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Table S1 Summary of metagenomic sequencing and vOTUs identification
	Geological age
	Depth

(m)
	Metagenome size(Gigabytes)
	Number of reads(million)
	vOTU
	Average number of vOTUs(per million)

	Late Pleistocene

(26-43kyr)
	1.75
	33
	87
	79
	0.92

	
	3.4
	71
	172
	252
	1.47

	Middle Pleistocene

(100-120kyr)
	13.9
	89
	246
	579
	2.36

	
	14.8
	120
	445
	818
	1.84

	
	16.9
	18
	49
	114
	1.63

	
	18.3
	81
	222
	855
	3.86
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Fig. S1 Rarefaction curves of the species richness (vOTUs) of permafrost sediments at various depths. The lines were colored to show the various depths of the sediment core.
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Fig. S2 Taxonomy of the whole viral communities (class level) from various depths of the sediment core. Note, Unknown refers to the virus group that could not be taxonomically identified at the class level.
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Fig. S3 Host prediction for unknown viruses that could not be taxonomically identified at the class level. The phylum and family of the predicted hosts are marked in the Fig..
[image: image4.png]Tree scale: 1

bootstrap0
0
25
50
075

B Terrestrial
j Not assigned

L —
—
— —
Ty
N —
1l
—

14-8_4615231 | Demerecviridae
13-9_1097161 | Straboviridae

LR797306.1 | Unclassified reference virus
14-8_275599 | unclassified viral contig
13-9_6425870 | Iridoviridae

18-3_3422994 | Peduoviridae

14-8_3331644 | unclassified viral contig
13-9_295234_1 | unclassified viral contig
KU198433.1 | Herpesvirus

18-3_389385 | Herpesviridae

18-3_2332020 | Herpesviridae

KC574519.1 | Phycodnavirus-like PolB
KC574514.1 | Phycodnavirus-like PolB
18-3_964238 | unclassified viral contig
NC_023735.1 | Rhodococcus phage ReqiPej
NC_023694.1 | Rhodococcus phage ReqiPol
14-8_1985428 | Herpesviridae
18-3_1945176_1 | Straboviridae
14-8_9268390_1 | Straboviridae

LR797534.1 | Uncultured Caudovirales pha
LR796208.1 | Uncultured Caudovirales pha
KP775334.1 | Unclassified reference virus
KP775318.1 | Unclassified reference virus
14-8_4685121 | unclassified viral contig
BK045606.1 | Unclassified reference virus
13-9_929803 | unclassified viral contig
18-3_2204957 | unclassified viral contig
14-8_6746745 | Iridoviridae

JN377901.1 | Unclassified reference virus
BK048754.1 | Unclassified reference virus
BK045353.1 | Unclassified reference virus
13-9_4022458 | Deejayvirinae

14-8_4588839 | Deejayvirinae

13-9_5458153 | Deejayvirinae

LT161893.1 | Unclassified reference virus
KT428292.1 | Port-Miou virus, Marseillevirid
18-3_2413233 | unclassified viral contig
18-3_3391924 | unclassified viral contig
18-3_2188744 | Iridoviridae

13-9_2081635 | Iridoviridae

18-3_597976 | unclassified viral contig
18-3_4102687 | Iridoviridae

MW202481.1 | Caudoviricetes sp.
14-8_5596345 | Iridoviridae

NC_042130.1 | Escherichia phage slur04
18-3_728353 | unclassified viral contig
18-3_4417611 | Deejayvirinae

1-8_3158351 | Deejayvirinae

14-8_9249754 | Iridoviridae

LR797270.1 | Uncultured Caudovirales pha
NC_015251.1 | Aeromonas phage 65
3-4_7475146 | Kyanoviridae

MZ643249.1 | Proteus phage PM-CJR
BK066628.1 | Unclassified reference virus

KT318533.1 | Unclassified reference virus
18-3_931308 | Iridoviridae

14-8_2280149 | Suoliviridae

18-3_1300846 | Iridoviridae

13-9_4378822 | Iridoviridae

14-8_7209662 | Iridoviridae

13-9_2488016 | Iridoviridae

NC_021806.1 | Phage reference
18-3_274340 | Kyanoviridae

13-9_5699366 | unclassified viral contig
BK066463.1 | Unclassified reference virus
13-9_6327524 | unclassified viral contig
13-9_2830733 | Boydwoodruffvirinae
13-9_2366331 | Iridoviridae

=
18-3_5108667 | unclassified viral contig
LR796270.1 | Uncultured Caudovirales pha





Fig. S4 The phylogenetic tree was constructed using the polB gene, with the viruses represented in the figure primarily consisting of giant viruses. Reference viruses are highlighted in bold red to distinguish reliable reference sequences from predicted environmental viral sequences. The phylogenetic tree shows the evolutionary relationship between viruses. The possible origins of the viruses are marked in the figure.
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Fig. S5 Genomic context of representative virus-encoded auxiliary metabolic genes (AMGs). (A–D) Viral contigs containing AMGs involved in carbon, phosphorus, and sulfur metabolism. Arrows indicate gene orientation and predicted functions. “Start” and “End” denote contig directions. AMGs are positioned within regions containing hallmark viral genes, supporting their viral origin.
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Fig. S6 Drilling location of coastal northeast and a schematic diagram of the sampled segments and corresponding geological age, showing samples selected for metagenomic sequencing (stars). Yellow arrow indicates drilling position. Note: this figure was modified from our previous study on the same drilling location.
