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Fig. 1 The nuclear staining of male germ cells in American shad
EIA-C. ¥ 5y B R A7 EID-F. S LA U AE; AL EIDAHoechst3334244 (5, KB, KIENPIY(, EIC. EIF4 AW AE It
B4 . K ET-40(sg), /G RFM A (sc), K52 M A H A M i (st); ELlR: 10 um
A-C. Frozen dissociated testicular cells; D-F. Frozen testicular blocks; A & D. Hochest33342 staining; B & E. PI staining; C & F. the
merged images; sg. spermatogonia; sc. spermatocytes; st. spermatids and other cells. Scale bar, 10 um
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Tab. 1 The germ cells viability of American shad
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LI 3 4% B2 A4 B8 W %2 1) (1t 44 41 Bt R 52 4 A Y5 A= B 4

/ PGCs
/
DCs
100 pm

100 pm

100 um

2 SEYNRENE A T A A2 R BB D fa 7
Fig. 2 American shad male germ cells transplanted into zebrafish
larvae

Ji, PKH26ARC (L0075 ), 3% (7 Sk FT7R); YFPHRICPGCs, N

Cjﬁ%ﬁ]ﬁ%‘y) Dissociated cells  Tissue blocks P%ﬁue FHBEE 4. Tg (nanos: yfp) IR A FE 240 ML (A €57 3k FT7R); hpt.
YU eryopreservation _cryopreservation FEHUR MG dpt. B HUS RG HOR: 100 pm
Sﬁﬁerj/fljif;ﬂcfia 34.9444.36 53.53£12.87  0.006 A-B. hosts. C. blank control. DCs. the donor cells, germ cells of
¥ L2 American shad, labelled with PKH26 (red, shown with yellow
Spermazocytes 39.41+4.94 52.84+10.92  0.016 arrows); PGCs. the endogenous primordial germ cells of
F 4 i A FeAth 4 i transgenic zebrafish Tg (nanos: yfp), labelled with YFP (green,
Spermatids and 41.00+8.93 48.67+£11.13  0.128 shown with white arrows); hpt. hours post transplantation; dpt.
\f)ther cells days post transplantation; Con. blank control, not transplanted.
Fi ¥ Sperm 87.1242.56 93.83+0.62 0.001 Scale bar, 100 pum
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Tab.2 Transplantation of American shad male germ cells
2L 2 E
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F£4E J5 3h 3 hours post
transplantation 34 34 0 30
MG 553K 3 days post
transplantation 15 15 0 24
BHEEE5R 5d t
A 5 2 ays pos 13 7 6 23

transplantation




34 TR R G S b A A A0 L v VR DR AT S R A 603

J e A7 T [R) — X33, AT S8 A 4 B i % 2118 35 Bk
5 45K 52 AR e WL 5 3 I A2 48 i 40 A #E IR A0 R
0, T A 23 AT 7 52 A4 P U5 A B 200 PR 1) [X 38 6 5% 32 1
HHOR BE AL 22 B AR 4 i, 5 25 BT R ZH IR W 5 4 R
— 8. A A IRAAFTEEON235(76.67%), BLIN
RINBEE A R A5k, (RS A4 20 fa i
AR k. BAESCIGUE B, ESLI0 26
H4 5 P Bt s 0 5L BT IS 2R AT 20 R B R A,
fif R B2 05 Ja BT AR PR A BE AR B A T U T R fp %
(i
3 g
3.1 ARIABERZEMNEEMEFEEENRI
AT 20 L AE Ve VR TR A 205 5 AR IS R 2 2 Fh
R, EFERE AR . IR IR R, . IR
FE. URAEBTIR], PR M B2 05l 2R A5 . R LA 20
URAT DT VR 2 1 0 B8 B0 77 D 8 A B R AT 1R A7
NEH, BT HASZIRA . maEARM RS, B
T ¥ BT VR A, T TR R AR B
BV URIRAE, DLIR R A RRAE S IN A S48 i 1) 77
%o FE BRI, AT R H R AE 7 e R
TRAF S IAAETEAE N, P8 T R RedEAT B — A R A7 1)
G775, BV T IRAE O SR el ™) 72
I, ERE AT T 2R 5 VR RAT SR, S SRR B 2R
PURARTE, A7 75 3R 15 IORS S5 40 M ARG B2
{0775 2 B vy, TR 240 P A HG At 4 R A v T S 3
PEZESR . 5 SRAL, FoAh A 7T 2H ik 1 v A ) R 6T
P U 2 23RN JU 4 PR 2 e R A 7 VR I LRSI L, 3R
WIZH 2R A7 B 05 Ja 7 B RS i gn b, 632 i se 4
fut b, FEBE Dt PGCsRAE R 78 1, Higaki%s!™
FE A T AN [ P Ak 22 30 R0 35 35 A0 R A7 DR 3 711 1R
RO, B IE A 4 T3S PGCs A7 2 ] ik
81%, 1 H. & 75 )5 (NPGCsAl Re it — 2 /b i 7= A 1)
RETEIC+, UEBH 7 RA7 I A B 40 i v] T4 8 e
W o6, A e =T, —RRH G
U5 Yy BEAT A0S P A T AT . (BT R
LB Wy I8 e kAN G T S g L ()35 e, dn
e B R SRR = SRR T2 (Portunus tritubercu-
latus) K+ H1E J100 2R H & W 8 G (703276 M % il
FC RS T StollZ 71 s N i i i 4 vy Rz 4
(Human pulmonal endothelial cell, HPMEC){E %7
Ja S IR 26, W 6 I IR g 2 25 B
1. 1A B 752K B Hoechst33342/PTRL 44 AT faj HL 4k
FEHLX 73 IE 40 . P T AR ZE 4 i, Hir e
Ve, Wi g, Pk, A5 %R FiHoechst33342

5 PUH: G 20 M A% 10 7 32 SRS I A= B 40 A7 3 R
5 YN i 4 i 2 Hoechst33342 FIPT YLt 5, 4% A 4
Y11 B A% 2533 BT AT L, K/ B, H Hoechst33342/
S S ¢ O G £ T PTRE W S K5 BB 35 4 B IX. 9 T R (1
1), iE B 40 B #% Hoechst33342/PIX L idkid & T #E4T
URAT L T 10 9 Y i A= B 40 B A7 2R (ARG
32 AREGRBERENBTFERRNZ

K F R A7 AR 5 WL PR B IR ORAT 77 V2, LR
CL A BF 98 & BEAT T 92 INERS 1 R A7 (B 98 0 07
{54, 7 B A P P A BRI PP A A Y,
R VBOM BE S5 SK = D B iR 9 T A P R A7, 60d
J& IR R T A7 3R 1K80%, [7] I VA7 1) i
FOAB AR BT T 167 B TV) B R R R L 350 06 DR AT 2
REARFREREWN . 5450 RIEGT TR
7] () 2, AT 90 I B VR A R RS S A 2 LA AT
KT IR R R AT, YR AT D IR TR B 5 47, B AR
AT T TR TA7 95 R 1K93.83%, HAFE S R A7
[ IA~250d, HRAEHE T B4R R AN = T 2 A 1
PR LE Y, s B IR AR, T RS B AR AL B
TiE AL IR IR AR P S AL BT 8K, (5 Bk
Ji AT 55 12— 2B W 5 2 W SR BIE . 9 55 Bt FIDMSO
o TR R R, 78 ittt K A
8 (Sparus macrocephalus)[zg] RS TR AE S, 3
KILDMSOK N 10%I 75 47 K5 11 i B de iy, He
o S 5 RS T IO IR 85.25%, SRR RS O Rk
92.91%, ¥ 5 &10% DMSORI 21 T, KB ik ks
295 JE HTE F1. DNATRAS AR K 4 B 45 1)
TRFFERE M IR 7 LUBl, SEEM LI B2 R
BRl it ASHIE 5T R A7 T DMS O N 10%, (B #4735
S A 5 200 R A 1) e R R B 5 S AT SRE
33 AFEREREMMRNNRERE

URAF 75 AR i AT 3 — 20 T A s % . 3
Bl 2 0 % 20 PR AL S5 0T T b, R, A 380 40 R R
G ERFEIRRGH AP EER R, £
Zerh, O SR, KA B A s AN
RN AE B TR F AR, A 2447 A LR 2 g
SRR ThRe MR 7. FERF T, RIS AR
5, SRR R T A M A7 05 R o, S S T T
TR R R RS R . 40 R RE N A2 AR Sd R T REAE
BE I £ 52 R A DU B LR 20 i, E BR VA A B 5 B4
Mgt 15 B A 356 Kok B W& 1, 0 H B — TR
AT FEIE AL /1. 5B, Lee2S M
W S8R SLAH ST T RAT, MR G H AZLRS 5T 41
i A 381 [F) ot = 3% 7 f0 mp 1 8 SR A A A4 R IR (1) B
¥



604

KR R

42 %

ZR EPTIR, AR SCHEAT T S PN S0 R 174 R

A7 RI5 TEVER IS HOR BT, A B4 B
VRAE D312 I 21 B 2R A3 2 B vy, JU R LR
R B R R R, EE A TP AT A
FERERE T o e Ab, HER A7 B TR i S Ak 2
{6, SE & T B A SRR S Ry - (H G filf
P TR0 L 1 5 36 R A A S R R OR 5 R
— B K R FOA e € . AW TRA RN
W R IT R 7K 7 B0y ) A= B 4 L R 7 b B P Ao o
WIS TCBLE T BRI

S ik

(1]

(2]

(31

[4]

(5]

(6]

(7]

(8]

(9]

[10]

XuHY,LiMY, GuilJF, et al. Fish germ cells [J]. Sci-
ence China Life Sciences, 2010, 53(4): 435—446

YiM S, Hong N, Li Z D, et al. Medaka fish stem cells
and their applications [J]. Science China Life Sciences,
2010, 53(4): 426—434

Higaki S, Kawakami Y, Eto Y, et al. Cryopreservation of
zebrafish (Danio rerio) primordial germ cells by vitrefica-
tion of yolk-intact and yolk-depleted embryos using va-
rious cryoprotectant solutions [J]. Cryobiology, 2013,
67(3): 374—382

Tonus C, Connan D, Waroux O, et al. Cryopreservation
of chicken primordial germ cells by vitrification and
slow-freezing: a comparative study [J]. Theriogenology,
2017, 88: 197—206

Fujiwara K, Kamoshita M, Kato T, ef al. Generation of
rats from vitrified oocytes with surrounding cumulus cells
via in vitro fertilization with cryopreserved sperm [J]. Ani-
mal Science Journal, 2017, 88(1): 180—184

Lee S, Iwasaki Y, Shikina S, et al. Generation of func-
tional eggs and sperm from cryopreserved whole testes
[J]. PNAS, 2013, 110(5): 1640—1645

Lee S, Katayama N, Yoshizaki G. Generation of juvenile
rainbow trout derived from cryopreserved whole ovaries
by intraperitoneal transplantation of ovarian germ cells
[J]. Biochemical and Biophysical Research Communica-
tions, 2016, 478(3): 1478—1483

Psenicka M, Saito T, Rodina M, et al. Cryopreservation
of early stage Siberian sturgeon Acipenser baerii germ
cells, comparison of whole tissue and dissociated cells [J].
Cryobiology, 2016, 72(2): 119—122

Lee S, Yoshizaki G. Successful cryopreservation of sper-
matogonia in critically endangered Manchurian trout
(Brachymystax lenok) [J]. Cryobiology, 2016, 72(2):
165—168

Shi Y X, Cheng S, Zhu J Q, et al. Sperm cryopreserva-
tion and enzyme activity detection in Lateolabrax macu-
latus [J]. Acta Hydrobiologica Sinica, 2015, 39(6):
1241—1247 [N, FEM, #4R4x, 4. o EAEGRS 1
R AR AL, V4 R DR AT S RS A K AR AR 23R, 2015,

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

39(6): 1241—1247]

Jin CH, YanJ Q, Zhu J Q, et al. Sperm cryopreservation
and the cytoarchitecture damage detection in Nibea albi-
flora [J]. Journal of Fisheries of China, 2011, 35(6):
846—853 [&FH, HIF0M, LR 4, &5 WK T 1
TR T 1 A7 S 20 P 5 A 300 RO . A= 224, 2011,
35(6): 846—853]

Jiang J H, Yan J Q, Zhu J Q, et al. Sperm cryopreserva-
tion and the cytoarchitecture damage detection of
Pseudosciaena crocea [J]. Journal of Agricultural Bio-
technology, 2011, 19(4): 725—733 [ZHH, 25K 98, &
R4z, &5, R AN T B ICIR R A7 S A0 B 45 A 45 10 )
R AV AP E AR 2E R, 2011, 19(4): 725—733]

Xie X, Li P, Xi M D, et al. Digestion, isolation and cryop-
reservation of testicular cells from Dabry sturgeon
(Acipenser dabryanus) [J]. Freshwater Fisheries, 2016,
46(5): 19—24 [WUE, [k, I W T, <5, 7K RS 541
TH AL A3 B AR IR A R AR A7 Kk, 2016, 46(5):
19—24]

Zhu X, Chi Y, Wang H, et al. Comparison of cryop-
reserved effect between epithelioma papulosum cyprinid
of Cyprinus carpio and grass carp ovary cell lines [J].
Chinese Journal of Biologicals, 2010, 23(4): 381 [,
IRYE, FhF, S pfn b Rz R o fi AN B e 4 T R R A
BRI LLEL. o B A a4 &, 2010, 23(4): 381]
Elzey S P, Rogers K A, Trull K J. Comparison of 4 aging
structures in the American shad (4/osa sapidissima) [J].
Fishery Bulletin- National Oceanic and Atmospheric Ad-
ministration, 2015, 113(1): 47—54

Tang G P, Huang A Q, Wei Q W. The resource fluctua-
tions and restoration of American shad (4losa sapi-
dissima) [J]. Journal of Hydroecology, 2010, 3(1):
130—134 [, B2, falefh. SN B4z )
RABE . KAZ A&, 2010, 3(1): 130—134]

Gao X Q, Liu Z F, Guan C T, et al. Developmental
changes in digestive enzyme activity in American shad,
Alosa sapidissima, during early ontogeny [J]. Fish
Physiology & Biochemistry, 2017, 43(2): 397—409

Du H, Wei Q W. Biology characteristics and resources
status of America shad [J]. Freshwater Fisheries, 2004,
34(1): 62—64 [FLih, fEALh. SN 1) A4 FAFAE 2 5%
TEARIL. 7K, 2004, 34(1): 62—64]

Hong X Y, Zhu X P, Chen K C, ef al. Study on the deve-
lopment of the embryo and larva of American shad, Alosa
sapidissima [J). Acta Hydrobiologica Sinica, 2011, 35(1):
153—162 [HFER, KHTV, R, 5. RIMEHIER K&
frREf IR E . KRR, 2011, 35(1): 153—162]
Xu G C, Zhang C X, Zheng J L, et al. Artificial propaga-
tion and embryonic development of American shad, Alosa
sapidissima [J]. Marine Sciences, 2012, 36(7): 89—96
R, TREHE, A4 R A, RN N TE5H LMAR
REWIHEIL. PR, 2012, 36(7): 89—96]

Hong X Y, Chen K C, Li K B, et al. Experiment of cage



3 S RH R AE : SN AR A AN N v R DR AT S R 605

culture in reservoir of American shad, Alosa sapidissima F FEAREA R R B ARYAR. LA EE, 2015,

[J]. Journal of Aquaculture, 2014, 35(2): 8—9 [t &, 43(7): 250—251]

MrELZE, Z2UM, S5 JK R AR 55 N i 5 58 000 . 7K 7= 97 [25] Linhartova Z, Rodina M, Guralp H, et al. Isolation and

5H, 2014, 35(2): 8—9] cryopreservation of early stages of germ cells of tench
[22] ZhangY, Xu G C, Du F K, et al. Effects of acute hand- (Tinca tinca) [J]. Czech Journal of Animal Science, 2014,

ling stress on serum biochemical parameters and HSP70 59(8): 381—390

gene expression in Alosa sapidissima broodstocks [J]. [26] Zhu D F, Zhou S. Viability assessment of spermatozoa in

Journal of Shanghai Ocean University, 2016, 25(5):
652—658 [7K 5, IRINEE, w9, 55, QUEBRIEIE X
S YN 53 0 1ML AR AL TR AR S HSPTORE R B i) . |
TR R 22254, 2016, 25(5): 652—658]

[23] Yang X F, He C E, Tang R H, ef al. A comparative study
on the measurement of neuronal cell apoptosis by
Hoechst33342/PI double staining and TUNEL assay [J].

Carcinogenesis Teratogenesis & Mutagenesis, 2014,

the swimming crab Portunus trituberculatus [J]. Journal
of Fisheries of China, 2008, 32(5): 765—771 [k%& K,
Ui, =ERR TR s IR PEAN JT . KR AR, 2008,
32(5): 765—771]

[27]1 Stoll C, Hofmann N, Bernemann I, et al. Systematic op-
timisation of parameters for cryopreservation of human
pulmonal endothelial cells (HPMEC): Difference in cell

26(3): 180—184 [MaNK, WA, Hintk, . survival rates analyzed by recultivation vs. trypanblue
Hoechst33342/PIA ey FITUNEL Y (245 A A I 25 441 staining [J]. Cryobiology, 2008, 57(3): 337—338
MO T 6 LE RS, s WA 5848, 2014, 26(3): [28] Ye T, ZhuJ Q, Yang W X, et al. Sperm cryopreservation
180—184] in Sparus macrocephalus and DNA damage detection

[24] Wang M H, Chen Y M, Ding S 'Y, et al. Studies on sperm with SCGE [J]. Zoological Research, 2009, 30(2):
cryopreservation technology of American shad, Alosa 151—157 M58, 2R 4, %77 5, & B 1B
sapidissima [J]. Jiangsu Agricultural Sciences, 2015, R AF X DNAT 7 FISCGEAL M. 3448 5, 2009,
43(7): 250—251 [ EHA4E, BRACH, TG, 45, SEufm 30(2): 151—157]

STUDIES ON CRYOPRESERVATION AND TRANSPLANTATION OF THE
MALE GERM CELL IN AMERICAN SHAD (ALOSA SAPIDISSIMA)

WU Xu-Ling"?, HONG Xiao-You', LI Kai-Bin', ZHU Xin-Ping"* and XU Hong-Yan"’

(1. Pearl River Fisheries Research Institute, Chinese Academic of Fisheries Sciences, Guangzhou 510380, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Germ cells, different from somatic cells, carry the hereditary information and can transmit it to next genera-
tion. The germ cells cryopreservation and culture are the key techniques for cell engineer breeding and genetic resource
preservation. This study investigated the effects of cryopreservation of the testicular blocks or dissociated cells on the
viability of male germ cells of American shad after 250 days using Hochest33342/Propidium lodide (PI) staining. The
results showed that the overall viability of germ cells from the testis blocks cryopreservation was higher than that of
dissociated cells cryopreservation, suggesting that the tissue frozen could efficiently cryopreserve the germ cells at dif-
ferent stages in American shad. Moreover, the thawed germ cells of American shad were stained with PKH26 before
transplantation into newly-hatched zebrafish fries (1 days post hatching). At the 5" day post transplantation, the donor
cells were still detected in some recipients and some donor cells were co-localized with the endogenous PGCs of reci-
pient, implying that the germ cells of American shad after a long-term cryopreservation still possess the properties of
germ cells and could integrate to the genital ridge of zebrafish host. The findings of this study provide technological
and theoretical basis for further investigations on germ cell development, culture and genetic resource preservation in
American shad or other anadromous fish in wild field.

Key words: Germ cells; Cryopreservation; Cell transplantation; Testis; American shad



