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Supplementary Materials
1. Datasets and Assembly methods
The data and scripts for the E.coli MG1655 assembly were prepared and provided by Dr. C. Titus Brown, and available at https://github.com/ctb/2014-megahit-evaluation.

The Iowa prairie soil metagenomics data were provided by Howe et al. [1], and available at http://metagenomics.anl.gov/metagenomics.cgi?page=MetagenomeProject&project=6377. The reads were quality-trimmed, including 356,742,333 single-end reads (SE) and 1,447,813,431 read pairs (PE). The scripts and assemblies of MEGAHIT and Minia [2] are available at http://www.bio8.cs.hku.hk/dataset/MEGAHIT.

All assemblies were conducted on a server equipped with dual Intel Xeon E5-2620 2.0GHz 6-core CPUs, 384GB RAM and a Tesla K40c GPU card.

Software version and options
MEGAHIT v0.1-beta
Command for E.coli assembly:
/PATH/TO/MEGAHIT --cpu-only -m 1000000000 -l 100 -r <reads.fq.gz> --k-max 81

Command for soil assembly:
/PATH/TO/MEGAHIT -m 370000000000 -l 115 --input-cmd <cmd_to_input_all_reads> --k-min 27 --k-max 87

SPAdes v3.1.1 [3]
Command for E.coli assembly:
/PATH/TO/SPADES --pe1-12 <reads.fq.gz>

Minia v1.6088
Command for soil assembly:
/PATH/TO/MINIA <reads.list> 31 2 20000000000 <OUT_DIR>

2. Gap analysis through base coverage of read alignment
For the soil data, Bowtie2.2.3 [4] was used to align raw reads to the assembled contigs, with option “-L 27”. We only picked the primary alignment of each read to ensure that a read could be aligned only once. The base coverage was computed by BEDTools [6]. We define a gap as a substring in a contig with zero base coverage, surrounded by bases with non-zero coverage.

We analysed the base coverage and the gaps under two settings: using properly paired alignments only and using all alignments (including improperly paired alignments of paired-end reads and alignments of single-end reads). For the sake of comparison, we also considered the assembly that did not enable mercy-kmer and analyzed the base coverage of this assembly using properly paired alignments of the assembly.

2.1 Coverage and gaps with all alignments
When all primary alignments are included, 4.88Gbp (99.58%) of the contigs were covered. The number of gaps is 21,398, and number of contigs that contain gap is 0.27%. 

2.2 Base coverage and gaps with properly paired alignments
Properly paired alignments were extracted from the SAM [5] output of Bowtie2.
The properly paired alignments covered 4.70Gbp (95.69%) of all contigs. 17.81% of the 7,749,211 contigs contained gaps, and the total number of gaps is 1,508,700. The gaps are mainly caused by low PE coverage at the edge of contigs, as evidenced by that 99% of the gaps fell into one insert-size (227 bp) range from the edges of the contigs (Fig S1). Discarding these gaps, only 0.25% contigs contained gaps. 

Figure S1 Distribution of the distance between gaps to the edge of contigs


Moreover, as shown in Figure S2, the percentage of contigs with a gap decreases significantly with increasing minimum contig length. This is because paired-end reads are less likely to be aligned and properly paired on shorter contigs. Notice that we’ve assembled the soil metagenome with both single-end reads (~10% among all reads) and paired-end reads as provided, but “properly paired alignments” come from paired-end reads only. 







Figure S2 Percentage of contigs with a gap at different minimum contig length threshold


2.3 The influence of mercy-kmer
Without mercy-kmers, MEGAHIT produced 5,624,418 contigs >= 300 bp, totaling 3.61Gbp. The properly paired alignments covered 96.72% of the contigs, which is higher than the assembly with mercy-kmer. This matches our expectation that while mercy-kmer rescues extremely low coverage regions, the contigs (or the edge of a contig) are unlikely to be aligned with a read-pair.
3. Kmer abundance in assembled contigs
The 17-mer counts of the assemblies by MEGAHIT, Howe et al. and Minia were calculated by JellyFish [7]. As shown in Fig S3, the number of distinct 17-mers in the MEGAHIT assembly are two times larger than the other two (2.4G versus 1.18G and 1.11G). 37.2% of the 17-mers of MEGAHIT have abundance ≥ 2, while the percentage of Howe et al. and Minia are 16.3% and 18.6%, respectively. 

Figure S3 17-mer distributions of the contigs of MEGAHIT, Howe et al. and Minia

4. Memory requirement of MEGAHIT
To evaluate the memory requirement of MEGAHIT, we ran MEGAHIT on two datasets: Iowa Prairie soil metagenomics and YH 100bp (36-fold) [8] with the same option “--k-min 27 --k-max 87 --k-step 10”.

The memory consumption peaks at the kmer counting and the graph construction steps. MEGAHIT currently holds all reads/edges (i.e. (k+1)-mers) explicitly in the RAM for sorting.

Theoretically, for a set of reads with maximum read length , the memory to hold all reads is , where . The memory to hold all edges of is , where . 

The memory for one edge grows at larger kmer size, while the number of edges is data dependent. Table S1 shows the number of reads/edges to be held in RAM and the corresponding memory required in different stage of MEGAHIT for both datasets. The memory consumption peak of the soil dataset is at k = 27, whilst YH dataset is at k = 77. Besides the difference between metagenomics and human genome in nature, the quality trimming of the soil dataset might partly account for the rapid drop in number of edges as k grows.

To build a succinct de Bruijn Graph, MEGAHIT needs additional memory to perform sorting. The minimum memory size requirement for sorting is determined by the maximum size of l-prefix partitions, which is hard to estimate until run time. We refer readers to the algorithm CX1 [9] for details. 

For the soil dataset, the memory requirement of MEGAHIT can be lowered to 260 GB, and 90 GB for the YH data.  The time required increases mildly to 55.3 and 16.3 hours (wall clock), respectively. 

One of our future works for MEGAHIT is to provide an option for a user to choose using moderate or minimum memory (for sorting).

Table S1 Number of reads, edges and memory requirement at different stages of  MEGAHIT assemblies
	
	Soil
	YH 36x

	Counting
	Number of reads
	Memory required (GB)
	Number of reads
	Memory required (GB)

	
	3,252,369,195
	96.93
	1,057,855,271
	27.59

	Construction
	Number of edges to be sorted
	Memory required (GB)
	Number of edges to be sorted
	Memory required (GB)

	k=27
	2.11E+10
	236.01
	2.65E+09
	29.65

	k=37
	1.58E+10
	176.38
	3.31E+09
	36.96

	k=47
	1.07E+10
	159.39
	3.93E+09
	58.54

	k=57
	8.61E+09
	160.39
	4.05E+09
	75.45

	k=67
	7.13E+09
	132.84
	3.97E+09
	74.04

	k=77
	6.17E+09
	137.92
	3.77E+09
	84.27

	k=87
	5.36E+09
	119.82
	3.47E+09
	77.59



Figure S4 The number of edges to be sorted and minimum memory requirement for different k
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Proportion of gapped contigs

MEGAHIT	1.523997491E9	4.66235787E8	1.85617855E8	8.9383766E7	4.9237697E7	2.9852442E7	1.9433212E7	1.3356712E7	9.563883E6	7.07714E6	5.388967E6	4.184819E6	3.31488E6	2.667381E6	2.175376E6	1.7931E6	1.493263E6	1.255087E6	1.063025E6	904539.0	778249.0	671336.0	582664.0	506595.0	444777.0	390107.0	343964.0	305954.0	271534.0	241291.0	217201.0	194430.0	175598.0	158321.0	142992.0	129909.0	118432.0	107005.0	98475.0	89677.0	82399.0	76052.0	69753.0	64607.0	59838.0	55014.0	51032.0	46941.0	43745.0	Howe et al.	9.90770439E8	1.55488947E8	2.910369E7	6.02225E6	1.334327E6	309861.0	74560.0	18667.0	4967.0	1318.0	355.0	148.0	45.0	33.0	16.0	9.0	3.0	3.0	1.0	1.0	1.0	1.0	1.0	Minia	1.0	2.0	3.0	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	27.0	28.0	29.0	30.0	31.0	32.0	33.0	34.0	35.0	36.0	37.0	38.0	39.0	40.0	41.0	42.0	43.0	44.0	45.0	46.0	47.0	48.0	49.0	9.07038919E8	1.46363734E8	3.5641914E7	1.2243495E7	5.313785E6	2.683188E6	1.504256E6	908593.0	581700.0	388395.0	269622.0	192785.0	141020.0	105003.0	79746.0	61996.0	48729.0	38764.0	31277.0	24979.0	20613.0	16937.0	14095.0	11779.0	9926.0	8293.0	7137.0	6112.0	5352.0	4526.0	4031.0	3437.0	3041.0	2592.0	2313.0	2070.0	1847.0	1622.0	1344.0	1221.0	1084.0	958.0	892.0	779.0	697.0	670.0	587.0	515.0	522.0	MEGAHIT accumulated	0.628377856760267	0.820617178878676	0.897151523974483	0.934006426715423	0.954308217693026	0.966617039481643	0.974629782401919	0.980137050038178	0.984080450429147	0.986998511706449	0.98922050193518	0.990945995323246	0.992312793629751	0.993412613784207	0.994309569400342	0.995048904170649	0.995664609517319	0.996182109633799	0.996620418341738	0.996993379768205	0.997314269035761	0.997591075709879	0.997831320958112	0.998040201275977	0.998223592665823	0.998384442406071	0.998526266367331	0.998652417965298	0.998764377436337	0.99886386704989	0.998953423823882	0.999033591611173	0.999105994548542	0.999171273796866	0.999230232559609	0.999283796912225	0.999332629044018	0.999376749571092	0.999417352990592	0.999454328800194	0.9994883037295	0.999519661650392	0.999548422354331	0.999575061248707	0.999599733778954	0.999622417267356	0.999643458889127	0.999662813701158	0.999680850731735	Howe et al. accumulated	0.837414939995718	0.968836672111004	0.993435573991446	0.998525675516356	0.999653469928316	0.999915369375965	0.999978388674351	0.999994166319777	0.999998364507211	0.999999478501784	0.999999778553431	0.999999903645387	0.999999941680102	0.999999969572227	0.999999983095682	0.999999990702625	0.999999993238273	0.99999999577392	0.999999996619137	0.999999997464352	0.999999998309568	0.999999999154784	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	Minia accumulated	0.814362406976801	0.94577145703803	0.97777166592245	0.988764184379102	0.993535034507041	0.995944068333793	0.997294627291307	0.998110384991381	0.998632649915428	0.998981360737457	0.999223434165946	0.999396521398853	0.999523132709819	0.999617407050235	0.999689005019348	0.999744666591002	0.999788416715609	0.999823220012008	0.999851301291069	0.999873728066962	0.999892234937995	0.999907441403559	0.99992009624988	0.999930671733015	0.999939583546039	0.999947029210497	0.999953436989013	0.999958924496691	0.999963729657208	0.999967793214105	0.999971412347523	0.999974498172765	0.999977228459225	0.999979555622167	0.999981632291876	0.999983490790058	0.999985149073219	0.999986605345708	0.999987812022788	0.999988908267368	0.999989881509895	0.999990741626445	0.999991542486532	0.999992241892368	0.99999286767654	0.99999346921943	0.999993996242828	0.99999445862281	0.999994927287569	17-mer abundance
Number of 17-mer
Accumulated percentage of 17-mer
Soil Number edges	27.0	37.0	47.0	57.0	67.0	77.0	87.0	2.1117809128E10	1.578209402E10	1.069680353E10	8.610875061E9	7.131715874E9	6.170450868E9	5.360555712E9	YH 36x number edges	27.0	37.0	47.0	57.0	67.0	77.0	87.0	2.652768422E9	3.307438182E9	3.92871791E9	4.050478331E9	3.974909541E9	3.770230828E9	3.471370814E9	Soil Memory	27.0	37.0	47.0	57.0	67.0	77.0	87.0	236.0099084079266	176.3786452263593	159.3947936594485	160.3900466300548	132.8385597839952	137.9203245341778	119.8177571296692	YH 36x memory	27.0	37.0	47.0	57.0	67.0	77.0	87.0	29.64699739962817	36.96350211650135	58.54245886206625	75.44603815302226	74.0384597517548	84.2712259590627	77.59118409454822	k
Number of edges
Memory / GB
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