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Materials and Methods 
 
Patient selection and tissue collection 

 
The Institutional Review Board of Massachusetts General Hospital approved this study 
under an excess human tissues protocol. To identify patients with liver metastases from 
colorectal adenocarcinoma, we searched surgical pathology reports from 2006 to 2013 for 
the terms “liver resection” or “liver excision” and found 1373 cases (Figure S1). We 
filtered these results to retain only patients who had received a diagnosis of colonic 
adenocarcinoma (n=222). We then reviewed medical and surgical pathology reports for 
this patient group to ascertain whether specimens for all three tissue types of interest 
(primary tumor, lymph node metastases and liver metastases) were available in the 
archives. 48 patients met these criteria. We reviewed all available histological slides for 
these patients, and excluded cases in which only microscopic lymph node metastases 
were present or in which tumor cellularity was low due to treatment effects. 15 patients 
met our tumor quantity and purity criteria. We supplemented this cohort with 3 cases that 
we had analyzed in an earlier method validation study (25): C31, a case of colorectal 
cancer with metastasis to the right ovary, C39, a patient with two synchronous colorectal 
cancers in the left and right colon and metastasis to the liver, and C12, a patient with 
colorectal cancer and liver metastases. Raw data for C31 were reanalyzed with our new 
analysis pipeline with equivalent results to our previous study. For C39, the number of 
polyguanine markers from the initial analysis was not sufficient to resolve the branching 
between lymph node and distant metastases with bootstrap support above 0.7. Therefore, 
we completely re-genotyped this case, acquiring substantially more and new data. The 
resulting phylogeny matched our earlier analysis in every aspect, but was better 
supported from a statistical perspective. We conclude that phylogenies based on 
polyguanine indels are highly reproducible. For C12, only one primary tumor and one 
germline sample had previously been analyzed. Finally, we included one more patient 
(C38) with colorectal cancer and omental metastases which we had found by manual 
review of the surgical pathology database on a previous occasion. These 19 patients 
formed our study cohort. Their clinical information including survival, determined by 
electronic medical record review, is listed in Table S3.  

 
Samples were collected from formalin fixed and paraffin embedded (FFPE) tissue blocks 
with a 1.5 or 2 mm biopsy punch. In some cases, when only relatively small tumor 
quantities were present, we cut 10-20 5 µm sections from the block, stained them with 
Histogene (Life Technologies), a PCR-compatible tissue stain, and carefully 
macrodissected the tumor under a microscope. Samples from the primary tumor were 
designated P[unique number]. Numbers reflected the order in which FFPE blocks were 
prepared from the tumor mass by a surgical pathologist. Therefore, information about 
anatomical proximity is preserved in their sequence. Separate distant metastases were 
labeled with the letter M, followed by a unique number. Multiple samples from the same 
metastatic lesion were labeled M[metastasis number][abc etc.]. The same naming scheme 
was used for lymph node metastases, which were designated with the letter L. Again, 
lymph nodes were numbered to preserve anatomical information. For example, lymph 
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nodes from the same FFPE block always received sequential numbers. We only sampled 
nodes that were clearly labeled as “positive lymph nodes” by a pathologist, and excluded 
“replaced lymph nodes” (which are tumor deposits in which no residual lymphocytes are 
present). The only exception to this rule was patient C12, for whom all positive lymph 
nodes with residual lymphocytes were too small (<0.2 cm) for sampling. In this case, we 
included “replaced lymph nodes”. 
 
From our initial cohort of 19 colorectal cancers, two patients were excluded because their 
lymph node metastases did not meet pre-specified purity standards (Table S1, also see 
section on purity analysis below). Per their surgical pathology reports, the remaining 17 
patients had a total of 103 positive lymph nodes (Fig. S9A). Nine of these lymph nodes 
(8.7%) were not included in the study, principally because archival tissue materials were 
not available. 94 nodes (91.3%) were included in our analysis. Review of histological 
materials revealed that 33 nodes (32%) consisted of (i) very small (<0.2cm) clusters of 
tumor cells (which would not yield sufficient DNA for genotyping) or (ii) necrotic tissue 
with very low tumor cell content (< 10%) (representative images are provided in Fig. 
S14). Four nodes (3.9%) were excluded because they were contiguous with the primary 
tumor. The majority of nodes (55.3%) were sampled and genotyped, and 44 (42.7%) 
escaped our in silico impurity exclusion. One large lymph node (C65 L1) was sampled in 
two distinct locations, yielding a total of 45 samples. Across the entire patient cohort, we 
achieved a high correlation between the number of nodes that were suitable for analysis 
(i.e. were large and pure enough) and nodes that were included in the final data set (Fig. 
S9B). Correlation between the number of overall positive nodes and nodes in the final 
data set was also high (Fig. S9C), indicating that each patient’s lymphatic metastases had 
been adequately sampled. 
 
Samples were deparaffinized with xylene, washed with 100% ethanol, and digested with 
proteinase K overnight. We extracted DNA with phenol-chloroform and precipitated with 
ethanol and sodium acetate. On average, tissue samples had a volume of 3 mm3 and 
comprised approximately 9 x 106 cells. 
 
Clonal expansions of normal intestinal stem cells (ISCs) 
 
Clonal expansions of normal ISCs were derived as previously described (37, 38). Briefly, 
intestinal biopsies containing multiple crypts were obtained. Single cells were sorted 
from crypts by fluorescence-activated cell sorting (FACS), seeded in matrigel and 
allowed to grow into clonal organoids. Clonal expansions were cultured as follows: 
patient STE0071 (4 yrs), cultured for 86-98 days; STE0072 (4 yrs), cultured for 70 days; 
STE0074 (14 yrs), cultured for 64 days; STE0076 (9 yrs), cultured for 64 days, P1947 
(66 yrs), cultured for 59 days. DNA was extracted from clonal expansions, as well as 
from patient-matched blood samples or polyclonal mixtures containing many crypts 
(germline reference).  
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Polyguanine repeat genotyping 

Primer sequences for polyguanine markers are provided in Table S2. Primer pairs for 
some markers had previously been published (32), but many were newly developed for 
this study. To make optimal use of available DNA, we adopted a multiplex PCR strategy 
in which 2-4 fluorescently labeled primer pairs were combined in the same reaction. 
PCRs were performed in triplicate in 10 µl volumes with 200 µM each dNTP, 1x PCR 
buffer, 1x Q-solution, Taq polymerase (Qiagen) and 90 ng DNA per reaction. High DNA 
concentration is necessary because FFPE-derived DNA is fragmented, and amplification 
of polyguanine tracts is an inefficient reaction. Forward and reverse primer 
concentrations were optimized for each multiplex PCR mix. A 5’ “pigtail sequence” 
(GTTTCTT) was included in all reverse primers (39). We uniformly annealed at 57°C 
and ran 42 PCR cycles. Samples from the same patient were always run on the same plate 
with the same master mix. PCR products were analyzed by capillary electrophoresis on 
an ABI Genetic Analyzer 3130xl, along with a ROX-labeled size standard.  

Data processing 

Background on polyguanine repeat genotypes. We used GeneMapper 4.0 (Life 
Technologies) for initial viewing and quality control of electropherograms. Figure S2 
shows representative examples of polyguanine genotypes for two samples from patient 
C58. Due to the hypermutability of polyguanine repeats, a distribution of fragments is 
generated during PCR (as opposed to one fragment that would result from amplification 
of non-repetitive DNA). The highest intensity peak corresponds to the true genotype of 
the sample, while slippage of Taq polymerase generates the surrounding, smaller peaks. 
The shape of the distribution for any given genotype is partially enzyme-specific and 
highly reproducible.  

Filtering of low quality replicates. We analyzed 239 samples. The mean number of 
genotyped markers per sample was 28.6 (Table S1). Each genotype was acquired in 
triplicate. In total, the data set comprised 19,541 individual PCRs. We exported peak 
information from GeneMapper and fed these data into an automated analysis pipeline. 
The only manual input this pipeline currently requires is the definition of a size window 
in which the PCR product from a specific polyguanine repeat can be found (the exact size 
of the product usually varies from patient to patient because the repeats are polymorphic). 
The first step of our data processing algorithm was the removal of low quality PCRs from 
the data set. We excluded all genotypes whose intensity (mean height of all fragments) 
was below 10% of the mean intensity across all replicates for any given marker and 
patient. Filtered raw data for all samples after impurity exclusion (see below) can be 
downloaded from https://steelelabs.mgh.harvard.edu/lymphmet and from the Dryad 
digital repository (http://dx.doi.org/10.5061/dryad.vv53d). 

Selection of representative replicates. For each replicate we obtained a discrete fragment 
distribution (as described above and in Fig. S2). We quantified the similarity of the 
replicates using the Jensen-Shannon distance (JSD; square root of the Jensen-Shannon 
divergence) (30, 40). The 95% confidence interval of the JSD among 2706 pairs of 
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normal sample replicates was [0, 0.109] (Fig. S2B). Therefore, we classified two 
replicates as identical if their JSD was below d=0.11. We chose normal samples to create 
this reference distribution because the DNA quality among normal samples was uniform 
and high, giving us a better estimate of variability introduced by PCR alone. We 
developed the following procedure to select the most representative replicate of a marker 
in each sample: (i) if all three replicates were classified as identical, we selected the pair 
of replicates that minimized the distance measure and then selected the replicate with the 
higher intensity value; (ii) if two out of three replicates were classified as identical, we 
selected the replicate with the higher intensity from the identical replicates; (iii) if only 
two replicates were available and they were classified as identical we proceeded as in 
case (ii); (iv) if only one replicate was available, we proceeded with this replicate; and (v) 
if all available replicates were classified as different (JSDs above 0.11), we excluded this 
marker across all samples of a subject.  
 
Mutation definition. Throughout the study, we considered a sample mutated with respect 
to the normal reference genotype if the JSD between the representative replicates was 
equal to or greater than d=0.11 (see above) after rounding it to two decimal points. Please 
note that this mutation definition is only employed for specific analyses (e.g. Figure 2B), 
and we always mention its use explicitly in the figure legends and methods descriptions. 
Phylogenetic trees, on the other hand, are built from the full data set without introduction 
of any cutoffs. 

 
Impurity exclusion. Accurate phylogenetic reconstruction is only possible if all samples 
have comparable tumor cell content. To remove samples with increased normal cell 
contamination, we developed an “impurity exclusion” algorithm. One advantage of 
polyguanine repeat genotyping is that normal cell contamination is easy to identify. 
Across a majority of markers, contaminated samples will show smaller distribution shifts 
with respect to the normal reference than uncontaminated samples. We can easily identify 
samples that consistently have lower-than-average distances to the normal reference 
genotype. For each patient, we first selected all markers that had at least one mutated 
sample (JSD => 0.11). We then created a virtual “calibrator” sample by calculating the 
median across all samples for that marker. Next, for each sample, we generated a 
scatterplot of calibrator distances to normal reference vs. sample distances to normal 
reference. For a sample with average tumor cell content, most points will fall onto the 
diagonal or into a narrowly defined interval around it (Figure S5A). Private mutations 
that do not exist in most other samples will be above the diagonal and mutations that exist 
in most other samples, but not in the sample under investigation will fall below the 
diagonal. However, if a sample is contaminated by normal cells, points will consistently 
fall below the diagonal (Figure S5B). For each sample, we calculated the fraction of 
points within the narrow interval around the diagonal, and the ratio of points below and 
above the diagonal. If the former measure was below 45%, and the latter below 15%, we 
excluded a sample due to impurity. These cutoffs were determined based on evaluation of 
phylogenetic trees. We observed that samples that escape the cutoff, even narrowly, are 
still correctly grouped with pure samples. For example, C38 P2 had an interval fraction of 
25% and an above/below ratio of 18%. Still, in our phylogenetic reconstruction, it was 
correctly grouped with other, pure primary tumor samples. Impurity exclusion eliminated 
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11% of samples in our study (Table S1). Lymph node metastases in two patients (C57 
and C79) did not reach our purity cutoff. Therefore, these patients had to be excluded 
from all phylogenetic analyses. After impurity exclusion, we reran our entire analysis 
pipeline, since some steps (e.g. exclusion of markers that did not have representative 
replicates across all samples) take into account the entire data set. Additionally, we 
excluded two lymph node samples from patient C12 due to low DNA quality and a 
resulting disproportionate percentage of PCR failures. 

 
Phylogenetic reconstruction. The evolutionary history of metastases is a major open 
problem in cancer biology with various clinical implications (41-43). Many advanced 
methods have been developed to successfully reconstruct the evolutionary history of 
cancers from mostly whole exome sequencing data (44-47). However, generally it is 
challenging to distinguish between metastasis to metastasis spread and parallel metastatic 
seeding events – even if multiple samples of the primary tumor and samples from 
multiple spatially-distinct metastases are available (23, 41, 48). Moreover, the underlying 
confidence in the inferred branches is often not reported or low due to the low number of 
exonic mutations on the branches. 

To reconstruct the evolutionary history of the cancers in our data set, we further 
improved our previously developed methodology based on insertions and deletions in 
hypermutable, non-coding polyguanine repeats (25). To calculate the normalized total 
distance between a pair of samples, we added the pairwise JSDs across the selected 
representative replicates of all markers and divided it by the number of used markers in 
this subject. Based on these pairwise normalized total distances we generated a distance 
matrix among each pair of samples for the phylogenetic analysis. JSD among all 
measured replicates, among representative replicates, as well as final normalized distance 
matrices that form the basis of phylogenetic reconstruction are available through the 
Dryad Digital Repository. We investigated the evolutionary history of a patient’s cancer 
using neighbor-joining. We used the classical neighbor-joining tree estimation developed 
by Saitou and Nei (31) implemented in the R package ape (49), without any 
modifications. We chose a distance-based approach because polyguanine genotypes are 
distributions (see Fig. S2 and “background on polyguanine genotypes” for more details), 
and distances between sample genotypes are continuous values. Conversion of 
polyguanine genotypes into discrete character states is possible, and we have previously 
shown that when the resulting data are analyzed with Bayesian methods, the phylogenetic 
trees are highly similar to neighbor-joining trees (25). However, in our experience, 
conversion of complex polyguanine PCR fragment distributions into discrete character 
states leads to signal loss. Most tumor biopsies are heterogeneous mixtures of subclones 
whose characteristics cannot easily be distilled into a limited number of character states.  
Therefore, all analyses presented in this study rely on distance-based methods. To 
construct UPGMA trees, we used the upgma function implemented in the ape package 
without modifications. We quantified the branching confidence in the inferred 
evolutionary tree by bootstrapping with 1000 iterations. Each one of the bootstrap trees 
was also categorized as “common” or “distinct” origin based on the rule described below 
to calculate a confidence score for our classification. The bootstrap origin classification 
confidence is the fraction of bootstrapped trees that fall into the same category as the real 
tree, times 100. All phylogenetic analyses were performed with the R environment for 
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statistical computing (https://cran.r-project.org), using the software package ape and 
phangorn (50). 
 
Other statistical analyses 
All other statistical analyses were performed using R or GraphPad Prism (GraphPad 
Software). All tests were two-sided. The names of all employed statistical test are listed 
in the figure legends alongside analyses. 
 
Origin classification 
 
We classified phylogenies into common and distinct origin categories according to the 
formal rule: If there is a clade that contains lymph node and distant metastasis samples, 
but no primary tumor samples (and no normal control samples), conclude common 
origin. Conversely, if there is a clade that contains all primary tumor samples, and no 
lymph node and distant metastasis samples (the inverse of the preceding statement), 
conclude common origin. In all other cases, conclude distinct origin. 
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Fig. S1. Study flow chart. Systematic screening and review identified a cohort of 19 colorectal 
cancer patients with good quality samples from primary tumors, lymph node metastases and 
distant metastases from an initial patient pool of 1373. 
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Fig. S2. Polyguanine indels. (A) PCR replicates for patient C58, Marker Sal74, in the normal 
reference sample N1 (dark blue) and tumor sample M1a (red). The mutation in M1a is deletion 
(left shift of the distribution indicating a shorter allele) with a Jensen-Shannon distance (JSD) of 
-0.57 to N1. JSD is always in the interval [0,1]. Here, the sign of the JSDs indicates insertion (+) 
or deletion (-). (B) Distribution of JSDs among normal replicates in the colorectal cancer cohort 
(CRCs) and expansions of normal intestinal stem cells (ISCs). The 95% confidence interval for 
the main data set (CRCs) is [0,0.11]. JSDs between samples that are equal to or greater than 0.11 
are considered mutations. 
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Fig. S3. Unpruned trees for 6 patients with common origin of lymphatic and distant 
metastases. Bootstrap support values are plotted next to each branch. Coloring schemes as in 
Figure 3. Note that trees are not drawn to scale here to enable better visualization of topology. 
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Fig. S4. Unpruned trees for 11 patients with distinct origins of lymphatic and distant 
metastases. Bootstrap support values are plotted next to each branch. Coloring schemes as in 
Figure 3. Note that trees are not drawn to scale here to enable better visualization of topology. 
C31 and C39 are adapted from Naxerova et al. (PNAS 2014). CT, cecal tumor. ST, sigmoid 
tumor.
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Fig. S4 (continued). Unpruned trees for 11 patients with distinct origins of lymphatic and 
distant metastases. 
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Fig. S5. Impurity exclusion. (A) Analytic scatterplot for C79 P4, a tumor sample with average 
purity. The plot shows distance pairs (calibrator distance to normal vs. sample distance to 
normal) for all markers in which at least one sample from patient C79 was mutated (JSD to 
normal reference => 0.11). Distance pairs that fall outside of a narrow interval (+/- 0.03) around 
the diagonal are colored in red. (B) Analogous scatterplot for a sample (C79 L1) that was 
contaminated with normal cells and excluded due to impurity.
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Fig. S6. Indel characteristics. (A) Most polyguanine indels are deletions. Scatterplot of 
percentage of deletions among all indels vs. mean deletion size (JSD to normal reference) for all 
19 patients. The sign of the JS distances indicates insertion (+) or deletion (-). Cancers with 
microsatellite instability (MSI) almost exclusively have deletions. These are significantly larger 
than those in microsatellite stable tumors. (B) Analogous plot for insertions.

15



 

 

 
 
Fig. S7. Polyguanine indels in normal intestinal stem cells. Heatmaps showing Jensen-
Shannon distances of clonal expansions of normal intestinal stem cells to a matched reference 
sample (either Blood or Bulk, a polyclonal mixture of intestinal cells). Deletions, dark green; 
insertions, purple. Three expansions each were analyzed from two 4-year old children (STE0071, 
ST0072), one 9-year old child (STE0076), one 14-year old child (STE0074), along with six 
expansions from one 66-year old adult (P1947). Note that the same number of markers was 
assessed for all expansions, but not every locus amplifies in every patient. Therefore, the final 
data sets may contain variable numbers of markers.
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Fig. S8. Clonal mutation frequency increases with patient age at diagnosis. Clonal mutation 
is defined as JSD => 0.11 in 95% of tumor biopsies. Linear regression, p<0.05, R2=0.26. 
Microsatellite unstable cancers were not included in this analysis as their mutation frequency is 
close to 100% regardless of age. 
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Fig S9. Lymph node sampling. (A) Comprehensive sampling of positive lymph nodes (n=103) 
in 17 patients, detailed breakdown. (B and C) Correlation between the number of lymph nodes 
included in the final data set and (B) lymph nodes suitable for analysis (i.e. of sufficient size and 
purity, see supplementary methods) and (C) positive lymph nodes per the surgical pathology 
report.
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Fig. S10. Lymphatic metastases do not seed distant metastases in most colorectal cancers. 
(A) Division of the patient cohort (n=17) into common and distinct metastasis origins categories. 
(B) Common origin phylogenies support a progression model in which a clone (blue) in the 
primary tumor seeded a lymph node metastasis that subsequently formed a distant metastasis 
(red). Alternatively, the same subclone (blue/red) in the primary tumor seeded both lymphatic 
and distant metastases. Distinct origin phylogenies indicate that distinct subclones (blue, red) 
formed lymphatic and distant metastases. 
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Fig. S11. Association between origin classification and lymph node sampling. (A) Number of 
overall positive lymph nodes, (B) lymph node ratio (positive nodes/pathologically examined 
nodes), (C) number of lymph nodes included in the final data set, (D) number of lymph nodes 
excluded from the final data set (due to small size/impurity/missing materials), stratified by 
origin category. Data are mean +/- SD. Significance was assessed with two-tailed t-tests. 
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Fig. S12. Association between origin classification and clinicopathological variables. (A) 
Number of primary tumor samples in the common and distinct origin categories. (B) percentage 
of patients with T3 and T4 stage primary tumors, (C) primary tumor sizes, (D) vascular invasion 
and (E) metastasis timing in common and distinct origin groups. Synchronous metastasis: here, 
primary tumor/lymph nodes and distant metastases resected in the same surgery. Metachronous 
metastasis: here, primary tumor/lymph nodes and distant metastases resected in separate surgery. 
Note: Patient C69 had both synchronous and metachronous metastases and is classified as 
synchronous in this plot. Error bars show mean +/- SD, p-values are derived from two-tailed t-
tests (A,C) or Fisher’s exact test (B,D,E). 
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Fig. S13. Heatmaps for all patients. Heatmaps showing Jensen-Shannon distances to normal 
reference sample N1 are shown for all patients in the study. The sign of the JS distances indicates 
insertion (+), purple, or deletion (-), dark green.
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Fig. S13. Heatmaps for all patients (continued).
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Fig. S13. Heatmaps for all patients (continued).
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Fig. S13. Heatmaps for all patients (continued).
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Fig. S13. Heatmaps for all patients (continued).
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Fig. S14. Sampling of positive lymph nodes.  Some positive lymph nodes are not 
suitable for analysis because of (A) wide-spread necrosis (arrow) and a resulting dearth 
of tumor cells or (B) small size (arrow is pointing to a small cluster of tumors cells in an 
otherwise normal node).
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Table S1. Sample statistics. (A) Before impurity exclusion. (B) After impurity exclusion.
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Table S2. Primer sequences.
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Table S3. Patient clinical data. Microsatellite instability, MSI; Follow-up, F/U; Status alive=0, 
dead=1; Origin common=0, distinct=1. 
 
 

Patient Stage Site of metastasis Age at diagnosis Grade MSI Tumor size Primary tumor location
C36 pT3N2M1 Liver 39 H NO 4.6 Sigmoid colon
C38 pT4b N1a M1b Omentum 80 L YES 13.5 Transverse colon
C58 pT4aN2bM1a Liver 41 H NO 4.2 Right colon
C65 pT4bN2Mx Liver 78 H NO 3.1 Left colon
C69 pT3 N1 M1 Liver 67 H NO 4 Rectum
C77 ypT3N1bM1a Liver 44 L NO 3.5 Rectum
C12 pT4b N2b M1a Liver 84 H YES 9 Hepatic flexure
C31 pT4aN2aM1b Ovary/uterus 48 L NO 3.2 Hepatic flexure
C39 pT4N1aM1 Liver 66 L NO 6 Sigmoid colon
C45 pT4b N1b M1b Liver/small bowel mesentery 86 H NO 10.7 Sigmoid colon
C46 pT4aN1M1a Liver 86 L NO 5.7 Transverse colon
C51 pT4bN2bM1 Liver 68 L NO 4.5 Ileocolic anastomosis
C53 pT4a N1b M1a Liver 75 L NO 4.5 Cecum
C59 pT3N1bM1a Liver 48 L NO 4.5 Hepatic flexure
C61 pT4aN1bM1a Liver 42 L NO 4 Sigmoid colon
C63 pT3 N1 MX Liver 74 L NO 3.4 Sigmoid colon
C66 pT3N2Mx Liver 41 L NO 3.8 Rectum
C57 pT4N1aM1a Liver 62 H NO 4.2 Cecum
C79 pT4N1bM1a Liver 57 H NO 6.1 Hepatic flexure

Patient

# of 
positive 
nodes

# of nodes 
examined

Months 
F/U Total Status Origin Neoadjuvant therapy Treatment between P/M surgeries

C36 7 30 91.2 0 0 none FOLFOX, Bevacizumab
C38 1 16 58.8 0 0 none none
C58 27 32 37.33 0 0 none none
C65 8 17 15.07 1 0 none FOLFOX
C69 3 21 67.83 0 0 short radiation FOLFOX, Bevacizumab
C77 2 18 51.43 1 0 FOLFOX, Bevacizumab, radiation none
C12 23 44 2.87 1 1 none none
C31 4 31 25.63 1 1 none none
C39 1 40 70.6 0 1 none FOLFOX
C45 2 22 6.17 1 1 none none
C46 1 18 24.97 1 1 none none
C51 2 24 10.97 1 1 none none
C53 2 20 45.03 0 1 none none
C59 3 61 43.07 0 1 none none
C61 2 15 40.53 1 1 none none
C63 2 11 104.6 0 1 none FOLFOX, Bevacizumab, Irinotecan, Erbitux
C66 13 33 50.07 1 1 none FOLFOX, Bevacizumab
C57 1 19 45.03 0 NA none none
C79 3 20 1.47 1 NA none none
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