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Tab.1 Sequence and efficiency of the primers used in qRT-PCR
Pig= =] 1 8 2k 3%
KA R 5P (5-3) N I
ene name GenBank accession (53 roduct size amplification R
g number primer sequence p efficiency
Tubala (tubulin alpha 1a) FJ774729.1 ;:’;:gggi’égﬁiggé%’fggﬁ} 177 109.50  0.9895
Rpl13 (ribosomal protein L13) KC902761.1 E:ﬁ%%%%%%%éﬁgg?gé?gggg 197 108.27 0.9996
UBQ (ubiquitin) GQ903729.1 ;:{?g%;;gégg?gggg[ggﬁégg 295 92.51 0.9938
Rps6 (ribosomal protein S6 kinase) HM989975.3 i:?ggigéé?g:g%g?gggé?g 238 91.60 0.9976
Ak (arginine kinase) JN828652.1 E:i%i%ég%%%f:g?gczﬁ%(}rﬁ 170 90.42 0.9998
Gapdh (glyceraldehyde-3-phosphate F-ACCCATGTTTGTGTGTGGTG
dehydrogenase) IX257000.1 R ATAGTGGTCATGAGGCCCTG 187 105.51 0.9895
28S (28S ribosomal RNA) KC902762.1 E:ég%{?éiiiigég};%%ﬁé:ég 216 94.30 0.9815
18S (18S ribosomal RNA) KC902763.1 ;:ﬁgi%?ggg:g;gggg:ééGc 147 97.20 0.9909
EF-1a (elongation factor 1a) JQ824130.1 ;ﬁjg%éfggg%*&%%ﬁ%é&%\ 142 92.84 09913
. F-GCGGCAGTGGTCATCTCCT
p-actin GQ398774.1 R-GCCCTTCCTCACGCTATCCT 185 1.0437  0.9997
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Fig. 1 The expression levels of the internal

candidate genes in the different embryonic
developmental stages of Scylla paramamosain
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Fig.2 Ranking of the candidate internal reference
genes calculated by geNorm in different embryonic
developmental stages of Scylla paramamosain
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Fig. 3 Optimal number of the candidate internal reference
genes calculated by geNorm in different development
stages of Scylla paramamosain
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Tab. 2 Statistic analysis of the 9 candidate internal refer-

ence genes based on their threshold cycle
values using NormFinder software

e NS LA SV e
candidate gene stable value rank
Gapdh 0.030 1
EF-la 0.031 2
Tubala 0.037 3
Rpll3 0.041 4
Ak 0.051 5
UBQ 0.053 6
Rps6 0.058 7
18S 0.064 8
28S 0.115 9
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Tab. 3 Statistics analysis of the 9 candidate internal reference genes based on
their threshold cycle values using BestKeeper software
ftiE NS K candidate gene  Tubala Rpl13 UBQ Rps6 Ak gapdh 28S 18S EF-la
brifif 2= standard deviation 0.87 0.76 1.52 1.07 0.75 0.60 1.54 0.85 0.62
AR5 ZHL variable coefficient 3.41 3.15 4.48 4.89 3.44 2.26 9.63 4.98 3.31
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Identification of internal reference genes for quantification of gene
expression in different embryonic developmental stages of the mud
crab Scylla paramamosain
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1. Fisheries College, Jimei University; Key Laboratory of Healthy Mariculture for the East China Sea, Ministry of
Agriculture, Xiamen 361021, China;
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Abstract: The mud crab Scylla paramamosain is widely cultured in the coastal areas of southern China because of
its short growth cycle, high nutrition value, large market demand, and high economic value. At present, most of the
mud crab larvae come from the natural populations, which puts great pressure on its natural resources. Therefore,
establishing industry-scale artificial reproduction and using artificial larvae will effectively reduce the harvest of
wild resources and protect the natural resources of the mud crab. On the other hand, embryonic development is the
basis of artificial reproduction and individual development. At present, the research on embryo development of
mud crabs is mainly focused on morphological observation and measurement of physiological and biochemical
indexes. Knowledge concerning the mechanisms regulating embryo development at molecular level is poor.
Commonly, quantitative real time PCR (qRT-PCR) is used to accurately quantify mRNA expression levels. How-
ever, this technique is highly dependent on stably expressed housekeeping genes to avoid experimental errors and
variations. Furthermore, the universal ideal reference gene suitable for all experiments has not been obtained. To
identify the most stable internal reference genes for studying gene expression in different embryonic developmen-
tal stages of mud crabs, tubulin alpha la (Tubala), ribosomal protein L13 (Rpll3), ubiquitin (UBQ), ribosomal
protein S6 kinase (Rps6), arginine kinase (4k), glyceraldehyde-3-phosphate dehydrogenase (gapdh), 28S ribo-
somal RNA (28S), 18S ribosomal RNA (18S), and elongation factor 1A (EF-1/a) were employed to quantify their
expression by qRT-PCR. The qRT-PCR results were used to evaluate their expression stabilities by three algo-
rithms—geNorm, NormFinder, and BestKeeper. The geNorm program analysis showed that the expression of
EF-1o and Rpl13 had the highest stability. The results also suggested that it was better to use these two internal
reference genes together to correct the quantitative results of target genes. NormFinder analysis showed that gapdh
and EF-1a had the most stable expression among the nine internal candidate reference genes. BestKeeper program
analysis showed that the standard deviation and coefficient of variation of gapdh were the lowest among the nine
candidate genes. Combining the three internal reference gene screening softwares, EF-/a, or double internal ref-
erence genes, EF-Ia and gapdh, could be used to correct the expression of target genes in different embryonic
developmental stages. Furthermore, we found that the expression of many published internal reference genes was
not stable enough under our conditions. In our experiment, commonly used internal reference genes such as f-actin,
18S, and 28S were not suitable for standardizing gene expression data in the different embryonic developmental
stages of S. paramamosain.
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