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Viruses and snowflakes

A traditional Christmas activity, here in Glasgow
and in many other parts of the world, is making
paper snowflakes. Fold up a circle of paper, cut a
design into it, unfold it again and you end up with
a symmetrical design that looks like a snowflake. If,
like my colleagues at the MRC-University of
Glasgow Centre for Virus Research, you spend a lot
of time thinking about the microscopic world,
these symmetrical decorations can also remind
you of something else — viruses.

Snowflake (Alexey Kljatov, 2015)

Virus particles and symmetry

Why would viruses look like snowflakes? After all,

we don’t expect bacteria to look like snowmen or

fungi to look like icicles (although some do; nature
is quite varied).

It becomes clear if we think about what a virus is.
Avirus is a set of genetic instructions that take
over a cell and turn it into a factory for making
more viruses. Importantly, one of the things the
viral genes make the cell do is to produce
microscopic particles that can package up new
copies of viral genes, in order to transport them to
new host cells. These infectious virus particles (or
‘virions’) are very distinctive, and are usually the
first thing we think of when we think ‘virus.” They
are, if you can leave the associations with disease
aside, quite beautiful.

One of the things that makes virus particles
beautiful is that they are often symmetrical.
Indeed, some virus particles are so regular that,

OWIFLAR

An icosahedron (Tilman Piesk, 2015), and an
icosahedral calcivirus particle, shown in 3D
and in cross-section (Conley et al. (2019)
Nature 565 (7739) 377-381).

like the water that forms snowflakes, they will
assemble into crystals if they are kept under the
right conditions in a laboratory — this trick has



Artistic representation of SARS-CoV-2, which
is wrapped in an envelope of membrane
(David S. Goodsell, RCSB Protein Data Bank;
doi: 10.2210/rcsb_pdb/goodsell-gallery-024).

been used by crystallographers to study their
invisible small structures in great detail.

Why are virus particles so regular?

Virus particles are symmetrical because, despite
the huge impact they have on our world, viruses
are very simple. Compared to us, viruses have very
few genes, and so they need to make virus
particles from an extremely small set of
components, which they use repeatedly.

One way to do this is to assemble a regular box of
‘capsid’ proteins to enclose the viral genes (an
icosahedron, which has twenty sides). A 2D
projection of an icosahedron is roughly hexagonal,
giving it the same symmetry as a snowflake.

Another way to make virus particles is for the virus
to steal components from our own cells. Many
virus particles are wrapped in a layer of membrane
obtained from the cell they grew in — a good way
of protecting the viral genes, though it can be
disrupted by detergents in soap, or alcohol in hand
gels. Surface tension tends to pull membranes into
spheres, and proteins that float in them or within

them tend to spread out to a roughly even spacing.

Because of this, it turns out that many viruses can
be made into paper snowflakes. (A little bit of
tweaking was needed to make them fit the
symmetry of Christmas decorations exactly, and if
you are already interested in viruses you can try
and predict where that was needed.)

Virus Snowflakes

In this collection you'll find viruses that we care
about because they make people sick, and viruses
that we care about because they make animals
sick. You will find viruses that don’t do either of
these things but are just really cool — the
enormous Mimivirus and the tiny satellite virus
that infects it (a virus infecting a virus!); the
unobtrusive anellovirus, which you are likely to be
infected with right now without noticing it or
having any ill-effects.

You will not find some viruses, either because they
are not symmetrical enough (the tailed
bacteriophage, or bacteria-infecting viruses, that
resemble lunar landing modules are among the
most beautiful viruses but they only have one copy
of their long tail) or because they have the wrong
sort of symmetry (this includes viruses that stack
their capsid proteins into a helix, like the filament-
shaped Ebola virus, and certain viruses that have
distinctive shapes like the bullet-shaped rabies
virus, the brick-shaped smallpox virus or the
lemon-shaped viruses that infect some single-
celled archaea).

Finally, this collection was put together in a year
dominated by one particular virus, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
the cause of coronavirus disease 2019 (COVID-19)
and the resulting pandemic. Happily, by
understanding the structure of virus particles we
now have some tools to fight it, and this collection
ends with two SARS-CoV-2 vaccines inspired by
virus structures, as well as a final snowflake
showing how vaccination can protect us against
SARS-CoV-2 — perhaps the best Christmas gift any
of us could have this year.

Other Resources

* More free resources for learning about viruses,
including a colouring book, 3D paper art models
(including of helical viruses) and an augmented
reality app, can be found with the files for these
snowflakes at the website of the MRC-University
of Glasgow Centre for Virus Research
(https://tinyurl.com/yc8edw?7a).

* These virus snowflakes were based on a wide
variety of research papers but | was also grateful,
as many virologists are, for the excellent virus
summaries at ViralZone
(https://viralzone.expasy.org). Any errors are
mine, though some of them, due to the
unforgiving symmetry relationships of Christmas
decorations, were deliberate.




YdJeasay snIIA .
J04213u33 MOSSEIL) [0

m > U AJISIOATUN) @

11oUN0> Um_\/_

youeasay

[ERIEN

‘dwouab yNQg ,SnJIA 2y)
abexped 03 djay yoiym ‘suiayold

JusWad/Joulw pue 2102 aJe a)iped

93 9pISUT "S||22 mau 0] yoene
0} S9SN 31 Ydlym ‘sauqyy a1|-31ds
‘6uo| yam pajelodap aJe SsIauldod
ZT S,9|p1ded snainouape uy

:9]213ded SNJIA 9Y3 Inoqy

*Z-N\0D-SYVYS bBulpn|pul SasSNJIA 10y

saulddeA ul pue Adeday) auab ui
S9Sh Spulj 9say] ‘sauab JaAlop
031 pauipow Ajjeanauab aq

ued Aayl "siiARdunfuod

pue swoljdwAs a31]-p|0d
Alaejnoiued ‘sassaul|l Jo

AJalleA e 9sned sashJIAOURpPY

:SNJIA 3Y3 Inoqy

‘Plojun (v)

">oe3s aJipus ayy ybnoay
builno ‘ubissp ay3 3no InD (€)

'doj uo

ubisap ayy yum ‘s|buely e
w104 03 saul| panop pjod ()
‘alenbs ay3 3no nD (1)

:suononJjsul

wnipa :A3noua

NON 0

Ud4easay SNJIA 10j 243ud) Mobse|9 Jo AjisiaAiun-DdI ‘uosuiydinH p3 (0Z02) 0'F A9 DD 9SUDIT SUOWWOD) SAIIRIID B Japun 3|qe|ieAe A4




YdJeasay snIIA > 1puno
Joja1us) MOSSEIL) [0 oo DU

youeasay

m >U AnsIoArun) @ Jea1paw

‘awouab s3I Jo sa1dod
3J0W 2w 03 SSWAZUD UMO JNO Uo
saljad snJiA 9yl “(,bul, ‘ojlaue wouy)
auwieu s3I SnNJIA ay3 saAIb yoiym ‘vNg
papuelis-a9|buls Jo 9|2410 B punoJIns

sulajo.d pisded Jo X0Q |edpayesodl ue
:s9o1ed ajdwis wJao) SISNJIAO|IDUY

:9]9134ed SNJIA 243 Inoqy

"BuIdIjoU USAS NOA JNOYIM Juswow
a3 1e Apoq JnoA apisul bunedidad
aJde sasnJiAo|jaue 1eyl APyl SI

} - uowwod ApwaJixa aJde Aay
1NQg ‘9seasip asned 0} UMou jou
aJe Ajlwej snJiA SIY3 JO S1aquudiy

:SNJIA 343 Inoqy

‘Plojun (v)

">2e3s adiua ay3y ybnoayy
buano ‘ubissp ay3 Ino InD (€)

*doj uo

ubisap ayaz yum ‘s|buers e
w04 03 saul| panop pjod ()
‘adenbs ay3 3no nD (1)

:suoonJisul

Ase3 :Aynduia

NONEIL

Ud4easay SNJIA 10j 243ud) mobse| Jo Ajisianiun-DdI ‘uosuiydinH p3 (0202) 0'F A9 DD 9SUDIT SUOWWOD) SAIRRIID B Japun 3|qe|ieAe Ajpal4




Uo1easay SNJIA J0j 213u9) MobBse|D Jo AJISIAIUN-DUIN ‘UosulyoIny p3 (0Z0Z) 0'v Ad DD 9SUSDIT SUOWWOD SAINRID B Japun d|gejieAe Ajal4

YdJeasay snIA — 12UNo!
104313U8) MOSBSE[D) J0 72 hoaeey | DN

m >U Karszoatar (79 o

'su0I3oUNy S,|192 3yl Jo

|0J3U0D 2] pue adedss 03 swouab
|edIA @Yy buimojje ‘aoeuns sii

ul suado aJod vy "J|9s)l sebuelleal
doied ayy ‘|19 e apisul SI 31 22UQ
*2Wwouab |ediA ay3 suleauod yoiym
3p1ed (jeapayesodl) papis Qg e
AQ paniwisuely ale sasnJiAIe)

:9]213ed SNJIA Y3 Inoqy

"S1ED Ul U0oIID3jul Alojedidsad e
sasned YoIym ‘snuiAidijed auljay
Algelou ‘syad 308jul SISNUIIAIDIED
19410 "9seasip BuillWoA Jajuim
‘eaoyJlelp pue BUIWOA JO SW.I0)
SNOIID3JUl UOWIWOD ISOW 33 JO
auo Buipnjoul saseasip asned jey)
S9SNJIA JO Ajllie) e aJe SasnJIAIe)

:SNJIA 943 Inoqy

‘Plojun ()

">2e3s adiua ayy ybnouyy
bunand ‘ubisap ay3 3no nD (€)

*doj uo

ubisap ayl yum ‘sjbuely e
w104 03 saul| panop pjod (z)
‘alenbs ay3 3no InD (1)

:SU0IPNIISUT

Ase3 :Aynoyq

1)




ydJeasay SNIIA
Jojanua)

4242353y SNUIA J0) 913U MobBse|D Jo AJISIaAIUN-DYIN ‘uosulydIny p3 (0Z202) 0% A9 DD SSUSDIT SUOWIWOD SAIIRS.D B JSpun 3|qe|ieAe Aj9a.4

115Un0> Uﬁ_\/_

yoieasay

[EEIBEN

dHAD (=

"u1ajold N Jo saidod Auew ul paddeam si
awouab YN 2yl SIyl apisul pue ‘joyod|e
J1o deos Ag paAoJdisep ag ued yoiym
auelquiaw e sey ShJiA 3yl ‘salpogiue
AQ pa>20|q ©q ued yoiym ‘sj|ad 3soy

M3U 0] Spuig S 'aweu S} SnJIA 3y3 aAIb
(,umo.d, J0) BUOJIOD JR|OS B JquIasal
yoiym ‘uiajold s jo sayjids buoj ayl

:9]21}ied SnJIA 9yj] (noqy
J1wapued buibueyd

-pldom e pasned sey (6T-AINOD) |,

6T0Z 9SeasIp SNJIIABRUOIOD) S9SheDd YdIym
(Z-N\OD-S¥HVS) Z ShJIARUOJOD) BWOIPUAS
Alojelidsay 21Ny 9J9A3S :SNOLISS

9J0W 3Je S9SNJIARUOJOD dWOS

‘P|OD UOWIWOD 9Y3 JO Sashed ayj Jo

U0 2JB SISNJIARUOI0D ‘suewny U]

'SpJiq pue sjewwew Jo sanads Auew
109JUl UBD S3SNJIARUOI0D JUdId(

:SNUIA 9Y] Jnoqy
‘Plojun (v)
oels aJdinua ayy ybnoayl

Bui3and ‘ubisep ay3 Ino Ind (€)
*doj uo

ubisap ay3 yum ‘sibuer e
w04 03 saul| panop pjod ()
adenbs ay3 1no 1nD (1)

:suoionJIIsul

wnipay :Aynouya

NTNOE0)




ydJeasay sNIIA

o~ j12un0> Um_\/—

ojonuss AT MOJseo) Jo
m >MU A////W\O Sﬁﬁwmﬁuﬂhﬁ@ IU,H,WHM

‘'suiajold |ediA JO 92133e| B Ul
pa31eo0d S| suelquaw s,3died sniia
a2y "uiajoid asesswAjod e 03 punoq
pue suiajoldoapnu ul paddeam yoea
'WYNY J0 sjuswbas 2a.4yj JO S3ISISUOD

SNJIA pue|}aeaH Jo sawouab ayl

:9]213ded SNJIA Y3 Inoqy

"'SM213 AQ ‘SnJIA puejlueay
JO 9sed ayj ul - spodouyyie
bunig Aq paniwsuesy wayy
JO 3sow ‘sasnuiA jue|d pue [ewiue
JO J9pJ0O 3SIDAIP B aJe sasniineAung
‘sniineAunq e Jo sjdwexa
ue s| ‘1IN0SSI|y Ul J23ua) |edIpaly
|euolbay puejlesaH Jajje paweu pue
6007 Ul P2J2A0ISIp ‘SnJIA pue|ldeaH
:SNJIIA 9Yy) Jnoqy
‘plojun ()

"oels adiua ayl ybnouayy
buinno ‘ubisap ay3 no D (g)

‘doj uo

ubisap ayiz yum ‘sjbuely e

Wwio4 03 saul| panop pjod ()
*alenbs ay3 3no 10D (1)

.suononIjsul
Ase3 :Aynoua

Sl
UNY 1Lew 9

U24e3s3y SNUIA 10§ 913UD) MOBSE|D JO AJISISAIUN-DYIA ‘UosSuIydInH p3 (0202) 0'v A9 DD SSUSDIT SUOWIWOD) SAIRRDID B Japun 3|qe|ieae Ajaald4




UoJeasay SNJIA J0j 213u9) MoBse|D Jo ASIDAIUN-DUIW ‘UosulyoInH p3 (0Z02Z) 0'v Ad DD 9SUSDIT SUOWWOD dAIRRDID B Japun d|qe|ieAe Aja.4

ydJeasay SNIIA

J0ja1Us) SOmeU o R 1ounod | SyM|A]

yoieasay

Nn_>Mu E,B::D@ B ' -° )
. .~ -

‘'sul130.4d |eJIA pue auelquiaw JO . . ' .
apiued jjews e ul paddeim si siyl "YNY - , B .
papueJ}s-a|buls wod) Ajjaed pue ‘YNNG K . o R
papuelys-a|buis wod Ajjed ‘YNNG , . ) .
papuel}s-a|gnop woJj Ajjaed pawoy J/ . . K%
‘sawouab |ensnun ue sey AgH g . B N

:9013ded SnJIA 9y3} 3hoqy : . . .

‘uonjeulddeA Aq ' . . \

pajuanald ag ued uoi3oajul ybnoyy K g g ._
‘wa|qoid yijeay |eqolb e si (AGH) | . X p \
SNJIA g SsijipedayH Jsdued pue aanjie} | . . _
19A1] 03 ped| Ued YoIym ‘(snneday) | . - \
J9AIl @Y1 JO uoneWWEeUl @Shed ued | \
1BY] SoseasIp |edIA Auew aJde auayl . \

iSNJIA 9Y3 3noqy

plojun ()

"Yoeas aJdinua ay3 ybnoayi
bunano ‘ubissp ay3 Ino InD (€)

‘doj uo

ubisap ayiy yum ‘s|buensy e
w104 03 saul| payop pjo4 (2)
*adenbs ay3 1no ) (1)

.suonon.Jjsul

wnipa :A3nouqg

Ml
d SVl




UoJeasay SnJiA 10j a13ua) mobse| Jo ANSISAIUN-DYUIN ‘UOSUIY2INH P3 (0202) 0°+ A9 DD SUSDIT SUOWIWOD) DAIRRID B Japun a|ge|ieAe A[@al4

ydJeasay SNIIA [1ounod
JOJ 2J1Ud: 2
)} 213U3D MOSse[D) fo /& ﬁ yoseasay JdW
Nn_>u Aa1s101 ::DE leapaw

'Apoq ay3 punode spidi| Jodsueu)
1eyy sooied uidyoldodl] ayy yam
asnj ued s9pied ADH ‘aueiquisw
ul paddeam pue uiayoldd Xijew

JO J9Ae| B AQ papuno.1lns S| awouab
ADH 2431 Jo YN¥ papueais-a|buls ayl

:9]d13ded SNJIA Y3 Inoqy
'2lnd pue

1e9J] 0] J3ISea yonw ADH apew aAey
sbnup paaosduwi ‘Ajjuad3y J2dUed pue
aJnjiey J9AI1| ‘sSau||l 21UOJIYD Sasned
yoiym ‘sinineday |ediA Jo asned Jolew e
SI (ADH) snJiA D siinedsH (sinedsy)
J3A1| 943 JO uonewwejul asned ued
1ey] Saseasip |ediA Auew aJde adayl

sSNUIA 9Y3 ynoqy
‘plojun ()
oe3s aJdipua ayy ybnoayl

Buiand ‘ubisap ay3 Ino InD (€)
‘doj uo

ubisap ay3 yam ‘sibuer e
w10} 03 saul| paynjop pjo4 (2)
adenbs ay3 31no 1nD (1)

.suononJajsul

wnipay :Aynouya

SIYIA
J SILILVdd R

-~




Uo1easay SNJIA 104 243U MoBse(D Jo ANSISAIUN-DYIW ‘UoSuIydINH P (0202) 0'v A9 DD SSUD[T SUOWIWOD dAI}RDID B Iapun d|ge|ieAe Aj@a.4

YydJieasay snIIA oun * ’
10§ 913U3) .,ﬁowmmﬁu J rounod | HIN *

SAD = Ayiszoatup (18 e . .

"a0eds Aun siyj ojul 314 03 ||eq , .
1ybiy e ojul paddeam ‘YNQ JO puedls . .
buo| e - swouab |ediA aY3 sulejuod " .’
yoiym ‘pisded 4o ||ays (jespayesodl) s .
PapIS-0¢ e S!I SIy3 UIyym juswnbay K .
ay3 pa||ed ‘3eo0d ulayold oIy e si syl " S
9pISUI "sulajodd |edIA YyaMm pappnas Si "\ ‘
1eyl auelquiaw e Aq papunolins si 1 ' ‘
'x9|dwod s 3pniJed snJiA sadiay v . ’
:901ed SNJIA 943 Inoqy " S
*S210S p|0d asned 0] sabiawa ‘s||9o . ‘
DAJIDU Ul SBpIY YdIyM ‘T snJIA xajdwis . :
sodJaH "aseasip asned 0] abiawa-al . .
Alleuoisedd0 1nqg sporad buo) . .
J10J uspply 3l ued Aay] ‘suoiydajul o
Buo|D4l] 9SNED 1BYJ SOSNUIA UOWILIOD  frr--=ssrmmsmrm s n oo e R LR EEEEEEEREEE LR
AJDA JO Ajlwe) e ade sasnJIA sadiaH A 7.
:SNJIA 9Yy3 ynoqy .
‘piojun (v)
"oels aJdipua ayy ybnoayy
buiano ‘ubisap ayz ano InDH (£) . .
‘doy uo
ubisap ayiz yum ‘sjbuelny e

wo4 03 saul| panop plod (2)
*adenbs ayj 3no 1nD (1) . .

:suononJajsur ‘ .
pleH Ay noujia : .

. , .
N




ydJeasay SNIIA

J0y91U3D MOTseD) fo AN wresson JdN
Nn_ >U Aaszoata [vi9) pr—

"WJ0j 9J4njew si
ojul abueaseas 03 apniued ayy buimojje
‘sul@yoad ayj Ind saWAzUD |_JIA ‘paWIOy
sey 9joided snJIA ay) 19y ‘suiajoud
|eJIA pue auelquiaw e Aq papunolins
aJe sawouab |ediA ay] Jo sa1dod om|
:9]2131ed SnJIA 3yj jnoqy
"(sA1v) awolpuAs Aduapijapounuwiwi]
paJinboy buisned ‘walsAs sunwiwl
9] suaxeaMm AJIDA3S SIY] ‘pajealiun
41 "S309jUl 11 S|[82 pOO|q |3Iym ayj jJo
awouab ayjy ojul syIasul Ajjusuewdad
M yoiym (,04324, 2ouay) awouab
VNY S} jo Adod yYNQ e sa>ew AIH
1nqg ‘swousab yNQ e wou) sabessaw
VNY Ad0od S||92 JnQ SnJIA0JIad B SI ATH
:SNJIA 9y] 3noqy

'Saul| paysep ayj buoje pjojad
:9p1Ied snuiA ay3 aanjew o) (g)
‘Plojun (v)

>oe3s aJdipua ay3 ybnoayy
bunand ‘ubisap ay3 3no nJ (g)

*doj uo

ubisap ayiz yum ‘sjbuersy e
w104 03 saul| panop pjod ()
‘alenbs ay3 3no nD (1)
:suoionJsut

wnipa :A}nouqa

S
AN IAON VAR
NVRNR

U21easay SNUIA J0J 343us) mobse|9 Jo AJsiaAlun-DyIW ‘uosuiyoiny p3 (0Z0Z) 0°v A9 DD SSUSDIT SUOWWOD DAIIRSID B I3pun d|qe|iene Ajaaly




yoJeasay SnIIA
Jojanua)

dAD

‘awouab jedin ay3 Jo syuswbas jybia
ay3 pue uiajold xujew jo JaAe| e
S| 9pisu] aJdod e AQ pajeaysuad pue
sul230.d 2x1ds oMl 2yl Yyiim pajeod
SI ydiym ‘suesquiaw e ul paddeam
S| 9oI1ed snJiA ezuanjjul 9yl
:901ed SNUIA 943 1hoqy
Jlwapued ezuanjjul ue sa3e3UD
SIY3 - uodalold sunwwi [|e 2dedsa
01 wayl buimojje ‘sniiA ezuanjjul
lewiue ue wod) saxids mau APy dwod
dn >21d sasnJIA ezusanjjul uewny
‘Ajjleuolisedd *uayjo pajepdn aq
03} 9ABY Wyl 03 AJlunwwi apiaoad
UdIym sauiddeA ayy pue ‘Ajpided
abueyd saxids ayy “4aAamoH (039
‘ZNEH “INTH) 3M0s 3ybu ayy jo ade
Aaya J1 saipoqiue Aq pax20|q aq ued
'WYN pue yH ‘@oejns Jiayjy uo sayjids
"uoIISNeYXD puk JaAd4 Sasned jey)
ssau||l Alojedidsad J9juIM UOWWIOD e
‘ezuan|jul asned sasnJIA ezuanjjul
sSNJIA 9y3 ynoqy
‘plojun (+)

"Yoeis aJdinua ay3l ybnoayi
bunano ‘ubisep ay3 3no 1D (¢)

*doj uo

ubisap ayi yum ‘s|buersy e
w104 03 saul| panop pjod ()
*adenbs ay3 3no InD (1)
:suoonJsug
wnipa :Aynouqa

B

Ve

W 20BSe[0) o 2 e DU

Aqrs10A0 (79 Hazesy

|1eaipaiy




ydJeasay SNIIA

Joyanus) wwObmﬂ,u \c 112unod Uﬁ_\c

yoieasay

N.n_>u As10ATU ) @ I

"S||90 MaU J93ud 03 SNJIA 3]

MO||e aueiqwiaw ay3 ul suiajoud
Bbuipuig-103daoay aueiquiaw e
pue uijoid xijew Ag papunolins
pue sulajo.d |ediA 03 punoq ‘¥YNY
papueJ}s-a|buls Jo sjuawbas om)

JO S3S1SU0D awouab snuIA esse] ayl

:9]213ded SNJIA Y3 Inoqy

‘'SnJIABRUDIRWILEBW BSSET pa||ed
‘(uowwod aJow bulwodaq siI jeyl
auo0) snJIA buibiawa ue Aq pasned

S| 31 "edl4y 1S9 JO sued ul syusapod
woJj 3ybned aq ued jeyiy ssauj|l
9J19A3S e S| J9A3) d1beydiowaey esseT

iSNJIA 943 3noqy

‘Plojun ()

"oe3s ad13ua ayl ybnoayy
Buinno ‘ubisap ay3 no D (g)

‘doj uo

ubisap ayi yum ‘sjbuely e
w104 03 saul| panop pjod ()
*alenbs ay3 ano 1nD (1)

:suoionJIsur

wnipa :Aynouqg

SNYIN VSSV1

U21easay SNUIA J0j 913u9) mobse|D Jo ANSISAIUN-DUIW ‘uosulyoiny p3 (0Z0Z) 0'v A9 DD 9SUSDIT SUOWWOD DAIRRDID B Japun 3|qe|ieAe Ajald




ydJeasay SNIIA

Joyanus) wwObm:U\c 115Un0> Uﬁ_\/_

yoieasay

N.n_>u As10ATU ) E I

‘awousab yYNGg

Je|noJid e suiejuod pue |eJpayesod|
‘llews si appided abeydodia Miuinds ay g
‘awouab yYNQg 2y3 buiuiejuod aJ0d e
puno.Je deim sui23oid pue sauelquiawl
‘apisul ‘saiqly buo| yiim pajeaodap pue
|eapayesodl si 9oided snuIAIWI Yl
1S9d131ed SNJIA 9Y] ynoqy

*uoned||das uMo JiIay3 404 SNJIA
jquelb ay3 asinbau jeyy ,‘sabeydouia, Jo
‘sasnuin 911|[93eS, J9||ews AQ pajio|dxa

UDAD aJe sashJiA juelb ‘eluajoeq
awos ueyy Jabbiq Asyj aae Ajuo JoN
‘2Rga0WeR S3024Ul UYDIYM SNIIATWIA
SIY3 Sse yons ‘paldaA0dsip uaaq aAey
sasnJIA juelb Ajjuaoad 1nqg ‘eluayoeq
ueysl Jojjews alam jeyy sagoadiw
se payiauapl Ajjeuibrio a1om SasnUIn
1S9SNJIA 9Y3 Inoqy
plojun ()

"oel1s adiua ayl ybnouay)
buiand ‘ubisap ay3 no D (g)

‘doj uo

ubisap ayiz yum ‘sjbuelny e
w104 03 saul| panop pjo4 (2)
‘alenbs ay3 ano nD (1)
;suononJsug

pieH :Aynouyaq

aseydoma yundg pue

U21easay SNUIA J0j 913u9) mobse|D Jo ANSISAIUN-DUIW ‘uosulyoiny p3 (0Z0Z) 0'v A9 DD 9SUSDIT SUOWWOD DAIRRDID B Japun 3|qe|ieAe Ajald




ydJeasay SNIIA

Joyanus) wwObmﬂ,u \c 112unod Uﬁ_\c

Nn_ >U As10ATU ) @ ﬁm%”m

"S||92 J93jud 03 9p1Jed ayj djay saxids
jJuauiwoldd 3 Adod jeyl sswAzua ayj
pue ‘YNY papuelis-a|gnop jo sjuawbas
TT se ‘swouab ay3l suiejuod eyl alod
e wJdo) s19Ae| oM} Jauul 9y ‘suiajodd
pisded Jo si2Ae| 934y3 WO} pawioy Si
pue (,|99ym, sueaw ejod) aoueleadde
D|-[99ym e sey 3pi1ed snaiAelol Yyl

:9]213ded SNJIA Y3 Inoqy

"9Al) Jo abe ay3 Aq aouo

1se9| 1 pajoajul aJe 9jdoad 1So
"uaJp|iyo bunoA ul AjaejnonJed
‘eaoydJJelp JO dsned uowuwod
Al2WaJlXa ue aJ4e S9SNJIARIOY

:SNJIA 9Y3 3noqy

‘Plojun (v)

"oe3s ad13ua syl ybnoayy
bunano ‘ubissp ay3 Ino InD (€)

‘doj uo

ubisap ayiz yum ‘sjbuelny e
w04 03 saul| panop pjo4 (2)
*aienbs ay3 3no 1nD (1)

:suonoNnJIsur

pieH :Aynouia

N0

4042353y SNJIA 10§ 243UdD) MOBSE|D JO AYSIBAIUN-DUIN ‘UOSUIYDINH P (0Z0Z) 0'F AL DD DSUSDIT SUOWIWOD DAIIRID B JDpUn 3|ge|ieAe Ajeal4




Yo4easay SNJIA 10j 213ud) MoBSe|D JO ANSIBAIUN-DYIN ‘UoSUIYdINH p3 (0Z0Z) 0'% A9 DD SSUDIT SUOWIWOD DAIIRDID B Japun 3|qe|ieAe Ajaald

ydJeasay SNIIA

J0ja1Us) SOmeU fo & 1ounod | SyM|A]

yoleasay M - ~
Nu_>Mu AatsTontiiny @ cosoy . e ..

‘sadnjew 9oded ayj se aueiquiaw .’ . . N
a3 Jsuiebe uajlels Ing sayids .’ . S .
ul dn pasied Ajjeniul aJe suiayoud . . K .
193n0 3y ‘suiajoid aiow ul pasopud . . . N
SI YoIym ‘saueaquiaw e pue uiajodd it " S N
Xjew AQq papunodins ‘yYNY papuelys ‘ " S .
-9|buls sI swouab snJIA e)IZ 3yl / . K '
:9]d1ied SnJIA ayj jnoqy / . S '
‘Salqeq ul ' : ’ N
(peay pauajioys e) Ajeydasouoiw ' . . \
asned ued Adueubaud bunnp |/ R S \
Suo13094ul Inq ‘ssau||l pjiw e AjjesidAy st |/ . K _
19A3) eYIZ "oiwapida Jofew e pasned
pue sedlRWY ayj payodead )l GT0Z Ul . .
‘buiseauoul s| abued s31 Ing ‘epuebn ul s
PaLJI3USPI 1S4l Sem 1 sa1iq 03inbsowl
AQ Ajutew peauds S| SNUIA Y17

:SNIIA 943 Inoqy

‘plojun ()

Yoeis aJdinua ayl ybnoayi
bunano ‘ubissp ay3 Ino InD (€)

‘doj uo

ubisap ayy yum ‘s|bueny e
w104 03 saul| payop pjo4 (2)
‘adenbs ay3 1no ) (1)

.suonon.Jjsul

wnipay :Aynouya

il




YoJeasay SNJIA 10j 913ua) Mobse| Jo ANSISAIUN-DYIN ‘UOSUIY2INH P3 (020Z) 0'+ A9 DD dSUSDIT SUOWIWOD dAIIRID B Iapun 3|ge|ieAe Aj@al4
.

115Un0> Uﬁ_\/_

yoieasay

[EEIBEN

ydJeasay SNIIA
Jojanua)

HAD &

"P|0D AJDA 1daX 9Q 03 Spaau SUIDIeA
93 Os pue 3|qgejsun si J[as1l VN

9U3 Inq (93d) [09A|6 susjAyiaAjod jo

spue.dys yiyim pasijigels sl auelquisaw
3y] 'aueiquaw e ul paddeim

(VNY J4obuassaw ‘yNyw) uiazold

Buidew J0J suoiloNIIsul YNY JO 19s e
S| 9UIDJBA SIY] ‘SasnJIA Auew a1

:3]2134ed 9Y3 I0qy

‘A|l9A1D3J8 sodiped Z-N0D-SHVYS |ead
32e1je usyj ued pue 3 asiubodad 0] | |
suJded| walsAs saunwuwi ay3 ‘uidold |/
ssajwley Siyl saxew [|22 ay3y Uusaym

[|I92 e 03 uidjodd S Z-A\0D-SYVYS ayl Jo
Med Jo e bupjew 404 suoonJsul

23 JaAljlop 03 paubisap ‘aponiJed
[eldllde ue s| 1] "auo 33l] ssAeyaq 1l

sAem Auew ui 3ng ‘snJIA e J0U SI SIYL
19UIddeA 3Y) Inoqy

‘plojun (v)

oels aJdipua ayy ybnoayl

buiano ‘ubisap ayiz ano InDH (£)
‘doj uo

ubisap ayi yum ‘sjbuely e
w10} 03 saul| panop pjo4 (2)
*alenbs ay3 3no 10D (1)

:suononJIsut

Ase3 :Aynoyjia

UDIBA WY




ydJeasay SNIIA

Joyanus) wwOmeU \c ;u,h“““ww AN
N.n_>u Ayszoati) @ e

y24easay SNJIA J0j a4jua) mobse| Jo AjSIaAIuN-DYIN ‘uosulyainy p3 (0202) 0'v A9 DD 9SULDIT SUOWWOD) SAIIRAID B Japun 3|ge|ieAe Ajpald

‘3 Adod jeyy sswAzud

Y3 pue ‘swousb yNY papueuis
-9|gnop Jo syjuawbas QT suleluod

1ey3 2402 e wJoj SI9Ae| OM) Jduul dy |
'suiajodd pisded Jo sioAe| 934yl wody
pawuos si 9pp1ed snuiA anbuolan|q syl

:9]2134ed SNJIA 943 Inoqy

'S9}1q abpiw Aq
pealds s| aseasip anbuolan|q sasned
1eY3 SNJIA YL ‘dweu s} SaAIb jey)
anbuo] ysian|q ‘uajjoms ayj buipnpoul
‘9seasip snoas asned ued 3] ‘dasays

Aldeinonaed pue syeob ‘a)33e0 Bulpn|ul
‘sjueulwing syajje aseasip anbuolan|g

:SNJIA 943 Inoqy

‘Plojun ()

"oe3s ad13ua syl ybnoayy
bunano ‘ubissp ay3 Ino InD (€)

‘doj uo

ubisap ayiz yum ‘sjbuelny e
w04 03 saul| panop pjo4 (2)
*aienbs ay3 3no 1nD (1)

:suononNJIsut

wnipa :A3nouqg

Ml
NOLITE

- -
. _-- - .
Al - -~ .
- -~
. - ~ .
\\ ~
. - S o .
A \\ 'l .
'\\ ~ ¢
P ~o
\\ . . ~
, . . Se
4 . . ~
L . . ~
~
’ . . R
. . . N
. . . ~
\\ . . .
’ . . N
A . A
,
N
, . .
\
’ . . .
. .
\\ . . A
\
’ . .
’ . . /a
4 A .
, . . A
’ . . v
7 . . Al
, . . )
, . . AY
N . \
4 . . \
’ . . \
' . . \
’ . .
\
’ . .
1 . . \
[ . . \
. . \
! . . \
]
, . . \
. .
' . . '
P . . \
. . \
~~ Ay . \
[} '4 55 '
[}
' . .
. . [
. . )
. .
. .
e
.
............................................... I I LI I I I IR
RN
. .
[
d ‘ A I
' ]
\ . '
' . !
\ . . '
. [
\ . K
\ . . N
\ .
\ . !
N . ]
. . '
\ , ,
\
\ \ \
\ . .
\ . /
\ . /
\ ’
\ ’
\ ’
N ’
A / S \\
\
N ’
\ \\
A ’ . Y
A . Ay
’
A . . ’
A . Ay
,
N ’ . ,
N
iy ’ . ’
N ,
~ 4
N ’
~ 4
~ ’
4
’I ”,
~ rd
N .
< .
.
S~ ..
S \\!
oS g - .
) ,l ‘\ .
' S o Pl .
. <~ P .
Z
. 2 _= .




ydJeasay SNIIA

J0ja1Us) SOmeU fo & 1ounod | SyM|A]

yoieasay

N.n_>u As10ATU ) @ I

"JjeaJyy e J1abuoj ou S| 3T "sh 103Jul
pue s||22 Jno 03 puiq Jabuo| ou ued 1
— ,pasijesinau, SI SNJIA a3 salpoqgijue

01 punoq aJe suiajoid S ayl aduUQ

'S U0 S93IS

J1109ds 0] uo 20| 1eyl salpogiiue
suleluOd sAemdie J1ay3 Ul snonuw ayj
‘MON "uoljeuIDIRA 03 9Np J0 ‘UoI3dd4ul
snoinald e wody Jaylle — S asiubooal
ued WIJSAS aunwWwl 9SOYM 2U0aWO0S
pa303Jjul Sey SNJIARUO0I0D Y3 ‘aJ9H
'30BeJJNS JI1I9Y3 uo uiayoldd S Jo sayids
243 yum wayy 03 buipuiqg Aq sjj20
12]ud s9piJed snJIARUO0I0)

"] SY00|
Jlwapued e Jo pus 3yj 3eym si siyl
:9]d13ied SnJIA 9yj] jnoqy
plojun (v)

"oe3s a413ua ay3l ybnoay
bunano ‘ubissp ay3 3no InD (€)

‘doj uo

ubisap ayi yum ‘sjbuely e
w104 03 saul| panop pjo4 (2)
‘aienbs ay3 3no 10D (1)

:suo13oNIIsux
wnipay :Aynoiia

LN AN

SAIAOE
Y INTNOE0)

UoJeasay SNJIA J0j 213U MoBse|D Jo AJISIAIUN-DUIW ‘UoSuIyoINH pP3 (0202) 0'v Ad DD 9SUSDIT SUOWWOD DAIRRDID B Japun d|gejieAe Aj2a.4




