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Abstract Since its identification in 2003, grapevine
Pinot gris virus (GPGV, Trichovirus) has now been
detected in most grape-growing countries. So far, little
is known about the epidemiology of this newly emerg-
ing virus. In this work, we used datamining as a tool to
monitor in-silico the sanitary status of three vineyards in
Italy. All data used in the study were recovered from a
work that was already published and for which data
were publicly available as SRA (Sequence Read Ar-
chive, NCBI) files. While incomplete, knowledge gath-
ered from this work was still important, with evidence of
differential accumulation of the virus in grapevine ac-
cording to year, location, and variety-rootstock associa-
tion. Additional data regarding GPGV genetic diversity
were collected. Some advantages and pitfalls of
datamining are discussed.
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Since its characterization in Italy (Giampetruzzi et al.,
2012), grapevine Pinot gris virus (GPGV, Trichovirus,
Betaflexiviridae) has been detected in most grapevine
growing regions around the world. Generally, the virus
is detected using serological and/or molecular tools. In
this work, we describe datamining as a potential addi-
tional method to identify grapevine infected with this
virus, better estimating its distribution worldwide.
While this specific work cannot be considered as an
epidemiological study per se, it still unquestionably
offers valuable information on the virus (i.e., its geo-
graphic distribution and genetic composition), provid-
ing a snapshot of the situation in three different
vineyards in Italy at a specific time, giving new insight
on GPGV accumulation, introduction and transmission.

This particular work is based on the data provided by a
study on the contribution of genotype, the environment
and their interaction to the berry transcriptome that was
previously published (Dal Santo et al., 2018). Two culti-
vars, Cabernet Sauvignon and Sangiovese, were planted in
three different locations: Montalcino, Bolgheri and
Riccione. The former two Italian cities are located in the
Tuscany hills and Tuscany coast respectively, while the
latter is positioned on the Adriatic coast (Fig. 1). To
minimize genetic variation, researchers used the same
clonal material for each cultivar, with clones R5 and
VCR23 of Cabernet Sauvignon and Sangiovese, respec-
tively. In addition, three different rootstocks were tested in
the study: Kober-5BB, 420A and 161.49 C. After
uploading the 72 SRA files generated from this work, all
samples were analyzed for the presence of GPGV using
Workbench 12.0 software (CLC Genomics Workbench,
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Fig. 1 Maximum-likelyhood tree inferred from sequences
(7206 nt) of grapevine Pinot gris virus genome isolated from two
cultivars, Cabernet Sauvignon clone R5 (star) and Sangiovese
clone VCR23 (circle). Rootstocks are also indicated with 161.49
C (square), Kober 5BB (triangle) and 420A (diamond). Only
bootstraps above 0,5 are shown. Colors correspond to the location

Aarhus, Denmark) as previously described (Hily et al.,
2018). This was first assessed by mapping reads to a
collection of curated GPGV reference sequences. For those
displaying reads corresponding to GPGV, de novo assem-
bly steps were performed and further extended by multiple
rounds of residual reads mapping as previously described
(Nourinejhad Zarghani et al., 2018). Genome sequences
being produced were ascertained using very stringent map-
ping parameters (length of 0.95/similarity of 0.95).

Our datamining study revealed that only samples from
Bolgheri and Riccione were positive for GPGV. The virus
was hardly detected in a few samples from Montalcino
(Table 1); however, no complete sequence could be recov-
ered. These ‘Low Read Count’ samples were probably the
result of ‘intra-lane contamination’, as previously de-
scribed in other studies (Vigne et al., 2018). When using
RPKM (Reads per kilo base per million) data as a proxi for
virus accumulation in the samples, our analyses revealed
differential accumulation of GPGV according to many
variables (Fig. 2). Indeed, GPGV seems to accumulate
more in berries in 2011 than in 2012 (P < 10 ) and at a
later stage of fruit development, at mid-ripening rather than
pre-veraison (P < 1074). Also, the association
cultivar-rootstock seems to have its importance in virus
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in Italy where samples were recovered, Bolgheri (blue) and
Riccione (red), see map on the upper right corner. Identity per-
centages between sequences are indicated on the right of the ML-
tree. Measurements of population’s differentiation (fixation index,
Fsr) and associated statistics (P value) are on the upper left corner

accumulation. Indeed, GPGV seems to accumulate more
in Cabernet Sauvignon cultivar grafted onto either 161-49
or Kober-5BB rootstocks, rather than in Sangiovese
grafted onto 420A at either location (P < 107%. In addi-
tion, differential accumulation of GPGV was also observed
according to location where grapevines were grown (P <
10_5), with GPGV accumulating more in Riccione than in
Bolgheri.

When delving into the genetics of the virus, other
information was revealed. Overall, 47 complete genome
GPGYV sequences (or near complete, covering at least all
open reading frames) were assembled (Table 1), all sub-
mitted to GenBank (BK011089-BK011101, and the other
sequences are available upon request). After a phylogenet-
ic analysis (Fig. 1), three major clades of GPGV were
found to infect these grapevines, each displaying a high
intra-clade nucleic acid identity percentage > 98.10%.
Interestingly, GPGV sequences seemed to cluster together
very well by location (Fig. 1, colors) however indepen-
dently from cultivar. Fixation index (Fgr) analyses (Fig. 1)
confirmed the genetic differentiation of the viral population
according to location, showing a statistically significant
high Fgr value (Fgr = 0.608, P < 107°). Such segregation
by location was also highlighted for grapevines grafted



737

uougianes
EPE'ESTTE JSCLEIOE SuruedL-pry 67191 pueqe) D 11 YN 0d SO €€ 0T9LSHSTIS
uougianeg
6£6400°CE aysjod Suruodi-prin 67191 pruweqe) g 11 YA 0d SO 7€ 609LSHSAAS
uougianeg
LYTL  pITSPEYE £66°TY ay3[od Suruadu-pry 6191 pweqe) vV 1T YN 0d SO 1€ SO9LSHSUAS
uougianeg
LYTL  vT80TEHE 100°$T oys[od UOSTEIOA-DI] 67191 pue) D 11 Ad Od SO 0€  LO9LSYSAIS
uougianes
¥STL ‘PSTL  TSY'61S°1€ €10l 1RY3[od UOSIBIOA-O1 6v-191 puqe) g 11 Ad 09 SO 6T 909LSHSIYS
uouSiAnes
LSTLL8TL  66ETIT0E vE6°61 aysjod UOSTEIOA-DI] 6191 wueqe) vV [ Ad 09 SO 8T  S09LSYSUAS
D 11 N O
617 61€€E OUIO[BJUOIN Suruadu-pyA VOTy  9seAoidues oS 1T $09LSYSAAS
d 11 IN ON
175°058°L¢E OUIO[RJUOIA Suruedu-pry \(1147 9saA013uEg DS 0T  €09LSHSAIS
V 11T 4N O
6¥6° 19T 1€ OUID[BJUOIA] Suruadur-pry VOTy  9sororsues 0s 61  TOILSYSAVS
8€9°5T8 YT OUI[LIUOIA UOSIBIOA-D1] VOTy  9seaoiBues D 1 Ad ON DS 81 109LSYSAIS
01S°619°LT OUIO[eIUOJA UOSILIOA-01] \(1147 osanoisues g [T Ad ON DS LT 009LStSUdIS
P6S°€ST0E OuId[EUOI UOSIEIOA-DI( VOTy asaro1dues vV [T Ad O DS 91  66SLSYSAVS
uougianeg
TEPLT9°6T OUIO[BIUOJA! Suruadu-prjy ¥0S puRqe) D 11 YN O SO 6 86SLSYS IS
uougianeg
PP1°99t'sT OUID[EJUOIA! Suruadu-pry ¥0S pweqe) g [1 9N O SD 8  LO6SLSHSAAS
uouSianeg
LIS TET0E OUID[BJUOIA! Suruadir-priy ¥0S wueqe) vV [T YN OW SO L 96SLSYSIIS
uouSiAnes
00$°026°St OUIO[eIUOJA UOSIEIOA-O1 ¥0S puqe) D 11 Ad O SO 9 S6SLSHSAAS
uougiAneg
161°€S6°LE OUId[BIUOI UOSIEIOA-D1( ¥0S wuqe) g [ Ad O SO S P6SLSYSUUS
uouSianeg
LT9659°6€ OUI[LIUOIA UOSTEIOA-DI] ¥0S PuRE) vV [1 Ad O SO v €6SLSYSAIS
(yu) P3u9| SHJUNod %SIUN0d a3e1s #
QUIOUAD) pearjelo], pearpaddely ADIdY ADJD 9Seiurp  uoneoo] [ejuowdo[oasg  001s100y IeAnn) ] ordwes  uonezipLqAy # VAS

Eur J Plant Pathol (2021) 161:735-742

“Ie 30 ojueg [e woxy Apmys ay) woxy pauioyrad sasAjeue Sururweyep oy SurpreSor uoneuLIOJUI [[y | d[qeL

pringer

A's



Eur J Plant Pathol (2021) 161:735-742

738

TOZL  6€8°TTeTE SL9 66T / TI0T Ooupeuoy UOSIRIOA-0I] VOt oserorsues g ¢l Ad O DS $6  €EILSHSUAS

0087  610°59S'8T (341 690 / TI0T Oudeuol UOSTRIOA-Q1] VOty  9seroiSues v ¢l Ad O DS Y6  TEILSYSHAS

TEIL  L19'L6L'SE ssv 281 , Tlor  ueySjog UOSIRIOA-0I] VOTy  9seroiBues O I Ad Od DS €6 TE9LSHSUAS

0STL  T#S'S9L'8T 789 6T°¢ I Tioc  teysSioq UOSTRIOA-O1] VOty  eseaoiSues g ¢I Ad Od DS 76 0€9LSYSHAS

vITL  LEL'S89°0E 88 66°€ I Tloc  wysjog UOSILIOA-D1] VOTy  oseroiSues v ¢l Ad Od DS 16 6TILSYSAIS

PSTL  8E6'8LT'ST LLE'T9  ¥L00E I 1107 ouowory  Suruedu-pry VOTy  9esoroiBues O 11 AN T4 DS 6S  8TILSYSAUS

¥STL  890°098°6C 68768  €€YIY I 1107 QuowoRy Suruadu-priy VOgy  9seaoiSues g [ YN Id DS 89  LTILSYSHAS

68CTL  £€S8°T0TTT 900°8F  6S°66T I 110 ouowory  Suruddi-pry VOTy  oseaoISues V[ YN IY DS L9 9TILSYSAAS

PSTL  88S'EY6'LT cOv'LT  88'SEl [ 1107  ouowory UOSIEIOA-D1] VoTy  eserorsues O [T Ad I DS 99  STILSYSAUS

YSTL  968°1S9°LT 12911 €TSS [ 110  duowory UOSIRIOA-0I] Vocy  osoroiBues g [ Ad Id OS S9  HTILSHSUAS

8STL  16TELYLT IL8°LT 8768 I 110  QuomdrRy UOSIEIdA-O1] VOTy  osenoISueS Y [ Ad I¥ DS ¥9  €T9LSHSHAS
uousIanes

vSTL  081°9LI°ST €6V'¥8T 9L°S9S1 I 110z ouowory  Suiadu-pyN  gg$-1oqoy pwoqe) O I YN I SO LS TTILSYSUUS
uougianeg

vS'TL  LEL'06E'8T SE6'SSY 0T'STTT I 1107 duomory Suruadu-priy - gg6-19903] puweqe) g [T IN I SO 9S  T1TILSYSHAS
uougiAneg

PSTL  PES'PBL6T 6¥rS'8F SE'8STT I 110c ouowory  Sumwoedu-pry  ggg-10qo3 wupqe) VI AN T SO SS  0TILSHSUUS
uouSianeg

¥STL  SSL'0EE'SE 91¥'8C Y III I 1107 ouowdary UOSIEIOA-D1]  gES-10q0Y] pwoqe) D 11 Ad I SO ¥S  619LSHSUAS
uouSiAnes

¥STL  SE6'FIE6T 080°LC  00°8TI I 1107 QuomoRy UOSTRIOA-OI]  gES-19903] ruweqe) g I1 Ad I SO €S 819LSHSAS
uougiAnes

vSTL  TIS'BLLOE 0Fr'8C  €0°8TI I 1107 Quorory UosIeIoA-a1d  geS-10qo3] PWOqE) VI Ad 14 SO TS LI9LSYSAAS

06TL  TE6'80L'TE 68S'ST  TI'89 I 1107 weys[od Suruadu-priy VOgy  eseaoiSues O [T AN Od DS St 919LSHSAS

T6T°S81°0€ [10c  woysjod  Suruadu-pry VOTy  osenoISues g [ YN Od DS vr  ST9LSHSHAS

LOEL  TO9'T9E'SE 09€9  T6¥T I 110z uwoySjog  Suruedu-pyy VOTy  9eseroBues VO[T YN Od DS € PI9LSYSUAS

€1TL  $8T0LT'ST TT6 4% 4 I 110 ueyS[od UOSTRIOA-Q1] VOgy  eseaoiSues O (1 Ad Od DS W €I9LSYSHAS

0¥ZL  861°590°0€ 7602 ¥9°6 I 110 wysjod UOSIRIOA-D1] VoTy  osoroiBues g (1 Ad Od DS I CI9LSYSAIS

€YTL  YSPIITTE ST €01 I 110z ueys[od UOSIRIOA-0I] VOTy  oseroBues v I1 Ad Od DS 0F T19LSPSHAS

(yu) 3u9| SJuNod #SIUNOD ageig #
JQUIOUID) peal [e10], pearpaddey JADIdY ADdJD 98iurA  uoneoo] [ejuewdo[oAd M001S100y JeAnn) ] ojdwes  uonezIpLIgAY # VAS

(ponunuoo) 1 djqeL,

pringer

A 's



739

Eur J Plant Pathol (2021) 161:735-742

SSTL  L9S0€T8T ¥Ts1 8L I TI0T  duomory Suruadu-prjy vOT ssaaoISueS D ¢l WA I OS LIT  SS9LSHSAUS

0STL  SSI‘8ST0€ 06L9  60°I¢€ [ TI0T  Quomdry Suruadu-pry VOt asaroiues g ¢l IN [d OS 9IT  HSILSHSAAS

0STL  €¥S'SSTHE Iv0L  8¥'8T I 7107 duomdny Suruodir-priy VOTy esoroISuES V7 N Id DS SIT  €S9LSYSAAS

986°8€6°6C C10T  OuId[BUOIA Suruadu-prjy vOT asanoIsueS D 7l YN O DS PIT  TSILSHSHIS

6SL89T°LE T10T OUI[BIUON Suruadu-pry \ (1[4 asaroidues g ¢I WIN OW DS €T 1S9LSYSAUS

78€°€00%C TI0T OUI[BUOIN Suruadir-priy VOTy asaroISues V' ZI ¥IN O DS TIT  0S9LSHSHUS

8469  vhF'810°6T 88¢ SIc Vs T10c  ueysjog Suruadu-prjy vOTl ssasoISues D 71 YN Od DS I11 6¥9LSHSIdS

61TL  pIE6TITE €opl 1€°9 I Tl0c  1ydjog Suruadu-pry \(1[a7% asaroidues ¢l WN Od DS 011  8F9LSHSAUS

9z19  116'708°0€ 91T 260 s 10T ueydjog Suruedu-prjy \(1147% asanoISueS VvV Zl YN 0d DS 601 LYILSHPSAYS
uougianeg

T8TL  896°69L°99 ve6’Tl 89 I Tl0c  ydjog UOSIEIOA-01] 67191 pweqe) D ¢l Ad 09 SO 801  9FILSHSAS
uouSianeg

€TCL  T96°SLTST 9667  89°F1 I Zloz  uoysjog UOSIBIOA-D1] 6v-191 wweqe) g ¢l Ad 09 SO LOT  SYILSYSAS
uougianes

LLTL  TEO'TPS'ST S6TT  9K0T I 710 ydjog UOSTRIOA-D1] 67191 puqe) vV ¢l Ad 09 SO 901  ¥P9LSPSIIS
uougianes

€6TL  LI1°T8STE LE6FT  TS€9 I TI0T  Puomdry UOSIRIA-01]  ggS-19q0Y puge) D 7l Ad M SO SOI  €PILSYSAAS
uougianeg

€STL  9SSTSHOE SYO'IT  9T°0S 1 TI0T  Quowory UOSIBIOA-DI  ES-10q0 puge) g ¢l Ad M SO YOI THILSHSUUS
uouS1iAnes

€STL  £SE°6TE9T 88701  6I°SS I 10T Puonory uosIeroA-ald  ggs-1qo3| puRge) vV ¢l Ad M SO €01 TH9LSHSAIS
uougiAneg

S9T°665°6T TI0T OUI[BUOIN UOSIBIOA-D1( N pweqe) D ¢l Ad OW SD 201 OP9LSHSHUS
uouSianeg

1LY*8€0°6€ TI0T OU[BUOA UOSTRIOA-DI] ¥0S puweqe) g ¢l Ad OW SO 101 6£9LSPSTAS

Sl PLE]T T10T OUI[EUON UOSIEIOA-3I] \(1[47% asaroidues vV ¢ Ad O SO 001  6ESLSHSAAS

1LTL  08%°€$9°6T SPI8  €5°8¢ I 7107 duomdny UOSIEIOA-DI] Vozy  esasoBues D ¢l Ad I OS 66 LEILSYSAIS

€STL  88S°SELST 69LL €8T I 7107 Quordry UOSTRIOA-DI] A (1147 asaroiSueS g ¢ Ad I DS 86  9E9LSYSAUS

LSTL  TSL'YPOTE SOL'0T  6T9% [ TI0T  duomdry UOSTBIA-3I] \(1[47% asaroidues vV ¢l Ad I OS L6 SEILSHSAUS

9899  9SH'E6T0E 453 4 S TI0T Ou[BuON UOSIEIOA-DI] Vot esoroiSues O ¢l Ad OW DS 96 PEILSYSAAS

(yu) 3u9| SJuNod #SIUNOD ageig #
JQUIOUID) peal [e10], pearpaddey JADIdY ADdJD 98iurA  uoneoo] [ejuewdo[oAd M001S100y JeAnn) ] ojdwes  uonezIpLIgAY # VAS

(ponunuoo) 1 djqeL,

pringer

A 's



Eur J Plant Pathol (2021) 161:735-742

740

(56°0/S6°0) » storowered Jurddew juaduins A19A Fursn YouaqyIo - TD Sursn pauLiojiad sem Iom SIYT, "PI[QUISSSE 2IOM JWOUIT OU UdYM €
MO[9q SAemIE o1oM (UOI[[T]A 9seqory] Jod peay]) IS Pue paureiqo 9q pnod douanbas snondnuods wolj swouss 930]dwod ou 19AIMOY 9JedIpUl PINOM SUWN[0d SHUNOD pedr paddey oy ur
umoys se ‘ouwoudd ADJo oyuo paddewr oAy speal jeyy sajesIpul A -ojdwes yoed Ul 0A0U dp Ul PI[qUUAsse dwoudF 239[dwiod Jo Joquuinu 3} 03 puodsariod uwnjod AHJO oY} Ul Joquunu, Y[,

uouSianeg

LITL'LITL  LLS'S6TEE 12TST €569 T Tlor  mydjog Suruadir-priy 67191 wweqe) D ¢l AN 0€T SO 9Z1  $99LSHSTIS
uougianes

LITLLITL  +E01S68€E v 60T 6¥'YL 4 710 uoydjog Suruadu-prN 6191 puqe) g ¢l N 0ST SO STI €99LSYSUAS
uougiAnes

LITL'LITL  961°1¥L'8T LYY 96°LII T Tloc  wydjog Sutuadu-piy 6191 puRqe) vV ¢l AN 0d SO YTl T99LSHSAAS
uouSianeg

LLTL  016'T66°TE TEE8TE T16°9€€T I TI0T ~ Quomdny Suuadu-pry - gg$-19q03] puRqe) D ¢l YN I SO €T1  199LSYSAIS
uougiAnes

¥8TL  SHI‘Epese 9€9°6€C  08°€T6 I 10T Puonory Suruedu-prA - gg6-10903] puRqe) g ¢l YN M SO Tl 099LSHSAYS
uougiAneg

0STL  €TS'T86'LT 66£78  T0'80Y I TI0T  euomwory Suruadu-pry - 99519903 puwReqe) Vol AN I SO 121 6S9LSPSHUS
uouSianeg

0T6°€TL6T 710 OUI[EIUON Suruadir-priy ¥0S wueqe) D 7l YN OW SO 0TI 8S9LSHSIIS
uougianes

9€9°61LTT 7107 oueuolN  Su_uadu-pry N rurge) g ¢ YN OW SO 611 LSYLSHSAIS

T€9  €€0°6HS°6T vTT 07 Vs T10T Oup[BIUON Suruadu-priy VOt asoA0IUES V7T UIN O SO 81T  9S9LSHSHUS

(yu) 3u9| SJuNod #SIUNOD ageig #
JQUIOUID) peal [e10], pearpaddey JADIdY ADdJD 98iurA  uoneoo] [ejuewdo[oAd M001S100y JeAnn) ] ojdwes  uonezIpLIgAY # VAS

(ponunuoo) 1 djqeL,

pringer

A 's



Eur J Plant Pathol (2021) 161:735-742 741
M . — 1T T
@% N = eSS | = = éT ]

2011 2012 MR PV 161.49 C 420A Kober 5BB

Vintage Developmental Stage Rootstock

Fig. 2 Box plot diagrams of RPKM in function of different
variables. From left to right: year, developmental stage (MR:
mid-ripening, PV: pre-veraison), rootstock, overall location, San-
giovese grafted onto 420A, grapevine cultivated in Bolgheri and in
Riccione (CS: Cabernet Sauvignon). On each box, the central line
is the median, the edges of the boxes are the 25th and 75th
percentiles, the whiskers extend to the most extreme data and the

onto rootstock 161.49 C used exclusively in Bolgheri and
grapevines onto Kober 5SBB exclusively used in Riccione
(Fst = 0564, P < 1079). Comparison of sequences
obtained from the 420A rootstock also displayed statisti-
cally significant Fgr values; however, the values were
lower than the ones mentioned above. This is most likely
because 420A was used as a rootstock in both locations.
Furthermore, the genetic background of the grapevine
cultivar, which was also present in both locations, had no
statistically significant impact on viral populations (Fgr =
0.018, P = 0.185).

In addition to the presence/absence of GPGV in the
samples, this work highlights two distinct situations at
the viral genomic level. Indeed, one vineyard is infected
by a single variant, identity percentage > 99%, as
previously defined for GPGV (Hily et al., 2020), repre-
sented here by samples from the Bolgheri region, while
the other vineyard (Riccione) is infected by at least two
(or more) variants. These results indirectly, but strongly,
suggest probable independent introduction/transmission
events of GPGV in two out of the three locations spe-
cifically looked at, in this transcriptomic study. These
situations are probably the result of transmission events
through grafting (Saldarelli et al., 2014) and movement
of infected material as previously suggested (Al
Rwahnih et al., 2016; Fajardo et al., 2017; Wu &
Habili, 2017). They may also have occurred horizontal-
ly by vectors either in the nursery or in the vineyard,

Sal néiovese
420A

Sangiovese cs cs
420A Kober 5BB 161.49C

Bolgheri Riccione Bolgheri Riccione

Location Sangiovese/420A Bolgheri Riccione

dots refer to the outliers. Since RPKM values did not follow a
normal distribution, a generalized linear model (GLM) with
Poisson link function was used. The significance of the considered
effect was tested using Wald chi2 test and the p values smaller than
0.05 threshold were considered statistically significant. All analy-
ses and graphic representations were made with the R software
version 4.0.2 (R core Team 2012)

with distinct variants of the virus being detected at each
location, regardless of the clonal background of the
grapevine. In addition, the detection of these different
variants according to location, each displaying probable
differences in fitness, may results in differential virus
accumulation as observed above. Overall, this in silico
work add onto the so-far limited knowledge on the
natural transmission of GPGV in vineyards (Bertazzon
et al., 2020; Hily et al., in press).

Lately, datamining is becoming a very important and
powerful tool to identify new pathogens, as well as new
variants of known viruses, such as from the now
well-known Coronaviridae family for example
(https://virological.org/t/serratus-the-ultra-deep-search-to-
discover-novel-coronaviruses/516) (last visited 04/2021).
Datamining can be also utilized to increase the number of
complete genome sequences for downstream studies on
the evolutionary history of specific viruses for example
(Hily et al., 2020). In this work, datamining can be con-
sidered as an in-silico tool to monitor post facto the sanitary
status of any vineyards around the world from which data
have already been collected, published and made publicly
available. There are a few pitfalls regarding datamining as
a tool. Indeed, we do not have always all the details
regarding the samples (i.e. metadata about the samples
such as the exact origin and location of collection). We
do not have the choice of the technology with which data
were obtained nor the quality of the sample. However, the
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information being generated is still very valuable, it has
already been paid for and therefore almost free (other than
the time of analysis), it is available to anyone and most of
all, it is ever growing.
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