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Abstract: [ Objective | Honeybee queen and worker are developed from fertilized eggs with the same
genetic background. Due to differences in food nutrition and developmental space, they exhibit significant
differences in not only physical appearance but also reproductive ability, lifespan, and behavior.This study aims
to compare the morphological and physiological-biochemical differences between honeybee queen and worker,
in order to provide a theoretical basis for bee breeding. [ Method ] Queen bees and worker bees of Western
honeybee (Apis mellifera) emerged from brood cells were used as experimental subjects. Microsampling
techniques were employed to measure morphological indicators such as wing size, hind leg dimensions, dorsal
plate characteristics, and abdominal plate measurements. ELISA assays were used to determine the levels of
vitellogenin (Vg) and juvenile hormone 3 (JH3) in their hemolymph. Biochemical indicators including protein
content, amino acid metabolism, carbohydrate metabolism, and lipid metabolism were also analyzed in the
hemolymph of queen bees and worker bees.[ Result]In terms of wing indicators, the queen’s fore wing length
(FL) , fore wing width (FB) , cubital vein a(a), cubital vein b(b) , cubital vein index(Ci) , fore wing vein angle
A4 (A4) , fore wing vein angle G18 (G18) , hind wing hook number (HWH) and other morphological indexes
were significantly higher than those of worker bees. Queen bees also displayed higher indexes of hind leg
segments (Ti, Fe, ML) , dorsal plate lengths (T3, T4) , dorsal hair length (5 h) , and abdominal plate
measurements (16, T6) than those of worker bees.Physiologically, queen bees had significantly higher levels of
vitellogenin (Vg) in their hemolymph.In terms of biochemical indicators, queen bees had significantly higher
levels of total protein (TP) , aspartate aminotransferase (AST) , high—density lipoprotein cholesterol (HDL) ,
creatinine (CRE) , uric acid (UA) , lactate dehydrogenase (LDH) , creatine kinase (CK) , and creatine kinase
isoenzyme (CK—MB ) than those of worker bees. However, worker bees exhibited significantly higher levels of
glucose (GLU) , total cholesterol (TC) , triglycerides (TGL) , and low—density lipoprotein cholesterol (LDL) in
their hemolymph than those of queen bees. [ Conclusion ] This study revealed significant differences in
morphological indicators and physiological-biochemical parameters, including protein content, amino acid
metabolism, carbohydrate metabolism, and lipid metabolism, between emerged queen bees and worker bees of
Western honeybees. These findings contribute to a more comprehensive understanding of honeybee caste
differentiation and are expected to provide new ideas for the cultivation of cultivation of high—quality queens
and the protection of honeybee resources.

Keywords : Apis mellifera ; queen ; worker ; morphology ; physiology and biochemistry
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1 #Rl5REE
1.1 iXEe A #

TR W A FH VY 7 5 6 (Apis mellifera) W I KR 8 8% (Apis mellifera ligustica) , R FAbRER 37 77 1%
T FRS FEMERE T E2=05 , BEALZE I 3 HEF N O~ 10 HE 1 SR EAE 1o et , 2] B A4 o e A 8
GRS OB 177 00 6 he ORISR RS HUBL IR A A 0 H IR BN AGFE HL AR T 57 K AR AR L A 4k
R PR R L E AT A I AR P R o SRS 200l I3 A A R MR ALt Ak
L RN By T8 o 35 £ 100~150 H o
12 FERAF S

& A BR # JLAE  (vitellogenin, VTG) #1243 & (juvenile hormone 3,JH 3) ELISA i 7] & (96T, |-
FRVEYRHE A R A, B ELISA IR & (96T, LR EY R A R A, B H (total biliru-
bin, TP) \BR#E H (globulin, GLO ) . 4¥ N 4% % i (alanine transaminase , ALT) 4% 5 % % [i#f (aspartate trans-
aminase , AST) . 75 %5 4 ( glucose, GLU) . B IH[E EE (total cholesterol, TC) . H i =g (triglyceride ,TGL) 15
% B R 2K H IH [ B2 (high density lipoprotein cholesterol , HDL) X% £ 5 &5 H IH [5] B (low density lipopro-
tein cholesterin, LDL) . LT (creatinine, CRE) . JR ig (uric acid, UA) . L& i & i (lactic dehydrogenase,
LDH) JULFZ 14 ( creatine kinase ,CK) . JUBR 15 i [7] T T ( creatine kinase isoenzyme MB, CK-MB E ey
TR (G B 7 [ B RN 7)), S 56 28 4l K 22 48 (Master—S 15, | AR XA AT BRAN 7 ) | 25 e o A% 1 21
8L R 7 0 2% (U0 4R R 2 28 e T 58 IR AR ), 0.5 mL 85 .0 45 (BS—=05-M , biosharp ) , & 4045 (0.3 mmX
100 mm , HE 74 BERF A AN ST ), fH IR AR B4R (DHK 1508, bR ITAY 885 4 A PR A | |, BEFRAY (Synergy
HTX, BioTek ) , & 0> #1 ( Centrifuge 5430R , Eppendorf) , i3 /N9 A & 5 K040 40 17 22 46 (b I AR BR27 B
Py P15 5 AT Kk W 9T i T &) L 4 A i AR A AL (BS-860), 14 i B2 7 [l B A7 FRA W) ), AR =X W i
(SZ810, H B AR E A BR DT 28 Al L 8% F (BS-ZER-S-160, biosharp) , Z 3% i (10127105P-G, T.
S ZR LI AR A PR A F] ), SR8 (10101818, VL5028 5246 g A A7 BR A 6 ) | fif #51 £1 (18-7306 , BRI
Y HEARARAT)
1.3 K7 =*
131 FHEBENZ S Ruttner™ 4 1 B S E bR, 45655 =X 2 E & & B L 5T A TAE
N R =4 F 8 i  EIR A R AR T (58 ) ) 2 0 SRR AR R 3R B8 43 L A F 90 18 BT
22k =7 AN :ﬁﬁﬂfi(forewing length, FL.) \ﬁﬁﬂﬁ(forewing width, FB) JiJ ik a(cubital vein a,a) ik b(cubi-
tal vein b, b) B k38 4 (cubital index, Ci) . Jij ¥ 3 ik ff A4(f0rewing vein angle A4, A4) R Ik f B4
(forewing vein angle B4, B4) By bk fA D7(f0rewing vein angle D7, D7) 5y ik ff E9(f0rewing vein
angle E9, E9) . B8 ik ff ]10(f0rewing vein angle J10,J10) By ik /A 113 (forewing vein angle 113,
L13) . Hi 43 Jik £ J16(f0rewing vein angle J16,J16) By ## Ik f4 ClS(f()rewing vein angle G18, G18) . g
W ik f K19 (forewing vein angle K19, K19) | 1 # 3 fik ffi N23 (forewing vein angle N23,N23) | {ij ¥ ## ik
ff1 026 (forewing vein angle 026, 026) . Ji7 ¥ /2] 5¢ (number of hindwing hook , HWH) ; J5 /£ 845 . 5 2 IR
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7 % (length of hind leg tibia, Ti) | J& /& % 15 4 (length of hind leg fermur, Fe) | Ji /& 3£ B 75 K (length of
hind leg metatarsus, ML) . J5 /& & Bff 45 & (width of hind leg metatarsus, MT) ; 75 #i 38 A5 5 « 28 3 T K&
(length of tergite 3,T3) .55 4 I5 M £ (length of tergite 4,T4) %5 5 75 H 2 E K (length of tergite 5 hair,5 h) ;
JE M FE bR 5 6 JE A (length of sternite 6,1.6) V5 6 MR TE (width of sternite 6, T6) %5 26 IR &35 45 %
VU 7 4 W W E R T PRI S AR AR EA T I 2 Ar o MARAR B 75% SIS0 23 i B 15 H e
AT 0 MUK B H e £ 5 T R R 5 5 B8 58 3 8 A 50 4 T 05 5 T MRORIER 6 IR AR R
kK5 6 IE AT L0V AT e 8, PR A IR 2 e 2 L 55 B SR 3R VIV IRTE 25
Ik 5 B8 23 BT 2R G BR AR EA T RS AR A8 B 52 BRI S35 bR WL IR 1, 5 IR AR b 5 R dE b IR
MR AE bR SIS FE AR UL IR 2.

(A)a:JEE M fka,b: £ kb, FL: 6 E R, FB: i £ FT# 58 ; (B) i ERTBIK A A4,B4,D7; (C) ¥ EH#2 ik
FAE9,J10,113; (D) ¥ TR kM 116,618, K19,N23,026; (E) ¥ T 52 ; (F)a: THE Ik a,b: TEER KD, FL: T9H]
WA FB: TR S ; (G) TR 8 Bk fy A4, B4, D7; (H) L i@ @k /1 £9,J10, L13; (1) T wir## ik / 116,618,
K19,N23,026; (J) T4 J# %) .

(A)a: Queen forewing vein a, b: Queen forewing vein b, FL: Queen forewing length, FB: Queen forewing width; (B) Queen
forewing vein angle A4,B4,D7;(C)Queen forewing vein angle £9,J10,113; (D) Queen forewing vein angle J16,G18,K19,N23,
026; (E) Queen hindwing hamulus; (F) a: Worker forewing vein a, b: Worker forewing vein b, FL: Worker forewing length, FB:
Worker forewing width; (G) Worker forewing vein angle A4,B4,D7; (H) Worker forewing vein angle E9,J10, L13; (1) Worker
forewing vein angle J16,G18,K19,N23,026; (J) Worker hindwing hamulus.

1 PP B £ 5 T 17 MR S b
Fig.1 Examples of 17 wing morphological parameters comparison between newly emerged queen and worker of Apis mellifera
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133 ZHaKe b Ve JH3 S22 Vet §IH3 a2 £ 5 T E SRR, 58 MR
B PIAH ™, Ve & i 5 JH3 & & 43 70k 1 209 8 26 1 (VTG) ELISA 305 & L B AR 4R (JH)
ELISA S G o W 738 a0« 20 Bl bR AR L 25 F AL (25 0 BRFLAS e it S b i), o
S AEAERIR)) IR AL TERB AR AL AR UERE i FL A AN [R) W B A AR 50 L, ZERFINAE AL
P TIRE SRR B 40 WL, SRS FEINAF AL & 10 WL OFF S e A RR BEEE R S %) o IAERREAE iin T B b Al
FLIECHR SR i S LRE B AR AT . BALIN AR AR 100 WL, 25 FIALER SR FH 3 A B B4R )5
37 ‘CIE 60 min, /OB AR, 55 MR, BT, AL DR I, 58 30 s J5 78 25, N 42 50K
T RS EALAEIMA B AR A 50 WL, FEILA 657 B 50 pL, 2R E GRS, 37 "CHE A 15 min J5
FEALIMZE AR 50 WL, 261k SO0 (UGB s 7 B 60) o DA LA R, 450 nm IR AR T 0 o 4% L A IOl
JE(ODMH) . FHHPRHEY MR EE 5 OD {53 AR v il 2k 09 B B E T R X (y=aw+b) B A 1 OD AR
AT RS TR R TR B Ffe LA BEAS AR, B A il ) SE Bk

134 E¥ e Adamn g AR AT OV A RCRES 5 R B4R AREE DI, i
55T bk L P 45 AR AR FR AR 0 AT — 2D R T T R A 22 R s I gk T b AR AR FR AR
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1mm ~ dmm

(A)Ti: 3 F I IR, Fe: 3 T Jn R ICIT I , ML 8 5 RSB, M 88 5 LB 5 5 (B) T3 4 155 =79 i
K5 (C)T4: B EH VI A ; (D) Sh e T 58 RSB 5 (B) L6 B EHNIEMIC, T6 - 3 T 50 /S 98 5 (F)Ti - T#EJ AL
A, Fe: THESS RS HC, ML: T SRR TS 1, MT: T35 AL R B 15 98 5 (G)'T3: TR =35 A IG5 (H)T4: T #E551Y
AR s (D5h: TR T HRE K ()L6: TSNS, T6: T 85N HAR Y -

(A)Ti:Queen hind tibia length, Fe: Queen hind femur length, ML: Queen hind basitarsus length, MT: Queen hind basitarsus
width; (B) T3: Queen third tergite length; (C)T4: Que en fourth tergite length; (D) 5h: Queen fifth tergite hair length; (E)L6:
Queen sixth abdominal tergite length, T6: Queen sixth abdominal tergite width; (F)Ti: Worker hind tibia length, Fe: Worker hind
femur length, ML: Worker hind basitarsus length, MT: Worker hind basitarsus width; (G)T3: Worker third tergite length; (H)T4:
Worker fourth tergite length; (1) Sh: Worker fifth tergite hair length; (J) L6: Worker sixth abdominal tergite length, T6: Worker
sixth abdominal tergite width.

B2 PUr R g S TS I A B AR SE 9 MBS bR
Fig.2  Examples of nine hind leg, tergite,, and sternite morphological indicators between

newly emerged queen and worker of Apis mellifera

4 A A AT A LB A AR S T I o B A0 RIS AR H 55 1) A £ e 1 RIS AR 5 1Y)
T 0 T D Ak R BB S I R R B, BN RE AL 0.4 mL(FE 6 N H ) B R INREA LR 2 4 1 sh 4k
ICIREAR SR o FEAL R A ERAE B b e R 1 (TP) JBREE 1 (GLO) S TN &l (ALT) 45 B 5% il
(AST) %58 (GLU) S B E R (TC) H il =8 (TGL) 25 %% 2 s 8 (1 [ s (HDL) I %5 132 g 2 11 1[5
L (LDL) JLEF(CRE) JRER (UA) (FLER MK S8 (LDH) JULER #4086 (CKO LR 3% B W] T8 (CK-MB ) 4% 14 13
AASEbR . PR 4 A Sl AR AR EER 38 A 0 AN TR B AR 5 (100% .80% .60% 40% 20% ) il 47
AR AR HE AL IR, LA ORI 52 45 SR i) B R R0 A] Sk L AR AR I B i £ It B, B Zh AT REA
ARFE GRFAEIA BNE 1 e A N i 2 SR A R
1.4 HESWESIT

FIH Graphpad 8 #4770 M A F8 b A= 38 AE AL A8 A5 S5 808 o 5006 - 3 245 1 22 (Mean=SD ) 3=
7, P T R BT AT, 2 IR 22 S At 3 R SRR KT 2 P<0.05 .

2 #F R

2.1 BAHFEEPUHEETE TERSIEIRIER

AR 1 2 AT W T BT SE K a K b R BRI A E T K A4 i K A
G18 . Ja IR Ja B 5 R IEH K BE 3K BB 4K R S IR E R BB 6 IE AR 5B
6 JE MR 5 A5 16 WK A48 bl 3 0 T T8 (P<0.05) 5 T MR ik /1 B4 i ik /1 D7 Fis# #8 ik /5 19
A5 3 TG TR AS AR AR AR B = T T (P<0.05) s (HL & i3 ik /1 110 . L13 .J16 K19 \N23 026, LA X Ji5 /&
T AT T WUE S8R 22 R A B (P>0.05) .
22 BAEHPHMHEETFSTEMKE R Vel JH3 S EELE

P P 3 AR B 1 RN T 0 K B P Vi 5 i 0 ) R 387.1 ng/mLL A1 343.6 ng/mlL, B LMK EL 1 Vg i
I 2R T T (P<0.05) 5 B 15 T8 bk 2 Hh JH3 35 453031 195.9 ng/mL A1 207.2 ng/mL, {H #3 2Z [8] ¢
FHEF(P>0.05),
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F1 EAEEPNCHBEESTE 17T NMBEESRERILER
Tab.1 Comparative analysis of 17 wing morphological indicators between
newly emerged queen and worker of Apis mellifera

i 2% e T T
No. Morphological characteristics Queen Worker
1 HI# K FL/mm 9.823+0.201° 9.313+0.294"
2 H# 9E FB/mm 3.207+0.087° 3.112+0.069"
3 Jit Bk a/mm 0.667+0.072° 0.550+0.046"
4 SRk b/mm 0.173+0.032" 0.209+0.023"
5 Ji k6 £ Ci 3.983+0.907" 2.654+0.337"
6 Tk A4/(°) 36.830+2.469" 30.430+1.891"
7 H Ik /3 B4/(°) 85.750+7.563" 112.400+5.603"
8 HrR R kA D7/(7) 88.730+4.458" 98.400+2.766"
9 APk A £9/(7) 20.590+1.861* 23.720+1.360"
10 ARk A J10(110)/C7) 50.630+6.816" 52.820+3.717"
11 A kA L13/(7) 13.400£1.463" 14.3901.399°
12 H kA J16(116)/(°) 91.340+7.325" 88.350+9.654°
13 HH KA G18/(7) 103.100+1.187 93.470+2.247"
14 HIR Ak A K19/(7) 78.700+3.894° 82.640+8.581°
15 T ik M N23/(7) 84.400+6.253" 88.420+7.081°
16 i K 026/(°) 35.110+4.254° 36.990+3.100"
17 JF A ECHWH 21.470+1.457" 18.270+1.100°

[RI4T 7 B AR [F] 28R 252 AN 835 (P>0.05) , ARl 7 BE KR 22 53 1835 (P<0.05) .

The same letter in the same line indicated no significant difference (P>0.05) , different letters indicate significant differences

(P<0.05).
F2 AAEERLHEETFSTEINGRE . SR EWRIEIRILE
Tab.2 Comparative analysis of nine hind leg,tergite,sternite morphological indicators
between newly emerged queen and worker of Apis mellifera
A’ IS L7 I F. T4
No. Morphological characteristics Queen Worker
1 Jei Y K Ti/fmm 3.517+0.173" 3.020+0.090"
2 Ja BT Fe/mm 3.935+0.110° 3.127+0.107"
3 i ALK ML/mm 2.460+0.097" 2.065+0.062"
4 J& LT 5E MT/mm 1.160+0.063" 1.158+0.059"
5 % 3 51K T3/mm 3.146+0.242" 2.328+0.058"
6 55 4T T4/mm 3.005+0.193" 2.301+0.054"
7 55 5 MR Sh/mm 0.288+0.015" 0.251+0.040"
8 55 6 AR K L6/mm 3.570£0.162" 2.864+0.134"
9 55 6 AR 5E T6/mm 3.998+0.213" 3.193+0.105"

FIfT R RN 22 B T2 (P>0.05) , AR FEE 5 22 55 1.2 (P<0.05) .

The same letter in the same line indicated no significant difference (P>0.05) , different letters indicate significant differences

(P<0.05).
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The same letter indicated no significant difference (P>0.05) , different letters indicate significant differences (P<0.05).

Fig.3
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Comparison of Vg and JH3 in the haemolymph between newly emerged queen and worker of Apis mellifera

23 ARFEEPRLLHEETIESTEMKEHES SEBRH . EENH . MAEEEUIEIRILE
MR 3 AT B AR L P B A R N | R A A IR A UL R TR LR U LR
Ve UUTR DRt ) TS 8 AR AR & ik 2 R T M (P<0.05) 5 L0 I AR L2 v A 2 M L ST L =
Pt AR % 2 iR 2 1 LT 5 4 TR s 75 4 235 v T8 1 (P<0.05) s 8 T LMK L BREE 1 A N il 5 T
Z A B 22 5 (P>0.05)
®3 AAEBRPUHEETETE 4 EUERIER

Tab.3 Comparative analysis of 14 biochemical indicators between newly

emerged queen and worker of Apis mellifera

G AALTEbR T T

No. Biochemical criterion Queen Worker
1 BEEMH TP/ (g-L) 12.230+2.016° 4.800+0.957"
2 BRI GLO/(g-L™) 12.410+2.103 11.750+2.555
3 AN ALT/(TU-L) 152.40025.320° 123.800+42.590°
4 A G AST/(TU-L7) 201.800+40.640 * 119.400+21.030"
5 A% GLU/(mmol - 1.7) 6.025+2.905" 12.100+1.303"
6 JIH E EE TC/(mmol « L) 0.200+0.059" 0.555+0.202"
7 il =8 TGL/(mmol - L) 0.865+0.159" 1.975+0.186"
8 o 4 B IR 4 1 IB T B HDL/ (mmol - 1) 0.310+0.036" 0.185+0.035"
9 %% i A 2 (1 B B LDL/ (mmol - L) 0.105+0.017" 0.235+0.030"
10 WL CRE/(mmol - L) 327.500+11.790" 92.550+16.020"
11 PR UA/(mmol - 1) 1 363.000+97.670" 291.900+85.910"
12 L i U8 LDH/(mmol - 1.7") 38.240+0.883" 31.620+4.481"
13 JWLAR S4B CK/(TU- L) 352.500+70.170° 48.730+9.464"
14 LR e ] T CK-MB/(TU-1.7") 657.500%177.800" 75.600+24.780"

A5 BEAR R 2670 22 5 AN . 35 (P>0.05) , AN JA) 5Bk 22 53¢ W8 3 (P<0.05) o

The same letter in the same line indicated no significant difference (P>0.05) , different letters indicate significant differences

(P<0.05).

3 GiSitie
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AH < e e ) DL R T e R B B s T SR AR T 19 57 30 T, TR M R B TR Rl L, A i B4
45,

W E 5 TR 2 5 FEERITE i £ Hb TR BT R KRR R A T . I R B S 1Y
WA, B R B e e n B0 L, 7 5777 O AR I B A AT, TR IR BN R ANk E . 6 E IR
B AR 1 5 T et A AR, 06 T IC RN, W5 AR 6B il FI ALKy AT 35 LR Ak, I T 0 5L 5 i F I i
KRR, AT R R TSR B KT T, e T8 389 50 4 15 M 50 6 IR TG b i & KT
T, W RE BT TR BT TR B E RS MR RGN KON AR A R BT ERAE . Ji4h, i 1R
BUR B 95 A RE R SR BTG sl . B KW I R 2 [ A T 5 2 0 A A2 ], A e B 3R 7oK .
W T RTERAR A T R G, LA S A0, XA TR,

ASHIF G A BRI T Ik L e B A ) B v T R KO B D A U I R R O
JIHTHE . W E Mk JH3 S AR S TS TR 25 (0 T & T Bt mKor R R
AR ACE R A R 5K, ABF5E & B F ik B rh & i B E A (TP) A R R
fif (AST) | 5 %% F£ Jig 26 (1 AR5 B (HDL) LR (CRE) \JRR (UA) (FLER I S B (LDH) LR 4 (CK) |
JUL T 3% 1 [7) Tt ( CK-MB ) A5, 1717 T 86 1fi 9k B0 rb DU) 5 A7 B8 o 19 81 2 B (GLU) L B IR [EI B2 (TC) L H b =
fig (TGL) A% B NG 25 (1 (LDL) 4% . 73 W5 ¢ B Rt 2R 1 /K OF Al 23 5% i Il 3k B4 b 2 1 3 ™, S8 4R
W I 9K LR 1 R v T R T T e ORI, WAE N, T e B 5K
FXT AR SR ER . RIR IR ™Y, g —Fh AR B BT A LR e EPUAE A RE ) L T i
5 ] B e TR R B R A OGP A8 L A R AR O T A SR I L EUE W AR B A R
Jo A AR A i A A O e A, LR I UL TR D ) T R R AR AR OGS SR g T RE
5538 N W TR A A O . Z2 T A R I R 4 AR A R K A R R, e AT DA RO BR A
FES AR IR 1, s D LA ) A 0, 3G At R B AR AR 1 R R [ R (R B B A
ST BEAE S U OE & A ok AR R B S ER IR ORI B . H I R T LA e IR 8 R A AR s
H 5 g 105 i A7 . P T R KO m IR R A MK R EIRE A S Hl —FR v e 5% £ K
FFAH

H RIS AT W 5 TR RN A BRAE AL A A 22 S i R LA Sy L8R, DA A= BRAE AL dR AR 5T
SRR Z AT AR IR ZR o WA FE DL Rk ) 0, R 5% 465 SR A S8 R {0 I e 0 5% 7 R 28 e e AR 4 4
P4 0
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