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ABSTRACT

The objective of this study was to compare the 
transcription of gene markers for gastrointestinal (GI) 
epithelial cells, including fatty acid binding protein 2 
(FABP2) and cytokeratin 8 (KRT8), and tight junction 
complex genes (TJP1, CLDN1, CLDN4) in fecal RNA 
against several GI tract tissue sections in dairy calves. 
Eight healthy Jersey calves were euthanized at 5 wk 
of age, and postmortem samples were collected from 
rumen, duodenum, jejunum, ileum, large intestine, ce-
cum, and feces for total RNA isolation. Tissues and 
fecal samples were immediately frozen in liquid nitro-
gen until RNA isolation. A real-time quantitative PCR 
analysis was performed using a single standard curve 
composited of equal amounts of all samples, including 
cDNA from fecal and GI tract tissues. The mRNA 
expression of the tight junctions TJP1, CLDN1, and 
CLDN4 was greater in fecal RNA compared with lower 
GI tract tissues (i.e., duodenum, jejunum, ileum, large 
intestine, and cecum). Similar to fecal RNA, rumen tis-
sue had greater expression of tight junctions CLDN1 
and CLDN4 than lower GI tract tissues. Similarly, 
rumen tissue had greater expression of TPJ1 than all 
lower GI tract tissues except duodenum. The expression 
of TJP1 and CLDN4 was greater in fecal RNA than in 
rumen tissue; in contrast, CLDN1 mRNA expression 
was greater in rumen tissue than in the fecal RNA. The 
expression of FABP2 was greater in duodenum in com-
parison to all tissue except ileum. The mRNA expres-
sion of FABP2 in fecal samples was similar to jejunum 
and ileum. The expression of KRT8 in fecal samples 
was similar to duodenum, large intestine, and cecum. 
The fecal RNA had a greater expression of KRT8 in 
comparison to jejunum and ileum. The rumen tissue 
had the lowest mRNA expression of KRT8. The expres-
sion levels of FABP2, KRT8, and tight junction genes 
observed in fecal transcripts suggest that a considerable 

amount of RNA derived from GI tract epithelial cells 
can be detected in fecal RNA, which is in agreement 
with previous data in neonatal dairy calves and other 
biological models including humans, rodents, and pri-
mates. The greater expression of tight junctions in fecal 
RNA in comparison to sections of the low GI remains to 
be understood, and due to the importance of tight junc-
tions in GI physiology, further clarification of this effect 
is warranted. The similarities in mRNA expression of 
FABP2 and KRT8 between fecal RNA and intestinal 
sections add up to the accumulating evidence that fe-
cal RNA can be used to investigate molecular altera-
tions in the GI tract of neonatal dairy calves. Further 
research in this area should include high-throughput 
transcriptomic analysis via RNA-seq to uncover novel 
molecular markers for specific sections of the GI tract 
of neonates.
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Short Communication

Gut health in livestock animal production has been 
commonly associated with animal health and perfor-
mance involving several distinct physiological and 
functional parameters, from nutrient digestion and ab-
sorption to intestinal barrier function, mucosal immune 
response, and interactions with the gut microbiome 
(Kogut and Arsenault, 2016). Neonatal dairy calves are 
highly susceptible to enteropathogenic diseases because 
their humoral immunity is under development. At the 
same time, their gastrointestinal tract (GIT) needs to 
mature soon after birth, leaving ample room for op-
portunistic pathogens to target the mucosal epithelium 
of the small intestine (Malmuthuge et al., 2019). There-
fore, understanding the interactions between these di-
verse GIT physiological features and enteropathogenic 
diseases is of utmost importance to improve health and 
well-being in neonatal dairy calves, which can eventu-
ally be translated into improved growth performance 
and feed efficiency.

Several methods have been used to investigate GIT 
physiology and pathology in livestock animals, includ-
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ing histology and immunostaining (Kim et al., 2011). 
These methods have commonly required invasive 
techniques, such as biopsy or collection of postmortem 
specimens (Bischoff et al., 2014). In addition to the 
aforementioned methods, molecular-based tools (i.e., 
PCR and next-generation sequencing) have also been 
carried out through invasive methods to collect tissue 
specimens to investigate the biological mechanisms in 
the gastrointestinal epithelium in neonatal dairy calves 
(Liang et al., 2016; Malmuthuge and Guan, 2017).

A noninvasive alternative method to biopsies and 
postmortem collections to study the GIT in neonatal 
dairy calves was previously developed by Rosa et al. 
(2018). The method involves the isolation of host-
derived RNA from fecal samples to study the transcrip-
tome. In that study, Rosa et al. (2018) demonstrated 
that host-derived inflammatory transcripts present in 
fecal RNA from neonatal dairy calves were associated 
with blood biomarkers of inflammation during a mild 
diarrhea condition. Further exploration in the fecal 
RNA approach revealed that host-derived gene expres-
sion detected in RNA isolated from fecal material of 
dairy calves is primarily attributed to epithelial cells 
rather than immune cells (Rosa and Osorio, 2019). 
These results are significant because they further sug-
gest that the fecal RNA approach is a reliable tool to 
draw biological information from the GIT epithelium in 
neonatal dairy calves.

Among the various fatty acid binding protein (FABP) 
isoforms, the fatty acid binding protein 2 (FABP2) is 
specific to the intestinal epithelium (Smathers and 
Petersen, 2011); thus, it can be considered a molecu-
lar biomarker of the small intestine (Thumser et al., 
2014; Saqui-Salces et al., 2017; Chaudhary et al., 2018). 
Similar to FABP2, cytokeratins are proteins highly 
expressed in the epithelial cells. Among the various 
cytokeratins, cytokeratin 8 (KRT8) is highly expressed 
in the intestinal epithelium (Flint et al., 1994). In 
ruminants, cytokeratin 8 has been used as a specific 
mammary epithelial marker and used to isolate mam-
mary epithelial cells from the milk (Boutinaud et al., 
2015). In monogastric, cytokeratin 8 is associated with 
survival of intestinal epithelial cells (Habtezion et al., 
2011) and adequate structural apical membrane forma-
tion of enterocytes (Ameen et al., 2001). Similar to 
cytokeratins, the tight junction protein complex is an 
intercellular junction located in the apical membrane 
of enterocytes, which allows cells to have a highly com-
pacted organization by providing fundamental struc-
tural, protection, and permeability functions (Buckley 
and Turner, 2018). Thus, tight junction proteins are 
directly associated with intestinal epithelium perme-
ability (Van Itallie et al., 2009; Yu et al., 2014). The 
tight junctions include transmembrane proteins, such 

as occludins and claudins, and intracellular proteins, 
including zonula occludens (ZO) proteins (Buckley and 
Turner, 2018). The ZO-1, coded by the TJP1 gene, was 
the first identified tight junction protein (Stevenson et 
al., 1986). The recognition that ZO-1 was not abso-
lutely required for barrier function and permeability led 
to the discovery of additional tight junction proteins 
such as claudins (Furuse et al., 1998). The specific 
claudins expressed within the GIT vary based on the 
GIT location, stage of pre- and postnatal development, 
and presence of disease (Heller et al., 2005; Holmes et 
al., 2006b). Therefore, the above molecular markers for 
enterocytes or epithelial cells can be used to assess if 
fecal RNA is a reliable approach to study GIT.

Although the fecal RNA approach has been used 
in bovines (Rosa et al., 2018), equines (Coleman et 
al., 2020), humans (Chapkin et al., 2010), rodents 
(Whitfield-Cargile et al., 2017), and primates (Sharma 
et al., 2019), an examination of which GIT section(s) 
is most likely being resembled in the transcriptional 
signal observed in fecal RNA has never been performed 
in bovines. Therefore, our objective was to perform 
a comparative gene expression analysis using well-
established enterocytes and epithelial cell markers to 
partially assess the similarities between RNA isolated 
from the fecal material and tissues collected from vari-
ous GIT sections of preweaning dairy calves, including 
rumen, duodenum, jejunum, ileum, large intestine, and 
cecum.

All the protocols for this study (protocol no. 4747) 
were approved by The Institutional Animal Care and 
Use Committee of the Oregon State University (Cor-
vallis). Details for the original experimental design have 
been published previously (Rosa et al., 2018). Briefly, 8 
healthy male Jersey calves were monitored from birth 
to 5 wk of age (i.e., preweaned period). All calves were 
enrolled in the experiment from mid-January to early 
April 2016. Calves were housed in individual pens and 
fed twice daily with pasteurized whole cow milk. Calves 
had ad libitum access to water and a starter grain 
throughout the experiment. Health evaluations includ-
ing fecal score (scale 1–4; 1: well-formed feces; 2: soft, 
pudding-like; 3: pancake batter or runny fecal; 4: liquid 
or splatters feces) and respiratory score (scale 1–5, 1: 
normal 2: runny nose, 3: heavy breathing, 4: cough 
moist, 5: cough dry; Osorio et al., 2012) were recorded 
daily. None of the calves enrolled in this study received 
antimicrobial treatment throughout the experiment.

At the end of the trial, calves (5 wk old) were eutha-
nized by rapid intravenous injection of a barbiturate 
(Cat# NDC 0061-0473-05, Beuthanasia D, Merck 
Animal Health, Whitehouse Station, NJ) to harvest 
gastrointestinal tissues (i.e., ruminal tissue, duode-
num, jejunum, ileum, large intestine, and cecum) for 
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gene expression analysis. The samples from the small 
intestine were collected as follows: duodenum samples 
were collected from 10 cm distal to the pylorus; jeju-
num tissue samples were collected 1 m anterior to the 
rumen between 2 distinct Peyer’s patches; and ileum 
tissue samples were collected from the proximal end of 
the ileo-cecal fold. The large intestine specimens were 
collected from the mid-spiral colon section. Tissues 
were harvested using sterile scalpels and forceps and 
immediately cleaned with RNase decontamination so-
lution (RNaseZap, AM9780, Thermo Fisher Scientific, 
Waltham, MA), quickly blotted with sterile gauze to 
remove residual blood, and snap-frozen in liquid ni-
trogen. Additionally, before the euthanasia procedure, 
a fresh fecal sample (fecal score = 1 or 2) was col-
lected from each calf through rectum stimulation into 
a 2.0-mL cryogenic vial (Cat. # 430488, Corning Inc., 
Corning, NY) and immediately snap-frozen in liquid 
nitrogen. All samples were then stored at −80°C until 
RNA extraction.

The fecal RNA isolation was conducted using the 
same protocol, as described in Rosa et al. (2018). 
Briefly, ~200 mg of fecal sample was used for RNA 
isolation using a Trizol-based (Ambion, Carlsbad, CA, 
Cat. No. 15596018) method along with the RNeasy 
Plus Mini Kit (Qiagen, Hilden, Germany, Cat. No. 
74134), following the manufacturer’s instructions with 
some modifications. The overall RNA concentration 
for all fecal samples was 428.38 ± 37.92 ng/µL, and 
purity (260/280 ratio) was 1.97 ± 0.08 determined via 
Nanodrop (Thermo Fisher Scientific). A sample of 100 
mg of tissue from each of the GIT tissues was used for 
RNA isolation, and the RNA concentration and purity 
determined via Nanodrop was 1,868.53 ± 61.23 ng/µL 
and 2.09 ± 0.02, respectively. The RNA integrity was 
assessed using the TapeStation (Agilent Technologies, 
Santa Clara, CA), and the final RIN number was 7.0 
± 0.5 and 5.9 ± 0.8 for GIT tissues and fecal samples, 
respectively.

Details regarding primers source and sequencing 
results are presented in Table 1 and in Supplemental 
Table S1 (https:​/​/​doi​.org/​10​.3168/​jds​.2020​-18955), re-
spectively. The complementary DNA (cDNA) synthe-
sis and quantitative PCR (qPCR) were performed ac-
cording to the protocol described by Rosa et al. (2018) 
with some modifications. Each cDNA was synthesized 
by reverse transcription using 500 and 100 ng of RNA 
for fecal and GIT tissues, respectively. The cDNA was 
then diluted 1:3 (vol:​vol) with DNase/RNase-free water. 
The qPCR reaction was performed in a QuantStudio 6 
Flex Real-Time PCR System (Applied Biosystems) in 
a MicroAmp Optical 384-well Reaction Plate (Applied 
Biosystems) using the following conditions: 2 min at 
50°C, 10 min at 95°C, and 40 cycles with 15 s at 95°C 

followed by 1 min at 60°C. The presence of a single 
PCR product was verified by the dissociation protocol 
using incremental temperatures to 95°C for 15 s and 
65°C for 15 s. Data were calculated using the Quant-
Studio Real-Time PCR software v1.3 with the formula 
Quantity = 10(Ct-intercept/slope), where intercept and slope 
were derived from the standard curve and Ct values 
from each reaction. The Ct values were corrected for 
the efficiency of amplification based on a 6-point stan-
dard curve (Bustin 2002) plus the nontemplate control 
and normalized by the geometric mean of the most ro-
bust internal control genes (Vandesompele et al., 2002). 
The standard curve was composed of equal aliquots of 
cDNA from each sample (not diluted), including cDNA 
from fecal and GIT tissues. The standard curve was 
diluted 1:3 with DNase/RNase-free water. The internal 
control genes (ICG) assessed in this experiment were 
β-2-microglobulin (B2M), β-actin (ACTB), glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH), ribosomal 
protein 9 (RPS9), ribosomal protein S15A (RPS15A), 
and peptidylprolyl isomerase A (PPIA). The stability 
of the ICG was assessed using the geNorm software 
(Vandesompele et al., 2002), with the lowest pairwise 
variation of 0.21 using all 6 ICG. Therefore, the geo-
metric mean of all 6 ICG was used to normalize the ex-
pression of the target genes. The target genes evaluated 
in this study were the intestinal epithelial cell marker 
FABP2, the epithelial cell marker KRT8, TJP1, and 2 
claudins genes, CLDN1 and CLDN4, members of the 
tight junction complex. Data were analyzed using the 
PROC MIXED procedure of SAS 9.4 (SAS Institute, 
Inc., Cary, NC). The model included the type of sample 
(fecal and the various GIT tissues) as a fixed effect 
and calf as random. Statistical significance and tenden-
cies were declared at P ≤ 0.05 and 0.05 ≤ P ≤ 0.10, 
respectively.

In this study, we observed that the expression of tight 
junctions TJP1, CLDN1, and CLDN4 was similar (P > 
0.05) across the small intestine sections and the cecum 
and large intestine (Figure 1). The TJP1 expression was 
similar (P = 0.12) between the duodenum and rumen 
tissue. However, the fecal samples had the greatest (P 
< 0.01) expression of the TJP1 and CLDN4 when com-
pared with all the other small intestine sections, cecum, 
large intestine, and rumen tissue (Figure 1). The rumen 
tissue had greater (P ≤ 0.04) expression of the TJP1 
than jejunum, ileum, large intestine, and cecum and 
the greatest expression of CLDN1 (Figure 1). These 
tight junctions contribute to the exclusion of pathogens 
and large molecules through paracellular transport and 
allow the diffusion of ions, water, and small molecules 
(Wells et al., 2017). In this context, gastrointestinal dis-
orders, including food allergies and celiac disease, have 
been associated with hyperpermeability of the intesti-
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nal epithelium (Bischoff et al., 2014). In the intestinal 
epithelium, the tight junction proteins claudin-1 and 
claudin-4 have been reported to decrease the paracellu-
lar permeability (Angelow and Yu, 2009). The mRNA 
expression of tight junctions in our study was similar 
with other reports in the literature, where the expres-
sion of CLDN1 did not differ among gastrointestinal 
regions of dairy calves during the weaning period from 
milk to solid feed (Malmuthuge et al., 2013), as well as 
in dairy calves of 4 wk old (Walker et al., 2015). Also, 
a study conducted in mice demonstrated that among 
the known claudins (from claudin-1 to claudin-19), the 
CLDN1, CLDN4, CLDN5, CLDN9, and CLDN10 were 
the lowest expressed in the gastrointestinal regions (i.e., 
duodenum, jejunum, ileum, cecum, and colon; Holmes 
et al., 2006a). Additionally, Holmes et al. (2006a) ob-
served no differences in the expression of those claudins 
throughout the gut regions. Future research in this area 
should focus on testing the responsiveness of tight junc-
tion genes detected in fecal RNA during diarrhea events 
to demonstrate the reliability of fecal gene expression 
to evaluate gut permeability.

The greater mRNA expression of tight junction genes 
in rumen tissue, when compared with lower GIT tis-
sues, was evident, and this might be associated with 
morphological differences between the ruminal and the 
intestinal epithelium. The rumen epithelium consists of 
stratified cells that, with leaf-like papillae, increase the 
absorptive surface area. It is well established that the 
transport of nutrients across the rumen epithelium is 
mediated by a gradient concentration difference (Seh-
ested et al., 1999; Shen et al., 2004), which also implies 

the presence of a permeability barrier including tight 
junction proteins at the stratum granulosum level. In 
contrast to the multilayered stratified squamous epi-
thelium found in the rumen, the small intestine, cecum, 
and large intestine consist of a simple columnar epithe-
lium that encompass mucus-secreting cells, resulting in 
a dense mucus layer (Steele et al., 2016). Although the 
differences in tight junction mRNA expression between 
ruminal and intestinal epithelium seem to be morpho-
logical, the reason for the high level of tight junction 
(including TJP1, and claudins 1–4) mRNA expression 
in the fecal of preweaned calves observed in the current 
study remains unknown.

Keratins are the largest family of cellular intermedi-
ate filament proteins and are predominant in epithe-
lial cells (Iyer et al., 2013). Among keratins, keratin 
8 has been associated with mammary epithelial cells 
and small intestinal mucosa (Moll et al., 2008). Kaeffer 
et al. (2007) used keratin 8 as a marker to measure 
exfoliated epithelial cells in the feces of preterm infants 
with the aim to use fecal samples to investigate GIT 
physiology. Additionally, keratin 8 expression was used 
as a marker for intestinal epithelial cells in dairy cows 
(Koch et al., 2019). In the current study, KRT8 ex-
pression was similar between the duodenum and fecal 
samples (P = 0.18), and KRT8 was similarly expressed 
in the cecum and large intestine when compared with 
the feces mRNA (P = 0.30). However, the expression 
of KRT8 was greater (P ≤ 0.02) in feces than in the 
jejunum and ileum tissues (Figure 2).

Fatty acid binding proteins are cytosolic proteins 
found in several tissues, including intestine, liver, and 
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Table 1. Gene symbol, hybridization position, sequence, and amplicon size of primers for Bos taurus used to analyze gene expression

Gene symbol   Primers1   Primers (5′–3′) bp   Source

GAPDH   F.908   TTGTCTCCTGCGACTTCAACA 103 Kadegowda et al., 2009
R.1010   TCGTACCAGGAAATGAGCTTGAC

ACTB   F.624   GCGTGGCTACAGCTTCACC 54 Kadegowda et al., 2009
R.677   TTGATGTCACGGACGATTTC

B2M   F.99   TCCAGCGTCCTCCAAAGATT 86 Kadegowda et al., 2009
R.184   CCCATACACATAGCAGTTCAGGTAA

RPS9   F.192   CCTCGACCAAGAGCTGAAG 54 Kadegowda et al., 2009
R.254   CCTCCAGACCTCACGTTTGTTC

RPS15A   F.405   GCAGCTTATGAGCAAGGTCGT 151 Bionaz and Loor, 2007
R.555   GCTCATCAGCAGATAGCGCTT

PPIA   F.125   TCTGAGCACTGGAGAGAAAGGATTTG 88 Rosa et al., 2018
R.212   GAAGTCACCACCCTGGCACATA

KRT8   F.1352   AGTGGCTACGCAGGTGGACT 181 Boutinaud et al., 2008
R.1532   CCGCAAGAGCCTTTCACTTG

FABP2   F.371   GTGGCGAGATGGTCCAGACT 101 This manuscript
R.471   TCTGTGTTCTGGGCAATGCTC

CLDN1   F.480   GGCATCCTGCTGGGACTAATAG 100 Minuti et al., 2015
R.579   CAGCCATCCGCATCTTCTGT

CLDN4   F.695   CCCCAGCCAGCAACTACGT 103 Minuti et al., 2015
R.797   TCACAGATTGCAGTGAGCTCAGT

TJP1   F.3748   GCACATAGGATCCCTGAACCA 107 Minuti et al., 2015
R.3854   TGCTTCCGGTAGTACTCCTCATC  

1F = forward; R = reverse.
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heart, and they are necessary for intracellular binding 
and transport of fatty acids (Storch and Thumser, 
2000). Among the 9 FABP identified, the FABP2 is 
highly expressed in the small intestine, and it has been 
identified as a specific marker for intestinal epithelium 
in humans (Levy et al., 2001). In monogastrics, the 
mRNA FABP2 expression in the small intestine of pigs 
was associated with intestinal permeability (Schroyen 
et al., 2012), and loss of enterocytes was correlated with 
a downregulation of FABP2 expression in the jejunal 
mucosa of broiler chickens (Chen et al., 2015). In the 
present study (Figure 2), the mRNA expression of 
FABP2 in small intestinal tissues was consistent with 
prior data in other livestock models, where FABP2 was 
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Figure 1. Tight junction protein ZO-1 (TJP1), claudin-1 (CLDN1), 
and claudin-4 (CLDN4) relative mRNA expression (log2 scale) in ru-
men, gastrointestinal tract tissues, and in total fecal RNA isolated 
from Jersey calves with 5 wk of age (n = 8). Values are means; error 
bars represent SE. a–dMeans without a common letter differ (P ≤ 0.05). 

Figure 2. Fatty acid binding protein 2 (FABP2) and keratin 8 
(KRT8) relative mRNA expression (log2 scale) in rumen, gastrointes-
tinal tract tissues, and in total fecal RNA isolated from Jersey calves 
with 5 wk of age (n = 8). Values are means; error bars represent SE. 
a–dMeans without a common letter differ (P ≤ 0.05).
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highly expressed in the small intestine than other sec-
tions in the GIT. In addition, FABP2 was similarly 
expressed between fecal samples and jejunum (P = 
0.58) and ileum (P = 0.36), suggesting that FABP2 
expression in fecal RNA is a suitable biomarker or indi-
cator of the amount of intestinal epithelium transcripts 
present in fecal RNA.

Taken together, our findings demonstrate a difference 
in the level of mRNA expression of genes encoding tight 
junction proteins between the ruminal and intestinal 
epithelia of dairy calves. And, this can be attributed to 
the differential epithelial cell layer structures between 
these sections of the GIT. Regarding the specific epi-
thelial cell markers, the low abundance of KRT8 and 
FABP2 mRNA within ruminal samples (Table 2) is 
an indication that these markers are highly specific to 
intestinal epithelial cells in ruminants, which consis-
tent with a high specificity of these intestinal markers 
observed in humans (Wiercinska-Drapalo et al., 2008; 
Gajda and Storch, 2015).

CONCLUSIONS

The expression levels of FABP2, KRT8, and tight 
junction genes observed in fecal transcripts suggest 
that a considerable amount of RNA derived from epi-
thelial cells can be detected in fecal RNA, which is in 
agreement with previous data in neonatal dairy calves 
from our group and other biological models including 
humans, horses, rodents, and primates. The greater ex-
pression of tight junctions in fecal RNA in comparison 
to the various sections of the low GIT remains to be 
understood. Due to the importance of tight junctions 
in GIT physiology, further clarification of this effect 
is warranted. The transcriptional resemblance between 
fecal RNA and GIT should be evaluated in response to 
physiological conditions (e.g., diarrhea), which will be 
a more accurate approach. The similarities in mRNA 
expression of FABP2 and KRT8 between fecal RNA 
and intestinal sections add up to the accumulating 
evidence that fecal RNA can be used to investigate mo-
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Table 2. Slope, efficiency (E) of amplification, coefficient of determination of the standard curve (R2), median cycle threshold (Ct) of 
quantitative reverse transcription PCR, and relative mRNA abundance

Gene Slope1 E2 R2 3
Median 

Ct4
Median 
ΔCt5

Relative mRNA  
abundance6

Relative mRNA  
abundance %7

All samples              
  FABP2 −3.01 2.15 0.99 21.84 0.64 0.61 66.54
  KRT8 −2.89 2.22 0.98 22.77 2.22 0.17 18.45
  CLDN1 −3.29 2.01 0.99 25.30 5.86 0.02 1.79
  CLDN4 −2.92 2.20 0.98 24.09 4.39 0.03 3.39
  TJP1 −3.26 2.03 0.99 22.77 3.40 0.09 9.83
Fecal samples              
  FABP2 −3.01 2.15 0.99 26.02 −0.68 1.68 21.70
  KRT8 −2.89 2.22 0.98 26.37 0.48 0.68 8.83
  CLDN1 −3.29 2.01 0.99 29.23 3.36 0.10 1.23
  CLDN4 −2.92 2.20 0.98 23.77 −2.01 4.88 63.13
  TJP1 −3.26 2.03 0.99 27.11 1.31 0.40 5.11
Lower GIT8 samples              
  FABP2 −3.01 2.15 0.99 17.86 −1.67 3.59 95.25
  KRT8 −2.89 2.22 0.98 22.18 3.20 0.08 2.07
  CLDN1 −3.29 2.01 0.99 24.92 6.03 0.01 0.39
  CLDN4 −2.92 2.20 0.98 24.70 5.76 0.01 0.28
  TJP1 −3.26 2.03 0.99 22.89 3.66 0.08 2.00
Rumen samples              
  FABP2 −3.01 2.15 0.99 32.76 13.00 — 0.01
  KRT8 −2.89 2.22 0.98 25.05 5.95 0.01 1.32
  CLDN1 −3.29 2.01 0.99 21.12 2.01 0.25 37.24
  CLDN4 −2.92 2.20 0.98 21.05 1.66 0.27 40.89
  TJP1 −3.26 2.03 0.99 22.01 2.83 0.14 20.54
1Slope of the 6-point standard curve.
2Efficiency of amplification [E = 10(−1/slope)].
3Coefficient of determination of the standard curve (R2).
4Median Ct = median cycle threshold, which is defined as the number of cycles required for the fluorescent signal to cross the threshold (i.e., 
exceed background level), and the amount of target nucleic acid in the sample is inversely correlated with Ct cycles (i.e., the greater the amount 
of target nucleic acid, the lower the Ct cycles will be required).
5Median ΔCt is calculated as (Ct gene = geometrical mean of Ct internal controls).
6Relative mRNA abundance = 1/EfficiencyMedianΔCt.
7Relative mRNA abundance (%) = (relative mRNA abundance of specific gene/Σrelative mRNA abundance of all genes) × 100.
8GIT = gastrointestinal tract.
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lecular alterations in the GIT tract of neonatal dairy 
calves. Further research in this area should include 
high-throughput transcriptomic analysis via RNA-seq 
to uncover novel molecular markers for specific sections 
of the GI tract of neonates.
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