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If a child has a speech disorder due 
to a genetic cause, we don’t treat 

that child because we can’t change 
the DNA.

School district representative
Personal communication, Dr. Barabara Lewis

Is DNA really 
this 

deterministic? 
Our fate?
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Biology of speech and language: 
A complicated picture

It’s all wildly 
complicated!
How will we ever 
use any of this in 
the clinic?
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Goals: 
1. Unraveling cause-effect relationships
2. Clinical translations 

Distal causes

Biomarkers
Endophenotypes

Phenotypes

R
X

Personalized
Proactive
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1. Unraveling cause-effect relationships 
HUGE STRIDES!
Kudos to Professor Morgan!!!
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2. Clinical translations
Precision medicine (generally considered 
analogous to personalized medicine or 

individualized medicine) is an innovative 
approach that uses information about an 
individual’s genomic, environmental and 

lifestyle information to guide decisions related 
to their medical management. The goal of 

precision medicine is to provide more a 
precise approach for the prevention, diagnosis 

and treatment of disease.

https://www.genome.gov/genetics-glossary/Precision-
Medicine#:~:text=Definition&text=Precision%20medicine%20(general
ly%20considered%20analogous,diagnosis%20and%20treatment%20
of%20disease. 
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There is no such 
thing as the 

“average patient”
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Francis Collins, 2010, About Consumer DNA Services

• …recent discoveries place us in a position to 
make several strong statements: (1) for each 
disease, specific genetic and environmental risk 
factors exist, and are rapidly being identified; (2) 
these discoveries are providing powerful new 
insights into both treatment and prevention; (3) 
the more you know about all this, the more you 
can adjust your own lifestyle and medical 
surveillance to prevent illnesses or catch them 
in early and treatable stages (p. 61) 

• The right drug at the right dose for the right person 
(p. 231 ff)
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Improved Outcomes

Precise

Proactive

Personalized

Each person is unique!

- Genetic profile
- Environment
- Epigenetic profile
- Lifestyle
- Nutrition
- …

Prognostic
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Pharmacogenomics:
Selecting the right 
type and dosage of 
blood thinners and 
statins based on the 
patient’s genotype

Precision nutrition:
Managing diet-related 
chronic illnesses with 
diet changes and 
supplements 

Exposome:
Zip code, how the 
environment interacts 
with DNA and health

Some examples:

Adapted from https://www.nih.gov/about-nih/what-we-do/nih-turning-
discovery-into-health/promise-precision-medicine  

Precision Oncology:
Genotyping the 
cancer cells, then 
selecting the most 
effective therapy for 
that cell type
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https://obamawhitehouse.archives.gov/precisi
on-medicine 
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Goals:
1. Enroll 1 million people
2. Collect surveys, health data streams, a 

whole genome sequence, environmental 
data, and physical measures.

3. Launch partnered research studies
4. Global community of >100,000 

researchers
5. Participant return of value
6. Management and organization

https://obamawhitehouse.archives.gov/precision-medicine
https://obamawhitehouse.archives.gov/precision-medicine
https://obamawhitehouse.archives.gov/precision-medicine
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Well, what about 
speech and 

language disorders?

MEDICINE, writ large

36%

0.4%

14%

11%

0.6%

8%

1%

1-10%
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Disorder % Age Reference

Reading disorder 
(dyslexia)

7-10 General population Thomas, T, Khalaf, S., Grigorenko, E. A systematic review and meta-
analysis of imaging genetics studies of specific reading disorder. 
Cognitive Neuropsychology, 2021-04, Vol.38 (3), p.179-204.

Peterson RL, Pennington BF. Developmental dyslexia. Lancet 2012; 
379:1997–2007.

Speech Sound Disorder 5 Early school age Shriberg, LD; Tomblin, JB; McSweeny, JL (1999): Prevalence of 
speech delay in 6-year-old children and comorbidity with language 
impairment. J Speech Lang Hear Res. Dec;42(6):1461-81. doi: 
10.1044/jslhr.4206.1461.

Developmental Language 
Disorder

3.3 Children, adolescents Black, LI; Vahratian, A; Hoffman, HJ (2015): Communication 
disorders and use of intervention services among children aged 3–
17 years: United States, 2012. NCHS data brief. Hyattsville, MD: 
National Center for Health Statistics. Jun:(205):1-8

Stuttering 1 Lifespan Yairi, E; Ambrose, N (2013): Epidemiology of stuttering: 21st 
century advances. J Fluency Disord. Jun;38(2):66-87. doi: 
10.1016/j.jfludis.2012.11.002.

From medical to clinical applications of 
precision medicine principles
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Improved Outcomes

Precise

Proactive

Personalized

But hey, we are already doing that:
• Select interventions for different 

types of speech sound disorder
• Recommend the most effective 

intervention dosage
• …

• Uh … what about ”prognostic” 
and “proactive”????

Prognostic
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Imagine a world where …
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We could know children‘s genetic risk for 
speech/language/fluency etc. at birth

We could develop earliest preventive 
approaches for them

We could taylor clinical management 
based on the patient‘s genetic profile

… kind of like precision medicine



Current status: 
“Wait until you see signs of speech or language 
problems.”
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Imagine that disorder risks could be predicted at birth and 
addressed with prevention … 



Proof-of-concept study:
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Classic Galactosemia

• Metabolic disease
• Diagnosed via newborn screening
• High risk for speech and language 

disorders
• Rare in the US: 1:~40,000 births



Why classic galactosemia?

Trait General Population Classic Galactosemia

Speech sound disorder 4-6% 40-85%

Childhood Apraxia of Speech <1% 24-63%

Language delay 7-10% 50-78
(more expressive than 

receptive)
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https://www.hrsa.gov/sites/defa
ult/files/hrsa/advisory-
committees/heritable-
disorders/rusp/rusp-august-
2023.pdf 
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https://www.andersondiagnostics.com/ne
wbornscreening/galactosemia/

Classic galactosemia is
• Diagnosed via newborn 

screening
• Treated with lactose-restricted 

diet 
• But despite this restricted diet:

• Severe speech and 
language disorders

• Fine and gross motor 
disorders
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You’d think these babies get earliest attention 
but …

Our FB survey of 22 families with kids with CG found: 
• Mean age of first screening or assessment was 22 

months (SD = 15.5; range [3, 72])
• Mean age at start of therapy was 28 months (SD = 

21.5; range [4, 96])

• Only 5 had typical babble behaviors
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We asked ourselves:

• Babies with CG tend to not vocalize or babble much … Will 
teaching them to babble help their speech development?

• First words and sentences appear late and are underdeveloped 
... Will attention to words and sentences help communication 
outcomes in the long run?

• Besides the risk for speech and language disorders, there is also a 
risk for cognitive delays … Will a focus on communication skills 
also help cognitive development?

22

Hmmm…



The big idea:
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Parent training via telehealth
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A speech-language pathologist trains parents to
• Stimulate coo and babble
• Increase consonant and vowel inventory
• Elicit first words on time
• Shape early sentences
• Use language to convey meaning
• …

Active phase: infant age 2 – 24 months
Follow-up testing at child age 3 and 4 years

https://news.asu.edu/20190514-study-aims-prevent-
children-speech-and-language-disorders 
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Target Parent Behavior Target Child 
Behavior

Target Child Skill

“Word bath” using infant-
directed prosody

Attend to the input Perceptual coupling of visual and 
auditory input

Building phoneme boundaries

Facial expression of 
emotions

Attend to the input Communicative awareness

Respond to infant 
vocalizations

Increase vocalization 
rate

Sensorimotor association of 
movement and auditory percept

Turn-taking

Model and respond to 
babble

Increase babble 
quantity and 
complexity

Motor speech control during 
prespeech sound production

Say words for persons and 
objects and narrate 
events

Imitate words
Request more verbal 

labels by pointing or 
vocalizing

Receptive and expressive 
vocabulary

Speech sound production
Phonetic and phonemic 

representation

Recast child utterances 
with slight expansions

Produce more 
complex utterances

Syntactic complexity

Birth
…
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Note:
We start with 
prelinguistic 

skills!

Huge dosage b/c 
implemented daily 
at home



Groups (n=25 each)     6 12 18 24 30 42 54

CG Speech Language Early 
  
CG Motor, then Speech Language 15 m

CG Toddlers Preschoolers (Control)

Typical Control

Child Age in Months

Data collection only

Peter, B., Davis, J., Cotter, S., Belter, A., Williams, E., Stumpf, M., Bruce, 

L., Eng, L., Kim, Y., Finestack, L., Stoel-Gammon, C., Williams, D., 

Scherer, N., VanDam, M., & Potter, N. (2021) Towards preventing speech 

and language disorders of known genetic origin: First post-intervention 

results of Babble Boot Camp© in children with classic galactosemia. 

American Journal of Speech-Language Pathology. 
https://doi.org/10.1044/2021_AJSLP-21-00098 26
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Mean Babbling Level: Phonotactics
1 = vowel glide, 
glottal stop, [h]
[a], [ha], [joja]

2 = vowel plus 1 true 
consonant [ba], 
[bopa]

3 = vowel plus 2+ 
true consonants
[baga], [dapa]

Peter, B., Davis, J., Bruce, L., Finestack, L., Kornelis, M., Eng, L., Kim, Y., Scherer, 

N., Potter, N., VanDam, M., Thompson, L., Loveall, S., Stoel-Gammon, C., Raaz, 

C., Armstrong-Heimsoth, A. & Buckley, S. (2025). Translating the power of precision 

medicine into the world of communication disorders. Journal of Speech, Language 
& Hearing Research, 11(5174-5189) 
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Potter, N. L., Lazarus, J. A. 

C., Johnson, J. M., Steiner, 

R. D., & Shriberg, L. D. 

(2008). Correlates of 

language impairment in 

children with 

galactosaemia. Journal of 

Inherited Metabolic 

Disease, 31(4), 524-532. 

https://doi.org/10.1007/s105

45-008-0877-y 
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Babble Boot Camp training is now available online:

https://www.northernspeech.com/early-intervention/babble-boot-camp-basic-training/ 
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Branching out:
New populations of infants 
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Professor Sue Buckley OBE
CPsychol AFBPsS
Director for Science and Research
Down Syndrome Education International
Emeritus Professor of Developmental Disability
Dept Psychology, University of Portsmouth, UK.

Sue Buckley is one of the world’s leading researchers in the 
education and development of children with Down 
syndrome. Sue’s research in the early 1980s led to the 
founding of the charity, Down Syndrome Education 
International (DSE).
https://gigisplayhouse.org/westchester/sue-buckley-seminar/ 

March 2022
• BBC ticks all the boxes for 

babies with Down syndrome.
• Babies with Down syndrome 

have needs in speech and 
language.

• There are not enough SLTs in the 
UK.

• BBC is ideal because of parent 
training and telehealth – can be 
scaled up very easily

Down syndrome
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https://www.verywellhealth.com/symptoms-of-down-
syndrome-1120463 

Developmental features across the lifespan
• Cardiac anomalies at birth (surgery)
• Gastrointestinal issues (surgery)
• Hearing loss
• Vision impairments
• Hypotonia
• Motor coordination
• Intellectual disability
• Speech delays

• Speech difficult to understand
• Speech sound errors, acoustic differences

• Language delays
• First words around 2 years, small vocabulary, 

morphosyntax
• Difficulty extracting linguistic regularities from ambient 

language

• Math delays
• Elevated risk for Alzheimer disease in adulthood
• Strong interpersonal skills
• Strong joint attention skills
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Piloting BBC with 10 infants with Down 
syndrome

Berglund, E., Eriksson, M., & Johansson, I. (2001). Parental reports of 

spoken language skills in children with Down syndrome. Journal of 

Speech, Language, and Hearing Research, 44(1), 179-191. 

https://doi.org/10.1044/1092-4388(2001/016) 

4 infants 4-5 m
6 infants 10-16 m
Weekly sessions for 10 months

34

https://doi.org/10.1044/1092-4388(2001/016
https://doi.org/10.1044/1092-4388(2001/016
https://doi.org/10.1044/1092-4388(2001/016


Bainbridge-Ropers Syndrome

https://www.arrefoundation.org
/bainbridge-ropers 

Age of diagnosis:
4 to 7 years, not newborn 
screening!

Initially, extremely rare 
- 4 cases in 2013
- 12 new cases in 2016
- 300 in 2020
- Now new cases every week 

35
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Branching out: 
Broader intervention targets
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Developed by an interdisciplinary, 
international team

verbal

motor cognitive

PLAY 

Boot Camp

Known synergies among these developmental domains – an integrated approach would 
predict maximal progress.
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An Integrated Approach to Support Children with DS
Based on an Established Model (BBC) 



The many faces of dyslexia: Clinical focus on the 
endophenotype

Example: Diminished neural adaptation
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Only a subset of participants:
Endophenotype 



FOXP2

LAMA5

ASXL3

LAMB1

BCL11A

Motor Coordination
Gating

Sequential Processing

Articulation Fine 
motor

Gross 
motor

Visual 
motor

Feeding
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… plus many 
more genes!

Early developing brain: 
architecture

Later developing brain: 
physiology

(Dobrynin et al., 2025)

Distal causes

Endophenotypes

Clinical phenotypes



What is needed: New ways to identify 
children at risk early

Is whole genome 
sequencing at newborn 
screening a good idea?

42



https://www.genomes2people.org/research/babyseq/ 

https://answers.childrenshospital.org/babyseq-2/ 
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The future of genetics in our field:
Leveraging precision-based approaches

Prevention Personalization by …

… endophenotype … gender

The 
next 
thing
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… etc.  … etc.  … etc.    … etc.



If a child has a speech disorder due 
to a genetic cause, we don’t treat 

that child because we can’t change 
the DNA.

School district representative
Personal communication, Barabara Lewis

45

Genetic diagnosis: Opportunity instead of liability
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