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Application of microinjection method in amphioxus and

functional study of Pax1/9 gene

Abstract

Amphioxus is now believed to be a promising model animal for evolutionary and
developmental studies for its simple body plan and genome content. However, as an
emerging model organism, amphioxus is lack of most molecular techniques applied in
other well-developed model animals. Microinjection is a powerful technique for gene
manipulation, and thus is one of useful approaches in the studies of gene function and
embryonic development. Although the method has been exploited in Florida and
European amphioxus, it still remains to be optimized and introduced into other
amphioxus species. In order to introduce the technique into Asian amphioxus
Branchiostoma belcheri, we followed and optimized previous description, and
respectively injected KCI, g-actin-LacZ or S-actin-Rfp plasmid into unfertilized eggs.
Results displayed that more than 99.2% of eggs injected with KCI were able to be
fertilized, 94.3% of them could hatch normally and 55.9% survived until 2-day larvae,
all of which were nearly equivalent to those obtained from normally fertilized eggs.
Embryos injected with two plasmid constructs also showed very high fertilizing and
hatching ratios, but normally developing ratios were slightly lower than that of KCI
injection. Of those embryos, 91.8% expressed exogenous LacZ gene and 80.5%
exhibited foreign Rfp expression, which were driven by a promoter from amphioxus
p-actin gene. These data indicated a successful modified microinjection method for
the unfertilized eggs of Asian amphioxus, which further facilitated the study of gene
function in developmental research.

Pharynx is one of the major characteristics of chordates. Cephalochordate
amphioxus has unique advantages in studying pharynx development for its embryos
lack neural crest and pharynx develops mainly from endoderm cells. Pax1 and Pax9,

belong to Pax1/9 gene subfamily, play important roles in vertebrate pharyngeal

4
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patterning. In amphioxus, the single Pax1/9 gene was also found to be expressed in
the pharynx, but its function awaited to be investigated. Here, we determined Pax1/9
gene expression pattern in different stages of amphioxus embryos, and examined
embryonic morphological changes after knockdown of Pax1/9 gene. The results
indicated that Pax1/9 expression initiated in early mid-neurula and rapidly reached its
highest level in mid-neurula. And the Pax1/9 transcript localized in most endoderm of
the developing pharynx in early mid-neurula, and in succeeding developing stages,
the gene expression was down-regulated strikingly in the region that would form gill
silts and was maintained in the border region. The knockdown of Pax1/9 gene using
both morpholino and siRNAs caused embryonic defects in the first three gill slits and
fusion of the front two gill slits, and reduced expression of pharyngeal marker genes
Six1/2 and Thx1/10. So we concluded that Pax1/9 gene played important roles in the
initial differentiation of amphioxus pharyngeal endoderm as well as in subsequent
formation of gill slits and border region, probably through modulating the expression
of Six1/2 and Tbx1/10.

A mouth-newly-opened amphioxus is morphologically asymmetry in the
pharyngeal region. Its mouth forms on the left and the gill slits develop on the right.
Here, in the embryos injected with Pax1/9 mRNA, two mouths symmetrically formed
on both left and right sides of the body, and the gill slits located ventrally at 3-day
larval stage. Moreover, Nodal and Pitx genes were asymmetrically expressed on the
left side of the body in the normal embryos at mid-neurula stage, but the
overexpression of Pax1/9 was sufficient to make these genes symmetrically express
on both two sides of the body. So we speculated that Pax1/9 gene might regulate the
expression of Nodal and Pitx genes at early developing stage, and consequently
affected the development of asymmetrical left-right axis of the body. Additionally,
overexpression of Six1/2 gene produced a similar symmetrical location of the mouth
and gill slit, and symmetrically altered the expression of Nodal and Pitx genes,
however, the embryos injected with Thx1/10 mRNA developed normally. These
suggested that Six1/2 might also play important role in the establishment of left-right
axis but Thx1/10 might not.



&I

In order to analyze the functional evolution of amphioxus Pax1/9 gene, we
detected the functional conservation and diversification between Pax1/9 gene and
zebrafish Pax1 gene. In amphioxus, Pax1/9 gene was expressed in pharyngeal
endoderm and somatic mesoderm at posterior end of the embryo. In zebrafish, the
genome contained two Pax1 paralogous, Paxla and Pax1b. The results displayed that
Paxla was expressed in pharyngeal pouch and mesoderm sclerotome, and Pax1b was
expressed in endodermal pharyngeal pouch, caudal somites, notochord and fin bud,
suggesting that the expression of zebrafish Pax1 was similar in the pharyngeal region
but diverse in the somatic mesoderm in relative to that of amphioxus Pax1/9. And the
knockdown of zebrafish Pax1b gene function led to the defects in vertebral column,
tail, pharyngeal skeleton and pectoral fin, suggesting that Pax1b played an essential
role in the formation of them. Besides, the mouse Paxl mRNA, but not the
amphioxus Pax1/9 mRNA, could rescue the MO-induced defects. These data
demonstrated that vertebrate Pax1 were most obviously involved in the development
of mesoderm skeleton, which might originated from myogenic function in amphioxus.
Furthermore, the chimeric Am(N)Dr(C)Pax1 could partially rescue the defects and the
Dr(N)Am(C)Pax1 mRNA could not, suggesting that divergence between C-terminal
regions of amphioxus Pax1/9 and zebrafish Pax1b possibly endowed Pax1b with new

function.

Key words: amphioxus; microinjection; Pax1/9 gene; pharynx; left-right asymmetry;

zebrafish
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