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a5 AT REATRE A HC M B8 /5 (B R Ry IR e - AL e S A S8 e N Lt AT 5
TR - T IREE R A LI IEHIRE i - AR IR T MR LR 5 - OR
FHIRE - FIFREREUR > BIEE TRIMrEEERE R 10~20C - ARHFTHAiEE
FER B (RPN T 72 /NFR4ERE 81.313.5% fHa R A (R /7 » (RIFIEEIE BN E
iR At st o T0EE) ) SRIHAEMREER D ~ E /RS > TEENI1E%L
Ry 2.37~3.49 » BIEBRFERMARRRR o (RIBHE T EREUE DoiRaE R - B
12 3 M RR S DMSO BBl < SRS TR EIRFHER > frfF T RIEFIER
i fe vy 62.435.6% © R LT RIREFHESUBITFE HAR - Wioedi R n] ft 28
SR LI IS B i fa 2 HEE -

PR - PETEEE TR TR - AR ~ BT

Hij =i

ZE VY EY (Apis mellifera) P EREMEHEY 23 BILHE » iR
i BRAEY AL 200 B2 300 [BEoHET (AR > 2017) @ SR EEAE
RE[EE DEIFZ Y R o 1ESEN ~ BOMN M 2% 4R i B AR i iE (colony collapse disorder,
CCD) (van Engelsdorp er al,, 2009) - &R R EIHIAFIGEEERER et FREE
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ZEWNEEHEE - HItia - BEFARE S HRERE - FAWMEE - REE -
BEar i SR ZEG#E (Simon-Delso et al, 2014; vanEngelsdorp ef al,, 2009) ° A [F{K
RIS B IR SR EFRE - BEERERDUE SR ST siEeE IR A AN EE
& (Okada et al,, 2017; Oladosu et al,, 2019) » EHiESE{BHCHESUIESTER
+ > EENEHEERZESESFRAVEZEAER - BME A IRRI (International
rice research institute ) ~ CIMMYT (International maize and wheat improvement center ) <&
HEREEEHIRK - NELAEFIES M SE - PuiEm % (Peng and Khush
2003; Gourdji et al.,, 2013) - BE&FFEFAANTRKIEESEEZETY - WLLS RN
EHR R B YIEEYE - DIREEEHEZEME (Leroy ef al, 2019; Sadeghi et al,
2020) - BARECHUAREREEEE D O s a5 22 [ S5 (ER, - i 5 A BTH S
B2 & i 72 th XX 2 (Bastin et al, 2017) » AT A Za il 2 B A 0 00 3 AT
AR RIS S BT L AU LI AIAT 2 F B %R (Hopkins ef al,
2012) -

BT IRF e AN LGB - B8N E S ZRE R Z (Mohamed ef al,
2012; Thijssen et al., 2014) » FTECRFAEMEIRLLGERF RSB RE - F2EL4HRRCEAE
B 7 e 2 2 0EME (El-Shahat et al, 2020; Parodi, 2014) - Ruttner (1976) $2H!
Kiev solution 1F £ Z& ek i f R 1] 4EFF 2 Mg /& ME (Ruttner, 1976) » JNA Tris
&R (Rhodes, 2008 ) ~ TES &&{#r/% (Hopkins et al, 2012) Eid#gziE L g /KE

(& > 2016; Ruttner, 1976) FsEBERARBEWTFT H ARFEE G T o ITAF AR IS0 2R
R & S E0E E 2 aEHAEEER (Collins ef al, 2006) - WA EEA(LSEE
RS T-E/EIE8E (Gonzalez er al, 2018) ° (IFZE MRS R4 - FIIFH EDTA ~ /&%
WE ~ B ARSI IS TR 4EFrE A2 A R B (U AE & (Hopkins et
al., 2010; Rajamohan et al., 2020) » DARFIHBEE( LB VS EEE (Taylor et
al, 2009) -

2R EFEHILL B ABHER R - FERGHEEZEUSHREERRE - &
HIEZEIVREEE - FEEE N TRIFREESRCR - S8 T &
TR EIT N IO  E R - AWTST HOUERREIE TR 7 B
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Table 1. The components of semen diluents in this study

Diluent Concertration Reference

273.8mM Sodium chloride, 26.8mM potassium chloride,

A 33.3Mm glucose

BZ > 2016

1.9 M Sodium chloride, 55.5mM glucose, 404.4mMM Tris
B aminomethane (Base7~9) , 95.2mMM Tris aminomethane Rhodes, 2008
hydrochloride, 2.6mM L-arginine, 6.8 mM L-lysine

82.2mM Sodium citrate, 24.9mM sodium bicarbonate, 5.3mM Ruttner. 1976
potassium chloride, 16.7mM glucose, 1.7mM sulfanilamide ’
82.2mM Sodium citrate, 24.9mM sodium bicarbonate, 5.3mM Taylor et al.,
potassium chloride, 0.8mM amoxicillin, 0.02%w/v catalase | 2009

30mM TES free acid, ImM disodium hydrogen phosphate,
1.ImM sodium citrate, 82mM potassium chloride, 8§2.9mM
Sodium chloride, 5SmM sodium bicarbonate, 10uM

E ethylenediaminetetraacetic acid, 1.5mM penicillin, 0.7mM
streptomycin, 1.2mM kanamycin, 34.9uM tylosin, 2.6mM
arginine, 4.3mM proline, 0.002%w/v BSA, 0.ImM glycine,
0.002%w/v catalase

Hopkins et al.,
2012

Components were same with diluent E and containing 16.7mM
glucose
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L RIS TR RS E T

(—) B TR - BEERREER T G EMERA B C-DE-F (&
BEREIR MR =11 99) » ZrRIGREFAE 4~ 10~ 15220~ 25°C » T2 /NG TR
BT TSR] -

(=) T ERM0H) - Zik5 1A live/dead sperm staining kit ( Thermo Fisher Scientific
Inc., MA, USA.) #fT48 > DUE 17 20 B il 8% (Nikon Eclipse Ts2,
Japan) 200 f&ECERIE THEFELEEME T HE - a3 EHil -

(=) %%bjjffwﬁﬂ AR REIRIRROR AT (B AR =1.99) &1 hl
724~ 10 ~ 1I5CORTF 24 /NEF > FRRIFMmEREF#03 (Paul Marienfeld GmbH &
Co. KG, Germany) DISCELEESR (Zeiss ScopeAl, Japan) SCEFZE IR T EE)
71 TEENSTEF O RAE R

£ B TR A

Table 2. Standard scores of mobile honey bee sperm

104

pall <t SEERAE SRR
1 RERE
2 5 F-HiEHEE <50%
3 FETHEEREE) >50% - (HIEE FEEETERE]  Rhodes, 2008
4 FE TSN > 50% - {EfE T B EEEaaER
H < 50%
5 5 ¥[8l B S AT L B >50%
~ B IS TR

(—) 2 HIK CPL & CP2 B4Rt M IR on » 2 AR IRF T ALE)4HAE - B4
7 -~ 4H4%%5 (Shimazu et al, 2015; Jiang et al., 2020 ) » FAstEG S HES0M] -
CP1 A STEM-CELLBANKER® (Zenoaq resource CO., LTD., FKS, Japan)
CP2 A5 NutriFreez® D10 ( Biological Industries, CT, USA) - /4 i CP3 K&
CP4 73 Al K F I 5 + M B8 i C Bc B & A 10% K 15% DMSO ( Dimethyl
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sulfoxide ) Z /2 MR < 2 H & CPS ~ CP6 73 B B FIHAE FHife ik D Bc Bl &
H 10% K 15% DMSO (Dimethyl sulfoxide ) 22 4 B& o /4 Mk CP7 K CP8
o3 AR R RS TR E Bo3d a7 10% f 15% DMSO Z /2 UK -

(Z) BRSSO FORR T (IR 1 240K =1:9) (Taylor
et al, 2009) > FE= R LA 0.5mL % & FEIAE 2 H & (BioCision, LLC, CA,
USA) - BRI HEREmE A 4CHREF 1 /N RS R
Fo 1°C /5388 - BBIE A -65C BT 24 /NEF B NRREEN 7T K - ZEIEAE K
BEATE M RE S U A 30°C #2618 30 PhHr 2R g > P A live/dead sperm
staining kit ( Thermo Fisher Scientific Inc., MA, USA.) #E{THG204yE » DA
BT 2B % (Nikon Eclipse Ts2, Japan ) iR t& &Mk 1T -

Y ~ #Eto b

(— ) BWERG T &R0 PS8R 48 1 86 DL SAS Enterprise Guide7.1
#ETT ANOVA 7347 > R BH4H 72 52 DL LSD  (Fisher's protected least significant
difference test) #ETTEREX (P<0.05) -

( =) EIEE T EEN T+ B &8 )15 BL IBM SPSS statistics 25.0 217
Kruskal-Wallis f# € > FEEE4H A= L) Dunn’ s multiple comparison test #E{T LR
w0 (P<0.05) °

— ~ IR T E T
(—) NEMRRERE B T Irr 2 B AlBa RIS DL BG S N R E
EIEE T IREFRRE > REFHEBETIRGE 12 /NS ZEER > BigRT
LIFGRER E PRIFAE 4~20CH 70~80% it - IR A ~ B fR{EFFE 4~15C
A 70~80% FER B T-IRFEEMBIR C ~ D~ F AR5 56% > X
LIFRRER F ORAFAVRE TR BE AR - 48 /NRFFEER(RGY 60% (ERIARE
) BUNERER A ~ B~ E ABIFHIREN > BESRWRERC D~ F-
EHERE T DMETEC T PRAFAE 25°C » FERER 25% @ BURFIHRGFZ#E
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&R E By 4~20°C > Green and Fishel (1999 ) 5 H kS T A IEZRE A ~ &5/
HEEHEAD - EEFE SRS (Green and Fishel, 1999)  » ZEHE T LIMFER A
B 7E 4°C rfF 72 /NIf - FTEZL G AR A BE ALY RFH S (B —4LEasaanT
) BT DIMER E (RFAEIIBP R RS ([B—D) - fripiaa
A se e -

T= o MR R RS TR T2 NP S

Table 3. The vital efficacy of honey bee sperm was suspended in diluents and preserved in

different temperatures

Temperature("C )

4 10 15 20 25
Diluents
A 7579 Aa 782159 Aa 68.5£2.9 ABa 4018 Cb 010 Ab
B 725558 Aa 80.815.1 Aa 712467 ABa 42.8110.3 Bb 010 Ab
C 15.613.7 Ba 7.3+3.7 Cb 13.1%7.6 Ca 249147 Ca 010 Ab
D 30.8%14.6 Ba 37.2%186 Ba 28.6x14.1 Ca 14.4£12.7 Ca 6.71£.6.7 Aa
E 713127 Ab 79.243.1b  Aa 81.313.5 Aa 79.4%1.1 Aab 224125 Ac
F 34.0%6.0 Ba 56.9t143 ABa  53.1¥2.8 Ba 32432 Ca 7.514.8 Aa

Means and standard errors were represented in each column. The capital letters within
vertical column were represented significance at the same temperature. The lowercase letters
within horizontal column were represented significance in the same diluent. Means within
each treatment followed by the same letter are not significantly different at 5% by Fisher,s

protected LSD test.

(=) Bk FiEE M © B T LMRTER F (A1 JEMEE T R
SEENIMH] o BekST-LARFER A B ~C ~D ~E 0% 24 /NI 208 58 T -
SRR ECEE 70 (B DR EEENG T o EHEAE T IREEMREER D ~ EJEEh 18
TR 2.7~32 » BIAFRFER A ~ B ~ C > BA Kruskal-Wallis i E BEEE =R (£
M) o SoNTREEE TR - MEER A~ B~ C - D {RIFIVE
W CREEER D EIAEER R E (RERN ISCIVERN T &8
T RFE 4C (M)
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Fig. L.

B — ~ I TR

1E47C > T2 /N2 B RS TP RE - (A) IEEMET - (B) %
RS FIRRR A TRTEAC > T2 /NI « (C) EIEKE T HREIK B R 4°C > T2 /N
(D) EEE TR E Or1F 4°C > 72 /NI - AL ERETIE Ry 55 i KAV s +
BHED -

A light microscope was used to monitor the morphology of honey bee spermatozoa.
Origin of honey bee spermatozoa was collected from ejaculated drones (A). Honey bee
spermatozoa suspended in diluents A, B, C and preserved at 4 ‘C for 72 hours, denoted

by(B), (C), (D) respectively. The red arrows were represented large head of abnormal
spermatozoa.
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Table 4. The motility of honey bee sperm was assessed by scores

Temperature("C )

Diluents 4 10 15
A 1.0120.01 Ba 1.0620.03 Ba 1.0710.03 Ca
B 1.18%0.06  Ba 1.1020.04 Ba 1.4310.06 BCa
C 1.45%0.12  Ba 1.52%0.12 Ba 1.8610.16 Ba
D 2.76%0.17  Aa 3.34%0.17 Aa 3.49%0.14 Aa
E 2.3740.18  Ab 3.00£0.22 Aab 3.1140.12 Aa

Means (n=70) and standard errors were represented in each column. The capital letters within
vertical column were represented significance at the same temperature. The lowercase letters
within horizontal column were represented significance in the same diluent. Means within
each treatment followed by the same letter are not significantly different at 5% by Kruskal-
Wallis test.

T~ BRI TR BRI R T

I ERBUREN IaBRdd i PRRER F IREAVERERE TRl MR A
B (RFHYEEIERE T/EEN 1K - NILEEEM IR C » D ~ E R ZRBRAC T 1T IRAR &
PriFatSE - AR DMSO K TiARRI MR C ~ D ~ E Forplfc #pi&A 10%
15%DMSO Z 5l - LAWTFE MR Ric 5 BT AR R A & 2 /2 SRR HERT - 5
Badd REUR > CPs B A MR D Bc = 10%DMSO 2 /2 B - Bl 1 B A%
HEmfrihR 62415.6% (B =) » SR DMSO SEERE I IR T2 MRS -
CP1 ~ CP2 Ry/% MibRAFshn - PR As SR T B ig T AR R m R (BN 10% ([’ =) -
AR A RO F RS T -

R
PR B 2 LA TES BENRN IR TG B R » AR oot a8 )7 - #S
AMRIEPEBE S AR FE LA AL 75 - 2] FH B 7 AL A 4Rt SAZ OB 32~35°C 0 fR
Frig 8B I 7E (Stabentheiner ef al, 2010) » AWFFEEE N 584Nl & (RS &
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CPl1 CP2 CP3 CP4 CP5 CPo6 cP7 CP8
Diluents of cryopreservation

EEN T DURREE R fF 7 R1& K5+ 175 % - CP1 © STEM-CELLBANKER® FE i (
7ZENOAQ RESOURCE CO., LTD.) ° CP2 : NutriFreez® & i ( Biological Industries ) ©

CP3 : M FHifER C & 10%DMSO ° CP4 : ¥5FFifeil C i & 15%DMSO » CP5 -

FEF MR D f& 10%DMSO - CPo: A ik D & & 15%DMSO - CP6 * #5FFi
FE& E B2 10%DMSO © CP7 : #E Tk E B3 15%DMSO -

Viability (means * standard error) of thawed honey bee sperm after cryopreserved in liquid
nitrogen for 7 days. CP1: STEM-CELLBANKER® (ZENOAQ RESOURCE CO., LTD.).
CP2: NutriFreez® (Biological Industries). CP3: Diluent C contain 10%DMSO. CP4: Diluent C
contain 15%DMSO. CP35: Diluent D contain 10%DMSO. CP6: Diluent D contain 15%DMSO.
CP6: Diluent E contain 10%DMSO. CP7: Diluent E contain 15%DMSO. Means within each
diluents followed by the same letter are not significantly different at 5% level by Fisher,s
protected LSD test.

ERHEERHZ LR E 10~20C > BRI AL BYIOR RS T HINTFEAEE (Freitas-Dell’ Aqua et
al., 2013; Thijssen et al, 2014) > Thijssen % A (2014) s8RE F1ERIMRFFIEEORER
B PR B AU R 2R EIRAR - BEJRGRAIAEEER (Thijssen e al, 2014)  AHF5E
EiiigE BB MR REC T BB S IR R R A TIE AT TR R Bl e 2

e
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FEFHIHE BB BN 45 S HYE{LEE Chyperactivation) SZ[5#E+ (Na'~ K
Ca,”) BH¥E > NIRRT 7R AR A R RS DI i THFEHYR T3 (Darszon et
al., 2007; Parodi, 2013) - ZIEEIERACRRE » H5 T ABGEEEEE > AT4ERf 2 00
FIEME (Al-Lawati et al,, 2009) - ZHEZHE N S HEME TIEEE S - RZGEIRIZEE
Folfet% (Ratnieks and Keller, 1998) - Gl ZA (2017) #EIRIE 5 FEIEFEEFIE TR
FERHF e AR ZREON AR (Giler al, 2017) o AWFEEIRFRER D K B FHHFE 47
7 (24 /NI ) WYEEREFEEh BN HAPREECTT » EECT IS FE A G RN
BT LI -

IR LB 72 K B DMSO B3 H /2 SR ORFEME + » & e 4R A /K o0+ RO 58
K SR A A5 (Hall e al., 2017; Villaverde ef al., 2013) » JVEWIZEE HA-MLE
%A (Bovine serum albumin, BSA) R &g+ /2 R IRFEERL (Ugur et al, 2019) -
Hokins and Herr (2010) Kz Taylor 2 A (2009) #5¥8 DL DMSO /4 B & #4145 - LL {5 F
oA BE EREL 20~30% » B DMSO # & F N4 B S 7 (Hokins and Herr,
2010; Taylor et al., 2009) ° Ky BMERE T RIAORERGMT » AIHFER A ElfmRER 2
RIEEMEE DMSO #HEHRETEIE S+ /2 RORFERL » PL CPS BU T PR &I hs + i fE
i RAF TG 02.4% » B Talyor % NHFT4E FAE T & (5 32 60~05% % SR AE{
(Talyor et al,, 2009) > 3411 DMSO JR[E AREETE & ZMEns T Mg E R a5 R » Bl
Hokins and Herr (2010) #F7e4S 5 AH{E0 (Hokins and Herr, 2010) ° WZei5H - FHE4
BOTARR VAN K TR DA RS RUR A 77 R D4R B B SR EE o B
FEFHE T2 IR FRERL (Ugurer al, 2019) o ARIFFTEEIENE 1% B M i FUEBIE R
&) 40% fFFIEME - RREE P IHRERE T2 AUMIE » S50 2 A0REL T LIRS
EISIE iR G -

i

AW FERUT R B RS T B R RN BE R REEEE 10~20C
[ > seftEis TR R A B L 2 (R0 - SIAWT BB NS 12 R BELERTER
RS TIREREIRE 7 K1& 62.4% 75T - AlfE R B S e B T RINRFE A TR
T Z WG -
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Study on the preservation quality of honey bee
(Apis mellifera) sperm

Pen-Han Chen”, Zih-Hao Huang

Miaoli District Agricultural Research and Extension Station, Council of Agriculture, Executive Yuan

ABSTRACT

Honey bee (Apis mellifera) is not only contributing major bee products profit in
Taiwan apiculture but also the main pollinator in agriculture. The reproduction of honey
bee is carried out by polyandry and mating in flying. It is increasing the risk of inbreeding
in the same apiary cause from the patrilineal donor coming from in the same colony. It has
to increase honey bee breeding efficiency by using artificial insemination. The key point
of developing artificial insemination is preservation of sperm. In this study, we evaluated
effects of diluents and temperatures on preserving sperm of drones. Our results show that
is suitable for preservation of honey bee sperm in vitro at 10 C to 20 C. Moreover, we
carried out the selection of diluents by assessing the viability of sperm after preservation
for 72 hours. It is suggested that diluent E should be the most suitable to preserve sperm
of honey bees. The motility of sperm was assessed visually. The motility of sperm
suspended in diluents D and E was significantly higher than that of sperm suspended in
the other diluents, with indices of motility was assessed as 2.37-3.49. As assessments of
sperm viability and motility, three diluents were selected for cryopreservation experiments
in combination with dimethyl sulfoxide (DMSO). The highest viability of sperm after
thawing was 62.44+5.6%. This study will be contributed the development of artificial

insemination technique for honey bee breeding in Taiwan apiculture.
Keywords: Apis mellifera, sperm preservation, sperm vitality, artificial insemination,

sperm diluent
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