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Mor phological development and opsin gene expression in the
compound eye of female Apis mellifera ligustica

LEILi" WANG Hong-Fang CHI Xue-Peng XU Bao-Hua

(College of Animal Science and Technology, Shandong Agricultural University, Tai’an 271018, China)

Abstract [Objectives] To investigate the morphological development of the compound eyes and the temporal expression of
optin genes in queen and worker bees. [Methods] Three colonies of Apis mellifera ligustica with comparable swarming
potential were selected for artificial queen breeding, and samples of queen and worker pupae and newly emerged bees were
collected on each day of the pupal stage. Scanning electron microscopy was used to observe the external morphological
structure of the compound eyes of developing queen and worker bees, and Image J was used to measure the short and long
axes of compound eyes, their area, and the number, area and diameter of the ommatidia. Real-time quantitative PCR was used

to detect the expression of three opsin genes in queen and worker pupaec. MRNA expression levels of UV-sensitive opsin
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(UVop), green opsin (Lopl) and blue-sensitive opsin (BLop), were measured. [Results] Ommatidia had differentiated in both
queen and worker bees at the end of the pupal period (before emergence). After emergence, the compound eye area of both
queen and worker bees became smaller (P < 0.001), and the short axis (P < 0.05), area (P < 0.001), and number of ommatidia
(P < 0.001) in the compound eyes of queen bees were less than those of worker bees. However, the area (P < 0.001) and
diameter (P < 0.001) of the individual eyes of queen bees were larger than those of worker bees. The mRNA expression levels
of the three optin genes in queen and worker bees increased significantly (P < 0.05) after exiting the hive compared to before
exiting the hive. In the pre-pupal stage, the mRNA expression level of UVop was higher than that of Lopl and BLop, and UVop
was already expressed by worker bees in the middle and late pupal stages. The expression level of Lopl mRNA increased
significantly in the middle and late stages of pupation, surpassing that of UVop and BLOp to be the most highly expressed optin
gene. [Conclusion] Queen bees have fewer ommatidia than worker bees, suggesting that worker bees have better vision than
queen bees. Opsin expression patterns differed in queens and workers, mainly in the mRNA expression level of UVOp in the
pupal stage. The expression of opsin is related to the development of visual cells in vivo. These results provide a theoretical
basis for further investigation of the development of the compound eye and photosensory system of Apis mellifera ligustica
queens and workers.

Key words Apis mellifera ligustica; queen; worker; pupal stage; compound eye; scanning electron microscopy; opsins
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Fig. 1 Exterior morphology of compound eye in pupal stage and newly emerged queens

A RULE BT I ESLIOES; B, C B T ERZIREREIEA . 1d-5d: ¥ EHHI;

6d: %ﬁtﬂ%ﬂ%ﬂi, om:

JNIR; don: JERETE .

A. Queens head morphology under stereomicroscope; B, C. Surface morphology of compound eye of queens under scanning
electron microscope. 1 d-5 d: The pupal stage of queen; 6 d: Virgin queen; om: Ommatidium; ion: Interommatidium hair.
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B2 THFAmITL B TiESRIMIES
Fig. 2 Exterior morphology of compound eye of worker pupal stage and newly emerged workers
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9d: Briibr T8 om: /MR ion: JBREE.
A. Workers head morphology under stereomicroscope; B, C. Surface morphology of compound eye of
workers under scanning electron microscope.l d-8 d: The pupal stage of workers; 9 d: Newly emerged
worker bees; om: Ommatidium; ion: Interommatidium hair.
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Fig. 3 Opsin expression during pupae and adolescent development of queens
A, B, C. B TIIAME RIL; D. 45 Hidhige T 3 Fl R (A Lt Bl
1d-5d: BTH; 6d: Bl riET; Uvop: SIMEHEHEEN;
Lop: ZOCMA LA Blop: WOLMAEREN . #di Ll Mean =+ SEM RYEA KR (n=5),
A SAS 9.1 Bft, Prek fAERIE Er AR FRER R 2257 &P <0.05), MHREIFRFRRZRARE . TEIF.
A, B, C. Opsin expression during pupal of queens; D. Expression ratio of three opsins in queens at different ages.
1 d-5 d: The pupal stage of queen; 6 d: Virgin queen; UMop: Gene of ultraviolet opsin; Lop: Gene of green opsin;
BLop: Gene of blue opsin. Data are presented as Mean = SEM (n=5). According to SAS software 9.1,

the different letters above the broken lines and bars indicate significant differences (P < 0.05),
while the same letters indicate no significant difference. The same below.
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Fig. 4 Opsin expression during pupae and adolescent development of workers
A, B, C. THIEHIFHTEIEARIE; D. & Hilkrh T8 3 Mgl Ak el
1d-8d: THEURIT; 9d: B THe; Uvop: EAMEHLER FHER
Lop: ZRGMAEHEEIA; BlLop: W GMEHEER,
A, B, C. Opsin expression during pupal of workers; D. Expression ratio of three opsins in workers at different ages.

1 d-8 d: The pupal stage of worker; 9 d: Newly emerged worker bees; UVop: Gene of ultraviolet opsin;
Lop: Gene of green opsin; BLop: Gene of blue opsin.
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REJITRIT . M5 TR L, FRAR Tl AT R 1A
PRALE I R, (H8E T AY/MR AR EE R, X
AT RES BN Y SR B A A S AT O (SRR AR
K, 2019 ),
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TEAREGE T, RV e ke Bt #irp 3
Pl 5L UVop. Blop Al Lopl fl i a] 2k
BEATEARF R Z M BA —E 2R, $M6. §
JEFN SRR L D 7E 3 & T R R R )
f (] FRak . 1% F RS EE F LR (Uvop)
FERHIASE 1| KRBT C 55, B4 10 2 20 SR
iGN AR, SoMBEHILH (Lopl)
I COE N (BLop) MUZEMRINES 1 KAt
FIREEAL, MEHIASE 4 KAF mRNA £ik/KF
T, AH 3 PR SR A S B S ek e
FH LT, EHE Lopl ERAER AN EE (K
3: A-C), WFFERBHE MR b iy 2 301 G 5
FLENYIAIE], IR PR B | SR ANE 3 A
gite, HAHE USRI T 5, e an R
R, 250 505, (R Dos i g4
XU(E B, JERMRRR %% mEE ( Warrant
etal., 2004 ), ¥ EHIT 4 UVop. Lopl #il BLop
3 o AR 1 DR AR A DR ) % () 2R ik 8 = AH
1, BIFESRIES 5 H Bk H @3z B, W
AN TERR IS 5 H I e 2 e 6T 3 o 230 68 1 Rk
271, JCHOEXT GO B IR R AR
22 57 FEERIAE UVop 1) mRNA ik K |
(K 4. A-C), Lopl Fil BLop #l7E1 mRNA &
IR & B i R v B AR Rk,
AR, 3 ML YR IA K- 5 /MR
FRI R BRI 3 PRk Sz 20 i ) 5 i aE
& (Lichtenstein et al., 2018 ), {HZWIFHRY
KRB WTERR T, SRR R IA O
HARKHE . A, ABFFT LB, MM TR
iR Lopl Mgk i ¥ e th il — Kim, ULhT
M2/ MR MBI E], Lopl MIEBREGS S
INHR AR I AR A Rt — 2 AR

AW 5T TG 25 2 £ B 53 T /KF B XK
I 5 e A HR R AT S MR AR L B 3 R LR
P 35 R A B (] ki s AT T 09, Xtk — 25
8T K 2 W e 1 5 T e 5T R ) % B LA S
BOCR G NTEDLT BA 2 L
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