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Genetic Basis and Breeding Application of Cytoplasmic
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Abstract: Heterosis utilization is the main way to significantly improve crop yield, which helps to solve the
contradiction between the increasing population and limited arable land. Soybean, which identified as an
important grain, oil and feed crop in the world, the utilization of heterosis in it has been used for more than 30
years. Among them, the three-line hybrid breeding system based on cytoplasmic male sterility is the main way to
utilize the heterosis in soybean. At present, more than 40 hybrid soybean varieties have been approved and
popularized in production. Furthermore, hybrid soybean is in the stage of advancing from pilot to
industrialization. Therefore, this paper reviewed the genetic basis and breeding application of cytoplasmic male
sterility in soybean. The discovery and utilization of various cytoplasmic male sterility lines, the genetic and
molecular mechanism of sterility traits, the map-based clone of restorer-of-fertility gene and inhibitor of fertility
restorer genes were systematically described. Based on the description and analysis of current situation, the
challenges and solutions of three-line hybrid soybean breeding were put forward, and the innovation of three-line
hybrid soybean technology was prospected, aiming to provide new methods and new ideas for the molecular
basic and application research of soybean heterosis.
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2L 8 AF HE 15 3 8000 7 i, Hirh 2020 4F (3 11
T VAZME 2023 4 —5 SO B AR
TP FRGRE 35K 2023 45K S R T
KB 1.5742 R (1046.67 F1 AED AR T H 1958 4F LA
e , B ABAERFAE 9000 JT L, Y, R
KT S it — B AP K (RS K RS N
K AEHABAEYIAR L, BT TR e LR T2 18
2013-2023 4F K AW =T 230.61 kg,

F iy P RNV N RS (R LR AT AV
i, DK BRI SEEY P s . B
HAE D 2= A0 A S A 3 4% 32 5 0 356 1 400 i o e
A E (CMS, cytoplasmic male sterility) 5 4t 1) —
AL A T (GMS, genic male sterility )
RGN RIE . KOG FEEA SR 1 24P
BB AE 20.09%~101.6% Z 6] . TR ETE KT
FRFI I A T Ak T R PR 4 S K, AMUE R T
TH L5 — AN R R 4 R O 4 i e AN 7 R i
HOE TR ARG 2458M . %2023 4K, ©F
= 25 WO K G0 f 45 4~ Bl MR
ARl Rl AR R R WTRAL , 2438 R T EAE B s
AL AR B . SR, AR SCAR RN K 4
JEHEEANE R R BAA, UL A T
YRS (03845 T o FALHI A T453A , X 458
KRG ZRBEE AT, LUV o 3L ml 55 0 T
FAPEES , RS R AR

1 XEARREERATRNLIAK
FH

H Rhoades"®' /& B T K () 20 Jifd S5 b AS 5 B0 42
LU , 2N 0 40 S i AS 7 0 4t i A 4
. 19544, Sampath %57 g il T 25— 151 A KR
HEVEAT (A M BT E AT 9808 . Ogura™7E 14>
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A, 20 TH20 70-80 AL, SE [ G J5 #2 AL T 5 I
FHIEH R Ho, Davis " 7E 1985 4F (1) % Fl gy
KRB TR G AN R AR T A, L5 EAN R
PAHSERFTE . M 20 1228 80 AR , Nt T I T
K20 B BT M AN TS A28 T A, T AR AR
T CMS-RN,CMS-ZD F1 CMS-N %41 Jifd JF bt AN 5
FMEL

1.1 CMS-RNEARFZRZMAZMKEF A

1983 4F, Sun 45 R 5 TR [F 19 145, B2y 61
ZRACIH, AT R L m 5 44 28 TAF 5 1985 48 K B LAAR
R R G RIGEE M BREAS  BF A= K 55090035 42
K FAGHF MR S EAT , 1B 85
R RIGE RS HEAFTAMMR . e, L0t
2B EAL, T 1993 4E 7 B 1 HE AL A SEBRaT Y
KE N TR T 2 OA, FRZ A RN BRI it Jo Ik
PHEARE ZR(CMS-RN) . BJ5, 1t F52 718 OABC,
R ZFEE KGNS, e 5K = & B
TRFFEER . 2t FARIEIRE 78 1995 4F B % T A4k
KEARE R YA IR R YB, R8Tk E &,
SEEL T S ARBE IR T 2002 45 F AR B 1SR
AT AR T 15, 2001-2002 £ 5 AR g 2 H
X I 36 A v R 77 21.9%) A3 2024 4E, 2
HE B A AR 5 X 300 £~ CMS-RN BUR &
R LIFFZEBIA T R E 3T I R s fh
(F 1) 37TEF A 3340 5 MRE KRR B
Moy S ERABE T, BRI B ARG XN 5 Ak, 1l
PO K2 (LG4 ROl BL 2B ) B R RAF
AW EILRG M 4 CF G 48 A G -A-5
52 I H53) R4 AT AR U G X Rl E . I
CMS-RN BURNE R 1EF 1Y 2% 28 K & 5 Pl 7E 8 (1
i RS m AT R A T I R B R A
374, 6 A A Y i 42905 18 i
Rl BRI B AL 21.5% ;4 NS FPEERR S A1
1 63% ;24 A AP TE IX IR Hh o) BESF-243 7
i 12% , HA 2258 1 5 458 5. 2 5 800 BF- 1
et 20% 5 75 T 645 IR A AR, IR IEG
P T B R R
1.2 CMS-ZDEARBRZHWEZIEF A

1994 4, Peng 55 LK 52 i Fl i 89B 435110
BEAR GAAKHATIE R AL, RIIEL S EART , AL
IEF AT, Wil 89BN F AT, 5 B A%
ANE RS, AT EEEE AT . 19954,
A% 4051 31 8908 F 8912 TG~ 2H A 114 F, B o 5 1
RIEWMHEARE , L EHIES WX AT &
H st % I R ) 8 TR BAEARE o R
FUODIMREER YB HAUA, 5 ZD8319 i AT IAE , &
BCESAE I LA ZD8319 4l Jf i st A% 15 s ARG K&
YR BT HEE AN T R ZA, FRRIER] ZD8319 HA AT
AT, SRS I OB AEEEAS 35115 Wy,
W Way, 3N 245 7EF RIS E RE 5 1 1 i 22
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#1 FIACMS-RNEARFRFRHRAZKE M
Table 1 Hybrid soybean varieties developed used CMS-RN type sterile lines

— o ﬁf{ﬁﬁﬁ EEE% [Ziuﬁﬁt%ﬁc ﬁzmﬁ%fa
RE A Year of Rk ok il A ;(%) xﬁﬁi#(%) xjrﬁ&ifﬂ(%)
No. Name variety Female parent ~ Male parent . (%) (%? oil ar-1d Yield mcrf:ase Yield mcrf:ase
Oil content  Protein protein  compared with CK  compared with CK
approval content  content in regional test in production test
1 ML 1S 2002 JLCMS9A JLR1 21.09 39.19 60.28 21.9 20.8
2 M2 2006 JLCMS47A JLR2 20.54 40.75 61.29 22.7 143
3 M35 2009 JLCMSSA JLR9 20.84 40.54 61.38 6.4 2.8
4 ML A4S 2010 JLCMS47A JLRS3 19.57 40.48 60.05 123 6.1
5 AL 5SS 2011 JLCMSS84A JLR1 22.25 38.79 61.04 12.2 19.7
6 T 606 2013 JLCMS47A JLR100 21.51 40.11 61.62 9.6 13.5
7 607 2013 JLCMS14A JLR83 22.22 39.30 61.52 12.2 5.1
8 608 2014 JLCMSS84A JLR113 23.04 37.22 60.26 11.1 3.8
9 Ei5 48 2014 PZMS-1-1 ZH-21-B-5 19.89 36.99 56.88 14.0 152
10 P 609 2015 JLCMS103A JLR102 22.54 37.52 60.06 17.0 22
11 HH610 2016 JLCMSI128A JLRY9S8 21.15 37.32 58.47 18.7 9.4
12 HH 611 2016 JLCMS147A JLR113 21.47 38.67 60.14 10.7 15.0
13 W 612 2017 JLCMS57A JLR9 20.92 42.07 62.99 16.7 4.4
14 W 626 2019 JLCMS230A JLRY 20.19 40.68 60.87 13.9 114
15 W 627 2019 JLCMS179A JLR9 20.74 40.97 61.71 13.4 7.8
16 THH 635 2019 JLCMS34A JLR300 22.71 36.27 58.98 11.5 14.8
17 HHE 639 2019 JLCMSI91A JLR403 23.78 37.04 60.82 13.1 13.1
18 HFHH 15 2019 JLCMSI178A JLR124 22.15 40.46 62.61 15.3 16.0
19 fE®F-A5 2019 JLSXCMS1 1119-99 20.96 42.10 63.06 13.5 12.1
20 #H 637 2020 JLCMS210A JLR209 20.19 41.70 61.89 11.8 8.3
21 T 641 2020 JLCMS191A JLR158 2243 38.58 61.01 17.4 33
22 HH 643 2020 JLCMS212A JLR346 21.69 38.14 59.83 153 112
23 HH 647 2020 JLCMS5A JLR2 19.12 42.52 61.64 14.5 183
24 FHARHI 2020 JLCMS254A JLR192 21.93 38.17 60.10 17.8 18.2
25 HH 633 2020 JLCMS204A JLR230 20.44 42.78 63.22 12.9 14.0
26 HH 653 2021 JLCMS242A JLR300 22.89 37.68 60.57 11.3 9.6
27 T 654 2021 JLCMS234A JLR13 2275 36.64 59.39 14.7 9.2
28 7 660 2021 JLCMS204A JLR419 21.42 41.39 62.81 8.4 8.0
29 T 645 2021 JLCMS234A JLR9 20.12 4477 64.89 15.4 11.6
30 TR H2 2021 JLCMS212A JLR414 2291 38.86 61.77 17.8 9.6
31 W52 2021 H3A Zhfhas 19.92 43.64 63.56 9.2 11.9
32 649 2022 JLCMS209A JLR158 22.04 37.53 59.57 8.1 12.5
33 #HH 667 2022 JLCMS164A JLR227 21.08 39.76 60.84 11.4 6.4
34 FHH 668 2022 JLCMS247A JLR227 22.94 35.39 58.33 11.8 12.7
35 HE53 2022 SXCMSI3A TH46 19.37 41.12 60.49 9.8 14.8
36 HHE613 2023 JLCMS179A JLR306 21.99 39.14 61.13 142 8.6
37 HHE6TI 2023 JLCMS18A JLR306 23.05 38.26 61.31 13.5 7.4
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Wosia s Wosen s W, IXEER T R ST R E 5305 K
DA AR, 4 S M i 89B
4R B R F 2D8319, RIH &2 19, (R K i e U
BT RGN CMS-ZD B! . H i CMS-ZD %I A
BT E AL T 10 /0 B AR XA R
R, PR LB ER B AT 15 24
B2%5 RT3 ST S 5 4N Je s B
P AL BB R TR T 15 (RS H 2
SR 123 8E 3N S RO AR ERIE R R T ML X
B2 P E R 0 & & LAEE R E R, 74
Al R A B TR S R YR 42%, N sE G2 SR
10T 5 = ik 46.86% , G & A 1R 15 65.85%
BEAR, 2405 1 S MR 2258 5 15 78 K 4
Xif BE B P I 159% o HAZ 1 T R A R R RIEL
g SR Y e 8 N1 - O i o ST
IS TP IR AN 2 10% .
1.3 CMS-NEARBZMEAZIEF A

1995 4, Gai 46" & I 4258 41 A N8855xN2899
M) F, 8 BEANE , 28 2 30 UE FIE R38R 5, A
N8855#E iy N B UM, Bi/5 , Ding >l 1 4258
21 £y N8855xN2899 [ F, 5 [1] 48 3 48 N2899 (1) Z X
[IAE AT T AN SR AN F R NICMS 1A FIfiL &R
F Z NJICMSIB. 1T N8855 Btk I 4 s Jt K& [,
WIZA T RPN CMS-N8855, 2006 4, Zhao
A2 38 3 N21566 F N21249 22 52 318 A & &
NICMS3A FIfii &7+ 2 NJICMS3B, %A & & 141
Ji 24 FRAIE 5 CMS-N8855 R[], [H ks Hosim 44
CMS-N21566. 2017 4, Nie 25 A N23661xN23658
(2 LA RIS AN T R NICMS4A , 2R R AR BRid
L9 o 26 B, N2366 1 VA T 41 i 5 5
CMS-RN,CMS-ZD .CMS-N8855 Fl CMS-N21566 1%
AR, PRI B A 44l CMS-N23661, 2021 4F, 54~
F I CMS-N BUR FH £ NJCMS3A K A il K 5 244
AN ST Vg ARk K2 (L P 44 AR b R 2
B ) B RS, 12 b R e X e 56 A A 7 v 2 4
Xif RS 7 12% LA 38 BLAE 11 PG 48 K 00 547 v s 2
DX i 0 S 49 X oA
2 KREMMRREEAEHNERES S

FHLH

2 J5 B PR N 0T 43 Sk L AOR B R A
ANEPFIER, fFERANE N E M2 7R R

PRAS B (0 D R ], S AE R RN TG G . I 2
e HAE VU S (A IS S 2 A AR Ry IR 30, M I S A

W HUAATFHARE M EEAS, & 1 XK LR
MIPRIE Z2 M ACAS L F MR TR B i &, F, ]
BRAA T HRE B R 301, 76 S B R i  43
B TP ERATRANAT RS AT
RWE A G ZINFEIRBE KM . & WA+,
T K CMS-T B Fil CMS-C £12520 7K F§ CMS-WA
FI2 JNFE CMS-T B Fil CMS-V #1220 Jil 32 CMS-
Pol %12/ F1 CMS-Ogura #1222 S8 Y R AR F o
Hie A E 2R (4 5 1 52 T I B A8 B 1 3 R 7Y
P, R B I T AT AR T, 2 R A e
Bl PR EIHE . AR TR TR REA, &
1 XHR 52 FE R AR 52 32 R ACAS , FLF AfL PR 4 0 R 3
FREANF H AT IEHS55, F, hal AR AR F R
FELR AR EATH®RY . TP ERATE
KRB AT HEARFEE PR 22 | X A AR5 25 s v
U, EOK CMS-S #I20 sk fF CMS-HL 7 1K
FEi CMS-BT B34 /NFZ CMS-K U2 25 147 5y 11 25 7Y
AH . EREHFEFERILT FRPFRT AL,
2.1 KREHEREERERNZEST

XN HES H AL T 167<YB . YAX167 . YAXY12R .
ZD8319xZB il ZAxZD8319 i M52 44, K I BT
AUEF AR BRI EAT , R F
AT WIARAE 2 — . 2l XA FAAF,
FERR B Mo B 2 R TR X s A =l
YAx (167xYB) . YAx (YBx167) . (YAx167) xXYB,
ZAx(ZD8319xZB) f1 ZAx (ZBxZD8319) i) F, #11
BYGEIT, UL rf(restorer-of-fertility ) KR J5 ANEE
WS AT E 38, X R AL TR F 1 55— S 35
FERRAE R4 F IR SE B, i CMS-RN %I Hl CMS-
ZD TR G A i BN AR R B DR R AN
. Bai &% CMS-N8855 IR & & HE4T 1t A4 4%
Br, KA 22 NICMSI1A M HAR 5 R AA8 A5 1Y
F, R AT EF ; 2484 A NICMS1AXN23601 F
NJCMS1AxN23683 i F, B4 tp o] & RE IS 3 #k:
s o 151, D28 H A I Fy, AR e
RINEAMIS N ERNBENG7:4:41
FLR AL H, H NJCMSITA FlINJCMS1B ) BCF,
MR EH 31 E e, RILifEw , AT &
NICMSIA AT, HF MR 2% H1 5
PEREHFEH] . Zhao 2%} CMS-N21566 I A £
NICMS3A K HAK 5 2 NICMS3B e AR Y 164 B &
BTG, RBUILF, MAEH i & R 2 WK E R
—2(75.6%~95.7%) ; F, M F, AERRBR AN BIZL A AE0 A
ANEIINN  FEAR R A AT E ;34 F, (NJCMS3A XK
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I Z ) XNIJCMS3B 4258 ST F R & 140 25 FLAF
A1, H R W EEE T E R AT AR R IR AT
H .o HICHENT , NICMS3A f 40 i 5 M I TR &
HH
22 KREMREREEEAEHNS FHLH

200 B SR T AN R A SR DR A ELAE F I 45 2R
3 R P10 200 A R R Ak b5 A 40 5 A B T
FPAEART . BETAEKRES Gl K0S
ZAEY) A AN o N R DR B R S E
R A AN B A T HLHI e A e, (R4S
T E AR PGE KR, B AE LN Rl
P2 AR AR 4R RNA K DNA H A6 257 T
J& T ZYEE IS
221 CMS-RNEARBHFHIFHZR FPR AL
FHETITE CMS-RN BURE R AR RE R 15 FArid
ST, IR R o 2 A B ISR A T %
VI, TS Y 1S R Bk B 225 (AFLP,
amplified fragment length polymorphism) 43 F 5 ic.
X CMS-RN BUANE R M ARFE R AT 00T, 4615 7 %
A RE -5 40 S E A B OGB4 o A S
F 21 XTBEMLY 34 F BE K B 2 25 7 DNA (RAPD,
randomly amplifiled polymorphic DNA ) 43 F #5ic X
CMS-RN R E Z K HXF 1 A5 2 (267 /K DNA
(mtDNA) #1725 0T W TAE R LRFER
LR RIIA DNA R QLA , 33 TAE RS R4k
PRI RI 2 ] 9 22 5, IF H R 24 1~ RAPD 51 i)
BATRSHREERESRX . BHEIEC 624
CMS-RN BUR & & K AH B OR FF 28 # 8}, SR A
RAPD 73 FHric X mtDNA #5472 854400 , il ok
SRR SE R Cox L R 45 X 13— B¢ 71 bp
5 5 17 91 B4 AT B S B0 5 40 M S AR 7
MR 22—, X ZEE IR E 7 JLCMS9A K
XTI B PR ZR JLCMSOB AR, BB T K & Zehn
WRIEH atpl . atp6 . atp9 . coxIl , coxIIIF cob I 4 47
S 0 R M R T O R L S5 R R A atp6 TE
JLCMS9A H1 [, ILCMS9B £ 3 /> g A o, Hirpr 2
AL BT E IR AR AL, S BRI ) R 45 &
Az AR AR 5 HE I 3 R ek S AR FT BE B2 JLCMS9A Hh
atp6 F I IE F )68, 51 A0 EME AR . Lin
USR] RE R S B R JLCMS9A K H R+ &
JLCMSOB AT T M-S A S PR A 77 L5 AT L 3
Tk 45 FAnic, il PAIX 7 CMS-RN R ] & F1A
BT, FEMERE E O MRERE YRR TAT
2 JLCMSOA M2 SE PR A Hr R A A5 T 36 R XA

LGRS X 1) SNP, HENA T RIS marK S 1)
SNP A RESXF K G & PEr= A5 m

AALHE ST TR AL ST, FE A% J2 10T 1 25 57 (]
FE T R T 248 I ST P N 7 A e Y Lin S
XF 3SR Bk U5 H B M RIS st E &R
JLCMS9A . JLCMSZ9A F1 JLCMSPI9A K H [i] 714 {4
F§ 22 JLCMS9B 1) 4l it A% B JE AL K470 T, &
PR R I g g ALK T AT R, AT
FORRHF 22 25 55 W AL IX A0 56 3 R A 3h 1 X
SR B BN, RS R 20 S 28 B X DNA
FEAV A B 22 5% . Zhang S50 U5 T CMS-
RN BURH £ JLCMS9A K HARHF 22 JLCMS9B i
miRNAs J HA#E 5, 58] F RNA-seq #8614
PR B 2R LR AT R 50
R AIAFAE 22 5 4R 1 #0051 3 Sl Lo 2E
PG Fs s H LU i AR R G S
5 R R B2 K FEY6E , Horh miR169 7] G
T L AH DGR IR 1 R S 5 K A RS
BIAEM Y, Bai 5 XA H R SXCMSSA AR
£ R SXCMSSB #EAT 1 5% 5520 43 # , Je IRk 1A ik
[K 40 K:[H ORF178 M1 ORF103¢ TEAE % bl
ik EA B EE 5, 7T RE & SXCMSSA (1) 241 it ot
HEPEAN T B 3 I
222 CMS-ZDBEABHFIMZR CMS-ZDEIA
UL A D RS X R H R WI31A K
HARFER WO31B 922 S8 (U T L e Hr L T
HEMEAR T N Rk DA RS A Bk, 58
AXRIEA FLEAAEA TP RIR AT TR 5T
KA Bz ] L re A S AL AN B T G
Wang 255X A7 2 WI3TA K HARF 2 WI31B /Y
U/ N T AU AE R B I AE 253064 T T Al At 2%
B S U “F R (A AL 4 0 EL AT, R &R
WO3 LA FE AL 22 45 B A | P R 2 AN UG R, g
WA B A T 2 R R IR IR M 2 7 Rk
F1, A X S L PR (1 1) R R Rk il R R8T
WO3IA I HE .
223 CMS-NEREWHIFAZR CMSNEWMAH
MU ZE b 4, fE R A e s B P 4L At
W S5 2 A2 T B35 A e HGE . FRIREST A B
NES A7 NS S NG S 7 s B N =
NICMSIA K HARHF 2 NICMSIB atp6 H: [ ) RNA
P PEATHTSY, 45 R R I atp6-1 . atp6-2 F atp6-3 1)
RIRTEART R GRFF RN B 25 7, X T HE
5B~ ATP W JE 6 4516 R REAY A2k, ATP A5 A
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B T REZ B M, NI BORN & & A RE L1
FLAr R R P Mg REVEA T o Jang EMAEH
Z NICMS2A Je H AR FE 2 NICMS2B H 7 e 14>
5 gm0 25 VA S i R AR D RE L R Ap9, KB
NE R Atp9 F RGN F) RNA Hi kg, 78 P47
F I #) Atp9 e P ARAF X 2 AT IR 7 45 (C %)
U) [ RNA Fii 48, 3X 5 BO% K 22 2R 1 1b R i /K
PE25 5 R, T\ NJCMS2A H %A RNA 4 3 5
Atp9 HEEA 4, 5158 ATP A L REFE A, T T3
HEMAT . HeE " HIH 2 MAE R (NJCMS1A F1
NJCMS4A) Fl 347 F (NJCMS1B .NJCMS4B Fl
NICMSSB) #EA TR T, b i RIAAE &R
ERARE R LR AR I R 4] e 9 TN A2 4 DL A7
HEES . ANERBRRIEF B ORR R/, FEH
R EELRNT DR ST 3 90 FUBURE P 91 A8 56 R 2 v 2L A7
Hrp, orf178 Ml orf261 HA HAWEY H AR AT
SR e SURFAE , T DAYE AN R EVEAS & R b i
SR AR BB DR 28 v A S, RN & AT PT R 2 48 it
JEHEYEAS B R A

TERE KA b, Li 255806 R o 4 it S et AN
F NICMSI1A S H i 45 3L - 47 2 NICMS1B #E1 7
SR 0T N A B T RS 2 5ok & Y
Res A R T ek R B IR S HE4A(ROS,
eactive oxygen species) {H B 40 il (5 5 5% S FAR T
PEA AL T (PCD, programmed cell death ) &5 ¢ F Bt
TIRE A iR Z 8 T 6. EE A LA
K OF B, 8 e g X R F R NICMSIA
NICMS2A KBTI R +F : NICMS1B . NJCMS2B
() RLAE A HA A 24 104 7 22 53 B 1 R 4 22 o, 40
ANH R NICMSIA HEPEA T PEAT fE 5 A AR i =
AL AR P AR IO | Z A3 B A B TE R B A2
AR E K E R REER R EEA L. Bk
P2 R Z NICMS1A K& HAR 4 & NJICMS1B
() A AR AR E T L3S B , HE R d A Bk
iy 3 I R SR OC R ) R BB TE MR E A T R
NICMSI1A H i =7 5 B4 AT g 2 NICMS1A 188 1%
B FEEE . Ding S HLEE T K T N885S5 S it
PIANE R AR R AR Y & i P a4k
B IE A  IA 2SR 2 Pl = B 02 AR B 02 05
PEEIEBR R G, N REA ROEBRAC 2 T A TE ML S
PR B B | R AR PR AE T, I 2 R B
HMINE .

TEFWBHAL K |, CMS-N B[R RE T T R
ANEHURIBBFSE . 75 DNA BBk 5 1, Li 2500035

8T KRGAH F NICMS5A K H AR H: & NICMS5B
)42 5L R 20 DNA HIRAETE i — LB T 812
S FIAE R B e 22 55 H AL R (DMGs,
differentially methylated genes) , A N EA1 AT G255 K
GAMFEEYEAR B A K. Han FEYHE TAE R
NICMSI1A & HARHF 2 NICMSI1B (14 5E K 41 DNA
H 34k, IA I NICMS 1A A B 1T g5 DNA H 3Lk
AR FI— 26 B DMGs AR 18 2K AL A 56, ¥ Kk
KA Py FRE A G e R MR IA R T L
KA G 2 1145 . 7EIE SR % RNA J5 167, Chen %55
RIMAE R NICMS1A K HARRE R NICMS1B /L3
H ) 2% F 3R RNA (cireRNAs) 55 503 A4 9
PP A S LR A8, S ek & B T EE I
YA L, Ding FVEFWMEE T AF R
NICMSI1A & H A%+ 2 NICMS1B #4675 H 9/ RNA
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