- BRIl KT -

5 20213 H 505 H3H

BARNERARERSR THERPAR PN LR

5 Rk OBREA

M OE HMAHAEIER IO O H A R R A T OLE R B 12 W R RNA T T B R 2 RS IR
A0 AT S 4 U3 M A RE ) R TR DS PR B B R AR AN T R B P E MR RO T AR SRR R B R SR 0 DR ) TR S AN
HEAT 4307, JC vk WL ¢ 3 4% b S AU A i 22 8] 19 D3], 3 23 3 5 SSC 3 28 T 2 HL A /0 AN M 1 20 A R AE . 50 4 R TN ) B R g A% Xk A
40 M6 A 0 A 0o 388 A G 23 B S AG SAT, HR ST SSC 7 B AN i K P B AR A BRI TR T B Rt e BB B AR M A B E

FIVERTE AL A (R HE BV AR BE AR T IR B T R AR

XKEER  RAENTHEAR RBETARE BEHEAFE
FESESE  R256.56 XEEARIRAD A

H Al B 25 58 2% 88 00 5% 0 A AR 3 7 R s
ANFREC &R — A EA A S8 R E10% ~
15% (9 11, Horp 5 5 M R A X/ 9 0 29
50% . b T RYTRIMRAE B VA B RE T BT AT B
17T K 5e, 02 B an A B 40 i ( spermatogo-
nia stem cells, SSC) 45 F T8 5 Hr F143 4k 59 B ) 01 i
T~ T8 5 8 42 L ) 45 o) 5 5 = B A O, )
JH ERLAH LI P AT LA AT A4S SSCTE A Y 45 b AR RS 4
i R GG B 5 1) o R A0 ) R A, BEORS TE B O3 2
] ) B¢ SSCH 3 B8 A1 oAk K Tt 40 i 73 A 1 EE 5
B L A, S SSC YA ST LA B2 5B 1 N B E 1Y 12
NG S BEHT Y I7 1)

— B B R K AR ik

A% 48 (I 7 12 0 2 N2 A I Al 42 DNA
B¢ RNA BEATIN 7, 45 SR A 1 5 AR A 3R 40 M 0% °F 1
TRV ECH B 0 B0 A K F- | 20 T B 2
JEL AT A R BRI R S DA B K - 4
715 20 JH B DR A s 2 R L 3t AR A R AR Y HOR K
A [5) £3 J32 48 75 40 M AE AN [ B B 1) B RE FIRR 2 , 7T LG
AR RARILT AR AR R R
I Fr B A BE 8 fifk D 7 UL 20 JEL A4 A N 8UR & Ak
(R RFAEAIF T | IR 108 S J5T 1 AR GRGH AR T 5 S A% 2 T )y
T3 M LA fife e g ) 25T

1. BRI A D B B0 L AR R A
W EE A i TR ARG R RD . LK, &

FEATH B EKE S &I H (2018 YFC1005002 )

R 5L .200433 1l N RO I AR U R A R R AR A — MR
[ B A= B 5 2 ol

TIRAERT B F P54 - sdlyml@ 126. com

DOI 10.11969/j. issn. 1673-548X.2021. 03. 002

A 200 B Bl o B A — A ORI T (B 1) %G
AT AR i A 5 U e AR IR . — D R
fIFTA DNA B RNA 15— — 1% 2508 5 A SC 1B fif
P 5T T LA B A A0 AR R, DN 5 O 1 SR
HEAT KB 1 I8 43 A1, FT DAAE — U 552 3 v S 30X %K
TASPLH L HEAT S AT S — Al B TN L S
N R o R R DI S 1 5 G WA
PEAE R HMEE MBS, LR/ R Rir g
AN AT A% 1) Bk 7 R B A1 25 A, DA T S B BRL 40 i
¥ 53 B 43 B

B0 L R S B 5 — A R ROR R
B ME— 2 F A5 AT (unique molecule identifier, UMI)
G IFHEE ) DA BE 0% BT 47 Hb i 1k 50 48 B R 152 B
o TR e AR PME — £ UMI R 50, N X
Fh D5 i nT UK G5 S e s i B2 A cDNA §7 3 i 7 oh i
AR BA PR T, H At H A R IR A 2 YR KFR
RGP 38+ R ( multiple annealing and looping —
based amplification cycles, MALBAC ), MALBAC #|
FHRRR T W), (45973 5 09 25 R 5 AN I L3R | AT AR
REEHEE L7 Ik T DNA By 48 Bovk o 88, 02 i H i
IR AR R A R

2. B2 LI R R AR AR LA A R
Fea A FEOPBE S5 R AN o> B SO R kD
Jr FECHE 73 A o LA i T % 52 R 20 2058 200 O 5 S 2
TR ], a1 s, (1) S g B . SR L 4N
30 S AL AR TG T A 53 5 A 300 B0 S A, 1 B Y
TRV T LA 4 R AT T D e 1 075 26 23 A, o T LA S R Y
TR AR (FACS ) B 2 G Bk ( MACS) 55 48 R AT
oy, BHEAT T, (2) SCEM . LA 10 x Genomics

. 5.



- BRIKE -

J Med Res,March 2021, Vol. 50 No.3

TGN, AR D R I AR B R, Z RS
A 75 T FME— 1 FE RS B ER , MR T LA
(40 ~80) J3 A4REF o T B F A A 1 R I PR
FERLOR U L — AN, 6 B0 P9 58 A T 24 A RN A
S SR cDNA 9 3 45 3% 2220 R | fe 2 R
sk B BAAS AAY BT AT oDNA Fh s — AN IER, (3)
SE D P - Xt b A5 B A 2R T A 0 SCE R AT R
WFF o (4) B0 20 BT - B 20 0 e 2 R 24 T R
s R B 2 TR T Bk A R X S B R
U 50 A BG4S - (D o 42 ) R d0 DA B IR 5
JF5 BE 20 LR Z2 A 20 R AR AR 7 AR 0 T 5 2 T RS
050y T 1) B D 25 R 5 S 5 B IR Y LR
Qi 25 5L 1) b 1 A0 AN Ak ; B R S4B, 3 3 0L i
¥ 5 BTG A0 i & e B
KK

(PN N - LM
o v
FACS MACS
BAH AR \

pipaaiiiil

iy
IR

e

WHIEI WAEW  Sgn
MecDNA  fJeDNA  FY3HR ) 32
My —> AR

B1 EZhAARMEERANFTEE

ZBHBANFREARE SSCHRFHNA

1. 487~ SSC 1 55 i 1 « 1B 22 AF 9 76 XF B 41 fifg U
J 45 R 2R A 3R R B 4T i A 32 A T JS & TR, L ssc
FA RS EME REMBFIOE SSC #]4fb ks
JRARL 53 B T 3 A 4 FhEL 5 RO [F] 0 48 KR A
Wang %517 5 1E 5 48 3 0 35 A BV 0 RS 70 13 0
ST SR A M R R A B A T 3 A4S 4 i
R, 2017 4E, Guo 25" %} SSEA4 + SSC Fl ¢ — KIT +
SRR TN D 8 A B 40 5 7 4R DNAFR S 1 4 0
FEAr M 008 T 4 A ANl R a2 o ORE 1 ~
47, 2018 4F, Guo % XF 5 #& Ay 52 L 40 M B W E AT
T AR S5, B TR oRA 07, R4 07 Bk
HEB:AESERT M S0 B 2 46, AT i 5 H 2 5 SSEA4 %Kik

-6 -

) ST3GAL2 BE PR Y MRFL s A7 6, “ R 07 F R
17 7] G AR PO A AS 8] 19 # 1 SSC IR &, Hermann
S LOUXE SSC A BN e 43 I A %2 B, 3k L SSC
i 2 W) ) 40 B A2 T B B b B2 7R SSC Y ]
— VRN S B T B B TR A A A A

2. #8578 SSC Y 4+ R Ak . AR 22 0F 5% A FH FR40 Jd
PR AR X E A/ SSC 4> FAn W # 4T 175k, &
BT REF SSC 4r FHn & W), [F i s & B 1 8 4%
SSC 4 F B A 4 47 K 43 AL RS M HLHI . Hermann
25 LV R AL RIS 4 BT, A AR A B O R BT A
B9 SSC #E A : GFRA1L . ID4 . ETV5 NANOS2 . PAX7 . TS-
PANS .RHOX10 1 ZBTB16, [a] i} 38 & B T — 418 /Y
A . DUSP6 .EPHA2 PTPN13 PVR #l TCL1, DUSP6
T — R OBURE S P BRI, BB 1A 22 0 R AR
PO IS PR, PTPN13 J2 O 1Y — Fh B 2 i , mT 400 1] 8 il
GRIR I P I 5 e 240 A 3 R 3G B OIR A TCLY & 22 5
W/ 0 2 IR WG AKT 09 308 N, X 4275 40 g N
5 I ) R 5 AT BEAE SSC L BE R & HE SRR AE L
At 3R 3K 1 55 K 35 DX R B . S 5 B 1
( EIFAE . EIF4EBP1, PABPC1 . RPTOR ) #1 il %
(EIF2 .mTOR) , ¥ il 40 i N 15 5 % 7 09 B A (F2R
GNAQ .PLCEl ,PPP1CB ,SHC1) F1i#  ( PLC . Throm-
bin) o [AEF, 26 LR 3 B0 0 b 8 BT R A ]
[H (EIF4B  MLST8 .PABPC1) Fili# #% ( EIF2 . mTOR ) .
W% f 35 N ( ALDOA . ENO3 PFKL ., TPI1 ) #1 & A1 )
SSC £ [H (1D4 \NANOS2) , #£ SSC M Bf vt fE W ¢
| GDNF ,FGF2 #l WNT {55 538 #% iy 13871 ) st
S IR R0 530 3% 7 8 5 SSC Ry [ FR BT A 4E 4 R 43
PRARZS o R 8 T R

3. 487 S LR A I B 43T REAE L BR T AR RS 40 i R
(A RRAE , SR AH BRI P B AR R R T 4 Bl 52 AL 2L A
2 R B 2 (8] A AH ELAVE D AL 4R AR 4 47 SSCH R BT |
WS SSC A A 5 EEAE IR A0 40 ML, H T,
Xof S AL 240 O ) P20 B S e e At TR B OC T
ANERCAZEHTAE L R EL A AR BT I AR B P
AR B ZE P JORS T0E By ssC A fERY . Guo
AT SR AL > B T 5 240 i Sertoli 41 JifL
JUURE 20 B3 | Leydig 40 i, P K 40 B A S W 40 i, iX 5
Green %" 78 BUAF /N BUS2 L v 40 5 M0 400 L — 3,
Guo %" W58 & B, 76 N B2 4 i b, NOTCH 3 ¢ 3% 14
NOTCH4 Fl N ¥i# {5 % X+ JAGL (HES1 #1 MAMLI #%
B R LR AE B WLRE A R Leydig 40 Md
Hedgehog il }% 19 5% & PTCH1 1 PTCH2 LA X T i {5



BT 20214E3 H ES0E $£3

- BRIl KT -

S0 GLI Ml IGFBP6 ¥4 i ik, £ Sertoli 4l Jiil
o RS R ITCGA6 Rk X —F FLAAET AL
RS LR B9 . 1E Sertoli 40 il if %3k WFDC2
HI PRND , HiT 2 & — Fh € %0 A9 7T AR BERE  102 1 Fff
B, G g 5% — v L R L A B R
F1. PDGFB 7E N & 4 il i & 35 | H 32 /& PDGFRA Al
PDGFRB WA 7E T JIURE 4 B Fl Leydig 20 M v, iX £
P 448 i T il S Ao 5 R At A 40 Y R I AL 1]
ma AEAE AR R A .

4. BN T IR PR i 8 A IR e — N8
R0 X FEA R R . AR A BRI, X TS
A R G W oE AR KRR B b T AR B
Wang %7Vl Green %' F 2018 443 5l 2 il T 4R
5 PEFOE P /N BRUAE B A0 B R A AR Y R TR 3R Gk Bl S
B, AT TAEESE T/ BURLCZE RS 78 il it 7
AR AR BN T /N BUPE S B9 5 N8R B A 11 [R]
VR R A B R 1) AT 47 . Hermann 255 th 5 /N BRI
NS ARG M i RNA 24T 747 20 b7, F A 55
G5 W 3R /N BRI 28 22 ) A7 6 e 53t 24 () 1 1 R
I HE AT LA R /IS AR S 40 A 4 T A A ok %5
NZEANE A0, i N 280 F I8 i 48 & 2 4 S ¢
Law 2" %t E16.5 PO P3 H1 P6 Y/ L 52 JL k47 80
A0 4 B 2 B, /N BRSSC OB R B B0 R AR IR iR
Wik C R T

H 287 1R 2 50 20 0 5 4F 5% 6k N 28 BE R F
57 558 45207 MRG LI 0% D s 2 5 40 B 2] 1l 20kS
TR A N 28 55 kA B R R G RR A B
Sohni %' F 7 & BT A= JL 52 3L v A7 A R A 5l 40
L, G — el 240 ) 2 5 0 5 i LA A D G A 2
FR) 28 IR T 2 B AR L, 59 — 4 e A% s SR 5 A
SSC ML, BN & SSC R PR 4 ' X R W,k
JUIARY SSC i 1 48 Hi T 68 Fh G JL 39T 1 52 s 2= B 4 i
KREMK, Guo 5 W &M IL(13 D) By A5 40
MIFURN (17 ~24 %) B9 ARZS 07 20 il 1) 255 P53 35 A1
oL, I B L 0% A= i 40 B o 5 7 % 8 0 1 Ak A Bl
JERECORFE 07, XL LA AR E N 1 2 F]
HAW - BEAEN TS SSC W, 7 ANEKHHF W
B B RS 155 1 BT B 3 B0 AR B A S R S e
JSLAF By BORE T 45 2 B T v s 300 A= B 4 i 2 7
ARIE XA IG5 A TS 1 FE A 70N B Y oh I 21 fy
ME—H ) R TR XA TR, Guo M
TANTHEMBENELNE, 58T B SRS
1 RS I8 B S A S

S50 O 1 S0 I 00 A S 4L AR O, N
25 SSC MR LIV 2 BUAE I3 0T 43 S 4 A AH X 2k 37 19 By
B O JLI 3053 A= LT, J5 b6 A6 56 40 L A5 ol SSC B
B @i A= LI 2 75 & W AT, SSC #r 1k sk 2218 [ Fk
BB @ AR, Y SSC A, AR A AR
FE4E I SSC 43X AL B Be s @ RUAF ], SSC Fa e iy A/
G IR Ea a-a= o sk SR i Rk 1 =

= RBABNERARE SSC HERFHFRMEF
Bt 75 [l

PR AIN R AR SSC W 5T Pt A R BR
BB B A R 1) B 40 0 P B R AE AR AR 2
TR A T SR ey A5 () L[] s A [i) S 56 ) T 45 S 8 9 T
REA R RS BR T4 P SC I bR A (25 ) 2 25 41
— A T2 B T RS [ S 6 ol P A B R A B R
SHOREY L AR TR B A0 i B 5
BF A% 2 DL U (1) AR W% 8 S8 AN R it
YR Ab B )R AT RE 23 7 AR 22 ) R ) ) 40 43 S O Tk
7] BE S LG Sk B e 2 A AR R E
S, LUK SR B T S e S AR T (2) Ay
T 11 200 i 250 o DA B 2 5 19 516 4335 « e ¢ 43 A 1) 240 i 4
SN T R A I R — TG S B, G LR A T 5
UMM S R A G TR 5 UL A L A 1R 3 Gk e AR AR
Al RE TP A 22 5 A IR Bk SRR IS I
AP T 27 DL 2 B F F 5 T R TS A T A ML) A3
SR, 5G4 FH T AR HE 47 43 35 T B8 2 il 49 7 7™ 2 Ml
far, PG TR 1 S 56 Bsf 7 >4 R 4 S 56 B A 1B 0 S R R AT
WSE ik, (3) HAE AR SE 7 R b s %
B RTRNI 3y ik v i I R T R AR K 22 5
Svensson &5 2 5 WA, B4 I B R Y SO B
e o 1 2 A T 0 R R

P24 B Sy 00 T A AR B 00 R AR T T
B R IR T | (XA FR 3k 1 S Bl = AT fo] i ) 5 [A] 1Y)
T 5, T 25 (A7 B A0 i ) RE R is i g
NG JFA 2 38 (FISH ) $I 1] 14 5 325 AT L FH oK 5% #b 25 ]
RSN NS NI Nt 1 o RTINSO 1 D N
PEHRICHEE , RNA AT AFEH AR R B E 7, RNA
YNGR 238 1 A 3 (5 F £ X B4 mRNA 20 T £
FpERAT, ST 2020 A B0 PR ) 3 3K 1 AR N SE £
J& o XA & % 22 FISH 35, 110 Lubeck 55 H 19 5 H
b RNA BT 2% 28 (4 J7 16 388 0 1 Al kil RNA 9 Fp
%I HAB T AFFIZE RNA BRI AL

L= 2]

2018 4F | 35 [H ( Science ) 2% 7 B B 41 g L IR 0

o 7 .



- BRIKE -

J Med Res,March 2021, Vol. 50 No.3

I BT BOR B N AR B Sk S Bl S, F 1 1 N A

240 JE 00 P BR B VR S A S A R A

FARE AR 10 4F A IR Sl AR 1) 2 /1B 25 BF 5T

A% SR o

PR I P B R AR SSC A T S W M Y

J E A XF b T A B0 P AT v T I R AT 4

AR I 20 8 S BT 3 AT AR AERS 5T 4 i A HE

PR 73 TR AR, 2 SR TR I sh A K g [

R, BR800 PP B R AR Sy I AN B RE 112 T SR A B

A5 1)« (1) AT LA Bl 55 PR A B 0E 2 W, 50 3 55 1

ANEIRE A 432, R IS Sk IR T SR A R B Al

(2) AT RAPPAS ) A5 BOKS A8 A2 45 /Y SR DR 20 B sj

2H B F WL 35t 4% L AR AL, SN SRR 1Y 4 B 1 IR T i

HMIGTT . (3) A LI WA 2 8 SSC AR AN (H 19 A= K

PR Bl At PR TE 5, S B SSC oy AR AR K 3R 5l

— i T A B A BRS T AR

&% 3k

1 Devlin DJ, Nozawa K, lkawa M, et al. Knockout of family with se-
quence similarity 170 member A (Fam170a) causes male subfertility,
while Fam170b is dispensable in mice? [ J]. Biol Reprod, 2020, 103
(2):205-222

2 PNRIR, WA, KNS, ER A I A R S PR R e Y B T
[J]. F¥EREER.: BEY¥AR, 2019, 40(1): 117 =122

3 Gille AS, Lapoujade C, Wolf JP, et al. Contribution of single — cell
transcriptomics to the characterization of human spermatogonial stem
cells: toward an application in male fertility regenerative medicine?
[J]. Int Jou Mol Sci, 2019, 20(22): 1 -22

4 Macosko EZ, Basu A, Satija R, et al. Highly parallel genome — wide
expression profiling of individual cells using nanoliter droplets|[ J].
Cell, 2015, 161(5): 1202 - 1214

5  Gierahn TM, Wadsworth MH, 2nd, Hughes TK, et al. Seq — well:
portable, low — cost RNA sequencing of single cells at high throughput
[J]. Nat Methods, 2017, 14(4) . 395 -398

6  Hermann BP, Cheng K, Singh A, et al. The mammalian spermato-
genesis single — cell transcriptome, from spermatogonial stem cells to
spermatids [ J]. Cell Rep, 2018, 25(6) : 1650 - 1667

7 Wang M, Liu X, Chang G, et al. Single — cell RNA sequencing anal-
ysis reveals sequential cell fate transition during human spermatogene-
sis [J]. Cell Stem Cell, 2018, 23(4) . 599 -614

8 Sohni A, Tan K, Song HW, et al. The neonatal and adult human tes-
tis defined at the single — cell level [ J]. Cell Rep, 2019, 26 (6) :
1501 - 1517

9  Guo J, Grow EJ, Mlcochova H, et al. The adult human testis tran-
scriptional cell atlas [ J]. Cell Res, 2018, 28(12): 1141 - 1157

10 Guo J, Grow EJ, Yi C, et al. Chromatin and single — cell RNA - Seq
profiling reveal dynamic signaling and metabolic transitions during hu-
man spermatogonial stem cell development [ J]. Cell Stem Cell,
2017, 21(4): 533 -546

11 Oatley JM, Brinster RL. The germline stem cell niche unit in mamma-
lian testes [ J]. Physiol Rev, 2012, 92(2): 577 -595

12 Kitadate Y, Jorg DJ, Tokue M, et al. Competition for mitogens regu-

. 8.

14

20

21

22

23

24

25

26

27

28

lates spermatogenic stem cell homeostasis in an open niche [ J]. Cell
Stem Cell, 2019, 24(1): 79 -92
Green CD, Ma Q, Manske GL, et al. A comprehensive roadmap of
murine spermatogenesis defined by single — cell RNA - Seq [J].
Deve Cell, 2018, 46(5) : 651 —667
Law NC, Oatley MJ, Oatley JM. Developmental kinetics and tran-
scriptome dynamics of stem cell specification in the spermatogenic lin-
eage [J]. Nat Commun, 2019, 10(1) . 2787
Neuhaus N, Yoon J, Terwort N, et al. Single — cell gene expression
analysis reveals diversity among human spermatogonia [ J]. Mol Hu-
man Reprod, 2017, 23(2): 79 -90
Guo F, Yan L, Guo H, et al. The rranscriptome and DNA methylome
landscapes of human primordial germ cells [ J]. Cell, 2015, 161
(6): 1437 - 1452
von Kopylow K, Schulze W, Salzbrunn A, e al. Isolation and gene
expression analysis of single potential human spermatogonial stem cells
[J]. Mol Human Reprod, 2016, 22(4) : 229 -239
Li L, Dong J, Yan L, et al. Single — cell RNA — Seq analysis maps
development of human germline cells and Gonadal Niche Interactions
[J]. Cell Stem Cell, 2017, 20(6) : 858 —873
Guo J, Nie X, Giebler M, et al. The dynamic transcriptional cell at-
las of testis development during human puberty [ J]. Cell Stem Cell,
2020, 26(2): 262 -276
Yoshida S, Sukeno M, Nakagawa T, et al. The first round of mouse
spermatogenesis is a distinctive program that lacks the self — renewing
spermatogonia stage [ J]. Development, 2006, 133(8) ; 1495 - 1505
Kolodziejezyk AA, Kim JK, Svensson V, et al. The technology and
biology of single — cell RNA sequencing [ J]. Mol Cell, 2015, 58
(4):610 -620
Saelens W, Cannoodt R, Todorov H, et al. A comparison of single —
cell trajectory inference methods [ J]. Nat Biotechnol, 2019, 37(5) .
547 - 554
Stegle O, Teichmann SA, Marioni JC. Computational and analytical
challenges in single — cell transcriptomics [ J]. Nat Rev Genet,
2015, 16(3): 133 - 145
Svensson V, Natarajan KN, Ly LH, et al. Power analysis of single —
cell RNA - sequencing experiments [ J]. Nat Methods, 2017, 14
(4) 381 -387
Lubeck E, Coskun AF, Zhiyentayev T, et al. Single — cell in situ
RNA profiling by sequential hybridization [ J]. Nat Methods, 2014,
11(4): 360 -361
Moffitt JR, Hao J, Bambah — Mukku D, et al. High — performance
multiplexed fluorescence in situ hybridization in culture and tissue
with matrix imprinting and clearing [ J]. PNAS, 2016, 113(50):
14456 - 14461
Moffitt JR, Bambah — Mukku D, Eichhorn SW, et al. Molecular,
spatial, and functional single — cell profiling of the hypothalamic pre-
optic region [ J]. Science (New York, NY), 2018, 362 (6416) .
eaau5324
Xia C, Fan J, Emanuel G, et al. Spatial transcriptome profiling by
MERFISH reveals subcellular RNA compartmentalization and cell cy-
cle — dependent gene expression [ J]. PNAS, 2019, 116 (39):
19490 - 19499
(W H Y. 2020 -09 - 10)
(1 . 2020 -10 -09)



