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ABSTRACT

METHODS

Studies suggest that the short allele (s) of the serotonin transporter (5-HTT) genotype is
associated with negative emotionality and pathological behaviors. For example, subjects
having one or two copies of the s allele of the 5-HTT genotype are more likely to exhibit
anxiety and aggression, when compared to subjects that are homozygous for the long (L)
allele. The present study examines the effect of the 5-HTT genotype on rhesus monkey
mothers’ treatment of their three-month-old infants—an age when infants are highly
dependent on their mothers for security and protection. We hypothesized that mothers
with one or two copies of the s allele would exhibit a mothering style characterized by
neglectfulness, insensitivity, and aggression. To test this hypothesis, four, 300-second
behavioral observations of mothers’ maternal behaviors were recorded for N = 69 rhesus
macaque mothers (n = 29 homozygous for the L allele, n = 11 homozygous for the s allele,
and n = 29 heterozygotes). Maternal behaviors recorded included maternal frequency of
infant restraints, and rejections. Results showed that mothers with the s allele exhibited
high rates of infant rejections and failed to restrain and protect their infants, neglecting
their safety. Results suggest that at an age when an infant’s psychological needs are based
on warmth, security, and protection, mothers with the s allele exhibit insensitive behaviors
that typically characterize future infant weaning, maternal behaviors that other studies
show are inappropriate when parenting a 3-month-old infant and that may lead to
aberrant development for the infant. These findings shed light on the etiology of
variability in maternal warmth and care, and suggest that maternal 5-HTT genotype should
be considered when assessing mother-infant attachment quality.

• Subjects were N = 69 rhesus monkey, mother-infant dyads housed at the California
National Primate Research Center.
• Subjects lived in conditions approximating the rhesus social composition.
• Mothers were observed for four, 300-second sessions by trained observers who
achieved an inter-rater reliability of r > 0.85 or more.
• Behaviors recorded were based on an established exhaustive ethogram which
included maternal frequency of infant restraints, rejections, and retrievals.
• Mother’s blood was obtained and DNA was extracted using a standard phenolchloroform protocol
• 5-HTT genotyping was done by fractionating PCR products in 2% agarose gels and by
capillary electrophoresis in ABI 3730 DNA Analyzer
• Multiple regressions were conducted controlling for maternal age, with the number
of s alleles as the independent variable. Maternal rejections or restraints were the
dependent variables. All analyses were conducted in SPSS, version 25.

Hypothesis: We hypothesize that mothers with the less efficient s allele will exhibit
inappropriate parenting behaviors, such as premature rejections of their young
infants before they are at an age to be weaned, and that mothers with the s allele
will show low rates of restraints, consequently failing to protect their infants from
threats and harm.
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• Maternal sensitivity to an infant’s needs is an important factor in determining
infant attachment quality and developmental outcomes1,2.
• For proper development to occur, early in life infants need security and protection
from risk and harm. Sensitive mothers fill that need by providing a secure base to
reduce arousal and restrain their infants to protect them.
• Studies suggest that humans and nonhuman primates possessing one or two
copies of the short (s) allele exhibit less sensitivity to social cues and increased
aggressive behavior when compared to individuals that are homozygous for the
ancestral (L) allele3 .
• In this study, we investigate the impact of the 5-HTT genotype on maternal
behavior.
• Due to their genetic5 , developmental6 , and social similarities7,8 , rhesus monkeys
(Macaca mulatta) are an ideally suited to study the impact of the 5-HTT genotype
on parenting behavior.
• As in humans, rhesus monkeys also posses a parallel orthologous biallelic 5-HTT
genotype9 .
• Given the relationship between the 5-HTT genotype, sensitivity to social cues, and
increased aggression, the present study investigates the relationship between
mothers’ 5-HTT genotype and maternal care using a rhesus monkey model.
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Multiple regression showed a linear trend, with mothers possessing one and two
copies of the s allele rejecting their young infants significantly more than mothers
that were homozygous for the L allele (β = .259, F(1,67) = 4.803, p= .032).
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Multiple regression showed that mothers possessing one and two copies of the s allele
restrained their infants significantly less often than mothers that were homozygous for
the L allele (β = -.301, F(1,67) = 6.667, p = .012).

DISCUSSION
• Our results showed broad support for our hypothesis: prior to an age when weaning typically occurs, mothers with the s allele exhibited more inappropriate
maternal behaviors, including more infant rejections and failed to restrain their socially and physically immature infants from potential harm.
• For proper development to occur, early in life infants need security and protection from risk. Sensitive mothers fill that need by providing a secure base to
reduce arousal and restrain their infants in order to protect them. Mothers with the s allele failed to provide a secure base, instead rejecting their infants, and
failed to restrain and provide oversight of their immature charges, characteristics of a somewhat abusive or at best neglectful mother.
• To the extent that our results generalize to humans, these findings suggest that human mothers that possess one or two copies of the s allele are at an
increased likelihood of exhibiting less sensitivity to their infants' needs, when compared to mothers who are homozygous for the L allele, consistent with what
has been observed in some studies of human mother-infant interactions10
• The results of this study are an important step in understanding both the genetic underpinnings of individual differences in maternal sensitivity and ultimately,
infant attachment quality.
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