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ABSTRACT: Freshwater mussel Hyriopsis cumingii is ubiquitous in China and commercially valuable for freshwater
pearl production. Donor pearl mussel or oyster shell nacre color considerably affects pearl color, but the molecular
mechanism underlying pearl color remains unclear. Mussels with purple and white inner-shell colors were selected,
and five genes related to nacreous layer color formation were identified through comparative transcriptome analysis.
Real-time quantitative analysis indicated that HcTyr1 encoding tyrosinase is involved in black pigment synthesis. HcTyr1
expression in rear edge films was higher in the purple mussels (p < 0.05). The expression in the posterior and anterior
mantle pallial of HcAst, which encodes shrimp erythropoietin, was higher in the purple mussels (p < 0.01). HcAst
expression in the central membrane was also higher in the purple mussels (p < 0.05). The expression of HcCyt, which
encodes cytochrome P450, was higher in the central membranes of the purple mussels than in the posterior and anterior
mantle pallial and the central membranes of the white mussels (p< 0.01). The expression in the posterior mantle pallial
of HcTDO, which encodes tryptophan oxygenase involving in ophthalmic lutein synthesis, was significantly higher in
the purple mussels (p < 0.01). No difference in expression regularity in the outer mantle of HcUROD which encodes
urine porphyrin decarboxylase participating in heme synthesis was observed among the mussels, and the expression
was higher in the posterior marginal membrane than in the central membrane (p < 0.01). These studied genes are
involved in nacre color formation in H. cumingii.
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INTRODUCTION

Freshwater mussel Hyriopsis cumingii is widely dis-
tributed in China and commercially valuable for
freshwater pearl production. H. cumingii is a fresh-
water bivalve mollusk, belonging to cladocranchia,
mussel family and Hyriopsis. H. cumingii’s shell
possesses thick chitin and is flat, broad and hard.
The shell on the back rises to form a triangular
sail wing, from where the name H. cumingii is de-
rived. As an important freshwater mussel in China,
H. cumingii produces pearls that account for >98%
of the world’s total freshwater pearls. Pearl is a
natural organic gemstone that can be used not only
in medicine and cosmetics but also as an accessory.
The biological characteristics of pearl have been the
subject of research in bionics material science. Color
is an important indicator in the evaluation of pearls
because it influences their value and quality.

Pearls produced by H. cumingii are rich in color,
which includes yellow, purple, white and red, and
have different shades of color. The prices of dif-
ferent colored pearls are lower than those of pure-
colored pearls, which are more popular among
consumers [1]. Similar to shell formation, pearls
are produced by a biological mineralization process.
The structures and compositions of pearls are con-
sistent with shell nacre. Therefore, pearl color can
be investigated by evaluating the shell nacre color.

Shell pearl layer color is mainly determined by
heredity [2]. Hence, selecting genes related to pearl
color is crucial. At present, few studies have focused
on genes that influence pearl color formation. A
previous work screened apolipoprotein genes [3].
Another study compared the coat membrane tis-
sue of the purple and white inner-shell colors of
H. cumingii’s coat film with pearl capsule through
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transcriptome analysis [4]. The screened genes,
namely, HcGIFLP1, HcGIFLP2, HcCUBDC and HcCA2,
are related to pearl layer color formation. Chen [5]
cloned two tyrosinase genes (HcTyr and HcTyp-1)
of H. cumingii and conducted fluorescence quan-
titative expression and in situ hybridization signal
detection. HcTyr is related to H. cumingii pearl layer
color formation, and its expression in the purple
mussel membrane is higher than that of the white
mussel. HcTyp-1 is related to the color formation of
the pearl and cuticle layers and highly expressed in
the white clam mantle film. These genes are mainly
involved in pigment transport and synthesis. Pearl
color can be attributed to a variety of factors, and
the molecular mechanism of nacre color formation
must be further explored. Therefore, other genes
related to pearl color must be selected and studied
for the elucidation of the molecular mechanism of
pearl color formation.

This study evaluated pigment-related genes.
Then, five differentially expressed genes of tyrosi-
nase including HcTyr1, were selected from the li-
brary of the central membrane transcriptome of
H. cumingii. Other genes included astacin metal-
loprotease, cytochrome P450, tryptophan dioxyge-
nase, and uroporphyrinogen decarboxylase, which
are associated with melanin, prawn, cytochrome
P450, lutein and heme synthesis. Several genes
expressed in H. cumingii were tested, their involve-
ment in nacre color formation in purple and white
clams at the molecular level was verified, and the
pearl layer formation mechanisms of purple and
white H. cumingii were explored through quanti-
tative real-time PCR analysis. Results provide a
theoretical basis for the direction of specific color
formation of freshwater pearls.

MATERIALS AND METHODS

Experimental materials

Two-year-old purple and white H. cumingii mus-
sels were used as experiment materials (Fig. 1).
Difference in growth between male and female
H. cumingii samples aged 1–2 years was not signifi-
cant because their gonads have not matured yet [6].
Thus, the effect of gender on gene expression was
prevented. H. cumingii samples were obtained from
Zhejiang Jinhua Weiwang Breeding New Technol-
ogy Co., Ltd, which has adopted a combination of
families and communities to produce purple and
white mussels since 2000. H. cumingii samples
caught by the company was farmed for 1 week in the
laboratory. Six H. cumingii mussels were randomly

Fig. 1 Hyriopsis cumingii with purple (A) and white
inner shell colors (B). a, anterior mantle pallial (aMP);
b, mantle center (MC); and c, posterior mantle pallial
(pMP).

selected from each white and purple family. The
samples from each selected mussel were obtained
from the following: middle of the film, gill, axe,
front-end velum (connected to the front-end closed
shell muscle near the back-end velum), liver, kidney,
pancreas and ovary back-end velum (connected to
the back-end closed shell muscle and velum) near
the front-end. The samples were rapidly immersed
in RNA stored in fluid (Kang Wei Century), placed
in a cryogenic refrigerator at −80 °C, and set aside
for further analysis.

Total RNA extraction and cDNA synthesis

The samples were placed in liquid nitrogen and
ground. Total RNA was extracted with TaKaRa
kit according to the manufacturer’s instructions.
RNA integrity was inspected through agarose elec-
trophoresis. Nucleic acid and protein were quan-
titatively determined (Nanodrop 2000) and stored
at −80 °C for subsequent use. cDNA was synthe-
sized using PrimeScript™ RT reagent kit with gDNA
Eraser (Perfect Real Time) according to the methods
in the literature [7]. Reverse transcription for fluo-
rescence quantification was performed according to
the kit’s instructions. Reverse-transcribed cDNA was
10 times diluted. The synthesized cDNA was stored
at −20 °C.

Color correlation gene and sequence analysis

HcTyr1, HcAst, HcCyt, HcTDO and HcUROD genes
were selected from the library of the central mem-
brane transcriptome of H. cumingii. The UniGene
sequences of the five genes were determined us-
ing Primer Premier 5.0 Software design with PCR
primer (Table S1). The PCR reaction system com-
prised 20 µl, which included 10 µl/l 2×Ex Taq Mas-
ter Mix, 0.5 ml of each upstream and downstream
primers (10 µmol/l), 1 µl of template cDNA, and
double-distilled H2O. The amplification conditions
are as follows: 35 cycles of 94 °C for 4 min, 94 °C for
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1 min, 58 °C for 1 min, 72 °C for 1 min, and exten-
sion at 72 °C for 10 min. The PCR-amplified product
was subjected to 1% agarose gel electrophoresis.
The product was purified with Axygen DNA kit in ac-
cordance with the kit’s requirements. The amplified
fragments were sent to Shanghai Bioengineering
Company for bidirectional sequencing.

Real-time fluorescence quantitative PCR
analysis

The sequence fragments of the five genes amplified
and sequenced by PCR were designed using online
primers. Primer3 Input was adapted to design the
fluorescence quantitative primers for the five genes
(Table S2). The primers were designed to prevent
mismatches, dimers and hairpin structures. The
amplified fragment size was between 170 and 80
bp, which was the same as the length of the internal
gene β-actin [8]. Multiple primer pairs were also
simultaneously designed, and the best pair was
selected by standard curve experiment. The SYBR®
Premix Ex Taq™ II (Tli RNaseH Plus) kit was uti-
lized for fluorescence-based real-time quantitative
PCR (RT-qPCR) analysis. The PCR reaction system
(20 µl) comprised 10 µl of SYBR® Premix Ex Taq
II, 0.4 µl of ROX reference dye, 0.8 µl of each
upstream and downstream primers (10 µmol/l),
2 µl of template cDNA, and double-distilled H2O.
The cDNA template was diluted into five concen-
trations, namely, 1× 51, 1× 52, 1× 53, 1× 54 and
1×55, which were used to create the standard curve
of the internal reference and target genes. The
curves of the target and internal reference genes
were prepared in triplicate. After the amplification
reaction, the optimum primers and conditions were
determined according to the amplification efficiency
and standard curve. The amplification reaction
was conducted on the ABI Step One Plus real-time
fluorescence quantitative PCR instrument through
the following three-step real-time PCR reaction con-
ditions to obtain the dissolution curve: predenatu-
ration at 95 °C for 30 s; 40 cycles of 95 °C for 5 s and
60 °C for 30 s; and 95 °C for 15 s, 60 °C for 1 min, and
95 °C for 15 s. The relative expression levels of the
five genes in each H. cumingii tissue was calculated
using 2−∆∆C T method [9]. Statistical analysis was
conducted through one-way ANOVA in SPSS 18.0.
* p < 0.05 indicated significant difference, and p <
0.01 represented extremely significant difference. A
histogram was drawn using Origin8 software.

Fig. 2 Electrophoretogram of RNA of each H. cumingii
tissue. 1, kidney; 2, gill; 3, hepatopancreas; 4, gonad;
5, foot; 6, mantle center; 7, aMP; and 8, pMP.

RESULTS

RNA extraction

In the RNA electrophoretic gel diagrams of eight
H. cumingii tissues, the extracted RNA showed
three bands at 28, 18 and 5 s (Fig. 2). Ac-
cording to the result of NanoDrop 2000 ultra-
microspectrophotometer, the A260/A280 value was
1.9–2.0, which indicated that the total RNA ex-
tracted had high quality and purity and can be used
for subsequent experiments.

Fluorescence quantitative PCR

The β-actin gene of H. cumingii was used as control,
and the following H. cumingii tissues were analyzed:
central membrane, gill, axe foot, frontomarginal
membrane (adjacent to the anterior obturator mus-
cle and near the back-end), hepatopancreas, go-
nads, and kidneys. Reverse-transcribed cDNA that
was extracted from the eight tissues of the pos-
terior marginal membrane, which was connected
to the posterior obturator muscle and adjacent to
the front-end, was used as template for RT-qPCR
reaction (Fig. 3). The results showed that the Hc-
Tyr1 gene was mainly expressed in the anterior-
posterior marginal membrane, and its expression
level in the purple mussel was significantly higher
than that in the white mussel (p < 0.05). The
HcAst gene was expressed in all H. cumingii tissues.
The gene expression in the anterior and posterior
limbic membrane (p < 0.01) and central membrane
(p < 0.05) of purple mussel was significantly higher
than that in white mussel. The HcCyt gene was
expressed in all H. cumingii tissues, and the high-
est expression was found in hepatopancreas. The
HcCyt gene expression level in the central mem-
brane of the purple mussel was significantly higher
than those in the anterior and posterior border
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Fig. 3 Real-time quantitative PCR results of five genes in different tissues. (A) HcTyr1 gene, (B) HcAst gene, (C) HcCyt
gene, (D) HcTDO gene and (E) HcUROD gene. MC, mantle center; aMP, anterior mantle pallial; pMP, posterior mantle
pallial; G, gill; K, kidney; H, hepatopancreas; GO, gonad; and F, foot. * p < 0.05 indicates statistically significant
difference and ** p < 0.01 indicate statistical extremely significant difference.
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membrane and central membrane of white mussel
(p < 0.01). The HcTDO gene was mainly expressed
in the anterior and posterior limbic membranes of
H. cumingii. The relative expression level in the
posterior marginal membrane of the purple mussel
was significantly higher than that in white mussel
(p < 0.01). The HcUROD gene expression level in
the outer membrane of mussel was consistent with
the outer membrane. The HcUROD gene expression
level in the posterior marginal membrane was sig-
nificantly higher than that in the central membrane
(p < 0.01). The gene expression in the membrane
of purple clam was higher than that in white mussel.

DISCUSSION

In this study, five genes related to the formation of
the pearl layer color of H. cumingii were screened
from the comparative transcriptional groups of the
coat membrane and pearl sac of purple (purple
color) and white (white pearl layer) H. cumingii
families. The HcTyr1 gene encodes tyrosinase,
which plays a role in pigment deposition, wound
healing, cuticle hardening, O transport and innate
immune processes in the organisms [10]. Tyrosi-
nase catalyzes the hydroxylation of tyrosine into L-
dopa through a series of reactions to produce es-
sential melanin for animal eyes, skin and hair [11].
Tyrosinase can also regulate pigment synthesis in
vertebrates [12]; facilitate tyrosinase activity in
blood cells, egg cells and coat membrane of mol-
lusks [13]; and form tyrosinase and shell matrix
in Hupu mother shellfish. Melanin synthesis and
pigment deposition occur in shell prism [14]. The
TYR gene expression level significantly changed in
the three typical body color fading processes of Am-
philophus citrinellus. This finding indicates that the
TYR gene expression level was related to the change
in body color. The biosynthesis pathway of melanin
in mollusks is mainly regulated by tyrosinase, which
is secreted by the mantle and translocated to the
shell layer [15]. Speiser [17] considered that the
change in the tyrosinase expression pattern mainly
affects the eye evolution of Acanthopleura granulate
by altering eye pigment selection. Four tyrosinase
genes were found in differentially expressed genes.
These tyrosinase genes were also screened from
transcriptional data and found to be similar to those
of Tyr-1 and Tyr-3 in oysters [18]. Chen [19]
also cloned two tyrosinase genes, namely, HcTyr
and HcTyp-1, from the transcriptional library of Bai.
The tyrosinase genes screened by Bai are similar to
those of the Argentine squid [18]. In the present
study, the HcTyr1 gene similar to the oyster Tyr-

1 gene was selected for fluorescence quantitative
PCR analysis. The HcTyr1 gene was detected in
H. cumingii central membrane, anterior marginal
membrane, posterior marginal membrane, gill, kid-
ney, hepatopancreas, gonad and axopodia tissues.
The HcTyr1 gene was mainly expressed in the coat
membrane and had low expression in other tissues.
The H. cumingii outer membrane can absorb and
secrete substances from the surrounding environ-
ment and is mainly involved in biomineralization.
Hence, the HcTyr11 gene may be involved in shell
color formation. The results of the comparative
transcriptome analysis of H. cumingii showed that
the HcTyr11 gene expression level in the central
membrane of purple mussel was significantly higher
than that of white mussel. The difference between
the HcTyr11 gene expression level and fluorescent
quantitative PCR result in the central membranes
of purple and white mussels was not significant.The
results varied. Luo [4] also found this problem in
analyzing HcGIFLP1 gene expression in the mantle
tissue of H. cumingii. The color of the pearl layer of
the purple mussel increased from the central and the
front edge membrane to the back-edge membrane
(Fig. 1). The HcTyr1 gene expression level in the
three tissues of the purple mussel increased with
the deepening of color. No change was observed
in the color of the three tissues in corresponding
to the position of the pearl layer. Research showed
the expression levels of the other tyrosinase gene,
HcTyr in H. cumingii coating, also increased with
the enhancement of the pearl layer color. Similar
conditions were reported in other species. For
example, the Tyr gene expression level in the hair
follicles of Anas poecilorhyncha increased with the
enhancement of the color of feathers. Wang [20]
found that the tyrosinase gene expression level in
Cyprinus carpiokoi skin with different colors (e.g.,
black, red, yellow and white) increased with the
change in koi skin color. These studies suggested
that the HcTyr1 gene plays a crucial role in pigment
deposition, and its expression is related to melanin
accumulation. The central membrane of H. cumingii
is involved in pearl layer formation, and the outer
membrane is involved in the formation of the pearl
and prism layers. Therefore, the HcTyr1 gene may
be involved in the formation of the color of the pearl
and prism layers of mussel. The gene also showed
correlation with the purple pearl layer color.

The analysis of differentially expressed genes
in the transcriptome of H. cumingii revealed three
genes containing the domain of the prawn bilirubin.
One of these genes was selected for expression veri-
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fication. The HcAst gene encodes shrimp erythropoi-
etin, and shrimp erythroprotease can be classified
into three types on the basis of its function [21].
Meprins found in the small intestine and kidney of
mammals are involved in bioactive peptide and ex-
tracellular matrix protein processing [22]. The sec-
ond category includes bone morphogenetic protein-
1 and tolloid, which are involved in embryonic mor-
phogenesis [23]. The third group comprises shrimp-
like enzymes, which participate in embryo hatching.
Astacin is a digestible Zn-dependent endopeptidase
found in the crayfish Astacus astacus and prototype
of the family of shrimp metalloproteinases [24].
The fluorescence quantitative results of the HcAst
gene showed that its expression level in purple mus-
sel posterior marginal membrane was significantly
higher than that in the front-edge membrane. The
HcAst gene expression level in the central membrane
was lower than that in the front-edge membrane,
but the difference was not significant. The differ-
ence in the HcAst gene expression level among the
three tissues was not significant. The HcAst gene ex-
pression level in the posterior and anterior marginal
membranes and also the central membrane of the
purple mussel was significantly higher than that
in the corresponding white mussel tissues. These
results were consistent with the color phenotype of
the shell pearl layer in purple and white H. cumingii,
thereby indicating that the HcAst gene was related
to the color formation of purple shell pearl layer of
H. cumingii. The high HcAst gene expression level in
the coat membrane also demonstrated that this gene
was involved in shell formation. The HcAst gene
was also expressed in the hepatopancreas, gonads
and kidneys but low expression in the gill and axe
feet. Overall, the HcAst gene may be involved in the
development of the gonad reproductive system, di-
gestion in hepatopancreas, and renal development
in H. cumingii.

Cytochrome P450 (CYP450) is a single-chain
protein that contains heme and widely exists in
organisms [25]. CYP450 plays an important role in
the degradation of exogenous substances, hormone
synthesis, and C assimilation and acts as a structural
component of organisms [26]. The metabolic path-
way of cytochrome P450 is related to cytochrome
metabolism. Niu [27] used transcriptome sequenc-
ing to analyze differences in gene expression in the
skin of Rex rabbit with different coat colors. Eight
differentially expressed genes were found in the cy-
tochrome P450 metabolic pathway, and these genes
may play roles in coat color formation. Sun [28]
sequenced and analyzed differentially expressed

genes in the left and right coat of scallop with
asymmetric pigment patterns (the left side of the
shell was reddish brown, and the right side of the
shell was white). Four unknown genes and one
cytochrome P450 gene were screened. According
to the results of the fluorescence RT-qPCR assay, the
cytochrome P450 gene expression level in the left
coat membrane was significantly higher than that in
right coat membrane. These finding indicated that
the cytochrome P450 gene may be involved in red-
brown shell color formation. In the present study,
the differentially expressed cytochrome P450 gene
HcCyt was screened from the central membrane
transcriptional group of H. cumingii. Fluorescence
quantitative analysis showed that the HcCyt gene
was expressed in all H. cumingii tissues. It was
also the least expressed in the anterior and poste-
rior marginal membranes and highly expressed in
the axon foot, gill, kidney, gonad and hepatopan-
creas. The gills and hatchet feet of H. cumingii
were directly exposed to exogenous substances.The
high HcCyt gene expression level in these tissues
indicated that it may be involved in exogenous sub-
stance degradation; this finding is consistent with
the results of Sun [28]. The HcCyt gene expression
level was high in the hepatopancreas and kidneys
which are digestive organs and excretory organs,
respectively. The high expression level in the gonad
tissues indicated that it may be involved in hormone
synthesis. The HcCyt gene expression level in the
central membrane of the purple mussel was signifi-
cantly higher than that in the white clam. The gene
expression in the tissue of the central membrane
was significantly higher than that in the posterior
marginal membrane. Given that the central mem-
brane is mainly involved in pearl layer formation,
the marginal membrane participates in pearl and
prism layer formation. Hence, the HcCyt gene is
related to the pearl layer color formation in purple
clam.

Lutein is mainly found in protozoans, including
mollusks and arthropods, and mainly produced by
tryptophan via canine uric acid pathway [29]. The
tryptophan dioxygenase gene HcTDO, which en-
codes a heme-dependent cytoplasmic enzyme, was
screened from the differentially expressed genes in
the transcriptome library of H. cumingii. HcTDO
contains two heme and two Cu atoms [30], which
are essential to the catalytic activity of the corre-
sponding enzyme; this catalytic activity is the first
step of the eye flavin synthesis pathway in the liver.
Tryptophan oxygenase catalyzes the uptake of tryp-
tophan from food. The β-actin gene of H. cumingii
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was used as a control, and the H. cumingii tis-
sues selected for analysis are as follows: central
membrane, gill, axe foot, frontomarginal membrane
(adjacent to the anterior obturator muscle and near
the back end), hepatopancreas, gonads and kidneys.
Tryptophan oxygenase is also related to eye color in
insects. The tryptophan oxygenase gene is located
on the x chromosome in Drosophila and necessary
for brown pigment synthesis [31]. In the present
study, the HcTDO gene had high expression level
in the anterior and posterior limbic membrane of
H. cumingii, moderate expression level in the kid-
ney and low expression level in the other tissues.
The tryptophan oxygenase encoded by the HcTDO
gene of H. cumingii is the first enzyme in bio-
genic ophthalmic lutein biosynthesis. The HcTDO
gene expression in the kidney of H. cumingii was
consistent with the color of its renal tissue. The
difference in the HcTDO gene expression level in the
central membrane between the two mussel species
was not significant. The results were inconsistent
with those in the transcriptional group possibly due
to the inaccuracy of the comparative transcriptome
analysis. The expression level in the posterior edge
membrane of purple mussel was higher than that
in the front-edge membrane and increased with
the deepening of the purple color. Hence, the
HcTDO gene expression level was significantly cor-
related with the color of the purple inner shell of
H. cumingii. This gene may also be involved in
ophthalmic lutein synthesis by participating in the
coat membrane; lutein is transported from the coat
membrane to the shell pearl and prism layers and
eventually participates in pearl color formation.

Heme is a red pigment containing Fe in the
blood and muscle of higher animals. Approximately
70% of Fe in organisms exists in heme and can be
used as an auxiliary group for many active biological
macromolecules, such as cytochrome, myoglobin,
hemoglobin, and peroxidase. O2 is transported
and stored in the body and participates in electron
transport in the respiratory chain; it is also present
in all the tissues of the body [32]. In the present
study, the HcUROD gene was screened from the
transcription library of H. cumingii; this gene en-
codes protoporphyrin decarboxylase and is involved
in heme synthesis [33]. Heme can be used as the
count of catalase HcUROD gene in the kidney and
hepatopancreas [34]. Catalase may be involved in
the digestion function of the hepatopancreas and
the excretion function of the kidneys. Heme does
not solely exist in pigment form but is found in
many pigment proteins; heme presents color in

animals [35]. The HcUROD gene expression level
was the same in the outer membrane of the clam
with two colors and higher in the three parts of
purple clam than that in the corresponding part of
the white clam. The sequence of the HcUROD gene
expression in the outer membrane of the mussel
was higher than that of the white clam. Hence, the
HcUROD gene may be involved in color formation of
the shell prism and nacreous layer. Therefore, the
role of the HcUROD gene in pearl color formation
must be further studied.

Appendix A. Supplementary data

Supplementary data associated with this arti-
cle can be found at http://dx.doi.org/10.2306/
scienceasia1513-1874.2020.030.
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Appendix A. Supplementary data

Table S1 Primer sequences for PCR amplification.

Number Gene Forward (5′-3′) primer Reverse (5′-3′) primer Size (bp)

c28793.graph_c0 HcTyr1 5′-TGTTCGCCTACAATACGG-3′ 5′-GCCCAAGTTACCTCCAAT-3′ 755
c57714.graph_c0 HcAst 5′-AGCGTTACACCTGTCTCC-3′ 5′-TTGTTTTCAACCCTCCAC-3′ 384
c47081.graph_c0 HcCyt 5′-CATTTGTATCCTACTGCCTTGC-3′ 5′-TCTGGAGTGTCCCACCGTT-3′ 615
c59297.graph_c0 HcTDO 5′-GCACTTCACGATAATGGA-3′ 5′-TGGAGTCAAAGGCGGGAT-3′ 776
c60508.graph_c0 HcUROD 5′-AACATACAGGGGTCCAGG-3′ 5′-GCATCAGCACCACTTCCA-3′ 424

Table S2 Primer sequences of RT-qPCR amplification.

Gene Forward (5′-3′) primer Reverse (5′-3′) primer Size (bp)

HcTyr1 5′-GGTGCATTTGGGTTCGAGATA-3′ 5′-TTTTCATGGGCTCTGCATCAG-3′ 187
HcAst 5′-CCAATCGCATGCCCAATCTC-3′ 5′-CTACGATTTAAGGAGGCCGC-3′ 170
HcCyt 5′-CTGACCCGAAATGCAAGGAAA-3′ 5′-TATTGGCTGACATGGCTTTCC-3′ 179
HcTDO 5′-ATGTCCATGAGAAGGGTCAGC-3′ 5′-TGGCCGAATATCAGACAGCTA-3′ 190
HcUROD 5′-CCCGAAAATGGCTTGTAACCT-3′ 5′-GGGAAGGGCAAATTTGTGGAA-3′ 175
β-actin 5′-TCAGGGTGTGATGGTTGGTATGG-3′ 5′-AGGGGCCACACCACGGAGTTCATT-3′ 175
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