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Abstract 

 
 

Key features 
• Egg microinjection for the multicolored Asian ladybird beetle Harmonia axyridis under a stereomicroscope with 

injection equipment.  

• Detailed procedures for post-injection care, including rearing Harmonia axyridis. 

• Step-by-step guide for the efficient collection of Harmonia axyridis eggs. 
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This protocol is used in: PLoS One (2014), DOI: 10.1371/journal.pone.0100804 

 

In this paper, we present a detailed protocol for microinjecting DNA, RNA, or protein solutions into fertilized eggs 

of the multicolored Asian ladybird beetle, Harmonia axyridis, under a stereomicroscope equipped with an injection 

apparatus. H. axyridis is an emerging model organism for studying various biological fields, showing intraspecific 

polymorphisms exhibiting highly diverse color patterns on the elytra. Here, we describe how to rear ladybird beetles 

in a laboratory and obtain fertilized eggs for microinjection experiments. We also provide a constant fluid flow 

injection method, which enhances the efficiency of microinjection and improves throughput. Our step-by-step 

protocol is applicable to generating transgenic or genome-edited ladybird beetles, facilitating functional genetics in 

H. axyridis; the microinjection method should be applicable to other insect eggs. 
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Graphical overview 
 

 

 

 

Background 
 

Ladybird beetles belong to the order Coleoptera and encompass approximately 6,000 species worldwide, with 

around 190 species being described in Japan [1,2]. These beetles display diverse color patterns on their elytra, 

primarily black and red, which are not only species-specific but also display a high degree of diversity within species 

(intraspecific polymorphism) (reviewed in Ando and Niimi [3]). Of ladybird beetles, Harmonia axyridis has become 

an emerging model organism in diverse biological fields, such as color patterning [4,5], population genetics of 

intraspecific polymorphism [6,7], biological insecticides [8], and phenotypic plasticity [9]. H. axyridis possesses 

desirable characteristics as an experimental animal, such as the availability of an artificial diet, long-term storage of 

adults at low temperatures (up to 2 years and 8 months; personal observation), commercially available adults, high 

fecundity, easy access to fertilized eggs, and ease of sexing in adults based on morphology and at any stage by PCR-

based techniques [10]. The ladybird beetle's lifecycle is relatively short—approximately 3 days for embryogenesis, 

around 11 days for larval development through three molts, 4.5 days for pupal development, and a lifespan of 2–3 

months for adults (Figure 1). Furthermore, modern experimental techniques, including high-quality genome data 

[11,12], cryopreservation of the gonad [13], and numerous useful transgenic lines and mutant strains [14–16] 

including flightless mutants [17], and modern functional genomics, including RNAi, transgenics, and genome 

editing, have been developed for this species [4,14,15,18–20].  

 

 
 

Figure 1. Life stages of Harmonia axyridis. The developmental period for each stage under laboratory conditions 

at 25 °C is indicated at the bottom. The period shown for adults represents the time during which they lay eggs after 

mating. It takes approximately one week after eclosion for adults to reach sexual maturity. Scale bar: 1 mm. 
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Fertilized egg microinjection is an essential approach for functional genomics including transgenesis and genome 

editing, being the most commonly used method in insects. While there are several methods for delivering reagents 

into eggs—including electroporation [21–23] and particle guns [24–26], which enable simultaneous treatment of 

multiple eggs—microinjection is the most widely used method for introducing nucleic acids, proteins, and chemicals 

into insect eggs. This method, however, has problems such as frequent clogging due to the backflow of egg contents, 

which prevents efficient injection. To overcome this problem, we developed an injection method using constant 

fluid flow (i.e., constant pressure during injection). This method not only prevents needle clogging but also 

contributes to increased injection throughput because it allows the delivery of the injection solution without egg-

by-egg manual injection. However, this microinjection system is not able to control a precise injection volume, but 

the injection volume can be controlled by adjusting the time the needle is kept inside the egg. Our injection system 

is performed under a stereomicroscope with a micromanipulator and an injection needle holder, making the 

construction of an injection system more affordable than systems with compound microscopes. This paper describes 

the methodology of microinjection into the multicolored Asian ladybird beetle embryos using constant fluid flow 

injection with a stereomicroscope. 

 

 

Materials and reagents 
 

Biological materials 

 

1. Harmonia axyridis (young-adult female and male beetles). Ladybird beetles are commercially available as 

biopesticides in Japan (Tentop, Agrisect, Japan) and possibly other countries. We used established lab culture 

lines once they had been collected in Aichi, Japan from the outside environment in the spring. 

2. Pea aphid, Acyrthosiphon pisum (feeding source, important for high egg productivity) 

Note: Live pea aphids are not commercially available. Pea aphids are found all over the world and can be self-

fertilized. Aphids can be maintained on broad bean plants and are easily reared as they are asexual to ensure 

a steady food supply for the beetles. 

 

Laboratory supplies 

 

1. Micro-loading tip (Eppendorf, catalog number: 5242956003) 

2. Paper towel (laid on the bottom of the rearing case) 

3. Double-sided tape (Nitoms, catalog number: J0820 or equivalent) 

4. Slide glass (Matsunami, catalog number: S1111) 

5. Artist’s brush (00 number painting brush) 

6. Glass capillary (NARISHIGE, catalog number: GD-1) 

 

 

Equipment 
 

1. FemtoJet 4i (Eppendorf, catalog number: 5252000021)  

2. Dissection/stereomicroscope (Zeiss or equivalent) 

3. Micromanipulator (Narishige, catalog number: MMO-202ND) 

4. Micromanipulator stand (Narishige, catalog number: GJ-1) 

5. Micromanipulator stand base (Narishige, catalog number: IP) 

6. Needle holder (Narishige, catalog number: HI-7) 

7. Micropipette puller (Sutter Instruments, catalog number: P-1000) 

a. Box filament (FB245B, 2.5 mm × 4.5 mm) 

8. Microcentrifuge (TOMY, model: MX-307) 

9. Pipetman [GILSON, catalog numbers: F123602 (P1000), F123601 (P200), F123600 (P20), and F144801 (P2)] 

10. Vortex mixer (LMS, model: VTX-3000L) 
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11. Insect breeding case (SPL Life Sciences, catalog number: SPL-310102) 

12. Water container (see Figure 2; Umano Kagaku Youki Kabushiki Gaisya, Pla tsubo 20 mL) with a hole (3 mm 

diameter) on a lid 

 

 
 

Figure 2. Post-injection care. (A) Overview of the H. axyridis rearing system. (B) Overview of the aphid 

rearing. Aphids are reared on the broad bean seedlings in a net cage. (C) Magnified view for aphids. 

 

13. Paper-based string for water supply (see Figure 2; Morioto Co., Ltd. 2 mm wide) cut at 4 cm long and placed 

in the water container 

14. Hairdryer (Koizumi, catalog number: KHD-1430 or equivalent) 

15. Clamp for holding hairdryer (Sibata Scientific Technology or equivalent) 

16. Slide glass case (to keep premade egg holder slide clean) 

17. Humid chamber (see Figure 3H) 

 

 

Procedure 
 

A. Preparation of an egg holder plate (Figure 3A) 

 

1. Cut the double-sided tape approximately 1 mm in width and a slightly shorter length than that of a slide 

glass. 

2. Attach the tape to the edge of the slide glass. 

3. Press down on the tape from above to ensure it adheres evenly. 

4. Peel off the liner from one side. 

5. Store the prepared plate in a slide glass holder to prevent dust accumulation until use. 

 

B. Preparation for breeding H. axyridis 

 

1. Prepare approximately 10 pairs of young ladybird beetles and separate them by one pair per case. 

Note: Do not place several pairs in the same case; otherwise, they will compete for mating and will not 

produce many eggs. 

2. Feed the beetles with plenty of available aphids; they will begin laying eggs after a week of adult 

emergence. Replace the breeding cases every two days. 

Note: While the ladybird beetle can be fed on an artificial diet, a daily supply of fresh aphids is essential 

for the regular production of eggs. 

3. Microinjection is carried out using eggs from pairs that have been confirmed to lay fertilized eggs. 
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Figure 3. Injection setup. (A) Alignment of eggs on the double-sided tape of an egg holder plate. (B) Shape 

of an injection needle. (C and D) Magnified tip of the needle before (C) and after (D) opening. (E) Overview 

of the microinjection system. The red rectangle highlights the area shown in G. (F) Desiccation system using a 

hair dryer and adjusting the height with a clamp 20 cm apart from an egg plate positioned underneath. (G) An 

enlarged view of the microscope stage shows the adjustment of the egg plate height to the injection needle with 

a glass plate. (H) Overview of the humid chamber. Place a moist paper towel inside. Scale bars in B–D: 100 

µm. 

 

C. Preparation of microinjection needle 

 

1. Injection needles are made by pulling the glass capillary with the following settings (ramp value: 713). 

This two-step pulling allows the needle to have a longer taper region (Figure 3B).  

HEAT 740, PULL 40, VEL 50, TIME 220;  

HEAT 740, PULL 40, VEL 60, TIME 220 

2. Store the prepared needles on a needle holder until use.  

 

D. Egg collection and alignment on the egg holder plate (Figure 3A, Video 1) 

 

1. On the morning of the day of injection, clean the rearing cases and check for egg laying every 3 h. 

Microinjection should be done within 3 h after egg laying. 

Note: Based on our experience, ladybird beetles like to lay batches of eggs on the back side of the folded 

pieces of paper or a pea sprig. Eggs laid in these places are easy to collect and handle. The ladybird beetle 

lays its eggs with their anterior end oriented upward against the surface (paper in the rearing case and 
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leaves in nature), securing them in place using a natural adhesive secreted by the mother onto the posterior 

end of each egg during oviposition. When enough feeding with aphids is provided, beetles should lay 

approximately 20–40 eggs per day, even though the timing and location of egg laying are not predictable. 

2. Gently pick up the eggs one by one by softening the egg glue with a moistened paintbrush. Align the eggs 

on the double-sided tape with the glue side facing outward and spacing them one egg width from each 

other (Video 1). 

Note: The posterior end of the egg is likely to be tougher than the rest of the egg surface, and the egg glue 

helps to seal the hole made by the injection, contributing to a high survival rate. Furthermore, previous 

genome editing research using TALEN in Harmonia axyridis has shown that the hatching rate varies 

significantly depending on the injection site. When injected anteriorly, the hatching rate is 38% (55 out of 

144), whereas posterior injection results in a hatching rate of 77% (161 out of 209) [18]. 

 

 

 

Video 1. Preparation of the egg on a glass slide 

 

3. Desiccate the eggs with a hair dryer placed 20 cm above in a cool setting for 5 min (Figure 3F). 

 

E. Preparation of the injection solution and loading it into the injection needle 

 

1. Centrifuge an injection solution at maximum speed at 4 °C for 3 min. Phosphate-buttered saline or pure 

water is sufficient for the injection buffer. We recommend avoiding buffers that contain 

ethylenediaminetetraacetic acid (EDTA), such as Tris-EDTA buffer. 

Note: This step is critical for avoiding clogging needle tips during injection. 

2. Carefully load 1.0–1.5 µL of the injection solution from the opposite side of the injection needle with the 

microloader; 1 µL of injection solution is sufficient to inject approximately 100 eggs. 

Note: Make sure the needle does not contain air bubbles. If present, air bubbles could be removed by gently 

flicking the injection needle. 

3. Set the injection needle to the injection holder and attach the holder to the micromanipulator (Figure 3E), 

taking care not to damage the needle tip. 

 

F. Egg microinjection 

 

1. Set the injection parameter of FemtoJet to a constant pressure (Pc) of 600–700 hPa and an injection 

pressure of 0 hPa. 

Note: In our injection system, the injection solution is constantly leaking from the tip during injection. This 

is beneficial for preventing the clogging of the needle tips by backflow from the egg yolk or surrounding 

substrate.  

https://bio-protocol.org/e5136?v=1
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2. Place the slide glass with aligned eggs onto the stage of the microscope. 

3. The position and height of the needle holder should be adjusted so that the glass needle is almost parallel 

to the egg holder plate.  

Note: Parallel injection is preferred because it ensures that both the needle tip and the egg are focused 

properly and that an accurate injection is made in the most appropriate location. 

4. Adjust the field of view so that the edge of the egg slide and the needle tip are in the same field of view. 

5. Open the needle tip by gently touching the edge of the slide glass under the microscope; the injection 

solution will leak out. This process will break the fine end of the needle to be approximately 5–7 µm in 

diameter (Figure 3C and D, Video 2). 

Notes:  

a. After opening the tip, Pc should be adjusted so that a droplet of the leaked injection solution forms at 

the tip of the needle (Video 3). If the tip is too large, a droplet will not form. This step is critical since 

injection volume cannot be precisely controlled with this method. We have not measured the maximum 

volume tolerated by the eggs. It is advisable to first test the needle tip size and duration for which the 

needle is injected into the eggs to determine the optimal injection conditions. 

b. If the broken tip is too large, it is better to prepare a new needle. Otherwise, such needles will cause 

significant damage to the egg, leading to reduced survival rates. 

 

 

 

Video 2. Preparation of the needle, opening the tip by gently touching the side wall of the glass 

 

 

 

Video 3. Microinjecting the solution into the egg of Harmonia axyridis 

https://bio-protocol.org/e5136?v=2
https://bio-protocol.org/e5136?v=3
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6. Under the microscope, move the needle to the center of the field of view and focus on the needle tip; 3–4 

eggs fill the field of view. 

7. Move the stage so that the needle is facing the first egg to be injected. It is recommended that injections 

begin at the end side of the aligned eggs.  

8. Bring the tip of the needle close to the egg surface. 

9. Attach the needle tip to the egg glue, which is localized at the posterior end of the egg, and soften the egg 

glue by the injection solution leaking out from the tip, allowing the needle tip to penetrate through both 

the glue and egg membrane into the cytoplasm (Video 3).  

Notes:  

a. Once the needle is inserted into the cytoplasm, the injected solution will automatically flow into the 

cytoplasm. In our experimental setting, we leave the needle for a moment to ensure the solution is 

flown out into the egg (Video 3). Since the microinjection system cannot precisely control the injection 

volume, it is important to determine the optimal timing for inserting the needle. Inserting the needle 

for too long can result in developmental failure. 

b. To provide a better understanding of the approximate injection volume and flow rate, we have 

recorded a video of the microinjection procedure using a colored injection solution (Video 3). This 

video allows for a more visual representation of the microinjection process, demonstrating the flow 

rate and technique more clearly. For first-time microinjections, to better visualize injected eggs, 

monitor injection and leakage volumes (as shown in Video 3), and ensure accurate injections, we 

recommend mixing a dye tracer—such as food dye, fluorescent rhodamine, or phenol red—into the 

injection solution.  

10. Eject the injection needle from the egg and leave the tip of the needle for a moment in the droplet of 

injection solution outside of the eggshell to prevent the clogging of the solidified yolk. 

11. Continue to use the same needle and repeat the injection with as many eggs as possible. Usually, one needle 

is used for several glass slides. To obtain the transformant, 100–150 eggs per construct would be enough 

with appropriate injection skills. 

Note: If the needle clogs during injection, pull the needle from the egg and press the CLEAR function or 

the injection button on the FemtoJet to remove the debris. When the needle tip breaks, enlarging the 

opening, readjust the Pc value to accommodate the change and maintain proper flow. If this does not work, 

you may further break the tip or replace it with a new one. 

12. After injection, remove the eggs that were not injected or not properly injected (yolk leakage). 

13. Store the injected eggs with a slide glass in the humid chamber (Figure 3H); then, store the chamber in the 

incubator at 25 °C just before they hatch.  

Note: When we inject water/PBS into the egg using this method, the hatching rate of larvae depends on 

the injection proficiency, but embryo survival rates typically range from 50% to 80%. Of the hatched larvae, 

usually approximately 70% develop into adults. 

 

G. Post-injection care 

 

1. Just before hatching (approximately 3 days after injection), transfer the glass slide with the injected 

embryos to an insect case (Figure 2A) and put some frozen H. axyridis eggs as food. 

Note: In the insect container, we put a water-absorbing sponge for first- and second-instar larvae and a 

water container for the remaining stages. For the water container, we use a drill to make a hole in the cap 

and fill the container with water, inserting twisted paper into the hole. 

2. Feed enough frozen H. axyridis eggs to the hatchling larvae until they reach the second instar, which 

usually takes three days after hatching (Figure 1). 

Note: H. axyridis larvae have an intense cannibalistic habit, so it is important to provide sufficient food 

after hatching to prevent the loss of injected larvae. 

3. Once larvae reach the third instar (Figure 1; 6–7 days after hatching), separate them into five larvae per 

case and feed them with frozen or fresh aphids daily (Figure 2). 
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4. From the fourth instar onward, the larvae can be reared on artificial food. 

Note: Once the larvae have reached the fourth-instar stage, they should be separated into one larva per 

case to prevent them from cannibalizing each other. 

 

 

Validation of protocol 
 

This protocol or parts of it has been used and validated in the following research articles: 

• Kuwayama et al. [15]. Germ‐line transformation and RNAi of the ladybird beetle, Harmonia axyridis. Insect 

Mol Biol. (Figure 2) 

• Kuwayama et al. [14]. Establishment of Transgenic Lines for Jumpstarter Method Using a Composite 

Transposon Vector in the Ladybird Beetle, Harmonia axyridis. PLoS One. (Figure 1) 

• Osanai-Futahashi et al. [16]. A visible dominant marker for insect transgenesis. Nat Commun. (Figure 6c) 

• Hatakeyama et al. [18]. Knockout of a transgene by transcription activator‐like effector nucleases (TALENs) 

in the sawfly, Athalia rosae (Hymenoptera) and the ladybird beetle, Harmonia axyridis (Coleoptera). Insect 

Mol Biol. (Figure 3B) 
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