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A B S T R A C T 

Danger requires a strong rapid response. Speedy triggers are prone to false signals. False alarms can be 

costly, requiring strong negative regulators to oppose the initial triggers. Strongly opposed forces can 

easily be perturbed, leading to imbalance and disease. For example, immunity and fear response balance 

strong rapid triggers against widespread slow negative regulators. Diseases of immunity and behavior 

arise from imbalance. A different opposition of forces occurs in mammalian growth, which balances 

strong paternally expressed accelerators against maternally expressed suppressors. Diseases of over-

growth or undergrowth arise from imbalance. Other examples of opposing forces and disease include 

control of dopamine expression and male versus female favored traits.

Lay summary Strongly opposing forces control some traits. For example, danger requires a rapid, error-

prone response. Negative regulators correct mistakes. An imbalance between the strongly opposed trig-

gers and negative regulators may cause diseases of immunity and behavioral danger detection. Generally, 

traits controlled by strongly opposing forces may often become diseased.

Keywords: genomic imprinting; IGF2; sexual antagonism; genomic conflict; immune system disorder; 

psychiatric disorder

INTRODUCTION

Strongly opposing forces on traits may lead to 
imbalance and disease [1]. For example, paternally 
expressed genes such as IGF2 accelerate mamma-
lian growth. Maternally expressed genes such as 
H19 slow growth. The opposition of strong growth 
promoters and suppressors creates a precarious 
balance. Disruption of growth promoters causes 
the suppressors to dominate, leading to delete-
rious undergrowth. Perturbation of suppressors 
leads to deleterious overgrowth [2].

To develop the general argument, I start with 
this example of mammalian growth. The opposing 
forces have been identified. Disruption of those 
forces leads to known examples of disease. Using 
that growth example as a model, I then summarize 
two previously discussed candidates.

First, X chromosomes and autosomes con-
flict over traits that have different favored expres-
sion levels in males and females. Some parts of 
the genome tend to push expression toward the 
male-favored traits. Other parts of the genome 
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tend to push expression toward the female-favored traits. 
Perturbation may lead to imbalance and disease along a male–
female trait axis [3].

Second, immune expression is often triggered very rapidly 
to control infection. The need for a speedy response may lead 
to mistakes caused by false triggers of immunity. To suppress 
false immune triggering, strong negative regulators of immunity 
oppose the initial triggers. Perturbation of these opposing forces 
on immune expression may lead to misregulation and disease 
[4].

Finally, I add a new candidate. A speedy response to potential 
danger often associates with fear. The rapid fear response may 
be prone to false signals. Powerful negative regulators oppose 
false triggers to maintain balance. Perturbation of those oppos-
ing forces may lead to misexpression and various psychiatric 
disorders.

In the mammalian growth and X-autosome antagonism exam-
ples, the opposing forces arise from conflict (Fig. 1). In the 

immune and danger responses, the opposing forces arise from 
the tradeoff between the speed and accuracy of the response 
(Fig. 2).

Others have noted how misregulation and disease may arise 
in speed versus accuracy tradeoffs. For example, Nesse’s smoke 
detector principle describes how the need for a speedy response 
leads to a significant frequency of false signals [9, 10]. However, 
that signal-detection theory does not focus on the natural ten-
dency for regulatory mismatch between strongly opposing forces 
and the consequences for an elevated rate of disease. The value 
here arises from the broad emphasis on that regulatory mis-
match of opposing forces as a general principle in the study of 
disease.

MAMMALIAN GROWTH

In mammals, a diploid genetic locus derives from one paternally 
inherited allele and one maternally inherited allele. Many growth 

Figure 1. One way in which opposing forces from conflict may lead to dis-

ease. Two conflicting parties, β and δ, favor different trait values. (A) The con-

flicting parties develop opposing forces acting on the trait. (B) Over time, the 

conflict favors stronger opposing forces, leading to exaggeration. (C) With 

strongly opposing forces, any perturbation in the delicate balance may lead 

to dominance by one party and overexpression of the trait past its favored 

value, causing disease. In this case, the “X” represents a knockout of one 

side in the conflict or a mismatch in the mediation of the conflict that leads 

to dominance by one party and imbalance in trait expression. (D) Similarly 

when the alternative party dominates. The example in the text of genetic con-

flict over mammalian growth provides one well-established case. The exam-

ple of male–female conflict described in the text may be another case. Other 

cases arising from genomic conflicts have been described [5–8]. This figure 

evokes only a very rough intuitive sense of the idea and is not meant to be 

interpreted precisely.

Figure 2. One way in which the speed versus accuracy tradeoff may lead to 

opposing forces and disease. A fast trigger (T) responds a potential signal of 

danger. Negative regulators (N) oppose the trigger to correct false signals. 

(A) Low danger frequency favors relatively slow and weak triggers and neg-

ative regulators. (B) High danger frequency favors fast and strong triggers 

with a higher rate of false alarms, which leads to faster and stronger neg-

ative regulators. (C) Individuals that have strong triggers and weak nega-

tive regulators tend to be overly responsive, potentially causing pathological 

response. (D) Individual that have weak triggers and strong negative regula-

tors tend to be overly repressed, potentially causing pathological response. 

Mismatch between triggers and negative regulators may arise by mutation, 

regulatory perturbation or mating between parents with genes that are tuned 

to different levels of environmental danger. This figure evokes only a very 

rough intuitive sense of the idea and is not meant to be interpreted precisely.
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regulating loci express one parent’s allele and silence the other. 
Typically, growth promoting genes express the paternal allele. 
Growth suppressing genes express the maternal allele. Growth 
ultimately depends on these opposing forces [2].

Figure 3 shows that the growth promoters and suppressors 
strongly oppose each other. Knockout of any single paternally 
expressed promoter greatly reduces the size of the fetus and pla-
centa. In most cases, knockout of any maternally expressed sup-
pressor greatly increases size. Growth appears to be a precarious 
balance between strongly opposed forces.

Moore and Haig suggested that the opposed forces may arise 
from the conflicting interests of fathers and mothers on offspring 
growth rate [1]. That conflict creates an evolutionary tug-of-war 
that leads to the strongly opposing forces on growth. Such pre-
carious balance is easily perturbed, leading to disease.

For example, higher expression than normal of paternally 
expressed IGF2 or lower expression than normal of maternally 
expressed H19 or CDKN1C leads to a broad spectrum of overly 

rapid growth pathologies known as Beckwith–Weidemann syn-
drome. By contrast, Silver–Russell syndrome is an undergrowth 
pathology that sometimes associates with opposite changes in 
growth suppressors or promoters.

Moore and Haig’s idea that strongly opposing forces predis-
pose to disease leads to the following examples.

MALE–FEMALE TRAIT CONFLICT

Males and females often have different favored values for traits 
[11]. Selection in males pushes the trait in one direction, and 
selection in females pushes the trait in the other direction. An 
autosomal genetic locus is symmetric with respect to male and 
female interests. Thus, the opposing male and female selective 
pressures tend to balance, leading to an intermediate phenotype.

The situation differs on the X chromosome of species with 
XX females and XY or XO males [12]. Depending on particu-
lar genetic assumptions about dominance and dosage effects, 
X-linked loci may tend to push more strongly toward the female 
or male optimum than do autosomal loci [13]. Because conflict 
occurs between different chromosomes, the opposing forces 
tend to increase. Any additional push by the autosomes toward 
an intermediate phenotype may be opposed by an additional 
X-linked push toward the favored sex.

This fundamental conflict likely leads to strongly opposed reg-
ulatory forces [3]. As those strongly opposed forces arise, sus-
ceptibility to perturbation and disease increases. For example, 
knockdown of alleles pushing toward the female-favored trait 
value could cause expression that goes beyond the male-fa-
vored trait value, leading to pathologies of extreme maleness. 
Perturbations in the other direction may cause pathologies of 
extreme femaleness.

IMMUNE TRIGGERS AND SUPPRESSORS

Hosts must trigger immunity rapidly in response to pathogen 
invasion. The need for speed likely causes some false alarms. 
Unnecessary immune expression is costly, demanding strong 
negative regulators to shut down false responses. Immunity 
depends on strong rapid triggers and strongly opposed negative 
regulators [4].

Diverse, ancient families of immune triggers span the tree 
of life. Examples include peptidoglycan recognition proteins, 
gram-negative binding proteins, Toll-like receptors, nucleo-
tide-binding domain leucine-rich repeats (NLRs) and the cyclic 
GMP-AMP synthase (cGAS) system that detects double-stranded 
DNA (dsDNA).

Widespread negative regulators often oppose the triggers. 
Post-transcriptional modification of innate sensors and down-
stream molecules suppresses the effect of the pattern recognition 

Figure 3. Knockouts of paternally expressed growth promoters cause severe 

undergrowth in mice. Knockouts of maternally expressed growth suppres-

sors cause large overgrowth. The bottom shows the percent decrease in size 

of the fetus and placenta for each single independent knockout of six differ-

ent paternally expressed growth promoter genes. Similarly, the top shows the 

size increase for single independent knockouts of five different maternally 

expressed growth suppressor genes. The placental measure for Slc38a4 is 

missing. Data from Table 1 of Fowden et al. [2].



Disease from opposing forces Frank | 351

receptor triggers. The cascade triggered by the dsDNA sensor 
cGAS has several negative regulators. Numerous noncoding 
micro-RNAs regulate immunity, including repression of the NLR 
triggers and their immune cascade.

Imbalances in strongly opposed triggers and suppressors can 
lead to disease. For example, some animals trigger type I inter-
feron (INF) to start an immune response. Negative regulators of 
this trigger control immunity. Various immune-related disorders 
associate with type I IFN misexpression [14].

The quick trigger against potentially foreign DNA by cGAS is 
susceptible to autoimmunity. In the cGAS response, misregula-
tion and immune-related disease arise in spite of the many neg-
ative regulators of the cGAS cascade [15].

BEHAVIORAL TRIGGERS AND SUPPRESSORS

A similar opposition of speedy triggers and slower suppressors 
arises in fear regulation. Potential danger requires quick action, 
often mediated by fear. False triggers require strongly opposed 
negative regulators.

For example, the brain’s insular cortex responds to cues of fear 
[16]. Negative bodily feedback such as heart rate deceleration 
opposes the fearful state. Experimental perturbation of body–
brain communication disrupts the balance between fear promot-
ers and suppressors. This opposition of strong regulatory forces 
may explain the insular cortex’s role in anxiety and addiction dis-
orders and hyperactivity.

Amygdala-based fear responses also have various negative 
regulators [17]. Imbalance associates with psychiatric disorders 
[18].

Dopamine expression typically associates with positive situ-
ations, the opposite of fear stimulating triggers. Interestingly, 
dopamine expression is partly controlled by slow stimulants that 
are opposed by fast inhibitors [19]. In particular, neurons within 
the lateral hypothalamus produce the slow-acting stimulatory 
neuropeptide neurotensin which is opposed by the fast-acting 
inhibitory neurotransmitter GABA (3-aminobutyric acid).

Perhaps a slowly developing beneficial situation favors dopamine 
stimulation. If that situation suddenly goes bad, a rapid behavioral 
reversal is needed, creating the opposition of strong forces on 
dopamine regulation and significant potential for misregulation. 
Dopamine misregulation associates with various disorders.

CONCLUSION

The evolutionary tuning of strongly opposed forces is particu-
larly challenging. For example, the intensity of pathogen attack or 
the frequency of true danger varies over time and space. Greater 
intensity favors a lower threshold for expression of a quick trigger 
and a higher threshold for expression of a negative regulator.

Mating between parents from populations with different envi-
ronments may lead to a mismatch of opposing forces and a 
greater potential for disease. Broader divergence between pop-
ulations may lead to hybrid incompatibility.

For speed-accuracy tradeoffs, I do not know of prior 
studies about parental divergence and offspring decay. For 
genetic conflicts, the potential association of genetic distance 
between parents and offspring degradation has been widely 
discussed [5–8].

In humans, this theory predicts a positive association of the 
genetic distance between parents and the amount of disease in 
offspring for those particular traits that are shaped by strongly 
opposing forces. Current genetic methods can infer ancestry. 
This prediction may be testable in clinical settings with large 
samples of patients who have identifiable disorders in the focal 
traits.
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