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[bookmark: _Toc134520812]Figure S1. Illustration of calculating the reads’ prior genomic positions in the gap. Read  is collected from the gap region, and read  is its mate read. A coordinate axis is set along the gap from left to right, and the left breakpoint of the gap is defined as the origin. The prior genomic position of read  in the gap, denoted by , is defined as the inferred coordinate of its ending base in the axis. (a) If  aligns to the left-flanking contig of the gap, , where  denotes the insert size between  and , and  denotes the mapping position of  on the flanking contig. (b) If  aligns to the right-flanking contig of the gap, , where  denotes the gap size and  denotes the read length of .
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[bookmark: _Toc134520813]Figure S2. Illustration of anchoring the gap sequence by pseudo reads. In each gap, the reads may be assembled into more than one contig. The layout of each contig is circled by yellow. The two pseudo reads (blue ones), which are cut from the flanking sequences of the gap, are used to anchor the consensus sequence into the gap. (a) If the two pseudo reads are contained in one contig, the consensus sequence between them is taken to close the gap. (b) If the two pseudo reads are in two separate contigs, the consensus sequence after the left pseudo read is taken to extend the left-flanking contig, and the consensus sequence before the right pseudo read is taken to extend the right-flanking contig.
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[bookmark: _Toc134520814]Figure S3. Density plots of insert size distributions of the sequencing libraries used for gap closing of the three draft genomes. The horizontal axis of each plot represents the insert size (base pair). The scales in the horizontal axes are the same across the plots. 
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[bookmark: _Toc18211][bookmark: _Toc6268][bookmark: _Toc19801][bookmark: _Toc23669][bookmark: _Toc19850][bookmark: _Toc134520816]Note S1. The maximum admissible distance between prior positions of two reads that are pairwise aligned

For any two reads  and  collected in the gap, they have prior genomic positions  and  inferred from the insert size. Suppose the library insert size obeys the normal distribution with the standard deviation for  being , for  being . Denote the real genomic positions of  and  as  and , then  and . Since any two reads are independent, we have , where . Suppose a successful alignment should have an overlap length of at least k bp, i.e., , where l denotes the read length.

Proposition: For any two overlapping reads, , where  is the  quantile of the standard normal distribution.

Proof: Since , . For any two overlapping reads, we have , so that . Therefore, 


.

Remark: We pairwise align two reads only if , where the threshold  is set as    is the tuning parameter specified by the option ‘-S’ in the software, and its default value is 0.3, corresponding to . The above proposition means that the probability of any two overlapping reads being aligned is greater than . Supposing the read coverage is , then for any one read, the probability of at least one read overlapping with it being aligned is approximately greater than . In the default setting, , which is greater than  when  In a typical case of , , and , we have the default value of .


[bookmark: _Toc14311][bookmark: _Toc28783][bookmark: _Toc10018][bookmark: _Toc30444][bookmark: _Toc264][bookmark: _Toc134520817]Note S2. Linear time complexity of the insert-size guided pairwise alignment

Proposition: The number of pairwise alignments guided by the insert size is linear with the read number , i.e.,  , where  denotes the coverage of collected reads in the gap region;  denotes the read length;  denotes the threshold for guiding the pairwise alignment. Two reads are aligned only if the difference of their prior genomic positions is less than .

Proof: Suppose the collected reads are uniformly distributed in the gap region. Each read  only aligns with reads falling in the interval , where  is the prior genomic position of . Then, the number of reads aligned with  is . Therefore, the total number of pairwise alignments is .

Remark: Let  denote the gap size. Then, the read number is , which is proportional to the gap size  when the read coverage  is a constant. In this case, the number of pairwise alignments guided by the insert size, , is linear with the read number , while the number of all-against-all pairwise alignments are , quadratic with . Thus, the time complexity of pairwise alignments is reduced from quadratic one to linear, and a larger gap size results in a greater reduction.


[bookmark: _Toc28649][bookmark: _Toc30976][bookmark: _Toc6547][bookmark: _Toc32597][bookmark: _Toc22632][bookmark: _Toc134520818]Note S3. Probability property of the observational error 

For each pair of overlapping reads,  equals to the number of inserted bases minus the number of deleted bases on the DNA fragment between  and . Thus, if no insertion or deletion (indel) errors in the sequencing reads,  would be equal to 0. Supposing the indel error rate of each base site is  and the sequencing read length is , then we have

.

Since the indel error rates of Illumina short reads are generally very low, the probability of  is close to 1. That is,  is mostly zero. 

For HiSeq reads, it is reported that the indel error rate  is normally less than 0.00003 and the read length  is up to 125 bp [1], i.e.,  and . Therefore, we have

.

For MiSeq reads, it is reported that the indel error rate  is normally less than 0.00005 and the read length  is up to 300 bp [2], i.e.,  and . Therefore, we have

.























[bookmark: _Toc134520819][bookmark: _Toc18045][bookmark: _Toc6794][bookmark: _Toc17841][bookmark: _Toc17510][bookmark: _Toc29657]Note S4. Contig decomposition of the linear regression model 

The detected overlaps across reads are represented by the linear regression model (2) in the main text, i.e., 


The design matrix  is the oriented incidence matrix of the overlap graph, where each read corresponds to a vertex and each overlap creates a directed edge connecting two vertices. A directed graph  is called weakly connected if replacing all of its directed edges with undirected edges produces a connected undirected graph. If  is not weakly connected, let  be a maximal subset of vertices such that for every pair of vertices ,  and  are connected by a path in the underlying undirected graph of . Then the directed subgraph induced by  is called a weakly connected component of  [3]. Supposing the overlap graph is decomposed into  weakly connected components, then each component corresponds to one contig.

For the reads in the i-th component, we denote by  the reads’ corresponding parameters in , and by  the corresponding response values in  observed from the overlaps. Then, the overlaps of the reads in the i-th component can be represented by the sub-model,



where   is the submatrix of  as below,



and each row of  has only two non-zero elements -1 and 1 as in .  is the oriented incidence matrix of the i-th component.

We alter the order of the columns of  from  to , and the order of the rows of  from  to . Then,  is transformed into a partitioned matrix in the block-diagonal form as (3) in the main text, i.e.,

.

We accordingly alter the order of the rows of  and  from  to , and that of  from  to . Then, the linear regression model  can be re-written as below,



so that the model is decomposed into  sub-models as (4) in the main text, and each sub-model corresponds to a weakly connected component, i.e., a contig.

Proposition: The solutions to the linear equations system  are , where  and .

Proof: Since each row of  has only two non-zero elements -1 and 1,  are solutions. On the other hand, if one component of  is definite, such as , then all the components of  equal to , since the sub-model of  corresponds to a weakly connected component, so that any  of  can be connected to  by a path in the underlying undirected graph. Each edge in the path corresponds to an equation , so that we have . Therefore,  are all the solutions to the linear equations system .

Remark: Thus, the dimension of the solution space to the linear equations system  is 1, which is equivalent to . If  is a set of parameters to the sub-model , then all the parameters satisfying the sub-model are , since . These parameters correspond to the same layout since each read translates the same distance. If we add an initial position of one read, such as , to each sub-model , then to the design matrix  is added a row  with only the first component being non-zero, so that the solution to the linear equations system  is exactly . That is, the rank of  becomes , i.e., full-rank in column. Hence, the regression parameters in each sub-model become unique, i.e., identifiable. Since ,  also becomes full-rank in column, so that the parameters in the initial model  become identifiable.

We consider the two pseudo reads generated from the contig ends flanking the gap. Their coordinates are respectively 0 and , where  is the gap size and  is the read length. If either of them is contained in the contig, its coordinate could be used as the initial position added to the sub-model. Otherwise, the prior position of an arbitrary read could be used. In de novo assembly, where the prior positions of reads are unavailable, we could assign an arbitrary read a zero coordinate as the initial position. The choice of the initial position will not alter the layout of reads.

[bookmark: _Toc134520820]Note S5. Sparsity of the coefficient matrix 

Proposition: The sparsity (proportion of zeros) of  equals to , where  is the design matrix and  is the weight matrix. 

Proof: According to the regression model representing reads and overlaps, we observe that the design matrix  (illustrated in Fig. 1c) is actually the oriented incidence matrix of the overlap graph. So that  resembles a weighted version of the Laplacian matrix of the overlap graph, and non-zero elements exist only among the diagonal elements and the adjacency matrix elements. Specifically, the th diagonal element of  is the weighted degree of the th read in the overlap graph, namely, the sum of the weights for all the observations related with the th read. For the off-diagonal elements, only when the th read overlaps with the th read can the th element of  be a non-zero value, which equals to the negative weight assigned to that observation.

Therefore, the total number of non-zero elements in  is , where  means the number of diagonal elements and  denotes the total number of overlapping read pairs; since  is symmetric, each pair of overlapping reads is counted twice. Therefore, we have that the sparsity of  is at least 



Remark:  can be reformulated as , where  means the average number of overlaps of each read. So intuitively,  when the target sequence length is large, so that the coefficient matrix  is highly sparse. In the tandem repeat example of the S. aureus dataset, the design matrix had a dimension , so the sparsity of  was 95.73%. It is extremely sparse, so we can take advantage of the efficient manipulation of sparse matrix.


[bookmark: _Toc3543][bookmark: _Toc32047][bookmark: _Toc26076][bookmark: _Toc134520821]Note S6. Bayesian posterior probability per nucleotide type at each base site

In the gap sequence determination stage, after generating the multiple sequence alignment,
we calculate the Bayesian posterior probability of each nucleotide type, given the nucleotides aligned to the base site along with their Phred quality scores [4]. We denote the base at the reference site as , the aligned nucleotides as  and their Phred scores as .   and  take values from the alphabet . Here, the prior distribution of  is assigned as a non-informative one, i.e., . 

According to the definition of the Phred quality score [5, 6], the scores can be interpreted as probabilities as follows,

,

where  is the error probability of base-calling, and . With the assumption of unbiased base-calling [4], namely, , we have that 

.

So that we assign the conditional probability as follows,



where  is the indel error rate of the sequencing reads. Here, we assign .

With the above information, the posterior probability of  being certain nucleotide type   is given by







[bookmark: _Toc134520822]Note S7. Command lines used in the Results section

	S. aureus genome

	GapCloser
	GapCloser -a draft_genome.fasta -b config -o output_genome.fasta -l 101 -t 48

	GapFiller
	perl GapFiller.pl -l libraries.txt -s draft_genome.fasta -b output -T 48

	Sealer
	abyss-sealer -b20G -k90 -k80 -k70 -k60 -k50 -k40 -k30 -S ../draft_genome.fasta -o output 415_1.fq 415_2.fq -j 48

	Phrap
	python RunPipeline_phrap.py -p prerequisite -g draft_genome.fasta -d output -t 48

	RegCloser
	python RunPipeline.py -p prerequisite -g draft_genome.fasta -d output -t 48

	E. coli genome

	GapCloser
	GapCloser -a draft_genome.fasta -b config -o output_genome.fasta -l 100 -t 48

	GapFiller
	perl GapFiller.pl -l libraries.txt -s draft_genome.fasta -b output -i 20 -T 48

	Sealer
	abyss-sealer -b20G -k90 -k80 -k70 -k60 -k50 -k40 -k30 -S draft_genome.fasta -o output1 lib3001.fq lib3002.fq lib5001.fq lib5002.fq lib8001.fq lib8002.fq rc_lib2k1.fq rc_lib2k2.fq rc_lib5k1.fq rc_lib5k2.fq -j 48

abyss-sealer -b20G -k90 -k80 -k70 -k60 -k50 -k40 -k30 -S output1_scaffold.fa -o output2 lib3001.fq lib3002.fq lib5001.fq lib5002.fq lib8001.fq lib8002.fq rc_lib2k1.fq rc_lib2k2.fq rc_lib5k1.fq rc_lib5k2.fq -j 48

	Phrap
	python RunPipeline_phrap.py -p prerequisite -g draft_genome.fasta -d iter-1 -t 48
python RunPipeline_phrap.py -p prerequisite -g iter-1/output_genome.fasta -d iter-2 -t 48

	RegCloser
	python RunPipeline.py -p prerequisite -g draft_genome.fasta -d iter-1 -w -t 48
python RunPipeline.py -p prerequisite -g iter-1/output_genome.fasta -d iter-2 -w -t 48

	Plateau zokor genome

	GapCloser
	GapCloser -a draft_genome.fasta -b config1 -o output_genome1.fasta -l 150 -t 40
GapCloser -a output_genome1.fasta -b config2 -o output_genome2.fasta -l 150 -t 40

	GapFiller
	perl GapFiller.pl -l libraries1.txt -s draft_genome.fasta -b output1 -i 1 -T 40
perl GapFiller.pl -l libraries2.txt -s output1/output1.gapfilled.final.fa -b output2 -i 1 -T 40

	Sealer
	abyss-sealer -b20G -k90 -k80 -k70 -k60 -k50 -k40 -k30 -S draft_genome.fasta -o output1 300_R1.fq 300_R2.fq 500_R1.fq 500_R2.fq 800_R1.fq 800_R2.fq -j 40

abyss-sealer -b20G -k90 -k80 -k70 -k60 -k50 -k40 -k30 -S output1_scaffold.fa -o output2 300_R1.fq 300_R2.fq 500_R1.fq 500_R2.fq 800_R1.fq 800_R2.fq 3000_R1.fq 3000_R2.fq -j 40

	Phrap
	python RunPipeline_phrap.py -p prerequisite1 -g draft_genome.fasta -d iter-1 -HO 10 -t 40
python RunPipeline_phrap.py -p prerequisite2 -g iter-1/output_genome.fasta -d iter-2 -rc 50 -HO 10 -mT 3000 -t 40

	RegCloser
	python RunPipeline.py -p prerequisite1 -g draft_genome.fasta -d iter-1 -ho 5 -HO 10 -t 40
python RunPipeline.py -p prerequisite2 -g iter-1/output_genome.fasta -d iter-2 -ho 5 -HO 10 -mT 3000 -w -t 40

	RegCloser
(re-scaffolding)
	python RunPipeline.py -p prerequisite1 -g draft_genome.fasta -d iter-1 -ho 5 -HO 10 -hf -rs -t 40
python RunPipeline.py -p prerequisite2 -g iter-1/output_genome.fasta -d iter-2 -ho 5 -HO 10 -hf -rs -t 40
python RunPipeline.py -p prerequisite3 -g iter-2/output_genome.fasta -d iter-3 -ho 5 -HO 10 -mT 3000 -w -hf -rs -t 40
python RunPipeline.py -p prerequisite4 -g iter-3/output_genome.fasta -d iter-4 -ho 5 -HO 10 -mT 3000 -w -hf -rs -t 40
python RunPipeline.py -p prerequisite5 -g iter-4/output_genome.fasta -d iter-5 -ho 5 -HO 10 -mT 3000 -w -hf -rs -t 40
python RunPipeline.py -p prerequisite6 -g iter-5/output_genome.fasta -d iter-6 -ho 5 -HO 10 -mT 3000 -w -hf -rs -t 40
python RunPipeline.py -p prerequisite7 -g iter-6/output_genome.fasta -d iter-7 -ho 5 -HO 10 -mT 3000 -w -hf -rs -t 40



Computing equipments: Gap closing of the S. aureus genome and the E. coli genome were run on a 48-core server with Intel Xeon CPU E5-2697 v2 @ 2.70 GHz and 378 GB RAM. Gap closing of the plateau zokor genome was run on a 40-core server with Intel Xeon Silver 4114 CPU @ 2.20 GHz and 692 GB RAM.


[bookmark: _Toc134520823]Note S8. The orientating algorithm used in the layout generation of TGS long reads

The orientating procedure adopts the similar strategy as that in RegScaf [7], which takes a heuristic algorithm to minimize the Hamilton loss function. But the definitions of  and  are a little different. Here  denotes the sum of alignment scores of the overlaps which indicate inconsistent orientations between read  and , and  denotes the sum of alignment scores of those inconsistent-orientation overlaps. When constructing the orientation graph, the edge weight is set to , and the edge flag is set to the orientation signal ().

The orientating algorithm first finds the maximum spanning tree, MST, of the orientation graph. Then it traverses the MST in a depth-first order. In depth-first searching, neighbors are visited in a weight-decreasing order. When visiting a new vertex, its orientation is determined by the orientation of its precursor and their edge flag. The pseudo-code is as follows:
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[bookmark: _Toc5761][bookmark: _Toc20397][bookmark: _Toc14385][bookmark: _Toc369][bookmark: _Toc23023][bookmark: _Toc134520825]Table S1. Comparison of the five methods on the S. aureus sequencing dataset

	 
	Draft
	GapCloser 
	GapFiller 
	Sealer 
	Phrap
	RegCloser

	Contig length
	2,861,725
	2,964,018
	2,942,355
	-
	2,933,012
	2,957,268

	Contig number 
	703
	169
	228
	-
	188
	200

	Contig N50
	14,913
	200,474
	88,933
	-
	175,593
	214,205

	Genome fraction
	95.633%
	98.927%
	98.712%
	-
	98.589%
	98.917%

	# mis-assemblies
	1
	2
	1
	-
	1
	1

	# local mis-assemblies
	0
	3
	4
	-
	5
	3

	# mismatches
	14
	315
	52
	-
	194
	108

	# indels
	6
	37
	23
	-
	45
	23



Notes: Sealer did not finish after running for more than 72 hours.The assemblies were evaluated by aligning to the reference genome using QUAST (version 5.2.0) [8]. The best values of each quality metric are highlighted in bold. RegCloser achieves the largest contig N50 with the fewest mis-assemblies and local mis-assemblies. Its genome fraction is 98.917%, close to the best value 98.927%.

[bookmark: _Toc134520826]Table S2. Detailed information of the 6 simulation libraries of E. coli

	Library number
	PE or MP
	Mean of 
insert size (bp) 
	SD of 
insert size (bp)
	Coverage  
	Read length (bp)

	1
	PE
	300
	20 
	20X
	100

	2
	PE
	500
	30
	20X
	100

	3
	PE
	800
	50
	20X
	100

	4
	MP
	2k
	200
	20X
	100

	5
	MP
	5k
	300
	20X
	100

	6
	MP
	10k
	500
	20X
	100



Notes: PE, paired-end; MP, mate-pair; SD, standard deviation.


[bookmark: _Toc22679][bookmark: _Toc16059][bookmark: _Toc18114][bookmark: _Toc3400][bookmark: _Toc20282][bookmark: _Toc134520827]Table S3. Detailed information of the 26 TR-related gaps on the E. coli draft genome and their closure results from the five methods

	Gap No.
	PS
	CN
	PM
	PI
	CN in gap
	GapCloser 
	GapFiller 
	Sealer 
	Phrap
	RegCloser

	80
	113
	5.9
	96
	0
	4.9
	
	
	
	
	✓

	129
	113
	5.3
	97
	0
	4.3
	
	
	
	
	✓

	130
	100
	5.8
	96
	0
	4.3
	
	
	
	
	✓

	43
	181
	3.4
	99
	0
	3.1
	
	
	
	
	✓

	120
	92
	4.4
	95
	0
	3.1
	 
	 
	 
	 
	✓

	47
	178
	3.1
	95
	0
	2.8
	✓
	
	
	
	✓

	16
	93
	3.9
	96
	0
	2.7
	
	
	✓
	
	✓

	19
	101
	4.4
	95
	0
	2.7
	
	
	✓
	✓
	✓

	46
	535
	2.9
	97
	0
	2.5
	
	
	
	✓
	✓

	97
	113
	3.5
	96
	0
	2.4
	✓
	
	✓
	
	✓

	91
	110
	2.7
	98
	1
	2.2
	
	
	
	
	✓

	135
	121
	2.7
	89
	2
	2.2
	✓
	
	✓
	✓
	✓

	85
	122
	2.7
	87
	2
	2.1
	✓
	
	
	
	✓

	132
	111
	2.7
	98
	0
	2.1
	
	
	
	
	✓

	37
	304
	1.9
	97
	0
	1.9
	✓
	
	
	
	✓

	86
	91
	3.0
	97
	0
	1.9
	
	
	
	
	✓

	17
	93
	4.1
	97
	0
	1.6
	
	
	
	
	✓

	36
	380
	2.0
	94
	0
	1.6
	✓
	 
	 
	 
	✓

	53
	294
	3.2
	90
	0
	1.5
	
	✓
	
	
	✓

	59
	178
	2.2
	95
	0
	1.5
	
	✓
	
	✓
	✓

	115
	98
	2.9
	92
	1
	1.5
	
	
	
	
	✓

	99
	91
	3.5
	96
	0
	1.4
	
	
	
	✓
	✓

	121
	123
	2.8
	97
	0
	1.3
	✓
	
	
	
	✓

	3
	85
	3.1
	96
	0
	1.2
	
	
	✓
	✓
	✓

	18
	200
	2.0
	96
	0
	1.2
	
	✓
	
	
	✓

	136
	101
	4.1
	95
	0
	1.0
	✓
	✓
	✓
	 
	✓



Notes: PS, period size of the tandem repeat; CN, copy number of the tandem repeat; PM, percent of matches between adjacent copies overall; PI, percent of indels between adjacent copies overall; CN in gap, copy number of the tandem repeat contained in the gap region. The tick means the method correctly closes the corresponding gap. RegCloser correctly closes all the 26 TR-related gaps.

The gap records are sorted by CN in gap, and are partitioned into three sections with CN in gap respectively ,  but , and . Intuitively, the gaps containing more repeat copies are more difficult to be correctly closed. When CN in gap , GapFiller fails to resolve any one gap. When CN in gap , none of the other four methods correctly closes any one gap. 


[bookmark: _Toc134520828]Table S4. Detailed information of the 7 sequencing libraries of the plateau zokor genome

	Library number
	PE or MP
	insert size (bp)
	SD of 
insert size (bp)
	Coverage (X)  
	Read length (bp)

	1
	PE
	300
	36 
	14.6
	100

	2
	PE
	500
	42
	15.0
	100

	3
	PE
	800
	55
	13.4
	100

	4
	MP
	3k
	335
	27.7
	100

	5
	MP
	5k
	520
	5.6
	100

	6
	MP
	8k
	560
	12.5
	100

	7
	MP
	10k
	761
	6.3
	100



Notes: PE, paired-end; MP, mate-pair; SD, standard deviation.



[bookmark: _Toc134520829]Table S5. Runtime and memory usage of the five gap-closing tools on the three data sets  

	S. aureus

	
	GapCloser 
	GapFiller 
	Sealer 
	Phrap
	RegCloser

	Wall time (min)
	0.1
	0.9
	-
	1.6
	9.7

	Peak memory (Gb)
	0.4
	0.2
	-
	1.3
	7.7

	E. coli

	Iteration 1
	GapCloser
	GapFiller
	Sealer
	Phrap
	RegCloser

	Wall time (min)
	0.5
	0.8
	6.0
	2.7
	13.2

	Peak memory (Gb)
	0.7
	0.6
	20.1
	1.6
	7.9

	Iteration 2
	GapCloser
	GapFiller
	Sealer
	Phrap
	RegCloser

	Wall time (min)
	-
	0.5
	6.0
	0.8
	1.2

	Peak memory (Gb)
	-
	0.7
	20.1
	0.4
	0.3

	Total
	GapCloser 
	GapFiller 
	Sealer 
	Phrap
	RegCloser

	Wall time (min)
	0.5
	3.2
	12.0
	3.5
	14.4

	Peak memory (Gb)
	0.7
	0.7
	20.1
	1.6
	7.9

	Plateau zokor

	The first round
	GapCloser 
	GapFiller 
	Sealer 
	Phrap
	RegCloser

	Wall time (h)
	31.3
	19.4
	12.8
	23.0
	23.4

	Peak memory (Gb)
	550.0
	9.8
	21.6
	37.4
	237.4

	The second round
	GapCloser 
	GapFiller 
	Sealer 
	Phrap
	RegCloser

	Wall time (h)
	58.1
	36.2
	18.5
	45.9
	52.8

	Peak memory (Gb)
	539.2
	18.0
	22.1
	64.0
	582.5


 

Notes: The command lines and computing equipments for running the five gap-closing tools on the three data sets are provided in Note S7. On the S. aureus data set, Sealer did not finish after running for more than 72 hours. On the E. coli data set, the five tools were run iteratively until no more gaps could be closed. GapCloser ran for 1 iteration; GapFiller ran for 7 iterations; Sealer, Phrap, and RegCloser all ran for 2 iterations. On the plateau zokor data set, the five tools were run by two rounds. In the first round, three paired-end libraries with insert sizes of 300, 500, and 800 bp were used. In the second round, a mate-pair library with a long insert size of 3000 bp was added.
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Algorithm: Orientating algorithm 
Input: DFlag, DG  //DG denotes the orientation graph 
Output: Direction 
1. def STreeDFS(T,node,DFlag,Direction): 
2.     sorted_nei = 



sorted(T.neighbors(node),key='weight']),reverse=True) 
3.     for nei in sorted_nei: 
4.         if Direction[nei]!=0: 
5.             continue 
6.         Direction[nei]=int(Direction[node]*DFlag[nei,node]) 
7.         STreeDFS(T,nei,DFlag,Direction) 
8.     return Direction 
9. 
10. MST = maximum_spanning_tree(DG) 
11. s_node = 0  
12. ReadsDirection = [0 for i in range(ReadsCount)] 
13. ReadsDirection[s_node]=1 
14. Direction = STreeDFS(MST,s_node,DFlag,ReadsDirection) 
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