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M9.2 Prioritization report 
 
Prepared by: Damien Chaussabel (The Jackson Laboratory for Genomic Medicine, Farmington, 

CT, USA)  

1. Composition 

The module M9.2 belongs to Aggregate A37 from the BloodGen3 fixed module repertoire (1,2). 

This module aggregate is associated with circulating erythroid cells. It was found to be associated 

with RSV disease severity (3). We showed in the same study that the abundance of A27 

transcripts is also elevated in the blood of patients with stage IV melanoma (3). 

It comprises 30 genes: ALAS2, BCL2L1, BPGM, C14ORF45, C1ORF128, CA1, EPB42, FAM46C, FECH, 

GMPR, GPR146, GYPB, GYPE, IFIT1L, KRT1, MARCH8, NFIX, OR2W3, OSBP2, PLEK2, SELENBP1, 

SLC14A1, SLC4A1, SNCA, TMCC2, TMOD1, TNS1, TRIM10, TUBB2A, XK. 

2. Functional convergence 

Functional associations were identified among the genes constituting M9.2 using GPT-4 (see Step 

2 method for details). 

 
Functional 
Themes 

Associated 
Genes Comments 

Erythrocyte 
development 
and function ALAS2, BPGM, 

EPB42, GYPB, 
GYPE, SLC4A1, 
XK, FECH 

These genes are all involved in processes related to erythrocyte (red 
blood cell) development, function, or associated conditions. For 
example, ALAS2 and FECH are involved in heme biosynthesis, a 
crucial component of hemoglobin. BPGM, EPB42, SLC4A1, GYPB, 
GYPE, and XK are directly involved in erythrocyte structure or 
function, and mutations in these genes can lead to conditions like 
hereditary spherocytosis, elliptocytosis, or blood group antigen 
variations. 

Cytoskeleton and 
cellular structure 

TNS1, TMOD1, 
TUBB2A 

These genes are all involved in cytoskeleton formation and 
function, which is essential for cell shape, division, and movement. 

Ubiquitin-
proteasome 
system 

MARCH8, 
TRIM10 

These genes are involved in the ubiquitin-proteasome system, 
which is essential for protein degradation, cell cycle regulation, and 
other crucial cellular functions. 
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3. Scoring and prioritization 

Genes were scored on six criteria using GPT-4 and Claude. The scores were averaged, and 

candidate genes ranked according to their cumulative scores (Figure 1, Methods: Step 3 and Step 

4). 

The two LLMs were requested to score each gene on the following six statements:  

a. The gene is associated with erythroid cells or erythropoiesis. 

b. The gene is currently being used as a biomarker in clinical settings. 

c. The gene has potential value as a blood transcriptional biomarker. 

d. The gene is relevant to circulating leukocytes immune biology. 

e. The gene is a known drug target. 

f. The gene is therapeutically relevant for immune-mediated diseases. 
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Figure 1: The stacked bar graph shows cumulative scores across six criteria for the 30 M9.2 genes. 
The top five genes selected for further evaluation were: BCL2L1, ALAS2, SLC4A1, CA1 and FECH. 
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4. Knowledge-driven evaluation of top five candidates 

Justifications given by the GPT-4 and Claude for the scores provided across the 6 criteria were 

compiled and summarized by GPT-4 (Methods: Step 5). For each statement pertinent references 

were retrieved using GPT-4 or Claude, with the relevance of each reference checked and 

attributed manually by researcher authoring this report.  

 
Function: “The BCL2L1, ALAS2, SLC4A1, CA1, and FECH genes play crucial roles in cellular 

apoptosis regulation, heme biosynthesis, acid-base balance, and overall erythrocyte physiology. 

The BCL2L1 gene encodes a critical apoptosis-regulating protein in the Bcl-2 family that exists as 

Bcl-xL and Bcl-xS isoforms with opposing impacts on cell survival (4,5). The ALAS2 gene instructs 

the production of the 5'-aminolevulinate synthase 2 enzyme, essential for initiating heme 

biosynthesis in red blood cells, with mutations linked to X-linked sideroblastic anemia (6). The 

SLC4A1 gene drives the formation of an anion exchanger that modulates intracellular and 

extracellular pH by orchestrating the exchange of chloride, bicarbonate, and carbonate anions 

across the cell membrane, an integral process affected in conditions such as hereditary 
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Figure 2: The radar plot represents individual scores for the 5 top scoring genes: BCL2L1, ALAS2, 
SLC4A1, CA1, and FECH. 
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spherocytosis (7,8). The CA1 gene directs the production of carbonic anhydrase 1, a cytosolic 

enzyme that helps maintain tissue and blood pH balance by aiding the conversion of carbon 

dioxide and water into bicarbonate and protons, primarily in red blood cells (9,10). Lastly, the 

FECH gene governs the expression of ferrochelatase, the terminal enzyme in the heme 

biosynthesis pathway, with mutations leading to erythropoietic protoporphyria due to 

protoporphyrin accumulation (11).” 

a. Relevance to erythroid cells and erythropoiesis: “While BCL2L1 plays a general role in 

controlling cell death, there is no evidence it is specifically associated with erythroid cells or 

erythropoiesis. In contrast, ALAS2, SLC4A1, CA1, and FECH have critical roles tied to erythroid cell 

function and erythropoiesis. ALAS2 is highly expressed in erythroid progenitors and is essential 

for heme biosynthesis, a process vital for red blood cells (12). SLC4A1 is highly expressed in 

erythroid cells, where it maintains pH balance and facilitates oxygen transport. Mutations in 

SLC4A1 can lead to hereditary spherocytosis (13). CA1 is strongly associated with erythroid cells 

due to its high expression in red blood cells and role in maintaining their pH balance (14). FECH 

is also highly expressed in erythroid cells and is essential for heme biosynthesis during 

erythropoiesis (15,16). In summary, while BCL2L1 has a general role in apoptosis, ALAS2, SLC4A1, 

CA1, and FECH are integral to erythroid cell physiology and erythropoiesis.” 

b. Is used as a clinical biomarker: “The potential utility of BCL2L1, ALAS2, SLC4A1, CA1, 

and FECH as clinical biomarkers varies considerably. While BCL2L1 is not commonly utilized as a 

biomarker in clinical settings, it might be of interest in certain malignancies due to its key role in 

apoptosis regulation, although further research is warranted (17). ALAS2 is not extensively used 

as a clinical biomarker, except as a biomarker and therapeutic target for X-linked sideroblastic 

anemia (18). SLC4A1 has clinical relevance as a biomarker for hereditary spherocytosis and as a 

therapeutic target in sickle cell disease and other red blood cell disorders (19).” CA1, is not 

broadly used as a biomarker. “Lastly, while FECH is not typically viewed as a 'biomarker' in a 

conventional sense, its mutations serve as genetic markers for erythropoietic protoporphyria, 

and its deficiency can be used as a biomarker for this and other porphyrias (20).” 

c. Potential relevance as a blood transcriptional biomarker: “BCL2L1, ALAS2, SLC4A1, CA1, 

and FECH each exhibit potential utility as blood transcriptional biomarkers in specific clinical 
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contexts. BCL2L1, due to its central role in apoptosis regulation, holds potential as a biomarker 

for diseases associated with apoptosis dysregulation, including certain cancers (17), albeit further 

research is necessary. ALAS2, given its fundamental role in heme biosynthesis, could potentially 

serve as a biomarker for conditions such as X-linked sideroblastic anemia (18), but it is not 

typically utilized as a blood transcriptional biomarker. SLC4A1, due to its crucial function in red 

blood cell physiology and its link to hereditary spherocytosis, may serve as a potential blood 

transcriptional biomarker for this condition (19). CA1, due to its expression in red blood cells, 

could potentially be used as a biomarker for conditions impacting pH balance in the blood, 

although more research is warranted (16). Lastly, FECH, due to its critical role in heme 

biosynthesis, could serve as a potential blood transcriptional biomarker for conditions impacting 

this process, however, more research is needed for its broader application (21).” 

d. Relevance to leukocytes immune biology: “The BCL2L1, ALAS2, SLC4A1, CA1, and FECH 

genes each have varying degrees of relevance to circulating leukocytes immune biology. BCL2L1, 

due to its role in apoptosis regulation, is crucial to the lifespan and function of immune cells and 

is therefore highly relevant to leukocyte immune biology (22,23). Conversely, ALAS2, being 

erythroid-specific, has limited relevance to circulating leukocyte immune biology. There is no 

significant evidence pointing towards SLC4A1 having relevance to circulating leukocyte immune 

biology. CA1, despite being expressed in some circulating immune cells like monocytes, only has 

limited relevance to immune biology. Lastly, FECH does not display any significant relevance to 

the immune biology of circulating leukocytes, as per the current evidence.” 

e. Is a known drug target: “The BCL2L1, ALAS2, SLC4A1, CA1, and FECH genes are each 

known to varying degrees as drug targets in clinical medicine. BCL2L1 is particularly significant as 

a target in cancer therapy, where strategies are being developed to inhibit its anti-apoptotic 

function (17,24). ALAS2 has been targeted for treatment of X-linked sideroblastic anemia, 

although its broader application as a drug target is currently limited (25–27). While SLC4A1 could 

potentially be a drug target for conditions such as hereditary spherocytosis, more research is 

needed. CA1, as part of the carbonic anhydrase group, has been explored for drug therapy 

potential, especially considering its role in pH regulation, and inhibitors are currently used or 

studied for conditions like glaucoma, epilepsy, and cancer (28). Lastly, while FECH is not a well-
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documented drug target, there is interest in its potential for treating disorders related to heme 

biosynthesis, including erythropoietic protoporphyria (29).”  

f. Potential therapeutic relevance for immune-mediated diseases: “The BCL2L1, ALAS2, 

SLC4A1, CA1, and FECH genes exhibit varying degrees of therapeutic relevance for immune-

mediated diseases. BCL2L1, due to its role in regulating apoptosis in lymphocytes, holds potential 

therapeutic value for immune-mediated diseases (30). ALAS2, despite its primary role in 

erythropoiesis, may have limited relevance for immune-mediated hemolytic anemias. As of 2021, 

the therapeutic relevance of SLC4A1 for immune-mediated diseases remains unclear, although 

its potential impact on pH or oxygen balance disorders that affect red blood cells may warrant 

further research (13,31). CA1 is not typically a primary target for immune-mediated diseases, but 

the role of members of the carbonic anhydrase family in managing acid-base balance or bone 

resorption in such conditions could be of interest (32). Similarly, while FECH is not a well-

documented target for immune-mediated diseases, potential relevance may exist for certain red 

blood cell disorders or porphyrias, necessitating further investigation (33). In summary, BCL2L1 

is the gene with the clearest therapeutic relevance for immune-mediated diseases among this 

group, due to its direct role in lymphocyte apoptosis. The other genes have potential connections 

to immune disease management, but require more research to determine their broader 

therapeutic relevance in this context.” 

5. Pick(s) for M9.2 based on summarized justifications. 

We aim to establish a universal immune profiling assay that measures transcript abundance of a 

panel of genes in whole blood using targeted molecular profiling technology (Immune profiling 

transcriptome fingerprinting assay). We first attempted to identify top candidates by prompting 

the GPT-4 and Claude using as input the summarized and fact check justifications obtained from 

the previous step.  

 

Claude and GPT-4 were prompted to select a top candidate on the basis of the information 

summarized above in section 4, taking into account all six scoring criteria equally (Methods: Step 

6). 
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Claude chose ALAS2: “Based on the criteria outlined, I would suggest ALAS2 as the top candidate 

from the genes listed. Here is a summary of my assessment: 

a) Relevance to erythroid cells/erythropoiesis: ALAS2 has the most direct relevance, as it 

encodes an enzyme essential for initiating heme biosynthesis specifically in red blood 

cells. Mutations are linked to an erythroid condition. 

b) Current biomarker use: ALAS2 is used as a biomarker and therapeutic target for a red 

blood cell disorder, X-linked sideroblastic anemia. This is more significant biomarker use 

compared to the other genes. 

c) Potential blood transcriptional biomarker: ALAS2 has clear potential as a biomarker for 

conditions affecting heme biosynthesis and erythropoiesis, though not yet utilized 

broadly. 

d) Relevance to leukocyte biology: ALAS2 has limited relevance to leukocytes given its 

erythroid specificity. 

e) Known drug target: ALAS2 is an established drug target for X-linked sideroblastic anemia. 

f) Therapeutic relevance for immune diseases: ALAS2 may have relevance for immune-

mediated hemolytic anemias, though therapeutic applications are currently limited. 

In summary, ALAS2 has the most direct significance for erythroid cells/erythropoiesis, an existing 

biomarker role, blood biomarker potential, and known drug target status. Though limited in 

leukocyte relevance and immune disease applications, it appears the strongest candidate based 

on weighting the criteria equally. Please let me know if you would like me to explain or expand 

on any part of my assessment. 

 

GPT-4 chose BCL2L1: “Based on the information provided and weighting all six criteria equally, 

BCL2L1 (B-cell lymphoma 2-like 1) appears to be the top candidate among the genes described 

(BCL2L1, ALAS2, SLC4A1, CA1, and FECH). Here's how this gene stacks up against the six criteria: 

a) Relevance to erythroid cells or erythropoiesis: BCL2L1 is associated with erythroid cells 

through its control of apoptosis, though it's not specifically linked to erythropoiesis. 

b) Current use as a biomarker: Although BCL2L1 is not widely used as a biomarker, it could 

be of interest in certain malignancies due to its key role in apoptosis regulation. 
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c) Potential use as a blood transcriptional biomarker: BCL2L1, due to its role in apoptosis 

regulation, has potential as a biomarker for diseases associated with apoptosis 

dysregulation, including certain cancers. 

d) Relevance to leukocytes immune biology: BCL2L1 is highly relevant to leukocyte immune 

biology due to its role in regulating the lifespan and function of immune cells. 

e) Being a known drug target: BCL2L1 is significant as a target in cancer therapy, with 

strategies being developed to inhibit its anti-apoptotic function.  

f) Therapeutic relevance for immune mediated diseases: BCL2L1 holds potential therapeutic 

value for immune-mediated diseases due to its role in regulating apoptosis in 

lymphocytes. 

While the other genes listed also meet some of these criteria to varying extents, BCL2L1 appears 

to be the best fit when considering all criteria equally.” 

 

6. Examining expression patterns of top 5 candidates across leukocyte populations. 

The LLMs did not incorporate reference transcriptional profiling data in their evaluation and 

prioritization of candidate genes. The expression profiles of the top 5 candidate genes were 

retrieved for three reference datasets. These encompassed diverse leukocyte populations and 

hematopoietic progenitors as well as the whole blood of patients with a wide range of conditions. 
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6.1 Densely interconnected transcriptional circuits control cell states in human hematopoiesis – 
(GSE24759) (34) 
http://developmentalimmunology.gxbsidra.org/dm3/geneBrowser/show/4000026 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. This stacked bar graph shows the expression levels of the five candidate genes. 
ERY3-5 populations are CD71+ GLYA+ erythroid cells. The original article provides full 
experimental details: (34). The web link above also provides access to more complete 
information about this dataset as well as individual gene profiles. 
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6.2 Next generation sequencing of human immune cell subsets across diseases – (GSE60424) 

http://cd2k.gxbsidra.org/dm3/geneBrowser/show/4000098 (35) 
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Figure 4: This stacked bar graph shows the expression levels measured by RNAseq of the five 
candidate genes across six leukocyte populations and whole blood. The abundance is shown 
for each gene in each population for an average of up to 20 samples. Additional experimental 
details are accessible via the link provided above and is available as part of this sample series 
GEO record (GSE60424) (35). 
 

http://cd2k.gxbsidra.org/dm3/geneBrowser/show/4000098
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE60424
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6. 3 BloodGen3 reference cohorts (GSE100150)  
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Figure 5: The box plot in panel A below shows the changes in abundance of transcripts 
comprising the M9.2 module, expressed within a cohort as the percentage of genes showing 
differential expression between each patient and the respective set of control subjects for this 
cohort. Differential expression is based on a fixed cut-off (Log2 Fold Change > 1.5, difference 
>10). These values are expressed as % module activity and can range from +100% (all genes 
are upregulated) to -100% (all genes are down regulated). The Box plots in panel B show 
expression levels for the top 5 scoring M9.2 genes in patient cohorts relative to respective 
control subjects matched for demographics variables. 
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7. Overall pick for M9.2 based on summarized justifications and reference transcriptional 
datasets. 
 
Through multi-tier prompting, GPT-4 and Claude were requested to select a top 
candidate, based on the fact-checked justifications summaries generated earlier, but this 
time also taking into account the transcriptional profiles from the three reference 
datasets described above.  
 
This was achieved using multiple prompts. This strategy was successful when using Claude 
but we GPT-4 could not follow our directives from start to finish when presented with 
large amounts of textualized transcriptional data. 
 
However, both models did converge on ALAS2 as the top candidate for module M9.2. It 
is a choice that we concurred with, given the rationale provided by both LLMs and our 
understanding of ALAS2 and BCL2L1 biological and clinical relevance, in conjunction with 
our reading of the reference transcriptional data which showed comparatively higher 
levels of expression and restriction of ALAS2 across leukocyte populations.  
 
The transcription of the final round of prompting is shown below. 
 

Prompts CLAUDE GPT-4 
PROMPT 1: Based on the summary 
below, please recommend the top 
candidate gene to include in a 
targeted blood transcriptional 
profiling panel. The intent is for the 
selected gene to be representative 
of an erythroid cell signature 
associated with response to mRNA 
vaccines, severity of RSV infection 
and that found to be expressed at 
high levels in patients with 
metastatic melanoma and in liver 
transplant recipients. Please weigh 
the following criteria equally in 
your recommendation: 1) 
Relevance to erythroid cells and 
erythropoiesis, 2) Current use as a 
biomarker, 3) Potential use as a 
blood transcriptional biomarker, 4) 
Relevance to leukocyte immune 
biology, 5) Status as a known drug 
target, 6) Therapeutic relevance for 

Based on the provided summary, I 
would recommend ALAS2 as the 
top candidate gene to include in 
the targeted blood transcriptional 
profiling panel. The key reasons 
are: 
• ALAS2 plays a crucial and 
specific role in heme biosynthesis 
in erythroid cells, making it highly 
relevant to erythropoiesis. This 
aligns closely with the aim to select 
a gene representative of an 
erythroid signature. 
• While not yet an 
established biomarker, ALAS2 has 
potential utility as a blood 
transcriptional biomarker for 
conditions affecting heme 
biosynthesis like sideroblastic 
anemia, given its integral 
involvement. 

Based on the provided summary, 
the most suitable candidate gene 
to include in the targeted blood 
transcriptional profiling panel, 
considering all the specified 
criteria, appears to be the BCL2L1 
gene. 
1. Relevance to erythroid 
cells and erythropoiesis: While 
BCL2L1 does not have direct 
involvement in erythropoiesis, it 
plays a crucial role in cellular 
apoptosis regulation, which affects 
erythroid cells. 
2. Current use as a 
biomarker: Although not widely 
used, BCL2L1's role in apoptosis 
regulation can make it an 
interesting candidate for certain 
malignancies. 
3. Potential use as a blood 
transcriptional biomarker: BCL2L1 
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immune mediated diseases: [input 
summarized and fact-checked 
justifications from Step 5] 

• ALAS2 is already an 
established therapeutic target for a 
condition affecting erythropoiesis 
and red blood cells - X-linked 
sideroblastic anemia. This 
demonstrates its translational 
relevance. 
• In contrast, the other 
genes have limitations regarding 
erythroid specificity (BCL2L1), lack 
of broad biomarker potential (CA1, 
FECH), unclear relevance as a drug 
target (SLC4A1), or less direct 
involvement in erythropoiesis 
(FECH). 
 
In summary, ALAS2's crucial and 
specific role in heme biosynthesis 
in erythroid cells, translational 
relevance as a therapeutic target, 
and potential as a blood 
transcriptional biomarker make it 
the top choice to represent an 
erythroid signature for the 
intended profiling panel. 

holds potential as a biomarker for 
diseases associated with apoptosis 
dysregulation, like certain cancers. 
4. Relevance to leukocyte 
immune biology: BCL2L1's function 
in apoptosis regulation is crucial to 
the lifespan and function of 
immune cells, making it highly 
relevant to leukocyte immune 
biology. 
5. Status as a known drug 
target: BCL2L1 is a significant target 
in cancer therapy, with strategies 
being developed to inhibit its anti-
apoptotic function. 
6. Therapeutic relevance for 
immune-mediated diseases: 
BCL2L1, by regulating apoptosis in 
lymphocytes, holds potential 
therapeutic value for immune-
mediated diseases. 
While the other genes also have 
their unique advantages and 
applications, the BCL2L1 gene is 
the most versatile across the 
provided criteria. It is important to 
note, however, that the utility and 
effectiveness of BCL2L1 as a 
representative of an erythroid cell 
signature will depend on the 
specific clinical and research 
contexts, and further research 
might be necessary to fully confirm 
its potential in this regard. 

PROMPT 2: Now that you have 
provided an initial 
recommendation based on the 
summary, take into account the 
following RNA-sequencing 
expression data from key immune 
cell types and whole blood 
samples: [input textualized 
transcriptional data]. Given this 
additional RNA-seq expression 
data, does your recommended 
gene selection remain the same? 
Please explain which gene you 
would recommend at this stage 
and why, incorporating both the 
summarized information provided 
earlier and RNA-seq data in your 
rationale."   

After reviewing the additional RNA-
seq expression data, I would 
maintain my original 
recommendation of ALAS2 as the 
top candidate gene to include in 
the targeted blood transcriptional 
profiling panel. 
The key reasons are: 
• The RNA-seq data 
confirms the erythroid-specific 
expression of ALAS2, with counts of 
616 in whole blood but only 1 in all 
the leukocyte subsets. This aligns 
perfectly with the intent to select a 
gene representative of an erythroid 
signature. 
• In contrast, the other 
genes like BCL2L1, SLC4A1, CA1 

With the addition of the RNA-seq 
data, it's clear that ALAS2 is the 
most abundantly expressed gene in 
whole blood with a count of 616. 
This contrasts with BCL2L1, the 
initially recommended gene, which 
exhibits a lower expression level in 
whole blood (280). Importantly, 
ALAS2 demonstrates minimal 
expression in all other tested 
immune cells (counts of 1), 
suggesting a strong erythroid cell-
specific expression, fitting the 
criteria to be representative of an 
erythroid cell signature. BCL2L1, on 
the other hand, is more uniformly 
expressed across various cell types, 
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and FECH exhibit low but 
detectable expression across 
leukocyte subsets, indicating they 
are more broadly expressed across 
blood cell types. 
• The erythroid-restricted 
expression of ALAS2 makes it a 
better biomarker of erythropoiesis 
compared to the other genes. 
• ALAS2 remains a relevant 
therapeutic target for disorders of 
erythropoiesis like sideroblastic 
anemia, despite the additional 
RNA-seq data. 
• The RNA-seq data does 
not provide any evidence to 
contradict ALAS2's integral role in 
heme biosynthesis in erythroid 
cells specifically. 
 
In summary, the RNA-seq data 
confirming erythroid-restricted 
expression of ALAS2 further 
strengthens the rationale for 
selecting it as the top candidate 
gene representative of an erythroid 
signature for the intended blood 
transcriptional profiling panel, in 
line with my original 
recommendation. The other genes 
appear more broadly expressed 
across leukocytes based on the 
RNA-seq data. 
Copy 

which makes it less specific to 
erythroid cells. 
Given these findings, I recommend 
reconsidering the selection and 
placing ALAS2 as the top candidate 
gene for inclusion in the targeted 
blood transcriptional profiling 
panel. Here's why: 
1. Relevance to erythroid cells and 
erythropoiesis: ALAS2 plays an 
essential role in heme biosynthesis 
in red blood cells, a process critical 
for erythropoiesis. 
2. Current use as a biomarker: 
ALAS2 is used as a biomarker and 
therapeutic target for X-linked 
sideroblastic anemia. 
3. Potential use as a blood 
transcriptional biomarker: Although 
not typically utilized as a blood 
transcriptional biomarker, its high 
expression in whole blood and 
critical role in erythropoiesis 
highlight its potential. 
4. Relevance to leukocyte immune 
biology: Although it has limited 
relevance to circulating leukocyte 
immune biology due to its 
erythroid-specific nature, its low 
expression in other immune cells 
supports its specificity for erythroid 
cells. 
5. Status as a known drug target: 
ALAS2 has been targeted for the 
treatment of X-linked sideroblastic 
anemia. 
6. Therapeutic relevance for 
immune-mediated diseases: 
Although it has limited relevance for 
immune-mediated diseases, it can 
be relevant for immune-mediated 
hemolytic anemias. 
7. By combining both the RNA-seq 
data and the summary provided 
earlier, it appears that ALAS2 would 
be a more appropriate candidate 
due to its high expression in whole 
blood and its critical role in 
erythropoiesis, despite its limited 
involvement in leukocyte immune 
biology and use in immune-
mediated diseases. 
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PROMPT 3: Now that you have 
provided an initial recommendation 
based on the summary and the 
RNAseq data, take into account the 
following microarray expression 
data from key immune cell types 
and hematopoietic precursors: 
[input textualized transcriptional 
data]. Given this additional 
microarray expression data, does 
your recommended gene selection 
remain the same? Please explain 
which gene you would recommend 
at this stage and why, incorporating 
the summarized information and 
RNA-seq data provided earlier, as 
well as this new microarray data in 
your rationale. 
 
 

After reviewing the extensive 
microarray expression data, I would 
still recommend ALAS2 as the top 
candidate gene for inclusion in the 
targeted blood transcriptional 
profiling panel. 
The key reasons are: 
• The microarray data 
confirms very high, erythroid-
restricted expression of ALAS2 in 
the GlyA+ erythroblast subsets, 
with values of 8371, 7664, and 5566 
signal intensity units. This agrees 
with the RNA-seq data showing 
erythroid specificity. 
• ALAS2 expression is low 
(values <100) in all immune cell 
types profiled by microarrays, 
including T cells, B cells, NK cells, 
dendritic cells. This further confirms 
leukocyte-restricted expression. 
• Other genes like BCL2L1, 
SLC4A1, CA1 and FECH are more 
broadly expressed across immune 
cells and progenitors, based on the 
microarray data. 
• No additional insight from 
the microarrays contradicts ALAS2's 
integral involvement in heme 
biosynthesis in erythroid lineage 
cells specifically. 
• ALAS2 remains a relevant 
therapeutic target in erythroid 
disorders based on its key role, 
despite the new microarray data. 
 
In summary, the extensive 
microarray expression profiling 
continues to support ALAS2 as the 
top gene choice representative of 
an erythroid signature, based on its 
high erythroid-restricted expression 
and lack of expression in other 
immune cells. The other genes 
appear more broadly expressed 
across leukocytes. Therefore, I 
maintain ALAS2 as my 
recommended top candidate gene 
for inclusion in the intended 
targeted blood transcriptional 
profiling panel. 
Copy 

[N/A: input exceed GPT-4 limits. 
Attempts to break down inputting 
the textualized data were 
unsuccessful as GPT-4 lost the 
thread of the conversation. Thus, we 
chose to skip to the next prompt] 



 16 

PROMPT 4: Now that you have 
provided an initial recommendation 
based on the summary and the 
immune cells RNAseq and 
microarray data, take into account 
the following averaged log2 fold 
changes in RNA abundance in 
patient cohorts compared to 
controls. [input textualized 
transcriptional data]. Given this 
additional data, does your 
recommended gene selection 
remain the same? Please explain 
which gene you would recommend 
at this stage and why, incorporating 
the summarized information, the 
leukocytes RNA-seq and microarray 
data provided earlier, as well as 
these new patient cohort profiles in 
your rationale. 
 
 

After reviewing the log2 fold change 
data across multiple patient 
cohorts, I would maintain my 
recommendation of ALAS2 as the 
top candidate gene for the intended 
blood transcriptional profiling 
panel. 
The key reasons are: 
• ALAS2 shows some of the largest 
fold changes across conditions like 
RSV infection, metastatic 
melanoma, and juvenile arthritis 
that were called out in the original 
summary as being relevant. 
• The magnitude of ALAS2 fold 
changes are greater than those 
seen for other genes like BCL2L1, 
SLC4A1, CA1 and FECH in many of 
the disease states. 
• ALAS2's erythroid-specific 
expression makes its fold changes 
more amenable to interpretation 
compared to broadly expressed 
genes. 
• No major contradictory evidence 
arises from the fold change data to 
refute ALAS2's important role in 
erythropoiesis. 
• The leukocyte expression data 
and key role in heme synthesis 
remain valid points strengthening 
ALAS2's selection despite the new 
cohort profiles. 
In summary, the gene expression 
fold changes across multiple patient 
cohorts and conditions continues to 
support ALAS2 as a top gene choice 
representative of an erythroid 
signature that could provide 
insights into disease biology based 
on its marked regulation. The other 
genes do not show as large or as 
consistent differences across 
relevant conditions based on the 
log2 fold change data. Therefore, I 
maintain ALAS2 as my 
recommended top candidate gene 
for the intended blood profiling 
panel. 
 

[GPT-4 was able to interpret the 
input transcriptional data but lost 
the thread of the conversation]. 
 
In the analysis, we observed 
differences in RNA abundance in 
whole blood for BCL2L1, ALAS2, 
SLC4A1, CA1, and FECH across 
various patient groups compared to 
controls. Let's summarize some of 
the notable findings: 
1. BCL2L1: BCL2L1 expression 
seems to increase in cases of B-cell 
deficiency, metastatic melanoma, 
sepsis, pregnancy, active 
pulmonary tuberculosis, acute 
respiratory syncytial virus infection, 
systemic onset juvenile idiopathic 
arthritis, staphylococcus aureus 
infection, and liver transplant 
recipients. The most pronounced 
increase was observed in patients 
with metastatic melanoma. On the 
other hand, its expression 
decreases in patients with diseases 
like chronic obstructive pulmonary 
disease (COPD), acute influenza, 
HIV, juvenile dermatomyositis, 
Kawasaki disease, and multiple 
sclerosis. The most substantial 
decrease was observed in patients 
with HIV infection. 
2. ALAS2: ALAS2 expression 
increased in patients with B-cell 
deficiency, Kawasaki disease, 
metastatic melanoma, sepsis, 
pregnancy, active pulmonary 
tuberculosis, acute respiratory 
syncytial virus infection, systemic 
onset juvenile idiopathic arthritis, 
staphylococcus aureus infection, 
and liver transplant recipients. The 
most pronounced increase was 
seen in patients with metastatic 
melanoma. However, its expression 
decreased in patients with COPD, 
acute influenza, HIV, and juvenile 
dermatomyositis. The greatest 
decrease was observed in HIV 
infection. 
3. SLC4A1: SLC4A1 
expression increased in patients 
with Kawasaki disease, metastatic 
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melanoma, sepsis, pregnancy, 
active pulmonary tuberculosis, 
acute respiratory syncytial virus 
infection, staphylococcus aureus 
infection, and liver transplant 
recipients, with metastatic 
melanoma showing the highest 
increase. On the other hand, it 
decreased in patients with B-cell 
deficiency, COPD, acute influenza, 
HIV, juvenile dermatomyositis, and 
multiple sclerosis. The greatest 
decrease was observed in patients 
with HIV infection. 
4. CA1: CA1 expression 
increased dramatically in most 
conditions, especially metastatic 
melanoma, sepsis, pregnancy, 
active pulmonary tuberculosis, 
acute respiratory syncytial virus 
infection, systemic lupus 
erythematosus, systemic onset 
juvenile idiopathic arthritis, 
staphylococcus aureus infection, 
and liver transplant recipients. The 
greatest increase was observed in 
sepsis patients. However, it 
decreased in patients with B-cell 
deficiency, COPD, acute influenza, 
HIV, and multiple sclerosis. The 
most significant decrease was seen 
in HIV patients. 
5. FECH: FECH expression 
increased slightly in patients with B-
cell deficiency and decreased 
slightly in patients with COPD, but 
the changes were less pronounced 
compared to other genes. The 
expression decreased in conditions 
like acute influenza, HIV, and 
juvenile dermatomyositis, with the 
most significant decrease observed 
in patients with HIV. 
 
In all cases, these changes in gene 
expression may represent 
physiological responses to disease 
or might contribute to the 
pathophysiology of the disease 
itself. These findings could be 
valuable for designing further 
research, or potentially, diagnostic 
or therapeutic strategies. 
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Please note that the interpretation 
of gene expression data is complex, 
with many factors influencing the 
results, such as patient 
characteristics, sample handling, 
and microarray technique 
variability. Hence, these 
interpretations should be 
considered as hypotheses that need 
further validation. 

PROMPT 5: Could you please 
summarize the key conclusions you 
have drawn from the conversation 
so far? 

Based on reviewing the initial 
summary, RNA-seq data, 
microarray data, and patient cohort 
fold change data provided 
sequentially, my conclusions are: 
 
•  I would recommend ALAS2 as the 
top candidate gene for inclusion in 
the intended targeted blood 
transcriptional profiling panel 
based on its: 
1. Crucial, erythroid-specific 
role in heme biosynthesis, making it 
a good representation of an 
erythroid signature 
2. Lack of expression in 
leukocytes and high, restricted 
expression in erythroblast subsets, 
confirmed by both RNA-seq and 
microarrays 
3. Large, consistent fold 
changes across conditions like RSV 
infection, juvenile arthritis, and 
melanoma that were highlighted as 
being relevant 
4. Established utility as a 
therapeutic target in erythroid 
disorders like sideroblastic anemia 
5. Potential as a biomarker 
for disrupted erythropoiesis based 
on its tight regulation 
 
•  The other genes (BCL2L1, SLC4A1, 
CA1, FECH) are more broadly 
expressed across immune cells and 
their fold changes are smaller in 
magnitude or less consistent across 
key disease states. 
 
•  Each additional dataset provided 
further evidence supporting ALAS2 
as the top choice over other 

[N/A: GPT-4 could not keep the 
thread of the conversation following 
the input of large amount of 
textualized transcriptional profiling 
data] 
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candidates based on erythroid 
specificity and associations with 
conditions of interest. 
In summary, the collective evidence 
strongly supports ALAS2 as the top 
gene for inclusion in the intended 
blood profiling panel to represent 
an erythroid signature. The key 
factors are its erythroid-restricted 
expression and marked regulation 
across relevant conditions. 
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