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Figure 4.5. Proportional contributions of AAgss sources to (A) leaf packs and (B)
macroinvertebrates over time. Mean proportions were estimated using MixSIAR models on
the linear discriminant analysis coordinates shown in Figure 4.4; error bars denote standard

deviation.
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APPENDIX ONE

Supporting Information for: Assessing the Potential of Amino Acid &8“C and 3N

Analysis in Terrestrial and Freshwater Ecosystems

Equation A1.1. Isotope values are expressed as o values. & = [(Rsample — Rreference)/Rreference],
where R = BC/2C or N/'“N and the international reference standards are Vienna Pee Dee
Belemnite (VPDB) for 8'3C and atmospheric N> for 8!°N; § values are reported in parts per

thousand or per mil (%o).

Protocol Al.1. Samples were hydrolyzed using 1-1.75 mL of 6 N HCI] and were swept with
N2 gas before being placed in a 110°C oven for 20 hours. Hydrolysates were passed through a
cation exchange resin (Dowex 50 W X8 100-200 mesh) column to isolate amino acids (AA)
from other contaminants/metabolites (Amelung and Zhang 2001). Purified sample AA were
then derivatized to N-trifluoroacetic acid isopropyl esters following established protocols
(Silfer et al. 1991, Whiteman et al. 2019), alongside an in-house reference material containing

AA of known isotopic composition.

The in-house reference material contains [powdered] individual AA purchased from Sigma
Aldrich (Saint Louis, MO). The 8'*C and 8'°N values of these individual AAs were measured
with a Costech 4010 elemental analyzer (Valencia, CA) coupled to a Thermo Scientific Delta
V Plus isotope ratio mass spectrometer (Bremen, Germany) at the University of New Mexico
Center for Stable Isotopes (UNM-CSI; Albuquerque, NM). To make the in-house reference
material, each powdered AA was dissolved in weak HCl to a final concentration of ~250 mM.
These individual AA solutions were then combined into one mixture that was dried down under

N2 prior to derivatization alongside each batch of unknown samples.

After derivatization and immediately prior to isotopic analysis, derivatized samples and in-
house AA references were dried down under a gentle stream of N> gas and rinsed twice with

dichloromethane before being brought up in a final dilution of dichloromethane. For both §!*C
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and 8!°N analysis, 1.0 ul aliquots of prepared samples and in-house AA references were
injected with a Thermo Scientific TriPlus RSH Autosampler onto a SGE 60 m x 0.32 mm ID
BPXS5 x 1.0 um gas chromatography (GC) column (inlet temperature: 250°C) that was heated
from 70°C to 300°C over the course of ~60 min. The exact specifications of this temperature
ramping program are slightly different among instruments and laboratories and may be
modified over time to maintain maximum separation among AA. Our most current temperature
ramping program: 70°C hold for 1 minute, increase to 120°C at a rate of 15°C per minute,
increase to 195°C at a rate of 4°C per minute, increase to 235°C at a rate of 5°C per minute,
increase to 260°C at a rate of 2°C per minute, increase to 300°C at a rate of 15°C per minute,
hold at 300°C for 8 minutes. Separated, gaseous derivatized AA were oxidized and reduced
into CO> and N in a 1000°C combustion reactor (Thermo Scientific Isolink II). The CO, and
N> gases were sent to the IRMS via a Thermo Scientific Conflo IV for isotopic analysis. For

examples of chromatograms produced using these methods, please see Figures Al.1-A1.3,

O’Brien et al. (2002), Chikaraishi et al. (2009), and Whiteman et al. (2019).

Typically, 3-6 samples were analyzed per AA 8'°C run lasting ~20 hours or less. We injected
the in-house AA reference material that was derivatized alongside the samples being analyzed
at the beginning and end of each run and between every two samples within the run (e.g.,
Reference Inj. A, Sample #1 Inj. A., Sample #1 Inj. B, Sample #2 Inj. A, Sample #2 Inj. B,
Reference Inj. B, Sample #3 Inj. A, etc.). At the end of each run, we carefully looked at every
chromatogram and entered all data by hand into a custom Microsoft Excel template. The §!°C
data was then uploaded to a Microsoft Access Database and corrected in R to account for the
carbon added during derivatization. This time-intensive protocol for data entry ensures high
quality control because we examine every individual AA peak in all of the unknown sample
and in-house AA reference material injections. Additionally, using the database and R allows
us to monitor how our reference 8'°C values change over time, enabling us to identify any
potential problems and assess combustion reactor performance. We oxidized the combustion
reactor (30 min. of O, followed by 120 min. of He backflush) approximately every 2-6

overnight runs depending on the sample types, number of injections, chromatography, and
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combustion reactor age. Combustion reactors usually last ~400-500 injections for §'*C analysis

before being replaced.

We analyzed 2-3 samples per AA 3N run. We oxidized the combustion reactor in between
every sample and its bracketing in-house AA reference material injections (e.g., Oxidation,
Reference Inj. A [a 1.5 pl injection of the reference material to help the combustion reactor
recover from oxidation; these 8'°N values were discarded from further analysis], Reference
Inj. B, Sample #1 Inj. A, Sample #1 Inj. B, Reference Inj. C, Oxidation, Reference Inj. D,
Reference Inj. E, Sample #2 Inj. A, etc.). Here, the AA 8'°N values of sample #1 are corrected
using the AA 8'°N values of injections B and C of the in-house reference material. Similar to
AA 8'3C analysis, we entered all 3'°N data by hand into a custom Microsoft Excel template.
During this data entry, we performed linear regression on the measured AA 8'°N and known
AA 8N values (which ranged from -7.6%o for Glu to 4.6%o for Arg) of the in-house reference
material to check instrument performance. Typically, the R? value of this linear regression was
above 0.95; if the R? was below 0.92, we re-ran the samples. Combustion reactors usually last

~200-300 injections for 3'°N analysis before being replaced.
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Table Al.1. Proportion of carbon atoms added to each AA during derivatization, known §'*C
values of each individual AA in the in-house reference material (as measured via EA-IRMS;
see Protocol Al.1), mean within-run standard deviation of the 8'*C values of each individual
derivatized AA in the in-house reference material as measured via GC-C-IRMS, known §'°N
values of each individual AA in the in-house reference material (as measured via EA-IRMS;

see Protocol Al.1),

and mean within-run standard deviation of the 8N values of each

individual derivatized AA in the in-house reference material as measured via GC-C-IRMS.
The in-house reference material is typically injected 3—6 times per 8'3C run and 8-12 times per

8!°N run.
Proportion of In-house Mean In-house Mean
C added reference within-run reference within-run
during material known | §3C SD | material known | &SN SD

derivatization 313C (%o) (%o) SN (%o) (%o)
Ala 0.62 -18.1 0.3 -0.9 0.5
Gly 0.71 -42.2 0.3 3.4 0.4
Thr 0.67 -10.7 0.4 -3.4 0.4
Ser 0.73 -30.1 0.3 -0.1 0.4
Val 0.50 -11.8 0.2 -6.2 0.4
Leu 0.45 -28.3 0.3 -0.1 0.4
Ile 0.45 -12.1 0.2 -1.4 0.3
Pro 0.50 -10.4 0.3 -4.0 0.4
Asx 0.67 -22.3 0.2 -2.7 0.4
GIx 0.62 -11.1 0.3 -7.6 0.4
Phe 0.36 -13.1 0.3 1.3 0.4
Tyr 0.50 -22.9 0.4 3.9 0.5
Lys 0.54 -12.9 0.4 0.5 0.3
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Equation A1.2. The following equation was used to correct measured AA 8'3C values to

account for the carbon added during derivatization (O’Brien et al. 2002, Newsome et al. 2011).

813Csample = [813CDsample - 813CDstd + (813Cstd X pstd)] / Pstd,

where 8" Csample is the corrected AA 8'3C value in the sample, 8'*Cpsample is the mean of the
measured AA 3'°C values (two values due to duplicate injections) in the derivatized sample,
83Cpsa is the mean of the measured AA 5'°C values (a minimum of three values over the
course of a run) in the derivatized standard, 3'*Cga is the known AA §'°C value in the standard,

and pswa 1s the proportion of carbon native to the AA (i.e., not added during derivatization).

Equation A1.3. The following equation was used to correct measured AA 8'°N values

(Whiteman et al. 2018).

Slstample = SISNDsample + (SISNDstd - Slsttd),

where 8" Ngample is the corrected AA 8'°N value in the sample, 8" Npgamplc is the mean of the
measured AA 3'°N values (two values due to duplicate injections) in the derivatized sample,
8!*Npg is the mean of the measured AA 5'°N values (two values due to bracketing injections)

in the derivatized standard, and 8'°Ngq is the known AA §'°N value in the standard.
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Figure Al.1. Example chromatogram for amino acid 8'3C analysis of the in-house AA
reference material. Screenshots from Thermo Scientific Isodat Workspace software. Time
since injection (retention time) in seconds is on the x-axis, signal intensity in millivolts (mV)
and mass ratios are on the y-axis. The bottom panel shows a close-up view highlighting the
separation between Tyr and Lys. REF is laboratory reference gas (CO>).
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Figure A1.2. Example chromatogram for amino acid 8'3C analysis of a C; plant (Populus
deltoides wislizenii) sample analyzed in this study. Screenshots from Thermo Scientific
Isodat Workspace software. Time since injection (retention time) in seconds is on the x-axis,
signal intensity in mV and mass ratios are on the y-axis. REF is laboratory reference gas (CO»).
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Figure A1.3. Example chromatograms for amino acid 8!*C (top panel) and 8'N (bottom
panel) analysis of the same C4 plant (Euphorbiaceae) sample analyzed in this study.
Screenshots from Thermo Scientific Isodat Workspace software. Time since injection
(retention time) in seconds is on the x-axis, signal intensity in mV and mass ratios are on the
y-axis. REF is laboratory reference gas (pure COz or Ny).
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Table A1.2. Mean (+SD) bulk tissue 8'3C and 8'°N values and calculated weight percent C:N
ratios for Cs plants (leaves), C4 plants (seeds or leaves), CAM plants (paddles), and filamentous
green algae.

Bulk Tissue Bulk Tissue
" 83C (%o) 815N (%o) CG:N
Cs Plants
Larrea tridentata 5 -26.7+1.2 41+£19 229+5.7
Sphaeralcea sp. 7 -26.1 £ 1.7 1.6+1.5 203 +4.7
Solanum elaeagnifolium 7 -28.1+0.8 35+1.6 144+1.9
Populus deltoides wislizenii 6 293+ 1.5 -1.1+2.0 54.4+10.0
Elaeagnus angustifolia 3 -28.1+0.7 -1.1+£0.2 15.5+6.6
Tamarix chinensis 2 -27.1+0.8 -2.7+3.1 35.6+18.9
Gutierrezia sarothrae 7 -26.5+ 1.8 3.1+£2.0 233+44
Yucca elata 6 -23.6+0.7 04+1.0 343 +8.7
Salix sp. 7 -29.5+£0.9 04+1.5 39.8+11.6
Krascheninnikovia lanata 7 -275+1.2 5.7+1.2 19.0+3.9
Mean (£SD) 57 -27.3+2.1 1.9+2.8 27.8+14.1
C4 Plants
Bouteloua eriopoda 6 -144+0.2 34+09 249+22
Muhlenbergia sp. 7 -13.9+04 1.2+1.8 23.6+3.6
Sporobolus contractus 1 -15.5 -3.7 45.7
Euphorbiaceae 7 -13.7+£0.3 50+1.2 16.9+4.7
Mean (£SD) 21 -14.0 £ 0.5 2.8+2.6 22.8+7.2
CAM Plants
Cylindropuntia sp. 9 -13.5+0.8 21+£1.6 40.1+11.5
Opuntia sp. 7 -12.0+0.8 25+24 55.6 +£26.1
Mean (£SD) 16 -12.8£1.1 23+19 46.9 +20.1
Green Algae
Mean (£SD) | 15 -24.6 £2.1 6.4+3.6 9.6 +2.8
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Table A1.3. Shapiro-Wilk Normality Test p-values, Levene’s Test for Homogeneity of
Variance output, and Pairwise Wilcoxon Rank Sum Test p-values adjusted using the Benjamini
and Hochberg method for bulk tissue §!3C and 8'°N values and calculated weight percent C:N
ratios. Hashes (#) indicate normality or homogeneity of variance (p-value > 0.05). Asterisks
(*) indicate a significant difference (adjusted p-value < 0.05).

Bulk Tissue 8*C Bulk Tissue 8'°N C:N

Shapiro-Wilk p-values

Cs Plants 0.6541% 0.7119% < 0.0001

C4 Plants 0.2053% 0.1692% 0.0056

CAM Plants 0.9417% 0.1688" 0.0150

Green Algae 0.2165" 0.0021 0.0086
Levene’s Test statistics

F3,105 8.7665 1.1539 5.7017

p-value < 0.0001 0.3310# 0.0012
Pairwise Wilcoxon Rank Sum Test adjusted p-values

Cs Plants—Green Algae <0.0001* 0.00071* <0.0001*

Cs Plants—Green Algae <0.0001* 0.02569%* <0.0001*

CAM Plants—Green Algae <0.0001* 0.02152* <0.0001*

C4 Plants—Cs Plants <0.0001%* 0.14143 0.3800

CAM Plants—Cs Plants <0.0001* 0.54841 <0.0001*

CAM Plants—C4 Plants 0.0002* 0.35643 <0.0001*
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Table Al1.4. Mean (£SD) 8'3C values of six essential amino acids (AAgss) — isoleucine (Ile),
leucine (Leu), lysine (Lys), phenylalanine (Phe), threonine (Thr), and valine (Val) — for Cs
plants (leaves), C4 plants (seeds or leaves), CAM plants (paddles), and filamentous green algae.

" Tle 8*C Leu 8C Lys 8"*C Phe 8°°C Thr 8°C Val 8"*C
(%) (%) (%) (%) (%) (%0)
Cs Plants
Larrea tridentata 5 | 243+£33 ] -36.0+1.8 -20.5+3.7 -26.7+£2.8 -14.1+£2.1 -29.1+£438
Sphaeralcea sp. 7 258+1.3 ] -36.9+1.1 240+23 -27.5+£29 -18.8+2.7 -32.1+£1.8
Solanum elaeagnifolium 7 -260+1.7 | -36.8+2.1 -23.1+£2.6 -285+2.7 -15.7+£24 -31.8+1.9
Populus deltoides wislizenii 6 -256+£2.0 | -33.9+2.1 -227+£29 -26.7+2.0 -16.8+3.4 -294+3.7
Elaeagnus angustifolia 3 -199+0.6 | -31.2+04 -20.7+£3.7 22.1+1.2 -40+1.8 -29.0+£2.9
Tamarix chinensis 4 | 244+33 | -33.0£24 | -194+3.6 -229+3.1 -185+1.7 | -28.7+£2.8
Gutierrezia sarothrae 8 23614 | -348+14 21014 27.1+1.6 -10.8+£2.8 295+ 1.6
Yucca elata 6 | -207+£2.0 | -33.4+2.1 -19.8+£3.3 -242+1.8 -92+34 -26.2+2.5
Salix sp. 7 | 264+£19 | -35.0+1.5 224427 -27.8+24 -156+44 | -30.6+3.1
Krascheninnikovia lanata 7 -252+£20 | -358+14 -233+2.6 288+ 1.8 -15.1+£2.5 -329+38
Mean (zSD) | 60 | -245+2.7 | -35.0+2.2 | -21.9+3.0 | -26.7+2.9 -142+4.7 | -30.1+3.3
C4 Plants
Bouteloua eriopoda 6 -102+33 | -184+24 -83+3.1 -12.8+£2.6 -04+3.0 -11.1£3.5
Muhlenbergia sp. 7 | -11.9+06 | -20.3+0.9 -9.8+1.7 -145+£09 -1.6+4.0 -15.2+1.1
Sporobolus contractus 1 -14.7 -26.3 -9.7 -18.4 -7.3 -21.9
Euphorbiaceae 7 | -133+1.2 | -22.1+£0.7 | -10.5+0.5 -144+09 -0.9+2.1 -19.6£1.2
Mean (+SD) | 21 | -12.0+£2.3 | -20.6+2.4 -9.6 £2.0 -14.2+1.9 -1.3+3.2 -15.8+4.2
CAM Plants
Cylindropuntia sp. 9 -124+14 | -251+1.5 -11.0+34 -169+14 20+25 -18.3+£0.9
Opuntia sp. 7 | -103£0.7 | -23.6+1.1 -122+£58 -155+1.1 -0.7+1.7 -17.3£1.5
Mean (zSD) | 16 | -11.5+1.5 | -245+1.5 | -11.5+45 | -163+1.5 -14+2.2 -17.8+1.2
Green Algae
Mean (zSD) | 15 | -23.6+1.6 | -29.8+2.1 | -20.6+1.8 | -29.5+2.0 -183+1.9 | -27.8+1.9
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Table A1.5. Shapiro-Wilk Normality Test p-values, Levene’s Test for Homogeneity of
Variance output, and Pairwise Wilcoxon Rank Sum Test p-values adjusted using the Benjamini
and Hochberg method for AAgss (isoleucine, leucine, lysine, phenylalanine, threonine, and
valine) 8'°C values. Hashes (#) indicate normality or homogeneity of variance (adjusted p-
value > 0.05). Asterisks (*) indicate a significant difference (adjusted p-value < 0.05).

Ile 83C LeudC | Lys8BC | PhedC | ThrdBC | ValdiC
Shapiro-Wilk p-values
Cs Plants 0.0873% 0.3560" 0.0210 0.4008" 0.4196" 0.9197%
C4 Plants 0.5421* 0.7158" 0.4794* 0.5349% 0.6008" 0.1442%
CAM Plants 0.2928* 0.2977* 0.9252% 0.4309% 0.2513% 0.4735%
Green Algae 0.0392 0.9972% 0.8112% 0.8521% 0.7913% 0.7430%
Levene’s Test statistics
F3,108 3.5132 1.3116 3.9817 5.2363 4.4075 6.8539
p-value 0.0177 0.2744# 0.0098 0.0021 0.0058 0.0003
Pairwise Wilcoxon Rank Sum Test adjusted p-values
Cs Plants—Green Algae 0.19 <0.0001* 0.038* 0.00056* 0.0004* 0.006*
C4 Plants—Green Algae <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001*
CAM Plants—Green Algae | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001*
C4 Plants—Cs Plants <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001*
CAM Plants—Cs Plants <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001*
CAM Plants—C4 Plants 0.20 <0.0001%* 0.198 0.00056* 0.8781 0.257
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Table A1.6. Kruskal-Wallis Rank Sum Test p-values for AAgss (isoleucine, leucine, lysine,
phenylalanine, threonine, and valine) 8'°C values in C3 plants between the Bosque and
Sevilleta LTER sites. Asterisks (*) indicate a significant difference (adjusted p-value < 0.05).

| nesvc | Lewsc | Lysstc | phestc | Thrstc | vaistc
Bosque-Sevilleta LTER | |

04375 | 00021* | 07837 | 0.1028 | 0.2555 | 0.3927
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Figure A1.4. AAgss 8'3C fingerprints defined using flexible discriminant analysis (FDA;
R package mda). FDA was performed using the §!°C values of six AAgss (isoleucine, leucine,
lysine, phenylalanine, threonine, and valine) for Cs plants (green circles), Cs4 plants (yellow
circles), CAM plants (black circles), and filamentous green algae (blue triangles) from the
northern Chihuahuan Desert (New Mexico, USA). The successful reclassification rate for the
model is 99%. Canonical variant 1 explains 68.3% of the variation, canonical variant 2 explains
27.5% of the variation, and canonical variant 3 explains 4.2% of the variation.
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Table Al.7. Classification table for producer groups generated using flexible discriminant
analysis (FDA). The rows represent the actual producer group of a sample and the columns
represent the producer group the FDA classified a sample as. Correct reclassifications are in
bold and the percent of samples correctly reclassified in each producer group are denoted in
the far-right column.

Cs Plants C4 Plants CAM Plants | Green Algae Reclassl;icigszsliif(l)llll (%)
Cs Plants 60 0 0 0 100
C4 Plants 0 20 1 0 95.2
CAM Plants 0 0 16 0 100
Green Algae 0 0 0 15 100
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Table A1.8. Coefficients of the canonical variants from flexible discriminant analysis (FDA)
on the 8°C values of six AAgss (isoleucine, leucine, lysine, phenylalanine, threonine, and
valine) for four producer groups (Cs plants, Cs plants, CAM plants, and filamentous green

algae).

CV1 CV2 CV3
Ile 8°C -0.21414162 -0.06042364 0.78427135
Leu 8"C -0.41664374 -0.58787265 -0.32664938
Lys 8"*C -0.05301028 -0.06067993 -0.03971586
Phe 8°C 0.06371198 0.55920029 -0.33522071
Thr 83C 0.04410890 0.16005697 -0.12109738
Val 813C 0.07020018 0.03952912 0.02001122
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Table A1.9. Classification table for producer groups generated using the leave-one-out, cross-
validation method on linear discriminant analysis (LDA). The rows represent the actual
producer group of a sample and the columns represent the producer group the LDA classified
a sample as. Correct reclassifications are in bold and the percent of samples correctly
reclassified in each producer group are denoted in the far-right column.

| Cs Plants Cs Plants CAM Plants | Green Algae Recl;‘;:;s;iif::l (%)
Cs Plants 60 0 0 0 100
C4 Plants 0 20 1 0 95.2
CAM Plants 0 0 16 0 100
Green Algae 0 0 0 15 100
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Table A1.10. Coefficients of the linear discriminants (LD1, LD2, and LD3) from linear
discriminant analysis (LDA) on the 3'°C values of six AAgss (isoleucine, leucine, lysine,

phenylalanine, threonine, and valine) for four producer groups (Cs plants, C4 plants, CAM
plants, and filamentous green algae).

LD1 LD2 LD3
Ile 8°C -0.21028289 -0.05933483 0.77013918
Leu 8"C -0.40913603 -0.57727948 -0.32076332
Lys 8"*C -0.05205506 -0.05958651 -0.03900020
Phe 8°C 0.06256392 0.54912379 -0.32918020
Thr 83C 0.04331408 0.15717283 -0.11891527
Val 813C 0.06893521 0.03881683 0.01965063
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Figure A1.5. AAgss 8'3C fingerprints of terrestrial plants from the northern Chihuahuan
Desert (New Mexico, USA). Linear discriminant analysis plots generated using 8'°C values
of six AAgss (isoleucine, leucine, lysine, phenylalanine, threonine, and valine) for nine
terrestrial plant taxa. Dotted lines represent 95% confidence intervals. The first linear
discriminant (LD1) explains 89.9% of the variation, LD2 explains 6.6%, and LD3 explains
1.6%. The overall successful reclassification rate is 64%; see Table A1.11 for reclassification
rates for individual taxa. A) Linear discriminant 1 (LD1) vs. LD2. B) LD1 vs. LD3. C) LD3

vs. LD2.
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Table Al.11. Classification table for producer taxa generated using the leave-one-out, cross-
validation method on linear discriminant analysis (LDA). The rows represent the actual taxon
of a sample and the columns represent the taxon the LDA classified a sample as. Correct
reclassifications are in bold and the percent of samples correctly reclassified in each taxon are
denoted in the far-right column.
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Table A1.12. Coefficients of the linear discriminants (LD1 [explains 89.9% of the variation],
LD2[6.6%], LD3 [1.6%], LD4 [1.3%], LD5 [0.5%], and LDG6 [0.1%]) from linear discriminant
analysis (LDA) on the 8'°C values of six AAgss (isoleucine, leucine, lysine, phenylalanine,
threonine, and valine) for nine producer taxa.

LD1 LD2 LD3 LD4 LDS LD6
811!’% -0.524577233 | 0.971151400 0.27776544 0.139188075 | 0.40091532 | 0.14264957
;ﬁg -0.483240241 | -0.748382620 | 0.04675604 0.006829673 | 0.54856403 0.02099551
;’;g’é -0.006179848 | -0.037324143 | -0.14222651 | 0.044601355 | -0.02686432 | 0.37322153
;l;(e: 0.108850987 | -0.173281642 | 0.33720740 0.297895440 | -0.59688345 | -0.20672201
gl?é 0.123659282 | -0.048961913 | -0.38197043 | 0.130769928 | -0.12419951 | -0.15767095
8\1?(13 -0.036991916 | 0.001805975 | -0.11363206 | -0.579052170 | -0.22067588 | -0.13237631
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Figure A1.6. Box plots of 8'*C values of alanine (Ala), glycine (Gly), and aspartic
acid/asparagine (Asx) for C; plants (green), Cs plants (yellow), CAM plants (black
outline), and filamentous green algae (blue) from the northern Chihuahuan Desert (New
Mexico, USA). Black bars represent medians and circles represent outliers. Letters (A, B, C)
denote statistically significant differences among producer groups (Table Al1.14). Ala §'3C
values are a proxy for pyruvate and PEP 6'°C values.
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Table A1.13. Mean (+SD) 8'°C values of three nonessential amino acids (AAngss) — alanine
(Ala), glycine (Gly), and aspartic acid/asparagine (Asx) — for Cs plants (leaves), C4 plants
(seeds or leaves), CAM plants (paddles), and filamentous green algae. Gly 8'3C values were
measured in 53 of the 60 Cs plants and 19 of the 21 C4 plants; sample sizes for Gly 8'°C values
are denoted in parentheses.

| 7 | Ala 8°C %) | Gly 83C (%0) | Asx 8°C (%)
Cs Plants
Larrea tridentata 54) -30.0+5.1 -255+17.8 -18.7+ 8.1
Sphaeralcea sp. 7 (6) -27.2+£2.7 -18.0£2.8 -21.8£2.8
Solanum elaeagnifolium 7(5) -26.2+£5.9 -17.8£2.5 -222+£52
Populus deltoides wislizenii 6 -26.0 £3.0 -19.7£4.9 -19.0£3.0
Elaeagnus angustifolia 3 -18.0 £ 2.1 -1.6+24 -18.8 1.5
Tamarix chinensis 4(3) -24.0+4.6 -24.8+4.0 -153+£5.6
Gutierrezia sarothrae 8(7) -25.5+3.6 -18.7+4.6 -18.5+£33
Yucca elata 6 -18.8 £2.7 -16.3+6.4 -133+£1.9
Salix sp. 7 -23.6+2.7 -16.1£2.4 -18.8+2.2
Krascheninnikovia lanata 7 (6) -26.6 £4.0 -16.7+£54 -20.5+£5.3
Mean (£SD) | 60 (53) -24316.8 -17.7+7.5 -18.5+5.8
Cs Plants
Bouteloua eriopoda 6 -3.7+8.5 -3.2+£59 -09+9.7
Muhlenbergia sp. 7 -11.3+£24 -59+6.3 -6.1+1.0
Sporobolus contractus 1 -15.8 -11.6 -20.0
Euphorbiaceae 7(5) -149+3.0 44+54 -7.5+1.9
Mean (£SD) | 21 (19) -10.5+ 6.7 -5.0+5.7 -5.7+6.6
CAM Plants
Cylindropuntia sp. 9 -13.1+£2.6 -11.0+3.8 -10.6 £2.7
Opuntia sp. 7 -10.0+1.4 -11.2+4.5 7.6+ 1.6
Mean (+SD) 16 -11.7+2.6 -11.1+£4.0 -9.3+2.7
Green Algae
Mean (+SD) | 15 -20.1+1.6 -183 2.7 -18.1+£3.4

119



Table Al.14. Shapiro-Wilk Normality Test p-values, Levene’s Test for Homogeneity of
Variance output, and Pairwise Wilcoxon Rank Sum Test p-values adjusted using the Benjamini
and Hochberg method for alanine (Ala), glycine (Gly), and aspartic acid/asparagine (Asx) 8'3C
values. Hashes (#) indicate normality or homogeneity of variance (adjusted p-value > 0.05).
Asterisks (*) indicate significant differences (adjusted p-value < 0.05).

Ala 813C Gly 813C Asx 813C
Shapiro-Wilk p-values
Cs Plants 0.7090" 0.0039 0.6234%
C4 Plants 0.0083 0.6872% 0.0357
CAM Plants 0.2016" 0.2308" 0.3199%
Green Algae 0.8322* 0.7823" 0.2208"
Levene’s Test statistics
F3,108 (F3,99 for Gly) 5.1571 2.6240 1.5545
p-value 0.0023 0.0547# 0.2047#
Pairwise Wilcoxon Rank Sum Test adjusted p-values
Cs Plants—Green Algae 0.0002* 0.6466 0.5467
C4 Plants—Green Algae <0.0001* <0.0001* <0.0001*
CAM Plants—Green Algae <0.0001* <0.0001* <0.0001*
C4 Plants—C3 Plants <0.0001* <0.0001* <0.0001*
CAM Plants—Cs Plants <0.0001* 0.0002* <0.0001*
CAM Plants—C4 Plants 0.8062 0.0018* 0.0049*
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Table A1.15. Adjusted R? and p-values for AAproduct — AAprecursor linear regressions (8'3C).
Asterisks (*) indicate significance (p-value < 0.05). The slopes and y-intercepts with the
corresponding 95% confidence intervals for AAproduct — AAprecursor linear regressions. “NA”
indicates the synthesis pathway is not used by filamentous green algae (according the KEGG
PATHWAY Database for Chlamydomonas reinhardtii; Kanehisa et al. 2014). “NS” indicates
the relationship is not statistically significant.

| Phe — Ala | Val - Ala | Leu — Ala | Thr — Asx | Thr - Gly | Ile — Thr | Ile — Ala | Lys — Asx

Cs Plants

adjusted R? 0.356 0.2789 0.4406 0.07617 0.1664 0.4986 0.4066 0.5416
p-value <0.0001* <0.0001* <0.0001* 0.0186* 0.001425* <0.0001* <0.0001* <0.0001*
slope 0.4 0.4 0.3 0.3 0.3 0.4 0.4 0.5
y-intercept -17.5 -20.7 -27.2 -8.5 9.3 -18.6 -15.3 -13.0
2.5% -20.7 -24.6 -29.5 -13.4 -12.4 -20.2 -18.2 -15.2
97.5% -14.2 -16.7 -24.9 -3.7 -6.2 -17.0 -12.5 -10.8
C4 Plants

adjusted R? 0.4195 0.5746 0.5962 0.2456 0.2513 0.3348 0.2728 0.5105
p-value 0.0008975* | <0.0001* <0.0001* 0.01299* 0.01672* 0.003545* 0.008865* | 0.0001647*
slope 0.2 0.5 0.3 0.3 0.3 0.4 0.2 0.2
y-intercept -12.1 -10.8 -17.7 0.2 0.4 -11.5 -10.0 -8.3
2.5% -13.4 -13.1 -19.0 -1.5 -1.5 -12.4 -11.7 9.2
97.5% -10.9 -8.4 -16.4 2.0 23 -10.6 -8.3 -14
CAM Plants

adjusted R? 0.4855 -0.0246 0.3014 0.7374 0.09199 0.5725 0.778 -0.06915
p-value 0.001625* 0.4371 0.01617* <0.0001* 0.1348 0.0004189* | <0.0001* 0.8652
slope 0.4 NS 0.3 0.7 NS 0.5 0.5 NS
y-intercept -11.6 NS -20.4 53 NS -10.7 -53 NS
2.5% -14.2 NS -23.7 3.0 NS -11.3 -7.2 NS
97.5% -8.9 NS -17.2 7.6 NS -10.0 -3.5 NS
Green Algae

adjusted R? 0.8325 0.8478 0.6949 0.004322 NA 0.2023 0.5475 0.5029
p-value <0.0001* <0.0001* <0.0001* 0.3218 NA 0.05256 0.0009734* | 0.001847*
slope 1.1 1.1 1.1 NS NA 0.4 0.8 0.4
y-intercept -6.4 -5.3 -1.5 NS NA -15.6 -7.9 -13.6
2.5% -12.4 -10.8 -15.9 NS NA -23.8 -15.9 -17.6
97.5% -0.5 0.2 0.9 NS NA -1.5 0.1 -9.6
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Figure Al.7. Isotopic relationships between AAgss and their molecular precursors.
Precursors for AA synthesis originate from glycolysis and the TCA cycle. AAgss are in bold.
Asterisks (*) indicate Ala 8'3C values are a proxy for those of pyruvate. Inset graphs display
the means (circles and triangles) and standard deviations (black lines) of the differences in the
813C values of product AAgss and precursor AA, which are proxies for the isotopic
discrimination associated with specific synthesis pathways (A*Cproductaa-precusoran). “NA”
indicates this pathway is not used by filamentous green algae (according the KEGG
PATHWAY Database for Chlamydomonas reinhardtii; Kanehisa et al. 2014). Letters (A, B)
denote statistically significant differences among groups (Table A1.15).
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