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Monogenic diabetes mellitus includes a heterogeneous group of diabetes types that are caused by mutations in single genes. 
It is estimated that the monogenic forms of diabetes could represent as much as 1–2% of all cases of diabetes mellitus 1. The 
main phenotypes suggestive of an underlying monogenic cause include neonatal diabetes mellitus (NDM), maturity-onset 
diabetes of the young (MODY) and very rare diabetes-associated syndromes.   
 
Neonatal Diabetes Mellitus (NDM) is diabetes diagnosed within the first 6 months of life and can be characterized as either 
permanent (PNDM), requiring lifelong treatment, or transient (TNDM), which typically resolves by 18 months of age.  NDM is 
rare with an incidence of approximately 1:1,000,000-260,000 live births.   
 
Maturity-onset diabetes of the young (MODY) is more common than NDM and usually occurs in children or adolescents but may 
be mild and not detected until adulthood.  It is predicted that MODY accounts for approximately 1-2% of all Diabetes cases with 
an incidence of approximately 100 cases per million in the UK population.   
 
Approximately thirty genes that are highly expressed in the pancreatic beta-cell have been identified in these monogenic 
subtypes of diabetes, and many other genes have been implicated in syndromes that often include diabetes. Several etiological 
mechanisms of beta-cell dysfunction are involved including reduced beta-cell number, failure of glucose sensing and increased 
destruction of the beta-cell, which result in inadequate insulin secretion despite chronic hyperglycemia 2-4.  
 

Our NDM/MODY Panel includes analysis of the 45 genes listed below, as well as analysis for the mitochondrial mutations 
m.3243A>G, m.8296A>G, and m.14709T>C.   

 
Gene Inheritance Disease Phenotype and Molecular Genetics   
ABCC8 [OMIM#600509] AD Spontaneous or autosomal dominant activating mutations in the ABCC8 gene, encoding the SUR1 

regulatory subunit of the ATP-sensitive potassium channels found in beta cells, cause both 
permanent (less often) and transient (more often) neonatal diabetes 5.  

AIRE [OMIM#607358] AR Mutations in AIRE result in autoimmune polyendocrinopathy syndrome type 1, an autosomal 
recessive condition characterized by adrenal gland insufficiency, hypoparathyroidism, and chronic 
mucocutaneous candidiasis; in addition to the cardinal features of APS1, some patients exhibit 
diabetes mellitus, alopecia, or growth hormone deficiency 6.  The first manifestations of the disease 
occur in childhood with other manifestations appearing progressively.  

AKT2 
[OMIM#164731] 

AD Missense mutations in the AKT2 gene have been identified in patients with hypoinsulinemic 
hypoglycemia with hemihypertrophy 7 and dyslipidemia and hepatic steatosis 8.  

APPL1 [OMIM#616511] AD Heterozygous loss of function variants in the APPL1 gene have been described in two families with 
MODY14 9. 

BLK [OMIM#191305] AD Heterozygous mutations in the BLK gene cause MODY11 10. 
CDKN1C 
[OMIM#600856] 

AD, 
imprinted  

A heterozygous mutation in CDKN1C has been identified in one family with early-adulthood-onset 
diabetes, intrauterine growth restriction, and short stature. Other heterozygous mutations in 
CDKN1C are typically associated with IMAGE syndrome, which is not known to be associated with 
diabetes. The CDKN1C gene is paternally imprinted, meaning only maternal transmission of the 
mutation results in disease. 11 

CEL  
[OMIM#609812] 

AD In 2 families with autosomal dominantly inherited diabetes and exocrine pancreas dysfunction, also 
referred to as MODY8, Raeder et. al (2006) identified frameshift deletions in the variable number 
of tandem repeats (VNTR) of the carboxyl-ester lipase gene, CEL 12. 

NDM/MODY Panel Genes 
ABCC8 CP GLIS3 IL2RA NEUROG3 SLC2A2 
AIRE DNAJC3 GLUD1 INS NKX2 STAT3 
AKT2 DUT HADH INSR PAX4 TRMT10A 
APPL1 EIF2AK3 HNF1A KCNJ11 PCBD1 WFS1 
BLK FOXP3 HNF1B KLF11 PDX1 ZBTB20 
CDKN1C GATA4 HNF4A LRBA PPP1R15B ZFP57 
CEL GATA6 IER3IP1 MNX1 PTF1A  
CISD2 GCK HADH NEUROD1 RFX6  

Next Generation Sequencing Panels for Neonatal Diabetes Mellitus (NDM) 
and Maturity-Onset Diabetes of the Young (MODY) 
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CISD2  
[OMIM#611507] 

AR Mutations in the CISD2 gene cause Wolfram syndrome-2 13. Onset of diabetes mellitus is typically 
before age 10 years (age range <1 – 17 years).   

CP  
[OMIM#117700] 

AR Homozygous mutations in the CP gene cause aceruloplasminemia characterized by a triad of 
retinal degeneration, diabetes mellitus, and neurological symptoms 14.  

DNAJC3 [OMIM#616192] AR Homozygous mutations in DNAJC3 have been identified individuals with combined cerebellar and 
peripheral ataxia with hearing loss and diabetes mellitus in two different consanguineous families. 
Age of onset of diabetes ranged from 11 to 18 years of age 15. 

DUT 
[OMIM#601266] 

AR A homozygous mutation in DUT has been described in siblings with early-onset diabetes and bone 
marrow failure 16. In one sibling, diabetes was diagnosed at age 5 years, in the other it was 
diagnosed at age 28 years. 

EIF2AK3 
[OMIM#604032] 

AR Mutations in EIF2AK3 cause Wolcott-Rallison syndrome (WRS) an autosomal recessive disorder 
characterized by permanent neonatal or early infancy insulin-dependent diabetes. Epiphyseal 
dysplasia, osteoporosis, and growth retardation develop at a later age. EIF2AK3 encodes a 
translation-regulating kinase present in many tissues that plays an important role in trafficking of 
proinsulin through the secretory pathway in beta cells 17. 

FOXP3 [OMIM#300292] X-linked Mutations in the X-linked gene FOXP3 have been identified in patients with a rare form of neonatal 
monogenic autoimmune diabetes, enteropathy causing severe diarrhea and malnutrition, severe 
eczema, and autoimmune thyroid disease (IPEX syndrome) 18. Although patients with the 
classically described syndrome have a severe clinical course usually resulting in death within the 
first few years of life without stem cell transplant, other patients have a milder phenotype and a few 
have lived into childhood or beyond 19.  

GATA4 
[OMIM# 600576] 

AD A heterozygous mutation in the GATA4 gene has been identified in a patient with pancreatic 
agenesis (a rare cause of neonatal diabetes), white matter changes and multi-organ failure 20.  
Heterozygous mutations in GATA4 have also been identified in individuals with a variety of heart 
defects, including atrial septal defects, ventricular septal defects, and tetralogy of Fallot 21.   

GATA6 [OMIM#601656] AD Heterozygous mutations in the GATA6 gene have been found in patients with patients with 
pancreatic agenesis (a rare cause of neonatal diabetes) and congenital heart defects 22.    
Intrafamiliar variability has been reported with regard to both severity of diabetes (ranging from 
neonatally lethal diabetes to adult-onset diabetes associated with agenesis of the pancreas) and 
the types of congenital cardiac defects in affected individuals 23.  

GCK 
[OMIM#138079] 

AD or AR Glucokinase (GCK) is a key regulatory enzyme in the pancreatic beta-cell. Heterozygous 
inactivating mutations in GCK cause a subtype of maturity-onset diabetes of the young (MODY2; 
OMIM# 125851), characterized by mild hyperglycemia, which is present at birth, but is often only 
detected later in life 24. Homozygous inactivating GCK mutations result in a more severe phenotype, 
presenting at birth as permanent neonatal diabetes mellitus (PNDM; OMIM# 606176) 24. 
Heterozygous activating GCK mutations have been reported that cause hypoglycemia (HI; OMIM# 
601820). 

GLIS3  
[OMIM#610192] 

AR Homozygous mutations in GLIS3, encoding a Krüppel-like zinc finger protein, have been reported 
in six individuals in three families with a syndrome of neonatal diabetes within the first few days of 
life, low birth weight, mild facial dysmorphism, and congenital primary hypothyroidism 25. 

GLUD1 [OMIM#138130] AD Heterozygous activating missense mutations in the GLUD1 gene have been identified in patients 
with hyperinsulinism and hyperammonemia 26.  

HADH  
[OMIM#601609] 

AR Mutations in HADH have been identified in patients with 3-hydroxyacyl-CoA dehydrogenase 
deficiency presenting as fulminant hepatic failure 27 and in patients with hyperinsulinemic 
hypoglycemia (HHF4) 28. The hypoglycemia is present at birth or in the neonatal period. 

HNF1A 
[OMIM#142410] and 
HNF4A 
[OMIM#600281]  

AD Heterozygous mutations in the HNF1A (MODY-3) and HNF4A genes (MODY-1) are both 
associated with MODY. Overall, HNF1A mutations are the most common cause of MODY, with 
mutations having been described in multiple populations including Caucasian, Asian, and African 
populations 29. Hyperglycemia in patients with MODY-1 and MODY-3 is progressive overtime, and 
typically results in the need for treatment with oral medications or insulin. HNF1A encodes a 
transcription factor HNF-1α and plays a role in regulation of the insulin gene and genes encoding 
proteins involved in glucose transport and metabolism 30. The HNF4A gene encodes HNF-4α, an 
orphan nuclear receptor that regulates expression of HNF-1α 29. 

HNF1B 
[OMIM#189907] 

AD Heterozygous mutations in HNF1B are associated with a distinct form of MODY (MODY-5) that is 
characterized by renal cysts in addition to diabetes 31. HNF1B encodes a transcription factor HNF-
1β and plays a role in regulation of the insulin gene and genes encoding proteins involved in 
glucose transport and metabolism 29. 

IER3IP1 [OMIM#609382] AR Homozygous missense mutations in IER3IP1 have been identified in infants from two unrelated 
consanguineous families exhibiting a similar phenotype of neonatal diabetes with simplified gyral 
pattern microcephaly and severe infantile-onset epileptic encephalopathy 32.  

IL2RA [OMIM147730] AR Biallelic mutations in IL2RA are associated with immunodeficiency-41, an autosomal recessive 
disorder of immune dysregulation; affected individuals present in infancy with recurrent infections, 
lymphadenopathy, and variable autoimmune features 33. Caudy et al. reported one individual who 
presented at 6 weeks with insulin-dependent diabetes mellitus and diarrhea. 34 

INS  
[OMIM#176730] 

AD Heterozygous mutations in INS are rare cause of MODY10 35. In addition, heterozygous autosomal 
dominantly inherited mutations in the INS gene are the second most common cause of permanent 
neonatal diabetes (after mutations in KCNJ11), with diagnosis of diabetes sometimes occurring 
after 6 months of age 35-37.  

INSR  
[OMIM#147670] 

AD Mutations in the INSR gene cause insulin-resistant diabetes mellitus and acanthosis nigricans 38.  

KCNJ11 [OMIM#600937] AD Spontaneous or autosomal dominant activating mutations in the KCNJ11 gene, encoding the 
inwardly rectifying potassium-channel subunit (Kir6.2) of the ATP-sensitive potassium channel 
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expressed at the surface of the pancreatic beta cell cause both transient permanent (less often) 
and permanent (more often) neonatal diabetes 39,40. 

KLF11 
[OMIM#603301] 

AD Heterozygous mutations in the KLF11 gene cause MODY7 41.  

LRBA [OMIM#6064553] AR Biallelic loss-of-function mutations in LRBA are associated with a syndrome of immune deficiency 
and autoimmunity; several individuals have presented with neonatal diabetes 34,42. LRBA testing 
should be considered in patients with diabetes diagnosed before the age of one, particularly if they 
have additional autoimmunity or are born to consanguineous parents.  

MNX1 
[OMIM#142994] 

AR Homozygous missense mutations in MNX1 have been identified in individuals with permanent 
neonatal diabetes mellitus from three different consanguineous families 43,44.  All patients exhibited 
severe intrauterine growth retardation.  One patient additionally exhibited sacral agenesis and 
imperforate anus, which are features of Currarino syndrome, a condition caused by heterozygous 
mutations in MNX1 [OMIM#176450].   

MT-TL1 (m.3243A>G) 
MT-TE (m.14709T>C 
MT-TK (m.8296A>G) 

Mitochondrial Maternally inherited diabetes and deafness (MIDD) is caused by specific mutations in the 
mitochondrial DNA. The most common mitochondrial mutation associated with MIDD is 
m.3243A>G 45.  The m.3243A>G mutation is also associated with MELAS (mitochondrial 
encephalopathy, lactic acidosis and stroke-like episodes) in some individuals. Other findings in 
patients with the m.3243A>G mutation include macular retinal dystrophy, short stature, myopathy, 
and cardiac and renal disease 45. The clinical phenotype is highly variable, even within the same 
family 46.  Other mitochondrial mutations identified in patients with MIDD are m.8296A>G 47 and 
m.14709T>C 48.  The age of diagnosis of diabetes in MIDD ranges from 11 to 68 years 49,50.   

NEUROD1 
[OMIM#601724] 

AR Heterozygous loss-of-function mutations in NEUROD1 are a very rare cause of MODY 51. Diabetes 
mellitus caused by heterozygous mutations in NEUROD1 has been reported in three families 52,53 
and was subsequently designated as MODY6.  More recently, two cases with neonatal diabetes 
by 2 months of age were described to exhibit cerebellar hypoplasia, developmental delay, 
sensorineural deafness, and visual impairment. They were found to carry two different homozygous 
frameshift mutations resulting in a truncated NEUROD1 protein 54.  

NEUROG3 
[OMIM#610370] 

AR A total of five cases with diabetes and chronic intractable malabsorptive diarrhea that started soon 
after birth have been reported to have recessive mutations in NEUROG3 55,56. NEUROG3 is a 
transcription factor involved in the determination of neural precursor cells in the neuroectoderm, it 
is expressed in endocrine progenitor cells and is required for endocrine cell development in the 
pancreas and intestine 57. 

NKX2-2 
[OMIM#604612] 

AD Homozygous nonsense or frameshift mutations have been identified in three individuals with 
severe defects in insulin secretion and presentation of diabetes at an early age without evidence 
of exocrine insufficiency.  All three patients had intrauterine growth retardation and moderate-to-
severe developmental delays 43. 

PAX4 
[OMIM#167413] 

AD Heterozygous mutations in the PAX4 gene cause MODY9 58.  

PCBD1  
[OMIM#126090] 

AR Biallelic mutations in PCBD1 are associated with tetrahydrobiopterin (BH4)-deficient 
hyperphenylalaninemia (HPA), characterized by mild transient hyperphenylalanemia often 
detected by newborn screening; most affected individuals are asymptomatic but may develop 
nonautoimmune diabetes mellitus during puberty 59,60.  

PDX1 
[OMIM#600733] 

AR Mutation in the PDX1 gene is a rare cause of MODY 61. In a consanguineous family in which an 
infant with pancreatic agenesis was homozygous for a 1-bp deletion in the PDX1 gene, Stoffers et 
al. (1997) 62 found that members heterozygous for this mutation had early-onset type II diabetes 
mellitus, which they designated MODY4.  

PPP1R15B 
[OMIM#613257] 

AR Abdulkarim et al., 2015, identified a homozygous missense variant in two siblings from a 
consanguineous family with insulin-dependent diabetes with onset in adolescence or adulthood, 
microcephaly, intellectual disabilities and short stature 63.  The same missense variant was 
identified in two Canadian siblings with short stature, microcephaly, and developmental delays 64; 
however, these siblings were five and three years of age at time of reporting so were under the 
age of presentation of diabetes in the family reported by Abdulkarim et al.   

PTF1A  
[OMIM#607194] 

AR Homozygous truncating mutations in PTF1A cause a syndrome of congenital diabetes involving 
flexion contractures of arms and legs, paucity of subcutaneous fat and optic nerve hypoplasia, in 
addition to complete agenesis of the cerebellum and complete absence of the pancreas 65,66.  

RFX6  
[OMIM#601346] 

AR Rare patients have been described with a syndrome characterized by diabetes within the first few 
days of life: pancreatic hypoplasia, intestinal atresia, gall bladder agenesis/ hypoplasia, and 
congenital diarrhea 67,68. Five out of six such cases were subsequently reported to carry 
homozygous or compound heterozygous mutations in RFX6, highlighting the role of this 
transcription factor as a key regulator of beta-cell differentiation 69.  

SLC2A2 
[OMIM#227810] 

AR Mutations in SLC2A2, encoding the facilitative glucose transporter GLUT2, cause Fanconi-Bickel 
syndrome (FBS) 70. FBS involves hepatomegaly related to hepatic and renal glycogen 
accumulation, renal proximal tubular dysfunction, delay of puberty and short stature, 
hypergalactosemia, and mild fasting hypoglycemia but postprandial hyperglycemia and diabetes 
or impaired glucose tolerance. Elevated glucose levels have in some cases been detected in 
patients under 1 year of age and FBS should thus be considered in the differential diagnosis of 
neonatal diabetes when any characteristic features are present 71.  

STAT3 [OMIM#102582] AD STAT3 has been found to have a role in maintaining glucose- mediated insulin secretion 72. 
Heterozygous mutations in this gene are associated with infantile-onset multisystem autoimmune 
disease-1, which commonly manifests as insulin-dependent diabetes mellitus and autoimmune 
enteropathy during childhood. Other features include short statures and non-specific dermatitis 
73,74.    

TRMT10A 
[OMIM#616013] 

AR Individuals from at least two different consanguineous families with microcephaly, early onset 
diabetes, and short stature were found to have homozygous mutations in TRMT10A 75,76 Yew et 
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al. confirmed the association of this syndrome with mutations in this gene and expanded the 
phenotype, finding affected individuals with epilepsy and intellectual disability 77 

WFS1 
[OMIM#606201] 

AR Homozygous or compound heterozygous mutation in the WFS1 gene cause Wolfram syndrome 
characterized by diabetes insipidus, diabetes mellitus, optic atrophy, and deafness 78. Several large 
case series have reported onset of diabetes as the earliest and most consistent feature of Wolfram 
syndrome, with subsequent development of other clinical features. In vitro studies and animal 
models suggest that WFS1 down regulates endoplasmic reticulum stress and that a reduction in 
its activity leads to increased apoptosis in beta cells and other tissues 79. Mutations in WFS1 should 
be considered in patients with early-onset diabetes mellitus, particularly if they develop optic 
atrophy, diabetes insipidus, and/or deafness. 

ZBTB20 [OMIM#606025] AD Mutations in ZBTB20 are associated with Primrose Syndrome, which is characterized by insulin-
resistant diabetes generally developed in adulthood, distal muscle wasting, and hearing loss and 
ectopic calcification of the ears and brain 80 

ZFP57 [OMIM#612192] AR Transient neonatal diabetes characterized by severe intrauterine growth restriction and diagnosis 
of diabetes within days of life is most often related to overexpression of associated paternally 
imprinted genes at chromosome 6q24 81. This is due to paternal uniparental disomy, a paternally 
inherited duplication, or a maternal methylation defect, such as from recessive mutations in ZFP57 
82. These cases exhibit diabetes that resolves spontaneously within a few months, only to return 
later in life (usually adolescence). 

 
Test methods: 
Comprehensive sequence coverage of the coding regions and splice junctions of all genes in this panel is performed. Targets 
of interests are enriched and prepared for sequencing using the Agilent SureSelect system. Sequencing is performed using 
Illumina technology and reads are aligned to the reference sequence. Variants are identified and evaluated using a custom 
collection of bioinformatic tools and comprehensively interpreted by our team of directors and genetic counselors. All pathogenic 
and likely pathogenic variants are confirmed by Sanger sequencing. The technical sensitivity of this test is estimated to be >99% 
for single nucleotide changes and insertions and deletions of less than 20 bp. Our CNV detection algorithm was developed and 
its performance determined for the sole purpose of identifying deletions and duplications within the coding region of the gene(s) 
tested. Partial exonic copy number changes and rearrangements of less than 400 bp may not be detected by this methodology. 
Regions of high homology and repetitive regions may not be analyzed.  This methodology will not detect low level mosaicism, 
balanced translocations, inversions, or point mutations that may be responsible for the clinical phenotype. The sensitivity of our 
deletion/duplication assay may be reduced when DNA extracted by an outside laboratory is provided. 
 
Neonatal Diabetes/MODY Panel (sequence and deletion/duplication analysis of 45 genes and analysis for mitochondrial 
mutations m.3243A>G, m.8296A>G, and m.14709T>C)  

Sample specifications:   3 to10 cc of blood in a purple top (EDTA) tube        
Cost:     $3000 
CPT codes:    81406 

81407 
Turn-around time:   8 weeks   

 
Results: 
Results, along with an interpretive report, are faxed to the referring physician as soon as they are completed.  One report will 
be issued for the entire panel.  All abnormal results are reported by telephone. 
 

For more information about our testing options, please visit our website at dnatesting.uchicago.edu or 
contact us at 773-834-0555. 
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