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 33 

Abstract 34 

The SARS-CoV-2 variant of concern B.1.1.7 has quickly spread. To identify its 35 

crucial mutations, we explored the B.1.1.7 associated mutations on an evolutionary 36 

tree by the Coronavirus GenBrowser and VENAS. We found that a non-coding 37 

deletion g.a28271-, at upstream of the nucleocapsid (N) gene, has triggered the high 38 

transmissibility of B.1.1.7. The deletion changes the core Kozak site of the N gene 39 

and may reduce the expression of N protein and increase that of ORF9b. The 40 

expression of ORF9b is also regulated by another mutation (g.gat28280cta) that 41 

mutates the core Kozak sites of the ORF9b gene. If both mutations back-mutate, the 42 

B.1.1.7 variant loses its high transmissibility. Moreover, the deletion may interact 43 

with ORF1a:p.SGF3675-, S:p.P681H, and S:p.T716I to increase the viral 44 

transmissibility. Overall, these results demonstrate the importance of the non-coding 45 

deletion and provide evolutionary insight into the crucial mutations of B.1.1.7. 46 

 47 
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SARS-CoV-2 lineage B.1.1.7, also known as Variant of Concern 202012/01, is 51 

a variant first detected in the UK in September 2020 (1) and have been established to 52 

be more transmissible than preexisting variants (2). Comparing with the reference 53 

genomic sequence of SARS-CoV-2 (Genbank Accession: NC_045512.2; GISAID ID: 54 

EPI_ISL_402125) (3), the B.1.1.7 carries 20 non-synonymous mutations and 55 

deletions in ORF1ab, spike (S), ORF8, and nucleocapsid (N) genes (Supplementary 56 

Table 1). There are no mutations occurred in the ORF9b gene, a complete internal 57 

ORF within the N gene. The frequencies of B.1.1.7 associated mutations reached 58 

quickly up to 76.92% (4). The B.1.1.7 strains not only have high transmissibility (2), 59 

quickly spread to many countries (5-8), but also increase risk of death (9, 10). It has 60 

been documented that S:p.N501Y (11, 12) and S:p.D614G (13, 14) increase the viral 61 

transmissibility, and S:p.P681H occurs on the spike S1/S2 cleavage site (15). All of 62 

the three mutations are carried by B.1.1.7 strains. However, its crucial mutations still 63 

remain unclear, and current studies focus on non-synonymous mutations, especially 64 

those occurred on the spike gene (16-18). In this study, we conducted a 65 

comprehensive evolutionary analysis. We show the multiple evidences that a 66 

non-coding deletion is a necessary condition for the high transmissibility of B.1.1.7. 67 

 68 

A non-coding deletion triggered the high transmissibility of B.1.1.7 69 

We examined the B.1.1.7 lineage using the Coronavirus GenBrowser (CGB) 70 

(4). The CGB evolutionary tree shows the sequential occurrence of B.1.1.7 71 

characteristic mutations (Figure 1A). The results indicate that the deletion S:p.Y144- 72 

first appears and the mutation S:p.P681H follows. Then four branches emerge in the 73 

following order: the first branch with seven mutations (ORF1a:p.T1001I, p.A1708D, 74 

p.I2230T; S:p.T716I, p.S982A, p.D1118H; ORF8:p.R52I), the second with two 75 

mutations (S:p.A570D; ORF8:p.Y73C), the third with three mutations (N:p.D3H, 76 

p.H3L, p.S235F), and the forth with two mutations (S:p.N501Y; ORF8:p.Q27*). At 77 

last two deletions sequentially occur (S:p.HV69- and ORF1a:p.SGF3675-). Strikingly, 78 

we identify a non-coding deletion (g.a28271-) occurred right before the rapid spread 79 

of B.1.1.7. The deletion locates between ORF8 and N genes. A dramatic difference is 80 

observed when comparing the number of strains with the deletion (B.1.1.7) and that 81 

without the deletion (B.1.1.7-like) (92,556 vs 259) (Figure 1A). Please note that 82 

B.1.1.7-like strains carry all the B.1.1.7 defining 20 non-synonymous mutations and 83 

deletions (Supplementary Table 1), including three beneficial mutations (S:p.N501Y, 84 

p.D614G, and p.P681H), but these strains do not have the high transmissibility. 85 

Therefore, the deletion g.a28271- may contribute markedly to the increase of B.1.1.7 86 

transmissibility. 87 

Pooling data from different countries/regions may create the problem of biased 88 

sampling due to sequencing capacity, and these countries may have different 89 

.CC-BY-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted May 1, 2021. ; https://doi.org/10.1101/2021.04.30.442029doi: bioRxiv preprint 

https://doi.org/10.1101/2021.04.30.442029
http://creativecommons.org/licenses/by-nd/4.0/


anti-contagion policies on the COVID-19 pandemic (19). Thus, to avoid these effects, 90 

nine different regional data were used to re-examine the role of the non-coding 91 

deletion (Figure 2). The numbers of B.1.1.7 and B.1.1.7-like strains were obtained for 92 

England (76871 vs 27), Spain (712 vs 30), Switzerland (1332 vs 8), Germany (570 vs 93 

2), USA (1028 vs 8), Australia (58 vs 1), South America (22 vs 1), Africa (86 vs 1), 94 

and Asia (642 vs 3). These numbers indicate an unbalanced transmissibility of strains 95 

with or without the non-coding deletion (g.a28271-). Therefore, the deletion 96 

g.a28271- has triggered the high transmissibility of B.1.1.7. 97 

To confirm the evolutionary path of B.1.1.7, we applied VENAS (20) to obtain 98 

an evolution network of SARS-CoV-2 major haplotypes (Figure 1B). The network is 99 

divided into two clades L and S (21). The differences between the L/S clades are two 100 

viral genomic mutations g.c8782t and g.t28144c. The L clade is the major clade and 101 

can be further divided into four subclades, L1, L2, L3, and L4 (Figure 1B). The L1 102 

subclade is characterized by three nonsynonymous mutations, ORF1a:p.P4715L, 103 

S:p.D614G, and N:p.RG203KR. The B.1.1.7 lineage is derived from the L1 subclade 104 

and evolves through the evolutionary phase3 and phase4 (Figure 1B): The phase3 105 

feature mutation is S:p.Y144- (g.tta21991-). The mutation was first identified in India 106 

on 27 January, 2020, and then was detected in Italy on 19 March, 2020. The phase4 107 

includes 16 non-synonymous variations (Supplementary Table 1, Figure 1B). The 108 

feature mutations were first identified in a UK strain (England/MILK-9E05B3/2020) 109 

collected on 20 September 2020. Then the deletion g.a28271- occurred. Therefore, the 110 

occurrence order of B.1.1.7 mutations in network-based analysis is in accordance with 111 

that in tree-based analysis. 112 

 113 

The g.a28271- and g.gat28280cta changed the core Kozak sites in B.1.1.7 114 

The non-coding deletion (g.a28271-) contributes markedly to the high 115 

transmissibility of B.1.1.7 (Figure 1A, and 2). The base 28,271 is located at the third 116 

base upstream of the start codon of the N gene. The deletion makes t28,270 to slip one 117 

base and changes the Kozak context of gene N from a suboptimal one (A at -3, T at +4) 118 

to an undesirable one (T at -3, T at +4) (Figure 3) (22). Based on the SARS sequence, 119 

Xu et al. (23) mutated the homological site to another undesirable one (C at -3, T at 120 

+4), the mutant reduces the expression of N protein and increases the translation of 121 

ORF9b protein. The ORF9b protein is translated via a leaky ribosomal scanning 122 

mechanism (23). Therefore, it is expected that the weak Kozak context affects the 123 

translational efficiency of gene N and increases the expression of ORF9b in B.1.1.7. 124 

We also found that another B.1.1.7 mutation g.gat28280cta (N:p.D3L) changes 125 

the Kozak core sequence of ORF9b (22). The switch from a28281 to t28281 changes 126 

the Kozak context of ORF9b from an optimal context (A at -3, G at +4) to a 127 

suboptimal context (T at -3, G at +4) (Figure 3). It is expected that the expression 128 
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level of ORF9b protein may be affected or reduced (22). However, this remains to be 129 

determined with functional assay. Overall, these two mutations change the core Kozak 130 

sites and may affect the translational efficiency of gene N and ORF9b. 131 

 132 

Reduced B.1.1.7 transmissibility associated with loss of g.a28271- and 133 

g.gat28280cta 134 

Since certain B.1.1.7 strains have lost their characteristic mutations probably 135 

due to back mutations or recombination, we explored whether the loss of B.1.1.7 136 

characteristic mutations would have an effect on the cumulative frequency of the 137 

mutated strains. We hypothesize that if the key mutations are lost, the cumulative 138 

frequency of the haplotype will be different with Hap1, the B.1.1.7 major type, and 139 

the reduced transmissibility can be detected. We compiled the B.1.1.7 strains into 140 

different haplotypes, according to the considered mutations (Figure 4A). In total, we 141 

observed 244 haplotypes defined by the B.1.1.7 characteristic mutations. We analyzed 142 

12 haplotypes with 𝑛 ≥ 40. Among those haplotypes, Hap7 that carries the back 143 

mutations of g.a28271- and g.gat28280cta shows the largest deviation to the 144 

cumulative frequency of Hap1 (correlation coefficient, 0.2456) (Figure 4B, 145 

Supplementary Table 2), indicating the important role of this combination. Besides, 146 

the loss of one of the two mutations (Hap10 and Hap2) causes a relatively weak 147 

deviation. These pieces of evidences suggest that g.a28271- and g.gat28280cta are 148 

essential to the transmissibility of B.1.1.7. 149 

 150 

High viral transmissibility associated with multiple B.1.1.7 mutations 151 

We then examined whether the B.1.1.7 characteristic mutations are recurrent on 152 

the evolutionary tree of SARS-CoV-2. We used the CGB (4) to check their recurrent 153 

patterns. All of those mutations, including g.a28271- and g.gat28280cta (N:p.D3L), 154 

appeared multiple times in the evolutionary tree with 400,051 high-quality 155 

SARS-CoV-2 genomic sequences (Figure 5). Those recurrent mutations provide us 156 

great chances to explore their potential functions further.  157 

To determine whether a variant carried a single B.1.1.7 mutation is 158 

advantageous in the viral transmission, the number of its descendants was compared 159 

with co-circulating variants (as control) during the same time period (Supplemental 160 

excel file). To ensure the power of this method, the predominate mutation S:p.D614G 161 

which indicates a fitness advantage (13) was used as an internal reference. Comparing 162 

with control, the variant (CGB35.11774, according to CGB binary nomenclature) with 163 

S:p.D614G clearly shows great transmission ability (with 38,7486 vs 9 descendants; 164 

P-value = 4.88 × 10−4). In total of 835 variants with a single B.1.1.7 mutation 165 

considered, none of them spread significantly faster than other variants in control, i.e., 166 

no variants with a single B.1.1.7 mutation are found to have significant advantage in 167 
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transmission. This indicates that the rapid transmission of B.1.1.7 may require the 168 

interaction of multiple mutations. 169 

To examine the combination effects among mutations, including direct or 170 

indirect interactions, we searched the variants that carry the crucial mutation 171 

g.a28271- and other B.1.1.7 characteristic mutations in non-B.1.1.7 clades. We found 172 

two clades as the evidences of interaction among mutations (Figure 6). For the first 173 

clade (CGB182694.380595), the mutation ORF1a:p.SGF3675- first occurs, and we do 174 

not observe a rapid spread until the second mutation g.a28271- occurs. The 175 

double-mutated variant appears to spread faster than its siblings, and the number of 176 

descendants is 618 and 21, respectively. This indicates that the combination of 177 

g.a28271- and ORF1a:p.SGF3675- may enhance the transmission of SARS-CoV-2. 178 

Similarly, the two mutations (S:p.P681H, and S:p.T716I) first appear in the 179 

clade CGB199165.262639. Then the mutation g.a28271- occurs and the variant also 180 

shows a faster spread than its siblings. The number of descendants is 157 and 20, 181 

respectively. The mutation S:p.P681H is next to the furin cleavage site (15). The 182 

observation suggests that the mutation g.a28271- may interact with one, or both, of 183 

the mutations (S:p.P681H, and S:p.T716I). 184 

 185 

Discussion 186 

In this study, we conduct a comprehensive evolutionary analysis for B.1.1.7 187 

characteristic mutations. Based on the evolutionary tree, the occurrence order of the 188 

mutations on the B.1.1.7 lineage and their recurrence on the non-B.1.1.7 lineages 189 

provides us the insight into the importance of the mutations. Then the non-coding 190 

deletion g.a28271- and its interacting mutations (g.gat28280cta, ORF1a:p.SGF3675-, 191 

S:p.P681H, and S:p.T716I) are identified. The mutations (g.a28271-, and 192 

g.gat28280cta) alter the Kozak sites of N and ORF9b, and may influence the 193 

translational efficiency of the two genes. Protein N has the highest translation rate (24, 194 

25) and its expression is associated with the replication of the genomic RNA (26). The 195 

product of ORF9b has an interferon (IFN) antagonistic activity and can suppress the 196 

IFN production (27). So we suppose that the two mutations may change the 197 

expression level of the genes N and ORF9b, and then influence the viral transmission. 198 

The sequence with accession EPI_ISL_601443 is the canonical B.1.1.7 VOC 199 

genomic sequence (28). However, it does not carry the key non-coding deletion 200 

g.a28271-. The deletion neither is a pre-identified genomic characteristic of the VOC, 201 

nor appears in the pathogen genomics platform Nextstrain (29). Therefore, we suggest 202 

using the sequence with accession EPI_ISL_629703 as the canonical B.1.1.7 VOC 203 

genomic sequence (collected 21 October, 2020, in UK) (Supplementary Figure 1). 204 

Interestingly, it is very likely that g.a28271- occurs due to recurrent mutation 205 

instead of recombination in the B.1.1.7 lineage. First, the probability that g.a28271- 206 
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occurs should be high. There are four continuous ‘A’ nucleotides between 28,271 and 207 

28,274. When one of these nucleotides is deleted, it causes the same effect. All of 208 

those deletions are categories as g.a28271- in CGB. Thus the deletion rate is 209 

quadrupled. Second, there is only one mutation g.a28271- on the identified branch 210 

(CGB84017.91425). Recombination tends to create a hybrid genomic structure (4, 211 

30-33). The two previously mutated alleles (g28111, cta28280) remain unchanged 212 

when the mutation g.a28271- occurs although both mutated alleles are very close to 213 

the genomic position 28,271. Therefore, g.a28271- may have occurred as recurrent 214 

mutation in the B.1.1.7 clade. 215 

ORF1a:p.SGF3675- located in the nsp6 may have effect on the formation of 216 

DMVs (double–membrane vesicles) which is the central hubs for viral RNA synthesis 217 

(15, 34) and S:p.P681H in the furin cleavage site is a known location of biological 218 

significance (1, 15). The coaction of these mutations may increase greatly the 219 

transmission ability of B.1.1.7. Therefore, our results provide insights into the 220 

relevant importance of B.1.1.7 characteristic mutations. However, we still have no 221 

clues about how three amino acid changes could have joint effects with the putatively 222 

altered expression level of the genes N and ORF9b. Please be aware that our analysis 223 

cannot guarantee to identify all key mutations, such as S:p.N501Y, S:p.D614G, and 224 

S:p.P681H (11, 13, 15). 225 

Even though this study may not discover all the crucial mutations of B.1.1.7, 226 

our results indicate that the transmissibility of SARS-CoV-2 is highly variable. First, 227 

the viral transmissibility is not only determined by mutations of the S gene but also 228 

those located in other genes. Second, not only non-synonymous mutations but also 229 

non-coding one is important for the viral transmissibility. Third, it has been shown the 230 

acquisition of B.1.1.7 high transmissibility is the interactions of g.a28271- and 231 

multiple B.1.1.7 associated mutations. The beneficial B.1.1.7 haplotype may have 232 

occurred by chance due to a large number of combinations and recurrent mutations. 233 

This is different with the previously observed cases, such as S:p.D614G (13) which a 234 

single mutation can be beneficial. Therefore, considering that SARS-CoV-2 is 235 

mutating and new strains are forming, it is essential to establish convenient genomic 236 

surveillance platforms, make bioinformatics analysis easier in local agencies of public 237 

health, and discover the emergence of beneficial haplotypes in time. 238 

 239 

Methods 240 

Identification of recurrent mutations in the CGB evolutionary tree 241 

Considering the degeneracy of the genetic code, we searched recurrent amino 242 

acid mutations by using the form of amino acid change, instead of that of nucleotide 243 

change in the CGB. To search g.a28271- in the evolutionary tree, we used the string 244 

“A28271-”. 245 
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 246 

Detection of transmission advantage for variants with single B.1.1.7 mutation 247 

We first searched all the nodes that carry a B.1.1.7 mutation. For each node, its 248 

cumulative mutations are examined. If multiple B.1.1.7 mutations are found, the node 249 

is discarded. We only considered the nodes with single B.1.1.7 mutation to detect their 250 

transmission advantage. For each considered node (named as target node), we 251 

collected all other nodes dated in the same time period (±10 days). If less than 200 252 

nodes were found, the considered time period would be expanded. The numbers of 253 

their descendants were obtained and used as the empirical distribution of descendant 254 

number. The parent node and child nodes of the target node were excluded to avoid 255 

the potential biased distribution. Then the descendant number of the target node was 256 

obtained and compared with the empirical distribution to calculate the P-value 257 

(one-tailed). Since we tested the advantageous of single B.1.1.7 mutation, descendants 258 

carrying multiple B.1.1.7 mutations were not counted. 259 

 260 

Haplotype analysis 261 

The B.1.1.7 clade (CGB84017.91425) was invoked to employ haplotype 262 

analysis. Considered genomic positions (3,267; 5,388; 6,954; 11,288-1,1296; 263 

21,765-21,770; 21,991-21,993; 23,063; 23,271; 23,604; 23,709; 24,506; 24,914; 264 

27,972; 28,048; 28,111; 28,271; 28,280-28,287; 28,977) were used to determine 265 

haplotypes. The sizes of haplotypes were counted. Pearson correlation coefficient was 266 

calculated between Hap1 and other haplotypes (𝑛 ≥ 40) according to their sequence 267 

counts per day. 268 

 269 

Identification of new canonical B.1.1.7 VOC genomic sequence 270 

CGB is employed to identify a new canonical B.1.1.7 VOC genomic 271 

sequence(28) that carries the deletion g.a28271-. We first selected all the samples in 272 

the B.1.1.7 (CGB84017.91425) clade that carries all the B.1.1.7 characteristic 273 

mutations including g.a28271-. Then we filtered the samples by date and only kept 274 

the samples collected before 1 November, 2020. Viral strains with extra mutations 275 

were ignored. Then the sequence with accession EPI_ISL_629703, as the suggested 276 

new canonical B.1.1.7 VOC genomic sequence, is the first collected high-quality 277 

sequence without any extra mutations after the deletion g.a28271- occurred 278 

(Supplementary Figure 1). 279 

 280 

Data and materials availability 281 

All the SARS-CoV-2 data can be obtained from the Coronavirus GenBrowser 282 

and VENAS. Other data are available from the corresponding authors upon request. 283 

 284 
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 395 
Figure 1. Sequential occurrence order of B.1.1.7 mutations. 396 

(A) CGB evolutionary tree of SARS-CoV-2 lineage B.1.1.7. The B.1.1.7 lineage is 397 

highlighted in red and the major clade with 92,556 strains is collapsed. The 398 

analysis was performed on 400,051 high-quality SARS-CoV-2 genomic sequences 399 

using the Coronavirus GenBrowser (4). The CGB ID of the internal node with 400 

g.a28271- is CGB75056.269896. The number of B.1.1.7-like strains is 259, and 401 

the number of B.1.1.7 strains is 92,556. 402 

(B) VENAS evolution network of SARS-CoV-2 by January 14, 2021. The dots 403 

represent the major genome types of SARS-CoV-2, and the lines between the dots 404 

are the evolutionary path formed by the combination of variants; the color shades 405 

represent the clades and subclades formed by genome types, where the L1 406 
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subclade is shaded in yellow; the L2 in green; the L3 in cyan, and the L4 in purple. 407 

The color arrows mark the evolutionary path from the most recent common 408 

ancestor of SARS-CoV2 to the B.1.1.7 linage, and four phases are indicated in 409 

different colors.  410 
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 413 

 414 

Figure 2. CGB evolutionary sub-trees of SARS-CoV-2 lineage B.1.1.7. Strains 415 

were collected from different countries/regions. The B.1.1.7 clade could be 416 

collapsed if its size is too large to be shown. For each sub-tree, the number of 417 

B.1.1.7-like (without the non-coding deletion) strains and that of B.1.1.7 (with the 418 

non-coding deletion) strains are labeled. 419 
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 422 

 423 
Figure 3. Two B.1.1.7 mutations change the core Kozak sites of N and ORF9b 424 

genes. The two positions -3 and +4 have the dominant influence (22). The grey 425 

bars are the nucleotide sequences of the variants. Two functional genes are 426 

presented under each sequence. Start codons are shown in green. The N and 427 

ORF9b genes with their amino acid sequences are colored in light purple. Sites 428 

that mutations happened are covered in light blue rectangle. The optimal Kozak 429 

sites are colored in red and non-optimal ones in light blue. 430 
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 433 

 434 
 435 

Figure 4. Haplotype information and its cumulative frequency within B.1.1.7 436 

clade.  437 

(A) Graphically display of haplotype details with site of considered mutations in 438 

ORF1ab, S, ORF8, a non-coding region, and N. Hap1 is the B.1.1.7 major 439 

haplotype. n is the number of strains for each haplotype, shown on the right of 440 

figure. Each colorful character is corresponding to a B.1.1.7 variant. Blank 441 

characters represent their ancestral states that are the same as those of the 442 

reference genome. Within Hap2 – 12, each haplotype contains at least one (back) 443 

mutation. 444 

(B) The cumulative frequency of Hap1, Hap7, Hap10, and Hap2 in B.1.1.7 clade. The 445 

cumulative frequency of Hap7 shows the greatest deviation with that of Hap1. The 446 

y-axis is normalized among the four haplotypes.  447 
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 450 

 451 

Figure 5. Recurrence of B.1.1.7 characteristic mutations in a huge evolutionary 452 

tree with 400,051 high-quality SARS-CoV-2 genomic sequences. The blue 453 

dots indicate mutations occurred on the B.1.1.7 lineage and the red dots indicate 454 

recurrent mutations. The min P-value marked is the minimal P-value testing 455 

whether the corresponding mutation alone is advantage in the spread of virus. All 456 

P-value showed are FDR corrected. 457 
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 461 
 462 

Figure 6. Two non-B.1.1.7 clades carrying the non-coding deletion g.a28271- and 463 

other B.1.1.7 characteristic mutations. All the internal nodes have been named by 464 

the CGB binary nomenclature system (4). The CGB ID of the expanding node 465 

(marked by red point) is presented on the top of tree. The B.1.1.7 mutations are 466 

marked.  467 
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Supplemental materials 

 

Evolutionary insights into a non-coding deletion of SARS-CoV-2 B.1.1.7 

 

 

 

 

 

 

 

Supplementary Figure 1. Suggested canonical B.1.1.7 VOC genomic sequence. 

The current canonical B.1.1.7 VOC genomic sequence is marked in red star. The new 

canonical B.1.1.7 VOC genomic sequence we suggested is in blue star. Each notch of 

the branches represents a mutation. The branches with no mutations are highlighted. 

The blue-star sequence is the first collected high-quality sequence without any extra 

mutations after the deletion g.a28271- occurred.  
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Supplementary Table 1. Characteristic mutations of B.1.1.7 lineage. 

Development 

phase 
Nucleotide mutation Amino-acid mutation Type 

Phase4 

g.c3267t ORF1a:p.T1001I SNV 

g.c5388a ORF1a:p.A1708D SNV 

g.t6954c ORF1a:p.I2230T SNV 

g. tctggtttt11288- ORF1a:p.SGF3675- INDEL 

g.tacatg21765- S:p.HV69- INDEL 

g.a23063t S:p.N501Y SNV 

g.c23271a S:p.A570D SNV 

g.c23604a S:p.P681H SNV 

g.c23709t S:p.T716I SNV 

g.t24506g S:p.S982A SNV 

g.g24914c S:p.D1118H SNV 

g.c27972t ORF8:p.Q27* SNV 

g.g28048t ORF8:p.R52I SNV 

g.a28111g ORF8:p.Y73C SNV 

g.a28271- Non-coding INDEL 

g.gat28280cta N:p.D3L SNV 

g.c28977t N:p.S235F SNV 

Phase3 g.tta21991- S:p.Y144- INDEL 

Phase2 g.ggg28881aac N:p.RG203KR SNV 

Phase1 
g.a23403g S:p.D614G SNV 

g.c14408t ORF1a:p.P4715L SNV 

 

  

.CC-BY-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted May 1, 2021. ; https://doi.org/10.1101/2021.04.30.442029doi: bioRxiv preprint 

https://doi.org/10.1101/2021.04.30.442029
http://creativecommons.org/licenses/by-nd/4.0/


Supplementary Table 2. The correlation between the spread of B.1.1.7 major 

haplotype (Hap1) and that of mutated B.1.1.7 haplotypes. 

 

Haplotype  The altered B.1.1.7 characteristic 

mutations 

PCC¶ 

Hap1 None 1.0000 

Hap7 g.a28271- and g.gat28280cta (N:p.D3L) 0.2456 

Hap9 g.g28048t (ORF8:p.R52I) 0.2918 

Hap12 g.c28977t  (N:p.S235F) 0.4074 

Hap10 g.gat28280cta (N:p.D3L) 0.4541 

Hap11 g.gat28280cta (N:p.D3L) 0.5298 

Hap8 g.c23604a (S: p.P681H) 0.5425 

Hap2 g.a28271- 0.5739 

Hap3 g.tctggtttt11288- (ORF1a:p.SGF3675-) 0.6484 

Hap6 g.t6954c (ORF1a:p.I2230T) 0.6668 

Hap4 g.tta21991- (S:p.Y144-) 0.7346 

Hap5 g.tta21991- (S:p.Y144-) 0.7784 

 

¶ Pearson correlation coefficient is calculated between the sequence count per day of 

Hap1 and that of the i-th haplotype. 
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