&953,%: UNIVERSITA
S v 13'”’1 DEGLI STUDI
| “ A]]Lr l O %ﬁ?ﬁﬁ% DI TORINO

AperTO - Archivio Istituzionale Open Access dell'Universita di Torino

Imaging and genetic investigations of neural tube defect in a calf: case report and review of the
literature

This is the author's manuscript

Original Citation:

Availability:
This version is available http://hdl.handle.net/2318/1725066 since 2022-01-28T12:49:29Z7

Published version:
DOI:10.1177/1040638718823037
Terms of use:

Open Access

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

(Article begins on next page)

25 April 2024



Journal of Veterinary Diagnostic Investigation

Journal of Veterinary
Diagnostic Investigation

Imaging and genetic investigations of neural tube defect in
a calf: case report and review of the literature

Journal: | Journal of Veterinary Diagnostic Investigation

Manuscript ID | 18-0067

Manuscript Type: | Brief Communication

Date Submitted by the Author: | 19-Feb-2018

Complete List of Authors: | Cagnotti, Giulia; University of Turin, Department of Veterinary Science;
Sammartano, Federica; University of Turin, Department of Veterinary
Science

Bertone, Iride; University of Turin, Department of Veterinary Science
Capucchio, Maria; Faculty of Veterinary Medicine, University of Torino,
Grugliasco, Department of Animal Pathology;

Nicola, Isabella; University of Turin, Department of Veterinary Science
Sacchi, Paola; University of Turin, Department of Veterinary Sciences
Bellino, Claudio; University of Turin, Department of Veterinary Science
D'ANGELO, ANTONIO; University of Turin, Animal Pathology, clinical
section

Keywords: | Anomaly of nervous system, Cattle

ARONE"




Page 1 of 18

10
11
12
13
14
15
16
17
18
19
20
21
22
23

24

Journal of Veterinary Diagnostic Investigation

Imaging and genetic investigations of neural tube defect in a calf: case report and review of
the literature

Giulia Cagnottil, Federica Sammartano, Iride Bertone, Maria Teresa Capucchio, Isabella Nicola,
Paola Sacchi, Claudio Bellino, Antonio D’ Angelo

Department of Veterinary Science, University of Turin, Italy

!Corresponding author: Giulia Cagnotti, Department of Veterinary Science, University of Turin,

Via Largo Braccini 2, 44 10095 Grugliasco (TO) — Italy, giulia.cagnotti@unito.it.

Running head: Split cord malformation in a calf

Page 1 of 13



25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Journal of Veterinary Diagnostic Investigation

Abstract

A 15-day-old female crossbreed calf was referred because of paraplegia since birth. Clinical
examination revealed a skin defect covered by hair on the dorsal midline in the thoracic area of
the spine. Thoracolumbar neuroanatomical localization was determined based on the neurological
examination. Computed tomography (CT) of the thoracolumbar spine revealed incomplete fusion
of the vertebral arches from T6 to T9 and duplication of the vertebral arch of T7. At this level,
duplication of the spinal cord with two segments completely separated by a septum of
hyperdense, probably cartilaginous, tissue was noted. The spinal segments showed different
degrees of duplication at histopathology. Three central canals where detected in one point.
Genetic investigation for the presence of methylenetetrahydrofolate reductase (MTHFR)
polymorphism, based on a study carried out by Song et al. in 2011 on Holstein cattle, was carried

out and resulted negative in both the calf and the mother.
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A 15-day-old female crossbreed calf was referred to the Mobile Clinic Service, Veterinary
Teaching Hospital (VTH), Department of Veterinary Science of Turin (Italy) because of inability
to stand on her hind limbs since birth. Owing to podalic presentation, she was delivered by
Cesarean section performed without complications by the referring veterinarian. The dam had
given birth to other normal calves previously, but pedigree information about the sire was
unavailable.

Clinical examination, performed in the field, revealed a skin defect covered by hair on the
dorsal midline in the thoracic area of the spine. After cleaning and shaving of the area, the lesion
was seen to be about 10 cm long surrounded by severely inflamed tissues. Other malformations
included mandibular deviation and mild evidence of arthrogryposis affecting both forelimbs.
Thorough neurological examination performed by a board-certified neurologist (ADA) revealed a
moderately obtunded mental status. The calf was able to stand on forelimbs if supported. Gait
observation showed paraplegia. Cranial nerve examination was normal, except for a bilaterally
absent menace response due to the animal’s young age. Patellar, tibialis cranialis, withdrawal and
perineal reflexes were all normal on both hind limbs. Extensor carpi and withdrawal reflexes on
both forelimbs were difficult to evaluate because of tendon contracture but were considered
normal. No pain at palpation of the spine was noted. Thoracolumbar neuroanatomical localization
was determined based on the neurological examination; a further possible secondary intracranial
involvement was suspected on the basis of mental status because of the presence of an infected
lesion at the thoracic area of the spine. A blood sample for complete blood count (CBC) and
biochemistry profile was collected. A computed tomography (CT) scan was scheduled. CBC
showed a mild neutrophilia (7.64 x 10° cells/L, reference range 1.1 — 3.6 x 10’ cells/L) probably
due to inflammation at the site of the defect. The biochemistry profile was otherwise

unremarkable.
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CT (GE Highspeed Fx/i CT, GE Healthcare, General Electrics Company) revealed
incomplete fusion of the vertebral arches from T6 to T9, associated with duplication of the
vertebral arch of T7. The spinous processes appeared completely merged together at the level of
T11. The vertebral canal had an elliptical shape at the level of T7, where the transversal diameter
was increased from 2.2 cm to 2.57 cm and the spinal cord duplicated, with two segments
completely separated by a septum of hyperdense (+111HU), probably cartilaginous, tissue.
Figure 1 shows a CT dorsal reconstruction of the thoracic spine. lodinated nonionic contrast
medium (Iomeron ® 400, Bracco S.p.A., Milan, Italy) was administered by lumbosacral
puncture. The post-contrast phase showed homogeneous distribution of the contrast media until
T8. From this point to 3.2 cm further cranially, the contrast media surrounded the two spinal cord
segments, enhancing two different subarachnoid spaces, and flowed dorsally from the right spinal
cord segment to the skin, creating the appearance of a dermoid sinus.

A cerebrospinal fluid (CSF) sample was collected by lumbosacral puncture just before
iodinated nonionic contrast medium administration. The sample appeared slightly yellow but
clear at gross physical evaluation. CSF analysis showed increased total microprotein
concentration (5.38 g/L, reference range < 0.4 g/L), increased total nucleated cell count (0.11 x
10° cells/L, reference range 0 - 0.01 x 10° cells/L), and marked blood contamination with an
increased total erythrocyte count (0.5 x 10° cells/L, reference range 0 cells/L). Differential
leukocyte count revealed mixed mononuclear pleocytosis with numerous activated vacuolated
macrophages (61%) and occasional signs of leukophagocytosis. The remaining part consisted of
activated lymphoid cells (30%) and neutrophils (9%).

The calf was euthanized due to poor prognosis and a post-mortem examination was carried
out. The central nervous system was removed and fixed in 10% neutral buffered formalin,

embedded in paraffin-wax, sectioned and stained with hematoxylin and eosin for histology. The
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vertebral column and spinal cord malformations identified on the CT scans were confirmed on
autopsy. At gross examination, the spinal cord was progressively enlarged at the level of T6, with
a complete split of the central part and a hole in the sagittal plane, and thickening of the meninges
closely adherent to the bone (Fig. 2). The spinal cord was transversally sectioned at different
levels to inspect it for macroscopic and microscopic lesions. The spinal segments showed
different degrees of duplication at histopathology. Complete fusion of two spinal cords with
central shrinkage was noted in the rostral section (at the level of T6) where two histologically
normally organized hemicords, each with a central canal, were detected (section a — Fig. 3A).
Spinal cord duplication was more evident caudally: two hemicord smaller and regularly
organized (section b - Fig. 3B). Moving caudally, histological duplication of the spinal cord was
complete where it was separated into two well-organized but atrophic sections (section ¢ - Fig.
3C). Severe disorganization of the neuroparenchyma was noted on transverse section after
resolution of the split into two segments, with three central canals (one of which ramified) and
disseminated nonsuppurative perivascular cuffs with multifocal foci of neovascularization and
gliosis (section d - Fig. 3D). The meninges all along this segment of the spinal cord were
severely inflamed and showed severe suppurative-necrotizing meningitis. Multifocal meningeal
fibrosis was also observed, particularly in the section caudal to cord duplication. Moderate,
diffuse chronic meningitis associated with multifocal nonsuppurative cuffings was detected in the
white and gray matter of the cerebellum and brainstem, particularly in the submeningeal and
subventricular areas. No lesions were detected in the other parts of the central nervous system.

A CSF sample was submitted for the detection of Toxoplasma gondii [by means of a nested
real-time polymerase chain reaction (rtPCR)] and of Neospora caninum (by means of simplex
rtPCR). A spleen sample of the calf taken during autopsy was submitted for the detection of

Schmallenberg virus and Bovine Viral Diharrea Virus by RT-rtPCR. All these investigations

Page 5 of 13



121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

Journal of Veterinary Diagnostic Investigation Page 6 of 18

were carried out at the Istituto Zooprofilattico Sperimentale del Piemonte e della Valle d’Aosta
and had negative result.

1’4’10, a correlation of the malformations

In order to exclude, as reported in human medicine
identified with a deficiency of methylenetetrahydrofolate reductase (MTHFR), and subsequently
of folate, a further genetic investigation was carried out, based on a previous study'”.

A muscle sample of the calf was taken during autopsy and stored at -80°C; a muscle sample of
the mother was also collected at slaughtering. Genomic desoxyribonucleic acid (DNA) was
obtained from muscle using the NucleoSpin ® Tissue kit (Macherey—Nagel GmbH & Co. KG,
Diiren, Germany) according to the manufacturer’s protocol. DNA purity was evaluated by
absorbance readings using the UV Spectrophotometer NanoDrop™ 2000 (Thermo Fisher
Scientific Inc., Waltham, MA, USA). The primer set designed by Song and colleagues was used
to amplify a fragment of MTHFR exon 4'%. The primers for exon 7, designed on the bovine
genomic sequence AC _000173.1, were: TGGAGGCCATTGTCTGGAGTAT (forward),
CGAGAGGTAGTGGGCAAAGA (reverse). rtPCR reactions were performed in 25 uLL volumes
consisting of 0.03 U/uL of a HotStarTaq ® DNA Polymerase (Qiagen, Hilden, Germany), 0.2
mM each of deoxyribonucleotide triphosphate, 0.5 uM of each primer, and 50-100 ng of DNA
template. The rtPCR profile consisted of an initial activation step at 95 °C for 15 min, followed
by 35 denaturation cycles at 95 °C for 60 s, annealing at 54 °C for 60 s, and extension at 72 °C
for 60 s. A final extension step of 72 °C for 7 min was added to all reactions. Amplifications
were carried out using a GeneAmp® PCR system 2720 Thermal Cycler (Thermo Fisher
Scientific, Life Technologies Italia, Monza, Italy). Amplicons were resolved on 2.0% agarose
gel. Amplified fragments were cycle sequenced on an ABI Prism® 310 Genetic Analyser
(ThermoFisher Scientific) using the ABI Prism BigDye ™ Terminator version 1.1 terminator

cycle sequencing ready reaction kit (ThermoFisher Scientific) by the dideoxy chain termination
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method with fluorescence dye terminators. Sequencing on both strands was performed using the
PCR primer. The resulting sequences were compared and aligned with the human messenger-
ribonucleic acid (mRNA) sequence U09806.2 using the sequences nucleotide database NCBI
blastn suite-2sequences software (https://blast.ncbi.nml.nih.gov); 198 bp and 205 bp fragments
were generated from exons 4 and 7 of MTHFR, respectively. The amplicon sequences were
compared and aligned with corresponding human sequences to identify the position
corresponding to C677T and A1298C (Figs. 4 and 5). Both calf and mother were homozygous for
the two single nucleotide polymorphisms (SNPs) showing the genotypes CC and AA for the
normal alleles. Our results for exon 4 are in agreement with previous investigations.'? Regarding
the mutation in exon 7, Song et al. detected a C/T polymorphism in Chinese Holstein cows in
position 1484 (NM _001011685.1) corresponding to position 1308 in the human sequence, while
no polymorphism was found at nucletide 1474 (NM_001011685.1), corresponding to 1298 in the
human sequence.

In this calf, a condition of spina bifida occulta and meningocele was associated with
different degrees of duplication of the spinal cord. In veterinary medicine this condition is
defined as diastematomyelia (from the Greek diastema = cleft) when the duplication is complete;
usually the two histologically well-organized spinal cords are separated by a bony partition and
contained in their own meningeal sheaths.'> When the two spinal cords are merged together and
covered by the same meninges, and histological disorganization of the white and gray matter is
present, this condition is referred to as dyplomyelia (diplouz = double).'” Tripartition of the spinal
cord, also known as trifid cord, was noted at one point of the thoracic spine in this patient; it has
been histologically reported only once previously in veterinary medicine by Zani et al. in 2010."
Few cases have been identified in human medicine.” Spinal cord malformations are an

uncommon finding in large animals. >'* Usually occurring in the thoracolumbar segments, they
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are often associated with vertebral column malformations.> In fact, a close correlation exists
between the embryological development of these two structures: the mesenchyme that gives rise
to the axial skeleton is derived from the sclerotomal portion of the somites. These bilateral
segmental structures originate from paraxial mesoderm and are located next to the neural tube
and notochord. They begin to develop during the third week of gestation. Over the following two
weeks, differentiation of these somites is influenced by the adjacent structures: the notochord and
the neural tube stimulate the secretion of epimorphin, which induces sclerotome cells to move
close to the notochord and the neural tube and promote the differentiation into vertebral cartilage
and bone.’

In human medicine, there is a lack of consensus on the classification and terminology used
to describe these malformations. Dyplomyelia was classically defined as spinal cord duplication
while diastematomyelia referred to spinal cord splitting."” In 1992 Pang et al. proposed replacing
these terms with the general term “split cord malformations”, which are further classified in type
I and II based on easily identifiable imaging hallmarks. Type I is characterized by the presence of
a rigid bony or cartilaginous septum that gives rise to two different dural tubes containing two
completely separated hemicords, whereas type II lacks a rigid septum (eventually only fibrous or
fibrovascular) and the two spinal cords are contained in a single dural tube.® On the basis of the
human classification, the present case could be defined as split cord malformation type I.

The embryogenesis of spinal cord tripartition is not well understood. The presence of more than
one accessory neuroenteric canal is thought to be involved. Moreover, it is not known whether
predisposing factors for the development of dyplomyelia exist. Several have been associated with
the onset of spina bifida and other neural tube defects in human medicine.* Various
environmental and genetic factors have been studied, including geography, maternal age,

maternal diet, maternal diabetes and obesity, and exposure to antiepileptic drugs. The most
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significant finding to date was the protective effect of folic acid consumption during pregnancy,
with a reduction in the incidence of neural tube defects by as much as 60 to 70%."

An essential nutrient for mammalian cell growth, folic acid, is involved in the conversion of
homocysteine in methionine and in the synthesis of purine and pyrimidine, essential components
of fetal development. A deficiency of folate leads to elevated homocysteine levels in the blood,
causing a delay in neural tube closure. The conversion of homocysteine in methionine requires
the reduction of 5,10-methylenetetrahydrofolate to 5-methylenetetrahydrofolate, which represents
the primary form of serum folate. This reaction is promoted by the 5,10-
methylenetetrahydrofolate reductase enzyme.'™ Genetic studies have identified two different
alleles and different genetic mutations for the MTHFR enzyme that can cause a deficiency of this
enzyme.'®

In veterinary medicine, based on a study carried out by Song et al. in 2011 on Holstein
cattle, it is believed that a MTHFR polymorphism exists and that one of these genotypes is
associated with a higher risk of abortion and higher homocysteine plasma concentration during
pregnancy.'? Further studies are needed to better understand the role of this mutation and
resulting hyperhomocisteinemia in the development of neural tube defects. Genetic investigation
for the presence of MTHFR polymorphism in both the calf and the mother resulted negative.

To our knowledge, no information is available about an appropriate CT imaging technique
to diagnose dyplomyelia. Testoni et al. in 2010 reported on the use of ultrasound examination in
the case of a 40-day-old crossbreed female calf diagnosed with dyplomyelia in the lumbosacral
region of the spinal cord." The authors remarked that because the vertebral spinous processes in
human neonates are not yet ossified, ultrasound evaluation of the spinal cord without acoustic
shadowing can be performed. Differently, the only acoustic window in calves is at the

lumbosacral junction, which allows for the evaluation of just 1 cm of the spinal cord.'* In the
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case of spilt cord malformation reported by Zani et al. in 2010, the dyplomyelia was diagnosed
by magnetic resonance imaging (MRI)."”” As compared to MRI, CT takes considerably less time
for image acquisition, with a shorter time required for general anesthesia and better evaluation of
bony structures. The images allowed the diagnosis of both spina bifida and dyplomyelia,
confirmed on post mortem examination in the present case.

Like those described by Vitellozzi et al. in 1983, Giilbahar et al. in 2005, Zani et al. in
2010, and Testoni et al. in 2010, >'*'*! the animal presented in this case report was female.
Large case series and retrospective studies on this type of malformations in human medicine have
highlighted its higher prevalence among females, with a female to male ratio between 1.6:1 and

3.1.01

Declaration of conflicting interests
The authors declared no potential conflicts of interest with respect to the research, authorship,

and/or publication of this article.

Funding
The authors declared that they received no financial support for the research and/or authorship of

this article.

References
1. Bassuk AG, Kibar Z. Genetic basis of neural tube defects. Semin Pediatr Neurol
2009;16:101-110.
2. Cho DY, Leipold HW. Spina bifida and spinal dysraphism in calves " BY. 1977;695:680—

695.

Page 10 of 13



Page 11 0of 18

241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263

264

10.

11.

12.

13.

Journal of Veterinary Diagnostic Investigation

de Lahunta A, et al. Veterinary neuroanatomy and clinical neurology, 4th ed. : Elsevier
Health Sciences, 2014: 1-600.

Donnan J, et al. A systematic review of the risks factors associated with the onset and
natural progression of spina bifida. Neurotoxicology 2016.
doi:10.1016/j.neuro.2016.03.008.

Giilbahar MY, et al. Dicephalus, Arnold-Chiari malformation, spinal dysraphism and
other associated anomalies in a newborn Holstein calf. Turkish J Vet Anim Sci
2005;29:565-570.

McGeady TA, et al. Nervous System. In: McGeady TA, et al. Veterinary embriology. 1%
ed. Oxford, UK: Blackwell Publishing, 2013: 153-183.

Moradi E, et al. Trifid cord ; very rare presentation of split cord malformation. J Spine
2016;5:3-5.

Pang D, et al. Split cord malformation: Part I: A unified theory of embryogenesis for
double spinal cord malformations. Neurosurgery 1992;31:451-480.

Pang D. Split cord malformation: Part II: Clinical syndrome. Neurosurgery 1992;31:481—
500.

Peng L, et al. Genetic animal models to decipher the pathogenic effects of vitamin B12
and folate deficiency. Biochimie 2016;126:43-51.

Schijman E. Split spinal cord malformations. Report of 22 cases and review of the
literature. Childs Nerv Syst 2003;19:96-103.

Song YP, et al. Methylenetetrahydrofolate reductase (MTHFR) gene polymorphism is
associated with abortion in Chinese Holstein cows. African J Biotechnol 2011;10:13999—
14004.

Summers BA, et al. Chapter 2: malformations of the central nervous system. In: Summers

Page 11 of 13



265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

14.

15.

16.

17.

18.

19.

Journal of Veterinary Diagnostic Investigation Page 12 of 18

BA, et al.: Veterinary neuropathology. St. Louis, Mo.: Mosby, 1995: 68-94.

Testoni S, et al. Imaging diagnosis-ultrasonographic diagnosis of diplomyelia in a calf.
Vet Radiol Ultrasound 2010;51:667—669.

Tortori-Donati P, et al. Spinal dysraphism: A review of neuroradiological features with
embryological correlations and proposal for a new classification. Neuroradiology
2000;42:471-491.

van der Put NMJ, et al. A second common mutation in the methylenetetrahydrofolate
reductase gene: an additional risk factor for neural-tube defects? Am J Hum Genet
1998;62:1044—-1051.

Vandevelde M, et al. Chapter 5: congenital malformations. In: Valdevelde et al.:
Veterinary neuropathology: essentials of theory and practice. 1% ed. Chichester, West
Sussex, PO198SQ, UK: John Wiley and Sons, 2012: 92 - 105.

Vitellozzi G, et al. Un caso di diplomielia in un vitello [A case of diplomyelia in a calf]. .
Zani DD, et al. Imaging diagnosis - Split cord malformation. Vet Radiol Ultrasound

2010;51:57-60.

Page 12 of 13



Page 13 of 18

289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311

312

Journal of Veterinary Diagnostic Investigation

Figure legends

Figure 1. CT dorsal reconstruction of the thoracic spine

Figure 2. Gross pathology. Spinal cord with a complete split of the central part and a hole in the
sagittal plane at the T7 level.

Legend. a,b,c,d: levels of inclusion corresponding to histological sections of Figure 3.

Figure 3. Histopathology. Spinal cord. A. Rostral section corresponding to the level a of figure 2.
Two fused hemicords with central shrinkage, histologically normally organized, each with a
central canal. Suppurative-necrotizing meningitis. B. Section caudal to A, corresponding to

the level b of figure 2. Spinal cord complete duplication: one hemicord smaller and regularly
organized. Suppurative-necrotizing meningitis. C. Section caudal to B, corresponding to the level
c of figure 2. Spinal cord complete duplication: one well-organized but atrophic hemicord. D.
Section caudal to C, corresponding to the level d of figure 2. Two fused hemicords after the
resolution of the split. Disorganization of the neuroparenchyma, presence of three central canals
(arrows) and disseminated nonsuppurative perivascular cuffs with multifocal foci of
neovascularization and gliosis. Suppurative-necrotizing meningitis. Hematoxilin and eosin. Bar =

Smm.

Figure 4. Fragment of MTHFR exon 4 aligned with the human reference mRNA sequence. The

boxes correspond to the mutation site.

Figure 5. Fragment of MTHFR exon 7 aligned with the human reference mRNA sequence. The

boxes correspond to the mutation site.
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Figure 1. CT dorsal reconstruction of the thoracic spine

46x25mm (600 x 600 DPI)



Page 15 of 18

Journal of Veterinary Diagnostic Investigation

Figure 2. Gross pathology. Spinal cord with a complete split of the central part and a hole in the sagittal
plane at the T7 level.
Legend. a,b,c,d: levels of inclusion corresponding to histological sections of Figure 3.
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Figure 3. Histopathology. Spinal cord. A. Rostral section corresponding to the level a of figure 2. Two fused

hemicords with central shrinkage, histologically normally organized, each with a central canal. Suppurative-

necrotizing meningitis. B. Section caudal to A, corresponding to the level b of figure 2. Spinal cord complete
duplication: one hemicord smaller and regularly organized. Suppurative-necrotizing meningitis. C. Section
caudal to B, corresponding to the level c of figure 2. Spinal cord complete duplication: one well-organized

but atrophic hemicord. D. Section caudal to C, corresponding to the level d of figure 2. Two fused hemicords
after the resolution of the split. Disorganization of the neuroparenchyma, presence of three central canals
(arrows) and disseminated nonsuppurative perivascular cuffs with multifocal foci of neovascularization and

gliosis. Suppurative-necrotizing meningitis. Hematoxilin and eosin. Bar = 5mm.
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CDS:methylenetetrahy 433 EVFVY LYL S
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LU0 A S e Y
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Daughter_Primer_R1
Sequence ID: Query_107735 Length: 141 Number of Matches: 1
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Figure 4. Fragment of MTHFR exon 4 aligned with the human reference mRNA sequence. The boxes
correspond to the mutation site.
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Mother_Primer_S2
Sequence ID: Query_196223 Length: 130 Number of Matches: 1

Range 1: 1 to 104 Graphics

Score Expect Identities Gaps Strand
129 bits(142) 3e-34 95/109(87%) 5/109(4%) Plus/Minus
CDS:methylenetetrahy 193 CVABY P K6 HPEAGS FEADLLEK
Query 588 CIGIGIGGCAGGTTACCCCAAAGGCCACCCCGAAGCAGGGAGCTTTGAGGCTGACCTGAR 647
WOEE PEREARRR U BERRRERR RN RREY 1) 100D LEELELE LT
Sbjct 104 CTIGT-TGGCAGGTTACCCCAAAGGCCACCCTGAAGGAGAGAGC----AGGCTGATCIGAAR S0
CDS:methylenetetrahy 213 BHERXREERYSAGHADEZ ™D
Query 648 GCACTTGAAGGAGAAGGTGICTGCGGGAGCICGATTITCATCATCACGCAG 696
LEEL LR ER e beer eeryerr perriiiiint 1l
Sbjct 49  GCACCTGAAGGAGAAGGTGGCTGCAGGAGUCGACTTCATCATCACCCAG 1

Daughter_Primer_S2
Sequence ID: Query_163999 Length: 131 Number of Matches: 1

Range 1: 1 to 105 Graphics

Score Expect Identities Gaps Strand

134 bits(148) 7e-36 96/108(89%) 3/108(2%) Plus/Minus
CDS:methylenetetrahy 193 CE¥yaAa& Y P K 6HFHPEAGSFFEADIELE
Query 588 CIGIGIGGCAGGITACCCCARAGGCCACCCCGAAGCAGGGAGCTTTGAGGCTGACCIGAA 647

L LEER R bbb bbb v b bt berreir il

Il
Sbjct 105 CIGT-TGGCAGGTTACCCCARAGGCCACCCTGAAGGAGAGAGCTT--AGGCTGATCTGRA 49

CDS:methylenetetrahy 213 L KEEVYSAEND PIT T Q
Query 648 GCACTTGAAGGAGAAGGTGTCTGCGGGAGQCGATTTCATCATCACGCA €95
LELE ERERLEREr e beel Lt |l

Sbjct 48 GCACCTGAAGGAGAAGGTGGCTGCAGGAGUCGACTTCATCATCACCCA 1

Figure 5. Fragment of MTHFR exon 7 aligned with the human reference mRNA sequence. The boxes
correspond to the mutation site.
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