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a b s t r a c t 

Glaciers are retreating rapidly worldwide, particularly at high 

elevations, changing the environments and habitats of mi- 

croorganisms, plants, and animals drastically and leaving be- 

hind nutrient-poor sediment. We sought to explore seasonal, 

elevational, and soil age differences in microbial commu- 

nity diversity found in moraine deposits exposed by recent 

deglaciation and previously exposed during the Little Ice Age 

in the Cordillera Vilcanota of southeastern Peru. In the wet 

and dry seasons of 2023, JMU students and other researchers 

collected soil samples from 35 sites across a 2.5 square kilo- 

meter range in the Andes mountains. Each sample was as- 

signed to the season collected, elevation of collection, and 

age of exposure. Total DNA was extracted from samples and 

the 16S rRNA gene was amplified and sequenced on an Illu- 

mina MiSeq platform. The data were then processed and an- 

alyzed using the QIIME2 bioinformatics pipeline. This dataset 
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will be useful to the field for studying ecological community 

and ecosystem formation in glacier forefields emerging from 

climate change. 

© 2026 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC license 

( http://creativecommons.org/licenses/by-nc/4.0/ ) 
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Subject Biodiversity 

Specific subject area Characterization of soil microbial metagenomes from a retreating glacier forefield in 

the tropical Andes 

Type of data Table, Image, Chart, Graph, Figure 

Data collection Data were collected by sequencing 16S amplicons produced from sediment samples 

obtained in the Cordillera Vilcanota Mountain range of southeastern Peru. 

Data source location Cordillera Vilcanota, Cusco, Peru 

Data accessibility Repository name: NCBI SRA 

Data identification number: PRJNA1237301 

Direct URL to data: https://www.ncbi.nlm.nih.gov/sra/PRJNA1237301 [ 1 ] 

Instructions for accessing these data: download raw and/or processed files 

Related research article N/A 

. Value of the Data 

• This study provides a metabarcoding profile of the microbial diversity of glacial moraines in

the southern Peruvian Andes. 

• Understanding glacier forefield microbial diversity in relation to season, elevation, and sub-

strate age can improve models of primary succession, including predictions for carbon dy-

namics and the rate at which recently deglaciated moraines may be colonized by plants and

animals. 

• Documenting community and ecosystem changes are important as microbes, plants, and an-

imal communities are established following glacier loss. 

• The data can be used in future comparative studies of variation in microbial community di-

versity and ecosystem development. 

. Background 

Glaciers are rapidly retreating worldwide [ 2 ], threatening water supplies to downstream

cosystems and communities [ 3 , 4 ] and drastically altering the landscape, leaving behind

utrient-poor glacial till sediment deposits which limit ecosystem development for decades or

ven centuries [ 5 ]. It is imperative to understand the patterns of ecological function and com-

unity development during primary succession in high mountain landscapes [ 6 , 7 ], which re-

uires an understanding of microbial diversity and community composition in glacier forefields.

icrobes are the initial colonizers of recently exposed post-glacial sediment and play an im-

ortant role in early soil formation [ 8 ]. Relatively little is known about differences in microbial

ommunities across elevation and hydrological cycles in tropical Andean glacier forefields, where

ew land is rapidly being created by glacier loss [ 9 ]. 

The use of 16S rRNA gene amplicon sequencing to quantify microbial composition and di-

ersity is supported by previous assessments of microbial diversity in the high Andes of Peru

 10 , 11 ], and other recently deglaciated, high elevation, arid environments such as the Tibetan

lateau [ 12 ] and the Himalayan mountains [ 13 ]. The goal of this research is to characterize the

icrobial diversity of glacial moraines in the Cordillera Vilcanota, Cusco Department, south-

http://creativecommons.org/licenses/by-nc/4.0/
https://www.ncbi.nlm.nih.gov/sra/PRJNA1237301
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Fig. 1. Overview of sample collection and experimental pipeline. A) Location of collected soil samples, Cordillera Vilcan- 

ota, southeastern Peru. B) Overview of sampling variables including season, elevation, and soil age. C) Overview of entire 

experimental pipeline including the open access bioinformatics analysis using QIIME2 embedded in the DNA Subway 

graphical user interface. 
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eastern Peru, in the wet and dry seasons and at different elevations and sediment exposure

age groups. While previous studies have measured microbial metagenomics in high elevation

glaciers, this is the first public data set detailing microbial diversity of the deglaciated moraines

in the Cordillera Vilcanota in southeastern Peru based on seasonal, elevational and soil age dif-

ferences. These analyses were conducted using Illumina 16S amplicon analysis in tandem with

a bioinformatics pipeline exclusively using open access tools to ensure sequence quality and ro-

bust metagenomics analysis ( Fig. 1 ). The survey described here is part of an ongoing NSF-funded

project hosted by the Cold Spring Harbor Laboratory, DNA Learning Center (CSHL DNALC) and

the James Madison University Center for Genome and Metagenome Studies (JMU CGEMS) fo-

cused on incorporating metagenomics analysis into undergraduate education. These data will be

useful to understand the microbial community underlying initiation of primary succession in

recently deglaciated tropical Andean landscapes ( Fig. 2 ). 

3. Data Description 

To explore seasonal, elevational, and soil age differences in microbial community diversity

in soils exposed by recent exposure of a high elevation glacier system, sediment samples were

collected from 35 sample sites from the Cordillera Vilcanota of southeastern Peru ( Fig 1 a-b).

Samples were collected during the dry (July 2023) and wet (December 2023) seasons, at “high”

(5330–5400 m above sea level) and “low” (5100–5280 masl) elevations, and from Recent Glacial

Moraine (RGM) sample sites exposed between ∼25–135 years ago, and older sites that remained

exposed during the Little Ice Age (LIA) which ended ∼1850–1900 in this location following

moraine ages as previously studied [ 14 ] ( Fig 1 a–b). Genomic DNA was extracted in duplicate

from soil samples using a Qiagen DNEasy PowerSoil Pro kit, and used to create 16S amplicon se-

quencing libraries as previously demonstrated [ 15–16 ]. The Illumina MiSeq sequencing platform

was used to generate a total of 3318,970 unprocessed 150 bp paired end (PE) reads from the V3-

4 region of the 16S rRNA gene from the 70 samples yielding 140 FASTQ files. ( Table 1 ). Quality

control (QC) and filtering analysis was applied to remove low quality and chimeric sequences

yielded a total of 2772,009 PE sequence reads (83.5% of total reads) to be used for a subsequent

open access bioinformatics workflow (Table 1; Fig 1 c). 
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Table 1 

Sample metadata for dataset. Soil age is abbreviated either RGM for Recent Glacial Moraine or LIA for Little Ice Age. The GPS coordinates for each sample location are available in 

Supplementary Table 1. 

SampleID Sample Site Season Soil Age Elevation Description Input Reads Filtered Reads % Pass Filter Feature_Count SRA accession # 

1 L80 dry RGM high L80controldry_1 17,971 14,912 83.0 10,687 SAMN47415363 

2 L80 dry RGM high L80controldry_2 8648 7041 81.4 4812 SAMN47415364 

5 L75 dry RGM high L75controldry_1 2675 2099 78.5 1541 SAMN47415365 

6 L75 dry RGM high L75controldry_2 5557 4508 81.1 3532 SAMN47415366 

9 L55 dry RGM low L55controldry_1 21,955 19,466 88.7 14,731 SAMN47415367 

10 L55 dry RGM low L55controldry_2 17,212 14,818 86.1 10,944 SAMN47415368 

13 L70 dry RGM high L70controldry_1 11,134 9474 85.1 6899 SAMN47415369 

14 L70 dry RGM high L70controldry_2 23,544 20,647 87.7 15,888 SAMN47415370 

17 L86 dry RGM low L86controldry_1 41,960 35,823 85.4 27,240 SAMN47415371 

18 L86 dry RGM low L86controldry_2 57,824 49,106 84.9 38,746 SAMN47415372 

21 L71 dry RGM high L71controldry_1 5606 4696 83.8 2944 SAMN47415373 

22 L71 dry RGM high L71controldry_2 9643 8328 86.4 6176 SAMN47415374 

25 L57B dry RGM low L57Bcontroldry_1 13,391 10,816 80.8 6681 SAMN47415375 

26 L57B dry RGM low L57Bcontroldry_2 9459 7594 80.3 4528 SAMN47415376 

29 L77 dry RGM high L77controldry_1 67,390 55,640 82.6 43,739 SAMN47415377 

30 L77 dry RGM high L77controldry_2 42,132 35,036 83.2 26,014 SAMN47415378 

33 L81 dry RGM high L81controldry_1 23,921 19,504 81.5 14,928 SAMN47415379 

34 L81 dry RGM high L81controldry_2 21,477 17,460 81.3 13,453 SAMN47415380 

37 L83 dry RGM low L83controldry_1 22,130 17,458 78.9 11,346 SAMN47415381 

38 L83 dry RGM low L83controldry_2 54,585 45,390 83.2 34,115 SAMN47415382 

41 L57A dry RGM low L57Acontroldry_1 40,378 32,367 80.2 24,445 SAMN47415383 

42 L57A dry RGM low L57Acontroldry_2 64,581 51,533 79.8 39,987 SAMN47415384 

45 L91 dry RGM low L91controldry_1 87,309 71,082 81.4 57,170 SAMN47415385 

46 L91 dry RGM low L91controldry_2 54,561 43,100 79.0 31,223 SAMN47415386 

63 L57A wet RGM low L57Acontrolwet_1 93,352 77,121 82.6 60,202 SAMN47415387 

64 L57A wet RGM low L57Acontrolwet_2 80,290 67,400 83.9 52,923 SAMN47415388 

67 L101 wet LIA low L101controlwet_1 45,023 38,060 84.5 23,683 SAMN47415389 

68 L101 wet LIA low L101controlwet_2 72,066 59,210 82.2 38,172 SAMN47415390 

71 L102 wet LIA low L102controlwet_1 85,900 71,012 82.7 51,992 SAMN47415391 

72 L102 wet LIA low L102controlwet_2 85,252 71,696 84.1 53,528 SAMN47415392 

75 L91 wet RGM low L91controlwet_1 77,957 68,231 87.5 55,112 SAMN47415393 

76 L91 wet RGM low L91controlwet_2 94,685 83,282 88.0 70,949 SAMN47415394 

79 L104 wet LIA low L104controlwet_1 76,614 65,491 85.5 50,219 SAMN47415395 

80 L104 wet LIA low L104controlwet_2 92,552 80,613 87.1 62,821 SAMN47415396 

( continued on next page ) 
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Table 1 ( continued ) 

SampleID Sample Site Season Soil Age Elevation Description Input Reads Filtered Reads % Pass Filter Feature_Count SRA accession # 

83 L57B wet RGM low L57Bcontrolwet_1 88,563 74,125 83.7 60,126 SAMN47415397 

84 L57B wet RGM low L57Bcontrolwet_2 108,104 91,842 85.0 75,757 SAMN47415398 

87 L56 wet RGM low L56controlwet_1 95,284 76,348 80.1 61,256 SAMN47415399 

88 L56 wet RGM low L56controlwet_2 96,936 80,358 82.9 64,675 SAMN47415400 

91 L51 wet RGM low L51controlwet_1 84,122 69,447 82.6 50,565 SAMN47415401 

92 L51 wet RGM low L51controlwet_2 98,275 83,299 84.8 62,495 SAMN47415402 

95 L73 wet RGM high L73controlwet_1 30,591 25,586 83.6 23,508 SAMN47415403 

96 L73 wet RGM high L73controlwet_2 15,322 12,726 83.1 10,928 SAMN47415404 

99 L86 wet RGM low L86controlwet_1 55,213 45,637 82.7 31,735 SAMN47415405 

100 L86 wet RGM low L86controlwet_2 59,169 48,436 81.9 34,620 SAMN47415406 

103 L60 wet RGM low L60controlwet_1 33,410 28,902 86.5 22,779 SAMN47415407 

104 L60 wet RGM low L60controlwet_2 47,938 41,451 86.5 33,352 SAMN47415408 

107 L85 wet RGM low L85controlwet_1 49,282 42,324 85.9 31,397 SAMN47415409 

108 L85 wet RGM low L85controlwet_2 68,818 58,756 85.4 44,493 SAMN47415410 

111 L111 wet RGM high L111controlwet_1 46,229 37,864 81.9 33,391 SAMN47415411 

112 L111 wet RGM high L111controlwet_2 67,231 56,113 83.5 50,753 SAMN47415412 

115 L71 wet RGM high L71controlwet_1 35,589 32,237 90.6 27,676 SAMN47415413 

116 L71 wet RGM high L71controlwet_2 57,918 51,483 88.9 44,963 SAMN47415414 

119 L80 wet RGM high L80controlwet_1 33,342 28,173 84.5 21,534 SAMN47415415 

120 L80 wet RGM high L80controlwet_2 50,162 42,274 84.3 33,438 SAMN47415416 

123 L79 wet RGM high L79controlwet_1 52,959 43,653 82.4 39,952 SAMN47415417 

124 L79 wet RGM high L79controlwet_2 44,139 35,396 80.2 32,030 SAMN47415418 

127 L70 wet RGM high L70controlwet_1 4349 3427 78.8 2475 SAMN47415419 

128 L70 wet RGM high L70controlwet_2 21,4 4 4 18,007 84.0 16,067 SAMN47415420 

131 L100 wet LIA low L100controlwet_1 4 9,6 82 42,717 86.0 30,991 SAMN47415421 

132 L100 wet LIA low L100controlwet_2 53,958 45,725 84.7 32,150 SAMN47415422 

135 L58 wet RGM low L58controlwet_1 34,131 27,201 79.7 18,099 SAMN47415423 

136 L58 wet RGM low L58controlwet_2 48,973 39,811 81.3 27,491 SAMN47415424 

139 L112 wet RGM high L112controlwet_1 32,190 25,964 80.7 20,672 SAMN47415425 

140 L112 wet RGM high L112controlwet_2 35,873 28,176 78.5 23,176 SAMN47415426 

143 L77 wet RGM high L77controlwet_1 41,235 32,746 79.4 27,449 SAMN47415427 

144 L77 wet RGM high L77controlwet_2 56,432 46,585 82.6 39,258 SAMN47415428 

147 L75 wet RGM high L75controlwet_1 25,559 21,075 82.5 17,137 SAMN47415429 

148 L75 wet RGM high L75controlwet_2 10,311 8306 80.6 6465 SAMN47415430 

151 L81 wet RGM high L81controlwet_1 40,809 31,961 78.3 27,609 SAMN47415431 

152 L81 wet RGM high L81controlwet_2 16,694 13,864 83.0 11,098 SAMN47415432 
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Fig. 2. Overview of sequencing dataset quality. FastQC and MultiQC analysis of raw sequencing reads demonstrates high 

per base (A) and per sequence (B) quality. C) A sequencing depth of 4500 representative sequences was selected to use 

for downstream analysis. 

Fig. 3. Inter-sample microbial composition variation analyzed through weighted UniFrac distance matrix Principal Co- 

ordinates Analysis (PCoA) demonstrates similar clustering of sample replicate extractions (A), and unique clustering of 

samples based on season, elevation, and soil age (B-C). 
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Quality Control of sequencing reads in the 140 FASTQ files was assayed using FastQC and

ultiQC analyses [ 20 ]. Fig. 1 a-b shows that all FASTQ sequencing files have an average per se-

uence and per base Phred score > 20 respectively, a common threshold demonstrating high

uality Illumina base calls. High-quality reads were subsequently assigned to amplicon sequence

ariants (ASVs) and quantified using DADA2 [ 21 ] software identifying 2162,930 unique features

cross the 70 samples ( Table 1 ). Using a sequencing depth of 4500, representative sequences for

ach sample were aligned and annotated against the SILVA database version 138.2 ( Fig 1 c). Beta

iversity, indicating inter-sample microbial composition variation, was analyzed through Princi-

al Coordinates Analysis (PCoA) using the weighted UniFrac distance matrix based on QIIME2’s

lign-to-tree-mafft-fasttree function [ 18 ]. Initial beta diversity assessment demonstrated optimal

lustering of sample replicates and clear differences in sample grouping based on season, eleva-

ion, and soil age ( Fig 3 a-c). Initial QC assessment indicates that our data set will be appropriate

or studies investigating microbial and plant community establishment in deglaciated moraine

andscapes. 
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4. Experimental Design, Materials and Methods 

4.1. Study site and field sampling 

Soil samples were collected from 35 sites within a glacier forefield in the Cordillera Vilcanota

(−13.7547, −71.0851), Cusco Department, southeastern Peru during the wet (December) and dry

(July) season of 2023. Geographic coordinates for the sampling sites are available in the supple-

mentary material (Table S1). We avoided sampling inside plant patches or water features. Sites

were selected along an elevational gradient from 5100 to 5400 masl from glacial moraine de-

posits that were previously dated to ∼25–135 years ago, and older sites that remained exposed

during the Little Ice Age (LIA) which ended ∼1850–1900 in this location (14). Soils were sam-

pled at 3–4 points at each site to a depth of 4 cm with a flame-sterilized trowel and stored in

sealed, sterile bags on ice in the field and then frozen until DNA extraction. Two replicate DNA

extractions were completed from homogenized soils samples from each site, yielding 70 study

samples. 

4.2. DNA extraction and 16S amplicon sequencing 

DNA extractions were performed from 0.4 g of each soil samples using the Qiagen DNeasy

PowerSoil kit (Hilden, Germany) following the manufacturer’s protocols and DNA concentra-

tions were measured with a Qubit 3.0 fluorometer (Thermo Fisher Scientific, MA, USA). Plant

material such as roots and rocks were excluded from subsampled soil. 16S amplification and

library preparation was performed at the James Madison University Center for Genome and

Metagenome Studies (CGEMS). Pooled 16S amplicons were sequenced on the Illumina (San

Diego, CA, USA) MiniSeq platform. The V4 region of the bacterial 16 s rRNA gene was am-

plified and barcoded for each sample using primers developed by Kozich et al. [ 17 ]. Samples

were screened for successful amplification on an agarose gel and pooled. A double-sided bead

clean-up was carried out to remove primer-dimers and a low amount of off-target larger PCR

products. Quality and concentration of the pooled library was checked using a Bioanalyzer (Ag-

ilent, Santa Clara, CA, USA) and NEB’s Library Quant Kit for Illumina. The library was then se-

quenced on a MiniSeq using a mid-output reagent cartridge. Before loading, the library was

combined with Ilumina’s PhiX control (30:70 16s:PhiX) to ensure a high-quality run despite

the low diversity of the 16 s library. A dual indexing strategy was used with these primers as

previously demonstrated by Senn and colleagues: Forward: GTGCCAGCMGCCGCGGTAA. Reverse: 

GGACTACHVGGGTWTCTAAT [ 15 ]. 

4.3. Bioinformatics analyses 

The graphical user interface DNA Subway Purple Line was used to run the QIIME2 version 2

2017.4 16S rRNA gene amplicon sequencing pipeline [ 18 ].This pipeline includes FastQC app ver-

sion 0.11.2 [ 19 ], MultiQC version 1.26 [ 20 ],DADA2 app version 2021.11.02 [ 21 ] and emperor plots

for raw sequencing ready QC, ASV analysis and beta diversity analyses respectively as previously

reported [ 16,17 ]. 

Limitations 

Not applicable 
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