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Abstract Two flavivirus-like viruses, GB virus-A (GBV-A) and 
GB virus-B (GBV-B), were recently identified in the GB hepatitis 
agent, and are distinct from the hepatitis A to E viruses. The 
putative helicase domain of GB¥-A and GBV-B was found to 
have amino acid sequence homology with hepatitis C virus 
(HCV), and distantly, is also related to pestiviruses, flaviviruses, 
and plant viruses. A phylogenetic tree construction showed that 
GBVs and HCV are closely related, and they are clustered with 
pestiviruses, flaviviruses and plant viruses in that order. 
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1. Introduction 

Hepatitis C virus (HCV) has been identified as the major 
cause of post-transfusion non-A, non-B hepatitis. Still after 
reliable methods for the detection of hepatitis A to E viruses, 
it became obvious that 10~0% of non-A, non-B hepatitis was 
also due to non-C and non-E etiologic agent(s). Recently two 
flavivirus-like genomes, named GB virus-A (GBV-A) and GB 
virus-B (GBV-B), were cloned from infectious tamarin serum 
[1], which originally had been derived from the serum of a 
surgeon who infected non-A, non-B hepatitis, and which is 
known to induce and transmit hepatitis in tamarins (previously 
called GB agents). Further analysis showed that GBV-A and 
GBV-B are closely related to HCV based on the amino acid 
sequence homology of the putative RNA helicase (GBV-A 
47.2%; GBV-B 57.0%) with a conserved nucleotide tri- 
phosphates (NTP) binding motif. 

HCV shows an amino acid sequence homology with pes- 
tiviruses, flaviviruses, and picornavirus-like and alphavirus-like 
plant virus supergroups [2]. In particular, the picornavirus-like 
and alphavirus-like plant viruses are more diverse from HCV 
and GBV's, it is possible that these plant viruses are the origin 
of the flavi-like viruses. It is also known that HCV has the 
internal ribosomal entry site of the translation initiation as like 
as picornaviruses [3], although the structure of HCV genome 
resembles that of flaviviruses. An interesting question regards 
the evolutionary relationship between HCV/GBVs and these 
viruses. To further elucidate the evolutionary relationship be- 
tween GBV-A, GBV-B, HCV, and other viruses, we con- 
structed the phylogenetic trees for the putative RNA helicase 
region. 
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2. Materials and methods 

We performed homology search for sequences with similarity to 
HCV sequences in the GenBank and Swiss Protein data bases. A total 
of 12 viruses were found to share homology with this putative RNA 
helicase domain, and these viral sequences were extracted from Gen- 
Bank: two pestiviruses (bovine viral diarrhea virus (BVD) and hog 

60 
+ 

PPV t RGA~ 
PVY VRGA~ 
TEV VRGA% 
TVM LMGA~ 
JEV LDLHF 
KUN LDLHF 
DEN2 MDLHF 
TBE LDUHF 
WNF LDLHF 
YFV LDFHF 
BVD I TLA1 
HOG I TLA1 
HCV- 1 L HA Pl 
HCV- 2 L HA P1 
HCV-3 L HAP'] 
GBV-A LFLPI 
GBV-B L lAP1 

;+GK+ P ++ P + 

iSGK8 I'G-LP--F-HLS-K-K-GH-VLL J EPTRPLAENVCKOLRGOPFNVN-PTL 
~SGKS r'G-LP--V- HLS-V-A- GS-VLL f EPTRPLAENVFKOLSSEPFFKK-PTL 
=SGK$ r'G-LP--Y- HLS-K- R- GR- VLHLEPTRPLTDN MH KOL RSEPFN CF-PTL 
;SGK$ FG-LP--T-NLC-K- F-GG-VLLLEPTRPLAENVT KOH RGS PFFAS-PTL 
;SGKT ~K I LPQI  I KDA 100-R-LR-TAVLAPTRVVAAEMAEALRGLPVRYO-TSA 
;AGKT ~R I LPOI I KEA INR-R-LR-TAVLAPTRVVAAEMAEALRGLPIRYQ-TSA 
;AGKT ,'RY LPAI V REA IKR-G-LR-TLI LAPTRVVAAE ME EAL RGL PI RYO-TPA 
;SGKT tRVLPELI R00 I DR-R-LR-TLVLAPTRVVLKEMERALNGKRVRFH-SPA 
;AGKT ~K I LPOI I KEA INK-R-LR-TAVLAPTRVVAAEUSEALRGLPI RYO-TSA 
IAGKT tR FLPOI LAECARR-R-LR-TLVLAPTRVVLS E MK EAF HGLDVK FH-TQA 
;AGK'I FE-LP---KAV l EE I GRHKRVLVL l PL-- RAAA E--SVYQY MRLKHPS I S 
IAGK'T FE-LP--- RSV I EE I GRHKR VLVL I PL--RAAA E--SVYOY MROKHPS I A 
;SGK$ FK-VP---AAYAAO- G-YK-VLVLNPS--VAATL--GFGAYUSKAH-GI D 
;SGK$ i'K-VP---VAYAAO-G-YK-VLVLNPS--VAATL--GFGAYLSKAH-G] N 
ISGK8 FK-VP---AAYVAO-G-YN-VLVLNPS--VAATL--GFGSFMSRAY-GI D 
;AGK8 I'R-VP---N EYVKA-G- HK-VLVLNPS-- r ATVR--AMGPYMEKL T-GKH 
;SGK$ FK-LP---LSYUOE-K- YE- VLVLNPS--VATTA--SMPKYMHATY-OVN 

120 

PPV RMRGHS-T-FG . . . .  STPITVHTSGYALHF--LANNP-TYL-DNYKCll )ECF CHDASA 
PVY RMRGNS- I-FG . . . .  SSP I SVBTSGFALHY--FANNR-SQL-AOFNFVI )ECF ~LDPSA 
TEV RMRGKS-T-FG . . . .  SSP I TVBTSGFALHH--FARN I-AEV-KTYDFVI )EC~ ¢NDASA 
TVM RURNLS-T-FG . . . .  SSP I TVMTTGFALHF--FANNV-KEF-DRYOFI I )EFF ILDSNA 
JEV VOREHO-GNEI . . . .  VDVUCHATLTH--RL--M-SPN--RV-PNYNLFV )EAF :TDPAS 
KUN VAREHN-GNEI . . . .  VDVHCHATLTH--RL--M-SPH--RV-P NY NLFVI~ )EAF :TDPAS 
DEN2 I RAEHT-GREI . . . .  VDLMCHATFTM--RL--L-SPV--RV-PNYNLI I )EN :TDPAS 
TBE VSDOOA-GGAI . . . .  VOVMCHATYVN--RR--L-LPO--GR-ONWEVAI )EAt |TDPHS 
WNF VHREHS-GNEI . . . .  VDVMOHATLTH--RL--u-SPH--RV-PNYNLFI )EAt :TDPAS 
YFV FSAHGS-GREV . . . .  IDAMCHATLTY--RM--L-EPT--RV-VNWEVl I )EAt :LDPAS 
BVD FNLRIGDMKEG . . . .  DMATGtTYASYG-YFCOMPOPKLRAAHVEYSY;F )EYF ;ATPEO 
HOG FNLRIGEMKEG . . . .  DMATGITYASYG-YFCQuSOPKLRAAMVEYSFIF )EYI ;ATPEO 
HCV-I PNI RTG-VRTI . . . .  TTGSPI TYSTYG-KF--LADGG-CSG-GAYDII I )ECl ;TDATS 
HCV-2 PNI RTG-VRTV . . . .  TTGAPi TYSTYG-KF--LADGG-CAG-GAYDII I )ECl WDSTT 
HCV-3 PNIRTG-NRTV . . . .  TTGAKLTYSTYG-KF--LADGG-CSG-GAYDVl I )ECI kODATS 
GBV-A PSVYCG-HDTTAYSRTTD$SLTYCTYG-RF--MANPR-KYL-RGNDW I )ELi ¢TDPT$ 
GBV-B PNCYFN-GKCT . . . .  NTGASLTYSTYG-MY--LT-GA-CS--RNYDVI ] )EC..~.~F ~TDATT 

188 
+ATP 

PPV M---AFRCLLSEYSYPGK i LKVSATPPGHEVEF--KTO: D00424 (1251-1384) 
PVY M---AFRSLLSVYHOACKVLKVSATPVGREVEF--TTO: D00441 (1240-1373) 
TEV I ---AFRNLLFEHEFEGKVLKVSATPPGREVEF--TTO: H15239 (1245-1378) 
"FVM I---AFRNLCHEYSYNGK I I KVSATPPGRECDL--TTQ: X04083 (1195-1323) 
JEV I AARGY I AT KVE-LGEAAA I FMTATPPGTTDPF P-DSN : U18370 (1696-1834 ) 
KUN I AAROY I ST RVE-LGEAAA I FMTATPPGTSDPFP-ESN: D00246 (1697-1835 ) 
DEN2 I AARGY I STRVE-MGEAAG I FHTATPPGSR DPFP-OSN: M20558 (1666-1804 ) 
TBE I AARGHLYTLAK-ENKCALVLMTATPPGKS EPFP-E SN: M27157 (1686-1824 ) 
WNF I AARGY I ATKVE-LGEAAA IFHTATPPGTSDPFP-ESN: M12294 (1693-1831) 
YFV I AARGWAAH RAR-ANESAT I LMTATPPGTSDEF P-H SN : K02749 (1680-1818) 
BVD -LA I tGK IHRFS-ES IR-VVAHTATPAG-SVTTTGOKH: M31182 (1903-2043) 
HOG -LA I UGK IHRFS-ENLR-VVAMTATPAG-TVTTTGOKH: J04358 (18 t 3-1953) 
HCV- 1 I LG IGTVLDOAETAGARLVVLATATPPG-SVTVP-HPN: H62321 (1227-1360) 
HCV-2 I LG I GTVLDOAETAGVRLTVLATATPPG-S VTTP-H PN : D00944 (1232-1365) 
HCV-3 I LG I GTVLDOAETAGVRLTVLATAT PPG-S I TVP-HSN: D17763 (1234-1367) 
6BV-A I LGMGRARL LAR ECGVRLLLFATATPPV-S PMAK-HES : U22303 (1168-1306) 
GBV-B VLG ] GKVLTEAPSKN VRLVVL ATATPP 6-V I PTP-HAN; U22304 (1142-1275) 

Fig. 1. Amino acid alignment of putative RNA helicase with NTP- 
binding motif. Accession numbers of these viruses on GenBank and 
Amino acid positions of these viral polyprotein. 
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cholera virus (HOG)), six flaviviruses (tick-borne encephalitis virus 
(TBE), yellow fever virus (YFV), dengue virus type 2 (DEN2), Japanese 
encephalitis virus (JEV), West Nile fever virus (WNF), and Kunjin 
virus (KUN)), four plant viruses (tobacco vein mottling virus (TVM), 
tobacco etch virus (TEV), potato virus Y (PVY), and plum pox virus 
(PPV)). Amino acid sequences with the putative RNA helicase domain 
of these viruses were maximally aligned together with GBV-A and 
GBV-B as well as HCV type 1 (HCV-1, isolate HCV1), HCV type 2 
(HCV-2, isolate HC-J6), and HCV type 3 (HCV-3, isolate NZL1). 

Using the program ODEN ver. 1.1.1 [4], the number of amino acid 
substitutions per site between all possible pairs of these viruses was 
estimated using Kimura's formula d = -ln(1 - p -  0.2p2), where p is 
the fraction of different amino acids [5]. Using these values, phylogen- 
etic trees were constructed by the unweighted pair-group method with 

arithmetic mean (UPGMA) [6] and the neighbor-joining (N J) method 
[7]. We also used the PHYLIP ver. 3.5 [8] to elucidate evolutionary 
distance, the genetic distances between pairs of amino acid sequences 
were estimated using the PROTDIDT program with Dayhoff PAM 
matrix, and the phylogenetic tree was constructed using the programs 
NEIGHBOR and DRAWTREE. 

3. Results and discussion 

The partial amino acid alignment of the putative R N A  heli- 
case region is given in Fig. 1. It shows two conserved NTP-  
binding motifs, G + G K +  and DE H (denoted with boxes). The 
homologies for the amino acid sequence between HCV and 
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Fig. 2. Phylogenetic trees for the putative RNA helicase region by the UPGMA (a), and NJ (b), and PHYLIP (c) methods. 
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these viruses ranged from 20-30%. It has been thought that 
viral proteins containing NTP-binding motif may be subunits 
of RNA helicases involved in the unwinding of double-stranded 
replication forms during viral RNA replication, and in recom- 
bination between RNA genomes [9 11]. 

Fig. 2a,b,c showed the phylogenetic trees for the putative 
RNA helicase domain of these viruses generated from 
UPGMA, N J, and PHYLIE respectively. The evolutionary 
relationship between different viruses in these trees were essen- 
tially the same, attesting to the reliability of our estimation. As 
illustrated in these figures, HCVs and newly discovered GBV-B 
and GBV-A, derived from human and primate, were clustered 
first. Second, these viruses form a group with pestiviruses which 
infect animals. The evolutionary position of the newly discov- 
ered GBV's, closely related to HCV, is a mid-point between 
animal pestivirus and HCV, which is the main causative human 
pathogen of post-transfusion non-A, non-B hepatitis. Third, 
these viruses clustered with flaviviruses which are transmitted 
by blood-sucking arthropods. Finally, these viruses were joined 
by plant viruses. It is interesting to note that the host branching 
order of these viruses is plant, insect, animal, primate, human. 
It is tempting to postulate that these viruses evolved from an 
ancestor virus in this evolutionary direction. Alternatively, it is 
also possible that new viruses (e.g. HCV and GBVs) evolved 
through molecular recombination events between plant, insect, 
and animal viruses. Moreover, it is surprising that the genetic 
diversity of HCV genotypes is greater than that of BVD and 
HOG which infect different hosts. It may be suggested that 
newly discovered GBV-B and GBV-A also have a great genetic 
variability. The seroprevalence in 1300 samples from West Af- 
rica was 7.7% ~ 13.9% and a survey of blood donors in the USA 
indicated positive anti-GBV reaction in 2% donors [12]. The 
seroepidemiology and genomic sequences of GBVs will be clar- 
ified the clinical and public health significance using the same 
strategy of HCV. Recently Muerhoff et al. [13] reported de- 
tailed analyses of the genomic organization both GBVs and 
phylogenetic trees for helicase and RNA dependent RNA 
polymerase regions by the PHYLIP method. Our short analysis 
supports their analysis. It is interesting to think the origin of 
HCV and GB hepatitis viruses through the relationship of these 
viruses from an evolutionary viewpoint. Recently Simons et al. 
[14] reported novel virus-like sequences, GB virus C (GBV-C) 
associated with human hepatitis, which were different from 
GBV-A and GBV-B. Unfortunately, the published amino acids 
sequences were the downstream region, where we constructed 

the alignment and could not make the confident alignment of 
amino acids sequences were the downstream region, where we 
constructed the alignment and could not make the confident 
alignment of amino acids sequences including GBV-C. More- 
over hepatitis G virus (HGV), a new hepatitis virus, of the full- 
length sequence was cloned and sequenced. The global identity 
between HGV and GBV-C was 95% at amino acids level sug- 
gesting that GBV-C was an isolate of HGV (Kim, J.P. personal 
communication, Genelabs Technologies, Inc., CA, USA), Kim 
et al. [15] reported HGV RNA was found in 1.7% donors with 
normal aranine transaminase (ALT) and in 2.3% donors with 
elevated ALT. However, the role of the GBV-C and HGV in 
the etiology and pathogenesis of chronic liver disease remains 
to be determined. 
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