M(yi’yj) =

Where 7 is the mean value of the vector and the maiching of all coefficients to [-1, 1] is
mapped. The rationale for using this approach is that it indicates the degree of linearly

similarity between the two structures. After placing the sample vectors normalized around

i =3

their mean p, = 5] into columns in & matrix, the test function sequence f¢ (||| = 1) that
! {

makes ".47' fe ” as large as possible is determined, thus providing the best match to the

samples used for training,

Singular value decomposition (SVD) may be described as follows:



Y, -Y;.Y MY;,Y) ) =4 -(eq. 2a) 11 Y] -YI D yJ -YJ Il Were Yis the
mean value of the vector and the matching of all coefficients to [-1, 1] is
mapped. The rationale for using this approach is that it indicates the
degree of linearly simlarity between the two structures. After placing

t he sanple vectors normalized around their nmean ,y, =1 - yj into columms
ina matrix, the test function sequegcefc (Il fc I) =1) that [IIY, - YjII
makes Il A fc Il as large as possible is determ ned, thus providing the
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(SVD) may b escribed as follows: 8 IIATTCII =1IVEU"' fc Il = (Vis
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the colfumtisnisa igeat doentimtion bigje ¢@gmnim)d, lﬂmdmmmng(@q.Mfeduéﬁ}sto: ~ (eq. 2b)
[1Y - YIl The t@st function in this initial SVD utilizes the coefficients

of all s§’3 with the first support assumed. Sone of these
points %éfc’t‘@ %ﬁewgat outside of the viral structures in the inmages,

and in addltlon there are points in the structures which coefficients can
vary consi derab lfile teFiHfuactionin disdaitia HVIP aitilizes khe copigsichis ohntpotes each

ff I f
VAR - Rlacadit hORHE oG AL ABE RIS b B ARG oY S 1 ©
certai of ﬁmmhstmgtmsﬁn theempgsisrend i arlditibnt there akeepaings & thestruciumestvitach est

functi | he uncti on,

@ ow eRIeRE Bal N2 CorRlaBly, I, 8% BBl et ol BBl Oy
functi cmé ﬂmtﬂbalehmdnatcshmgomcbfth@m{anm thatvsluepf only those 80% of the varying
coefficients ﬁﬁ ntified exf biting the | east variance according to the
var i anc&4Rank ﬁndéa}*’d)y? he size of the DNA core varies in the test
function for"tfe C ‘

was calculated for each coefficient. A certain percentage of the points could then be retained

in fhe test function. Since these operations change on the basis of the test function, a new
SVD was subsequently calculated.

Figs. 4A-C llustrate the test functions obtained using all coefficients or only
those 80% of the varying coefficients identified exhibiting the least variance according to the
variance ranking. Clearly, the size of the DNA core varies in the test function for the C
capsid and hence the most uncertain points have been eliminated in the right hand images
114b, 116b and 118b. Accordingly, the test functions obtained by reducing the number of

coefficients in this manner were employed routinely.

The deformations may then be synthesized. Since the structures analyzed were
assumed to be both oriented in any direction and linearly deformed in any directioﬁ, these
features must be automatically applied to the test function when analyzing an image. The
information provided by the behavior of the matching function when deforming the test
function is also of interest for and has been exploited in a similar situation. While
maintaining image B and the test function f¢ fixed and varying the deformation 7, analysis of
the matching function g(I') = M(f.,{B(Tx,)},) (where the sequence {x, }, is obtairied from
the production of the test functions performed. In order to describe T in terms of the

parameters (@, 7, d,¢,) € (0,27} [7. 7 L 1d,.4, 1 [0,22]) =T, , . the following assumptions

are made:



capsid and hence the nost uncertain points have been elimnated in the
right hand i nages 114b, 11 6b and 118b. Accordingly, the test functions
obt ai ned by reducing the nunber of coefficients in this manner were
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maximizes (g) is situated on the boundary and the graphs show a higher matching value

outside of this set. Thus, this classification should be negative. In this case the deformation
boundaries were set to (@,,7,d,¢,) € ([0,27] [0.89,1.11[0.89,1.13] [0,27]) for illustrative
purposes.

Viral capsids exit the nucleus by budding through the membrane of this
organelle. In connection with this process it is difficult to discriminate between viral and
other structures, as shown in images 126a and 126b in Fig. 6. The structure marked with a
blue cross fulfills matching criteria (i) and (7)) whereas those marked with a red circle only
fulfill criterion (). In this figure, a blue cross indicates a point in the image where the match
between the test function and the capsid structure match is better than 0.8 and the degree of
deformation is acceptable. A red circle indicates a point at which this match is better than 0.8,
but where the degree of deformation is not admissible. The structure marked as a match has a
matching of 0.94, which is very high.



imge 122 (called B) in Fig. 5B, unlike the inmage A the point in the
deformation set that naximzes (g) is situated on the boundary and the
graphs show a hi gher matching value outside of this set. Thus, this
classification should be negative. In this case the deformation boundaries
were set to (q, F, d, co) e ([0,24 [0.89,1.1], [0.89,1.131 [0, 2nnD for
illustrative purposes. Viral capsids exit the nucleus by budding through

the menbrane of this organelle. In connection with ta?iﬂ’?e ppocess it is
difficult to di§owipaiighesEug@EhER sRckar MERRPeCRSE HME ST ct ures, as shown in
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acceptable. Ared circle indicates a point at i ch .thi sl%gg is better
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can be accel egﬁ%ed lex maki ng a few observations and assunptions: C) The
def or mEGUPHF CAE §B% P%'e test functions are not orthogonal 5&_ one anot her,
and because t hegg Shie tradsintios defornessantureairter; machas HRE 1t ion, the

mat ch of {he nan- def .test function.d Aidduhhdatlofiod certain
val ue &t é%“%ﬁf‘?&?ﬁ%’%gglf%?ﬁ%&he%&%ﬁ%ﬁ?goggﬁﬁp same ki nd. (ii) Since
trans! afjeaq ofediansEr of tad testdimation flistabhieor thiwpashiong t o t he non-deformed test
function is assuned to be higher at th FidiQfialy inferd&tindlS particle
than at |ocati Oﬁgﬁerg?nﬂpgﬁif e%ﬂ%‘wdf”%en%atng?e%g% g&?gﬁ “ uﬁg{]inorrl distant from
this p%hﬁg@%mhﬁp&:@ﬁﬁﬂh@@@ﬂe@ﬂ&mamﬂ:&isafmﬁs seiRposingitiey a subset of
potentially interesting.  points wthin the M Bgkuer further
anal ysioptigfzation desghed EhibP SR 8 1Orbcrﬁ‘flitb i %ljg_ | oﬁ' g’é“scékl Bacgrﬁft{l the preceding
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" order to ensure inclusion of all interesting positions in an image the threshold value connected
with assumption (i) above was set to 0.5. ‘

In the post-processing of the final set, the virus particles are counted. There is
no threshold value (¢ that can distinguish between authentic and false structures in all images,
i.e., the assignment of structures employing this procedure does not agree completely with
that done by an experienced virologist. Setting a threshold level is therefore not an option.
Instead, a positive probability function PPF: [-11]— [0.1] can be used to determine the
probability that a given point associated with a certain matching value is actually associated
with the virus particle. This extension of the positive predictive value (PP'V) is obtained by
calculating the ratio between the number of correctly identified structures and the total
number of structures identified with a certain matching value. Thus, for a set (&) of gtructurés
identiﬁéd by this procedure containing the subset Pormeer of points associated with virus
particles of a given kind,

#{M, e P, M <M, <M +s}

arrect

#M, e P,M <M, <M+sg}

PPF(M)=



final set of points in the inmage that are associated with matching val ues
of P={M J,. In order to ensure inclusion of all interesting positions
in an inmage the threshold val ue connected wth assunption (i) above was
set to 0.5. In the post-processing of the final set, the virus particles
are counted. There is no threshold value (t) that can distingui sh between
authentic and false structures in allyimges, i.e., the assignnent of
structures enploying this procedure does not agree conpletely with that
done by an expefi exdeed obtaingl spgiotht and Sembionipally inkeasitgfudetion PdlS was t her ef or e
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follow™ In order to organize viral partlcles seen in el ectron m crographs
accor diseces be-tindiebagkagimdofn erdenfp sharenicrizg ourrpersl insthiseRectifat descri bed
here, |Qufa faid n&%%t&@{}?\fl@))én@?&s@ PR&fibd a@kﬁlfau%m%uuﬁm heemmrgs for this
nodel to be userul detecti'on and quantization of virus particles in
such i rﬁb@egd asjthe yatie betwpergthp aumbir of ewshendic aives pagliflesaeiscied ingerrasiBly ththus, an
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vi rus peith ¢ bdiesidedj ected i ncorrectly by the nethod and the act ual nunber
of authentic pa j t ot he nunber of
spuri ous structlﬁjééérg&ﬁggﬁtt 1%%31%2%5{%53&(% e{l}%dg‘hé%ﬁdésﬁgﬂ} ot al nunber of
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the positive probability function PPF described above may be used. The expected number of
particles identified was compared with the true number of particles present in the image fo
obiain a mean and standard deviation of the counting error. In addition, to evaluate whether
there was a systematic mean difference, i.e., whether the procedure identifies on the average
too many or too few particle, the Hp hypothesis that: “The mean difference = 0” was tested.
The standardization and testing were carried out on separate sets of images, 2
for training and 12 for testing. The number of samples used for standardization was 4, 7 and
10 for the A, B, and C test functions, respectively. The test images contained a total of 53 A

capsids, 239 B capsids and 83 C capsids, and the boundaries of deformation were set at
(05,74, 0,) € ([0,2],[0.83,1.2][0.83,1 2] [0,2]).

The false negative (FNR) and false positive (FPR) ratios may be described as
follows. The method was evaluated by comparing our results with those of experienced
virologists. The FPR and FNR were calculated as a function of the threshold value for the '

matching measure, as best shown in graphs 128, 130 and 132 in Figs. 7A-C, respectively.
The FNR is defined as the ratio between the number of authentic structures rejected



considered to be authentic by this approach. Thus, both of these ratios lie
between 0 and 1, wth O being ideal. In order to determ ne the nunber of
virus particles on the basis of the information provided by the set of

mat chi ng val ues acqui red by searching through an image, the positive
probability function PPF described above may be used. The expected nunber
of particles identified was conparegh with the true nunber of particles

present in the inmage to obtain a mean and standard devjation of the
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bet me@r???éuﬁq&%%?“ag’fmﬁﬁli“%}‘ﬁ e Tof F%ﬁ%ﬁs‘é%a lgfﬁég{e@& ?Wil‘i’ﬁ: Z%?'i y by the
pr oc eduegarii R%IdRE tde QT faRb Rnichieshalidrevat e Hakisids @teﬁﬁmﬁmm sBmasUr e,

and the actual nunber of yvi rusFEartl cl es presen E%Wé’gﬁt erm ned by a
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'SPUT | OUsyideh Wek UAERIs deibnitd wﬁﬂﬂ@?esﬁ?lnﬂﬂ[—l@a‘ﬂslﬂﬁ@ieb%mcﬁ&ﬂattshﬁlefﬂﬁéshbldnUnber of
structures considered to be authentic by this procedure. For conparison
with ot¥al¥e- net hods, cross over of the curves occurred at 0.25 for the A
test function, (s cgréer%) t1§@@ft§efo@£hmﬁyé}%§?bﬁﬁpﬁﬂgle§‘1degnﬁ’éﬁJs%émf;he C test
function. Quantization of structures in electron mcrographs may be

descri luekenisin gisehad teshimages by Tive propelugsin semparion gxthe cerErc t?eb?ﬁ the results
presentg %nﬂ%%&% Q';rﬁ‘olﬁgﬂf‘t IYQFHOQVHF iz, 810 e%l%?wﬂﬁ %Hdéﬁﬁﬂ‘fﬁﬁ(ﬁwhh?hé Bieahi ve

frequency o es | |f|e correct rocedure at a
cert ai ﬂnﬁmhldngcw&méenﬁﬁtﬁm@@npim som diffejetesds Uﬁétﬂ%@esﬁﬁ@&ﬂjl ng conpl ete
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step func some or conpar’i son, an i case
pr oceduleisr B ideanky, ey céctm sgaippeitabatween these two values (mean difference=0.16,

standard deviation of 5.63), which in the ideal case would be points on the identity function.

‘The fact that the level of significance of Hp was 0.92 according to Student’s t-test indicates
that there was a fair probability that there was no systematic difference between these two
approaches in mean. These results show that fast screening of the total number of vifal
structures at different stages of maturation in a large set of electron micrographs, a task that is
otherwise both time-consuming and tedious for the expert, can be accomplished rapidly and
reliably with our automated procedure. _

On the basis of the set of positioﬁs in an image 138 at which structures of
interest are located a map as shown in Fig. 10 can be produced. This fécilitates the manual
counting of these structures considerably and also gives a frameworlk for manual analysis.
Instead of simply counting and comparing structures in an unprocessed image, the virologist
is aided considerably in this task by the availability of such 2 map. The various structures are

sorted left to right in order of descending matching values beginning at the left side of the top

row.



between true and false structures would result in a Heaviside step function
at sone threshold value. A scatter plot 136 of the total nunber of viral
particles identified as being present in a set of test inmages by our
procedure in conparison to the correct nunber as determ ned by a
virologist is shown in Fig. 9 together with the identity function. The |ine
in this graph depicts the identity fiztnction. The nean difference is 0.16
and the standard deviation 5.63. The significance |evel of the nul

hypot hesi s Ho, iWgen inVeFheatingémn ptickfsarf eiraeassemlfly, infognagiongoncemigthy) there is
close simlarity between these tw values (.rean diff T 6, standard
devi at | SHeEFal tonskogy i pefainns 1 the Sita(%ﬁ%mé@ ofUTeE! él%éﬁ%gg%% the identity

funct i opugueldlaefideacThdrdTade, fobie fdraveing efid Shgifiihi emmoartiles biodiffersntGiages accor di ng
to Student's t-test ipdicates that there was,a fajr g@ﬁagg'.k%ésahat t here
was no YyBeiEiRHen fe giauied o a@@?ﬁ@@ﬁg?ﬂggﬁmY%Bﬁmﬁg%F% es | an. These
resul t sdtQiul BRtcntras the§daf 88 LRE t@éxpah@th Q&) chskixdrstrodtures byal  structures
at different stages of maturation in e set of electr i.crographs, a

nalar
t ask th%kni%ﬁ%éﬁﬁﬁ¥ﬂﬁ§@mﬁﬁﬂhﬁ¢Hﬁﬁﬁﬁﬁ§ﬁﬁpﬂge H@w#bJ#EU@PP%%HE 8 expert, can
be accoppkd $0ag: ﬁiﬂgbﬂiyqs%h@luaﬁoﬁlih @ﬂaba/onmrbf%ghs apldorsitieeamiagedur e. On the
basis of the seP of positions in an imge 138 at which structures of
i nt er esdeseile. | ocated a map as shown in Fig. 10 can be produced. This

facilitates the Rl o BhveRbndhs biEsHbidRAEREnSOREA gRlaklly and al so
gi ves a framewor or #anual anal ysis. Instead of sinply qg ntlng?and

conpar i egnsisitioos andesnbiodinentsuit frte be yedeestoadel cotgin supstitsfioyaad aliqraliols qeq
consi de ' ' : [ i Rol®wiBPelaikBe vari ous
struct ugne E%?{gﬁe%.(%e e‘;éﬂ?’g??%?}é‘%f‘gﬁ‘fﬁ‘% %méﬂrdcﬁ%#@% 0?Jljéehs%cendi ng mat chi ng val ues
beginning at the left side of the top row 13 Wen investigating the
process of virus assenbly, information concerning the structural topol ogy
inrelationship to the stage of maturation is usually not avail able or
vaguely defined. Therefore, tools for sorting and classifying virus
particles at different stages of maturation are required. Once a few
starting points have been obtained by classifying a set of obvious
structures, these can be used to expand the set of classified structures by
identifying simlar structures with the matching function enployed. This
approach hel ps nake the mapping of virus maturation in el ectron

m crographs rapid, reliable and easy to describe. Wile the present

i nventi on has been described in accordance with preferred



conposi tions and enbodinents, it is to be understood that certain
substitutions and alterations nay be nade thereto w thout departing from
the spirit and scope of the following clainms. 14 CLAIMS: 1. A nethod of
identification and characterization of structures in electron mcrographs,
conprising: selecting structures in a first inmage (110), the structures
having a first shape type defornmed in a first direction; transformng the
sel ected structures to a second shape type different fromthe first shape
type; using the transfornmed structures of the second shape type to form a
plurality of tenplates; identifying a new structure in a second i nmage
(112), the new structure having the first shape type; deform ng the second
shape typeLsgmMsucture of each tenplate in the first direction; determning
which tenplate is a preferred tenplate that best matches the new
structure; and deformng a plurality of tenplates to a shape of a new

el liptical Aghetaf stfr ddenkef fert ik Bndgcharhce el izatddnt efpsttectiaeserity

that the;pref&inth WRRLaL8pARStcfpYkabgty matches the new elliptical
shaped strgcture i thg second iqgge. 2. The gﬁ%hoqﬁggc?rdi to claim1l
wherei n £f e%ﬁ%fh’ﬁﬁc HEPS Brfprided ABR¥RNftHTy SFEREES%i r us
particl engtiy & ridmsdnshabei pypeaefohngd tr & Lk sliwegkioncircul ar shape.
3. The nei:aﬁéif@_?ﬁ?{gdiﬂm E?lé&@é@‘&r@&ﬂ?&@%%% ﬁosgmsdﬂaﬂ shld%)é e conpr i tSﬁs
expr essi rot.ation e_virus particle prior o deform ng the
Vi rus paagffﬁianLf”?ﬁb%%StEbﬁs%c%hﬁé% %¥PE6 claim 3, wherein the method

furt her vebrprihesrapsiornedgsiryoramesont othe Reamyd shegpet type Yol fyym
subsequeat pi@rdliaydeforernpiane®f the virus particle. 5. The nethod

accordingdéﬁkféégdg %’nQQEEELQcE£'e'?ﬂ:gogeégﬁér§ﬁage {112), the new
structure having the first shape type; _
deforming the second shape type structure of each template in the
first direction;
determining which template is a preferred template that best
matches the new structure; and
deforming a plurality of templates to a shape of a new aelliptical
shaped structure and testing each deformed template to verify
that the preferred template mogt accurately matches the new
elliptical shaped structure in the second image.

2. The method according to claim 1, vwherein the method further
comprises mechanically deforming a virus paxticle (110) from an
elliptical ghape or a substantially circular shape.

3. The method according to claim 2, wherein the method further
comprises expressing a rotation of the virus particle (110) prior
to deforming the virus particle,

4, The method according to c¢laim 3, wherein the method further
comprizes expressing a rotation of the virus particle (110}
gubsequent to the deformation of the virus particle.

5, The method according to claim 1, wherein the method further
comprises testing other templates to verify that the preferred
template provides the best matching.



conprises testing other tenplates to verify that the preferred tenplate
provi des the best matching. 15 6. The nmethod according to claimb5, wherein
the nethod further conprises selecting structures based on paraneters
related to size and degree of elliptical shape of the structures. 7. The
met hod according to claim 1, wherein the nmethod further  conprises testing
other directions than the first dirkztion to verify that the first
direction of deformation of the optinmal tenplate provides the best

mat ching of the new elliptical shaped structure. 8. The nethod according
to claim7, wherein the method further conprises determnining that the

mat chi ng i gl eﬁm@gﬁ&&"at{%écgﬁdl@zg dio’ RELIANS, QaREkihheRetheidd Turdheection. 9.

The nethod "acco , ereln t he netho furt%x? %nprlses
det er mww%%ﬁai?ﬁi@ a?g‘%'u&ﬁé}r?ﬁp}éa%‘f S REFEPED Ges2o

el i ptistle dndpadgsée usl wrid iadedlonhibe ofpridlescrdcteeempl ate. 10. The
nmet hod according to claim1, wherein the method further conprises

[i1tering syiuctues that aie dsposed ¥ LD ' ok ohocdi ABGRAR1 (he new

comprises testing other directions than the first direction to
verify that the first direction of deformation of the optimal
ﬁemplate provides the best matching of the new elliptical shaped
structure.

8. The method according to claim 7, wherein the method further
comprises determining that the matching is less accurate in
directions other than the first directicn.

9. The method according to claim 1, wherein the method further
comprises determining a maturity stage and type of structure of
the new elliptical-shaped structure based on the preferred
tenmplate.

10, The method according teo claim 1, wherein the method further
comprises filtering structures that are disposed within a radial

distance of the new elliptical shaped structure.



