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	JVI00509-06 Revised
	The recent severe acute respiratory syndrome (SARS) epidemic, the discovery of SARS coronavirus (SARS-CoV) and the identification of SARS-CoV-like viruses from Himalayan palm civets and a raccoon dog from wild live markets in mainland China have led to a boost in interests in the discovery of novel coronaviruses in both humans and animals (8, 23, 26, 28, 40, 42). In 2004, a novel group 1 human coronavirus, human coronavirus NL63 (HCoV-NL63) was reported independently by two groups (6, 34). In 2005, we described the discovery, complete genome sequence, clinical features and molecular epidemiology of a novel group 2 human coronavirus, coronavirus HKU1 (CoV-HKU1, genotype A) (17, 37-39, 41). This virus has also been subsequently found in patients with respiratory tract infections in other countries (1, 30, 35). Recently, we have also identified a SARS-CoV-like virus in Chinese horseshoe bats and a novel group 1 coronavirus in large bent-winged bats, lesser bent-winged bats and Japanese long-winged bats in Hong Kong Special Administrative Region (HKSAR) (16, 27). The discovery of SARS-CoV-like viruses in horseshoe bats was confirmed by another group in other provinces in China (19). 
	As a result of the unique mechanism of viral replication, coronaviruses have a high frequency of recombination (15). Their tendency for recombination and high mutation rates may allow them to adapt to new hosts and ecological niches. However, no convincing evidence of genetic recombination has been documented among human coronaviruses which may have contributed to their ability of human re-infection. In our study on phylogeny of the RNA-dependent RNA polymerase (pol), spike (S) and nucleocapsid (N) genes of nine isolates of CoV-HKU1 recovered from patients with pneumonia, it was discovered that the sequences of the S and N genes fell into two distinct genotypes, with seven strains belonging to genotype A and two belonging to genotype B (41). On the other hand, for the pol gene, one of the two “genotype B” strains by the S and N sequences (from patient 8) was clustered with the other seven “genotype A” strains (41). Furthermore, the same phenomenon was also observed in our subsequent prospective study on CoV-HKU1 associated respiratory tract infections (17). Based on these observations, we suspected that there is an additional CoV-HKU1 genotype which has arisen from recombination between genotypes A and B of CoV-HKU1.
	MATERIALS AND METHODS
	Complete genome sequence, genome organization, phylogenetic analysis and genotypes. The sizes of the genomes of the 22 CoV-HKU1 strains ranged from 29295 to 30097 nucleotides. The G + C contents of all 22 genomes are 32%. The overall genome organizations of the 22 CoV-HKU1 strains were the same (Fig. 1A). 
	Phylogenetic trees using the nucleotide sequences of putative proteins and polypeptides [nsp1, nsp2, conserved portions of nsp3 (PL1pro, A1pp, PL2pro and HD), nsp4-nsp10, nsp12-nsp16, HE, S, ORF4, E, M and N] of the 22 CoV-HKU1 were constructed and shown in Fig. 1B. In 18 of the 24 trees, the 22 CoV-HKU1 strains fell clearly into three clusters, named as genotype A (13 strains), genotype B (three strains) and genotype C (six strains). The exceptions are the five trees constructed using nsp1, nsp2, PL1pro, PL2pro and HD in which the differences among the sequences were too small and the nsp10 tree in which two genotype A strains, N1 and N3, were clustered with genotype C strains. 
	The three genotypes exhibited different relationships to each other in different regions of their genomes. From nsp4 to nsp6, the genotype A strains were clustered with the genotype B strains, but for nsp7 and nsp8, the genotype A strains were clustered with the genotype C strains. From nsp10 to nsp16, the genotype A strains were clustered closely with the genotype C strains with high bootstrap values, but from HE to N, the genotype B strains were clustered closely with the genotype C strains, with bootstrap values of 1000 in all cases. No association was observed between the genotypes and the time of detection or the age, sex, clinical disease, presence of underlying disease and outcome of the patients (Table 1).
	The putative transcription regulatory sequence (TRS) motif, 5’-AAUCUAAAC-3’ [as in mouse hepatitis virus (MHV) and bovine coronavirus] (22), or alternatively, 5’-UAAAUCUAAAC-3’, that was found at the 3’ end of the leader sequence and precedes each translated ORF except ORF5 described in the genome of the CoV-HKU1 genotype A strain, was also present in all the other 21 CoV-HKU1 genomes. On the other hand, the sequence of the putative internal ribosomal entry site (IRES) (32) for the ORF of the envelope protein in the genomes of all three CoV-HKU1 genotype B strains and all six genotype C CoV-HKU1 strains were UUUUAUCGCUUGG, instead of AUUUAUUGUUUGG in all 13 CoV-HKU1 genotype A strains, although both sequences were similar to the IRES element, UUUUAUUCUUUUU, in MHV (10).
	The 22 genomes differed in the number of tandem copies of the 30-base acidic tandem repeat (ATR) in the N-terminal of nsp3 inside the acidic domain upstream of PL1pro (Tables 1 and 2). All 22 genomes had tandem copies of a perfect 30-base repeat which encodes NDDEDVVTGD and variable numbers of imperfect repeats. The median number of tandem copies of the perfect 30-base repeat was 11.5 (range 2-17) and the median number of imperfect repeat was 2 (range 1-4). All the 10 CoV-HKU1 with incomplete imperfect repeats (1.4 and 4.4) belonged to genotype A. 
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