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THE: AR EMAREAAT, TEEAT “Z77 ZRTEIKERMHLT, WEAREARLIAOXE, Lo F MKk

(restorer-of-fertility, Rf) RAREAK M. ATH, K4 KE RN (Ru Nan) @it R FRLZGFTHREKLLR Gm
Rfl1 #AT THhmeds, A RANKMLE, 3 GmRfl &4z KW Qe KA TR ER, BB, FFlkatfa £
F R AN, AHT Glyma. 16G161900 3 B £ £ Z JLR230 ¥ P4 Al o) — A 576 A~ £ 2L B4 49 PPR (pentatricopeptide repeats)
RO H GmRfl. #— 38K GmRf] 693+ BA# Willlams82 5# AR H & JLCMS204A #4770 LA F RAAMRIE B EZ,
WET GmRfl TTAK L CMS-RN R RF A A M. REFH GmRfl £F AR GAEGERFRRT(E, FRT HES T4
it Rfl-dCAPS-2 #= RfI-dCAPS-3. L LI A4 6 8 L5 T ARITIF L RAILF & GmRf1 KR A, URBT AR TA
FHRAFHMAEKEFE R T AL,

KR K2 mRREETE; FRIKRELAR: o TiRTHsEd
Preliminary Identification and Functional Marker Development of

a CMS restorer-of-fertility Gene GmRfI in Soybean
YANG Xu-lei'2, GUO Feng-lan'2, GAO Meng-meng!2, ZHANG Ze-dong'2, LIN Chun-jing?, SUN Yan-yan?,
ZHANG Jing-yong?, PENG Bao?, ZHAO Li-mei'?, ZHANG Chun-bao!?
(! College of Agronomy, Jilin Agricultural University, Changchun 130118; 2 Soybean Research Institute, Jilin Academy of Agricultural Sciences/Key
Laboratory of Hybrid Soybean Breeding of the Ministry of Agriculture and Rural Affairs, Changchun 130033)

Abstract: The breeding of hybrid soybean varieties is mainly based on the ‘three-line” method (based on cytoplasmic male
sterility). As the male parent of the hybrid, the restorer-of-fertility (Rf) gene in the restorer line plays a decisive role. In the former
study, we mapped the Rf gene GmRf] for the soybean RN (Ru Nan) type cytoplasmic male sterile line. This study conducted
functional annotation, subcellular location prediction, sequence alignment and differential expression analysis of candidate genes in the

physical interval of GmRf1. We identified that the PPR (pentatricopeptide repeats) gene Glyma.16G161900 encoding for 576 amino
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acids encoded in male restorer line JLR230 is GmRf1. By crossing Williams82 containing GmRfI with the female sterile line
JLCMS204A, the pollen fertility of F, plants was identified demonstrating that GmRf1 could restore the fertility of CMS-RN sterile
lines. Wu further developed functional molecular markers Rf1-dCAPS-2 and Rf1-dCAPS-3 based on the single nucleotide mutation
sites of GmRf1 between female and male parents. Collectively, this study laid a theoretical and technical foundation for the future
marker-assisted selection of GmRf1, as well as the creation of new restorer lines through genetic engineering.

Keywords: soybean; cytoplasmic male sterility; restorer-of-fertility gene; molecular markers assisted selection

K R R (R A S AR o S SR K G B 1 — ELAE 8000 J3mii LA b, {45 IR /B4R K. A,
A B e = K T P B — EES R B AR P E S 7 . 2R AR A KR S i KRS R 1
Wogitz—, w2002 FiE R LA KGR “IRZT 157, H X0 a7 357 & Lo
A AR 21.9%M0; 2017 EHERE ML X7 KR CEH 6127, XCFE B M BRI 6.
0%, HAET, KREZFMILHEFAHFEEE TR HEEAE (cytoplasmic male sterility, CMS) FR4, HH
AE R RIFRRE R KE RIERRFRA, K& EIKE (restorer-of-fertility, RfY) JE[X
BEJGEER, NRMKE ZAMEh &AM IR EIEE K E R IR, FBUERHE MRS FER A A
M. i, SRKE RIEE LRI E S EIHI IR . SR 5RIK R RIESIE S 7 RAEFE 8, FE5A
BHRINAZ, s TR0 B HEREAT 5w, BEFERT X 2% ). M LA WS R T SOsE AT R R S,
FEE R TNEIRE, R A JEARIIA R B R B AT PO R I IE R, SEEA RIFRZHRI 5
RN GG SR, WOH RS T BB S & 0 P 2a) i .

N, TFRNAFMHAFMRTEREAE R EHERE /AL, WS EHE, TFREMEIKEIERT
SENL S TokE TAE, DMHESKE R Thric i B & Ak RECR A TREARGIHIH AR E K. 54 2007
i, BEHEEERIE LD CMS-RN BUAH R YA NBEAR, KE R 167 NRXABATRAEHFSN F2 0 BRI, K
CMS-RN BUANE 20 B HE R Dy 5@ 0 T 16 5 B AR 1) Satt547 L . Wang 54— 244 1% Rf BRI RS 4H &
FL% Sctt 011 Fl Satt547 Z (8. ZJ5, 1R BRI EMGLECILL RN B CMS MR NSE AT Rf FERIEAT T 8
e, FHH RFHEFENA R 500 Kb 45 MPBLIX ], o 8 AN AAT 144 Ry FERIRFIE () PPR (pentatrico
peptide repeats) HHKEHEH . Yang ZFUFIH SSR Arid i CMS-N8855 HUAEH & NICMSIA 5k E R &
5 SARACIRAGN Fa 73 B EEAREAT 0T R IL, A0 T 7 5G4k B Satt626 F1 5 5 Ju ik 1) Satt300 5 Rf
RBEBH, WAL/ 5N 9.75 ¢M Al 11.18 cM. Wang®%iE—25 DL NJICMS1A 54Kk E & NICMSIC 2428 5
RO FEREA MR, K RFFERIENL T 16 5 e fafk I SSR Fric BARCSOYSSR 16 1067 Al BARCSOYSSR
16_1078 2 I8), WALIHES A8 1.1 cM M 1.4 M, FFidid B K B H AR S AH G50 %558 GmPPR576 5 CM
S-N8855 HUAHE R RfF K, HEIKELILL CMS-M BUAE R WI31A YKk E &2 WR16 M/ B REK, FIH

SSR 73 FARCH AR CMS-M BUAE R4 RFFEF E A 2 5 F e tafk 1) Satt276 FI Satt545 Z [A]. AT



£ 2016 4, Wang SR FH [FIFE R FH WO31AXWRI6 ¥/ 187 B BEARNT R FERIBEAT 1RG4l fr, (F0K I e
HiF 16 54tk GmSSR1602 Al GmSSR1610 X [A][#] 162.4kb [ X BL P . £EARFEIIN LAF > CMS-ZD BLUA
H R E CMS5A fl WO31A 5K R EK 6 5 A ACHIE I Fo Al Fas BEANATEL, K CMS-ZD BAE R4S R
Rf FE[F5E A/ BARCSOYSSR_16_1040 1 Satt547 2 8], 2 J5 Dong “512155 3 — DK CMS-ZD %Y Rf FE[F 58
RITE 16 5 4L{iik SSR 4> FHric BARCSOYSSR 16 1064 F1 BARCSOYSSR 16 1082 7], 4% 1 54 3 51
0.59 ¢cM 1 0.83 cM. BIHHEISIE L CMS-RN BAE 5 JLCMS82A ARFARNIKE 52 JLR1 AR AR F
2 S B BERIEAT S ARG EAL, BRI T — DK E BRI R R3, FHEAL T 9 SR 4 4RI BARCS
OYSSR_09_1151 A1 BARCSOYSSR_09_1183 2 [f], 4L & 735074 0.6 ¢cM A1 0.5 ¢M. Sun ZEU4NIHIA] C
MS-RN BUANE R JLCMSSA NEEAFIRE 5 JLR2 XA Fo 70 BEHEAR, ¥ Rf3 BG4I E M2 9 5
Jettifk 86.43Kb [X [0 2N, FHHIH%E Glyma.09G171200 v g Rf3 #: A,

BAERTHILLK & CMS-RN ZURH & JLCMS204A 51K R JLR230 422 3R 431 Fo AR 43 B B4 9 iR 50
MEL, F CMS-RN B E VKT IR GmRfT KA ELLTE 16 T Qe tafk b1 4 FF5id dCAPS-1 F1 BARCSOYSS
R 16 1076 2 [a], AL REE 70518 0.1 cM AT 0.3 cMUSI,AHIT 778 b L fk b b b 40 5 7 [X. 18] () 3 IR 1R 4720 A
VL %58 GmRf1 B2 ;. FEFFRINBEESD FARICH T8 GmRf1 BRI BURE R AT IEFGHBIIEE .

1. MR 5RE
1.1 I3 #H)

K5 CMS-RN ZURE & JLCMS204A. YK % JLR230. 8 SR Williams82 #5 H1 75 MR A b Bk 2 e 4
ARG HBNRAE IR AL, i T S MK E TSR B RGO F R (124°83'E, 43°43'ND .
1.2 5%

1.2.1 GmRfT &% EE 77N

PL Williams82.a2.v1 Chttps://phytozome-next.jgi.doe.gov/info/Gmax Wm82 a2 v1) ASHEEH, X G
mRf1 FENLIX [BIEAT 4341, Wik ik FE N ; 75 NCBI Wl Chttps:/www.ncbi.nlm.nih.gov) 251 #HICHE
IR DhREERE, WP GmRfT i3 [N o ARHE G FE DR 9w /751, Wt DR St 514, FIH 2xSupe
r Pfx Master Mix F§iE4T PCR 73, ™34 f54449 2 80— 1) H (W56 i BUw k2 %8 pEASY-T1 Blunt /4 |,
BT RIS 9%, ST A BT E PRI 5 A g BT I e 4 e, 2 JRIRER 3 ANPH M v BEAE SR AT
I R 0 B 534
1.2.2 GmRf1 {REEFEFFRIEDH

FIFH NCBI 35t 71 ] Primer-BLAST #2 7 B i1 SE I 98 € & PCR (quantitative real-time PCR, qRT-PCR)

51¥9¢4 i, FIH EasyPure Plant RNA Kit (465042048 71 S E ML (R2) $2H JLCMS204A 1 JLR230



ThU 46 7 55 - F 5 RNA, LA HiFiScript cDNA Synthesis Kit (BERIR7)) X771 & &% cDNA 4 AR
HEAT PCR 43 7EH W2 b, I 2605 5 R0 I 8 A7 X 18] Py B R (R85, 4% cons4 (Genbank ¥ 3% 5:
BU578186) fENNSERH, HAMEREE=AES.
1.2.3 GmRf1 & [ 45 K 7 43 4

fii ] Vector NTI 8.0 #1443 #r 3£ [K ¥ 41, iz ] NCBI ] ORF Finder £ £ F% [ () ¥ jilt 2l 52 4E, A
ExPASy “F-& (https://web.expasy.org/protparam/) 4 H [ [F (¥ 4w O AERH 1% AR (15, IE A HLER AL PR,
SR, BiKME, BERREEH. f# ] SignalP 6.0 Chttps://services.healthtech.dtu.dk/service.php?SignalP-6.0)
TN 2 515 5 ik, 8 NCBI conserved domains F5l £ 57 IV.40 i 5€ 7437 &  7£ PRABIChttp://www.prabi.fr)
A1 SWISS-MODEL ¥4 (https://swissmodel.expasy.org/) i [ 5 (K] — RN =2 4584
1.2.4 & GmRfl EEMRHONZEE

PLE GmRfI ik 3£ R K &5 Rl Williams82 55 CMS-RN BURE & JLCMS204A HEATMNAE, W3k Fi Fl 1
Pt TR G, BAC (R BURAAIEE, SRR FAE R TAE M B P4 E .
1.2.5 hEet o FRrid & S50

RYE GmRfT Fe A b (RN, AT A BE I35 2 &1 7 %1 (derived cleaved amplified polymorphic
Sequences, dCAPS) 4 Fhric, FIFHZEA L EAH Hk DNA T PCR ¥ A 228 ME 0% 3 — BRI R
S dCAPS Fric kit wi B TREAT GmRfT HE IR 8 LI Fa 43 2SR B2 SR gEAT HEAT B DI 19 22 25 VA I
B5E dCAPS Aric #ERA T o
2. ZRE 5
2.1 f3g B A0 TN A i ik

ST K T 22 IR 2 e 5 O (DK R R TR GRS T A3 X [RIEA TR 2R, RIBLZIX (Ml N & A 27 MR,
S HRHAT SRR RE . ARYE CANSCHRIR T, BR/KHE R2 ZEDH . RAT7 FERIRI K Rf2 FE DN SRR RGBT I
I JE PPR FGEE N . Z K A H nfd ) PPR & A& — MR ENED, b E SRR ES
K5 G NZRRLAA, B BB | n R S AR B CMS JERIE IR AR R R, BUE R PR E R E .
Bk, FATRYE 27 MEEF DR R, RIPA 7 /N4 PPR A KREER, Wk 1, dt—Daid WA e
BT R I Glyma. 16G161800« Glyma.16G162700« Glyma.16G162800 3% 3 A PPR JEH o Tt &kikd, 1 G
lyma.16G161900 Glyma.16G162000+ Glyma.16G162100~ Glyma.16G163100 1X 4 A~ PPR JE[H A7 T2 kit

PIE, B FINX 4 NIEA GmRf1 AkIESEH -

* 1 mEEE GmRf1 ENXEAA PPR HKEEEIRIER
Table.1 All PPR family genes and annotation information within the location range of the Rf gene GmRf1



V£ 0 72 A7 0 it X 4K /bp

By i B Rk F A7 E /bp
Prediction of subcel Length of coding
Gene name Gene description Gene location
lular localization DNA sequence

Glyma.16G161800 TPR/PPR KA I A 1749 32 105 638-32 107 509
Glyma.16G161900 PPR KA RN 1731 32108 807-32 115 361
Glyma.16G162000 PPR K E A RN 1173 32 113 025-32 114 514
Glyma.16G162100 PPR KA ERIRIN 1659 32118 958-32 120 616
Glyma.16G162700 PPR Kk A LI 1518 32157 331-32 159 914
Glyma.16G162800 PPR KA I A 1569 32167 100-32 168 668
Glyma.16G163100 PPR KA RN 1698 32 180 450-32 183 435

2.2 1&ERE GRS F L3t o4
PLA A JLR230. £EAS ITLCMS204A A1t HE 5 R Williams82 AAEAR, Xf LA 2 R S AU 4R 4 4> P
PR & A KK Glyma.16G161900+ Glyma.16G162000~ Glyma.16G162100 1 Glyma.16G 163100 HE4T 7

AP, FrHGIEE L 2.
=2 GmRf1 EEEE HEAASIMER

Table.2 Primers information for amplification of GmRfI candidate gene

ClEvEx IMFHN(5-37) Bk PC TR AN bp

Primer name Primer sequence(5°-3”) Temperature Product size

F:-TATGTCATTAGTCTCTTTCTCTCAATTTTATTGTT
16G161900 60 2357
R:CGGAACGCACAATCCGG

F:ATGATTATTTCCACAGTGCCTATAACA
16G162000 60 1490
R:TTACTTCATGGCCAAAGCTTCA

F: ATGTCATTCTCATTCTCATTGTCAAG
16G162100 62 1659
R: CTACAATAGGCCTTTAGCAATCATT

F:ATGTCATTCTCGAGAAGGTTAAGCT
16G163100 60 1698
R:TCACAATAACTTATTTGTAACTGGAGA

FIF Vector NTI 8.0 Y% Fidill 45 R ik AT FURE, A & 5 R o Sl AR [ A G /7 91 22 5 o S8 I 72 571
LEXT T K, Glyma.16G161900 WIgmi X K4 3 A AZ AT IR T, FEUMAS MR KL T2 Glyma.
16G162000 Pt X A 2 iR s, SRR KA RA, FIERBIFEIE N Ghyma.16G1621
00 FI A% XA R AL Glyma. 16G163100 H)Fhh X R4 20 kA8 5, Horb AT 8 AR AER SURAR, 12 kb
AR CRAR, [FIRE ISR R A T . WFF 2 7 e 5 L M HIT - Glyma.16G162100 7T A
5& GmRf1 #:A .

2.3 RIEEFEFRILE S

HE—25FIH qRT-PCR #6:3ll Glyma.16G161900. Glyma.16G162000 F1 Glyma.16G163100 7£ JLR230 Al

JLCMS204A H A XS R IE & 45 R W, 3 MR SE AR B 36 £IE, Glyma.16G161900 F1 Glyma.16G163100

YITERE R JLR230 R L ER S, HP Glyma. 16G161900 1EEAR NI FR L EZEFRANLE, WK 2 Fix.
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Bl 1 GmRf1 {ZiEEEFILE 5
Fig.1 Expression analysis of GmRfI candidate gene

2.4 Glyma.16G161900 4RF3FFIEL 3 43 47

Glyma.16G161900 FEF HPH AN HM BRI — AN BRI, 385 X S5 A 8] 1% 3 DR 2 6 31) 1) B S 23 A
B, PKE R JLR230 7E55—ANAMET 256 bp [MTRIEH T 28488 C, FHIRMEAFEIR 2% (Ser) AENHE
g (Pro) ; 760 bp MIBAEHH G RN A, BIEFEMEIERHEZRR (Gly) N2 (Ser) , {E 826 bp &b
B T RAN C, HEERHEKEIR (Tyr) ZRHERE (His) , WK 2 frx. Bl 3 Al R S5
AR5 KA TN, N Glyma.16G161900 BRI R UL R A T DhAe SR RAL S, HAwhd 1) 576 MEEIR
() LR BT 1) B 11 7T LASE A AN 7 B R e S sl B = AL R, AT CMS-RN UANE RIRE B 1. 24 R
i H Wang®4% % Bl Glyma.16G161900 5 CMS-N8855 BIAEH R E I E R NICMS1C 1K & Ik R ) 45

FHMENE, W T Glyma.16G161900 N K. CMS K E K GmRfI .

b

256bp 760bp 862bp
JLCMS204A T G T SBF mas ShgF
T | 3’

TLR230 c A C p=r WET  pre

w
w

a-CDS S EEFFILET, b-BEESHAEEFTIZEREET



a- amino acid sequence alignment in coding region, b- differential alignment of gene structure and base sequence
& 2 GmRfI B CDS W EFFIFI R &L xd
Fig. 2 base sequence and amino acid alignment of CDS of GmRf1

2.5 GmRf1 EERE B REWTM 54

f# Fil ExPASy %t GmRf1 B AW — S BHAT N, 25 1 B8 % 8E A5 T 702 CasosHase2N7640819S 46
it 576 NEIERR(E 3a), SRAKTPIIE 0.48, THEABATRE RECH 30.14, 55 A 8.85, K% GmRfI Nz
SERIBRIEE [ . FIA PRABI BEAT 8 A A TR R, 2RI o BRHE . AR BERI TSR 5 h o 2 5t
FRARIEH 1 337 59 F1 118, HEL/5IA 58.51%. 21%A1 20.49% (& 3b). HR#E SWISS & A i =K 45 1)

TAE R B, HOVTRERREA (K 3¢).

a: EEBAM; b: EARZREHTN c: TAR=REHTN
a:Amino Acid Composition b:Protein Secondary Structure Prediction c:Protein Tertiary Structure Prediction
3 GmRf1 EFRYE A REHTIN
Fig.3 Protein structure prediction of GmRfI gene

2.6 GmRf1 EFETheEeAVE RN IE

T B S RD Williams82 A S FR JLR230 4 LLX 70t (1 2a) KL, —& Glyma.16G161900 T
FEARIE , DR, 0 Williams82 [FRES A K Z IR GmRf1 . N T #E—BI8E GmRfI FILhEE, FATLL CMS-RN
BIAH £ JLCMS204A NBEAR, Williams82 AXABEAT KA, XF FifHAR I BAE BT e B Ik %, 1€

Mgeta gt W 4 Fros, 24Fh Fo e B SOOI AT, 5 JLCMS204A 5 JLR230 247 Fi 484 B 1

a: JLCMS204A BITE# R EIER; b: (JLCMS204A X Williams82)F, BITE# 2B IER; c: (JLCMS204A X JLR230)F, H9TE L
‘IR
a: Pollen staining of JLCMS204A; b: Pollen staining of (JLCMS204A X Williams 82) Fi; ¢: pollen staining of (JLCMS204A X
JLR230) F,



4 TEIMHEMEMEELER

Fig.4 Identification results of pollen fertility of different materials
2.7 GmRf1 EEINEEM T Firic A%
IRYE GmRfT F2PR B 3 ANRARNL AT, B S BETE 2 4> dCAPS Frid, 3Lt 6 4, LR 3. XA K
R BRI T Z SRR L, RfI-dCAPS-2 Fl RflI-dCAPS-3 B4 B LA MARC AR KR EY
60 °C, ¥ —ToARA, HOR/AESRT. Gadxd IR BR &I ] YIEG EcoR 1R Mbo 1 B§Y), 37T B R V)

H A Ak 2
&3 B dCAPS D FHRIEFIIER

Tab. 3 Polymorphic dCAPS molecular marker sequence information
dCAPS #rid SIYIFFF(5°-37) i 1 14 Py ) il RANME/bp PR/ bp

dCAPS marker Primer sequence (5°-3”) Restriction endonuclease Positions/ bp Product size/ bp

F: GATGGAGCATTATCCTACTGGCATG
Rf1-dCAPS-1 Sph 1 256 367
R: TCTGTCTTCAATCCTTCTCAGCAAC

F: GATGGAGCATTATCCTACTGGAATT
Rf1-dCAPS-2 EcoR 1 256 452
R: AAAAATCATAAGCCTCGTTTACAAG

F: ATTGAAGAACATCAACCCGGATGAT
Rf1-dCAPS-3 Mbo 1 826 352
R: ACTGTATGTCACTGTATCAGGAATC

F: GCATCAATCAATATACTAAAGGTTC
Rf1-dCAPS-4 Taq 1 826 448
R: CCATAACCTTGACTACACTCCTGA

F: TCTAATATGTGGCTTTTDCCTTCTC
Rf1-dCAPS-5 Dde 1 760 811
R: ACCATTCTCTTCCATTTTTGACTTC

F: TCTAAATGTGGCTTTTGCCTTTCG
Rf1-dCAPS-6 Taq1 760 503
R: CTGGTTGACCTCTGTGGTCCATCTC

M Rf1-dCAPS-2 1 Rf1-dCAPS-3 %} GmRf1 K=K @A FEAARR 7 AR HEAT IIE . Jorr, RfI-dCAPS-2 &
PCR #4453 B4 W=k Ny 452 bp, Gt BRAE A DI EcoR T BED) S5 BIRE Rt 257 . Horb, KB R
RAF LA YIIT — 254, BRI 427 bp, ANE REEAANBERVIIF, 528 452 bp, 445 7] & Bk AT DLk
PIOT, WR QAR —F, ZaR SRR 427 bp M1 452 bp Pi%kAE, WK 5a fizx. 1M RfI-dCAPS-3 FRic i
=g i B M N TG Mbo 1 B§V) G, ARG 4G v & Spkn] DLV F—2% 327 bp B4, A H Hbk
TERYIFE, 154 352 bp, 12 G FRR AT AR DI 327 bp 1 352 bp MK A1 46, W1l 5b . iX
W] Rf1-dCAPS-2 1 Rf1-dCAPS-3 ¥Ju] | H BRARbE G vk I B IX 7 25 7T 5 8k (RIRD  REFAF
Wbk (Rfif) FISEEARE R G MEERB, ARl HT& GmRA WK R MBI THIE R 5y Fhric 4 Bk

Ho



500bp—»

400bp —»

a: Rf1-dCAPS-2 # #4142 EcoR | EEYIRHIZT,; b: RI-dCAPS-3 #3844 Mbo | BEYIBHIFHE
M-100 bp DNA ladder, P1-R7&, P2-BK, A-¥FEHRK, 1-5-AEAIEEFRBEK, 6~10-REEFEBIAK, 11-14-4
BTEEER R,
a:The bands of amplified products of Rfl-dCAPS-2 digested by EcoR 1 ; b:The bands of amplified products of Rfl-dCAPS-3 digested
by Mbo 1

M-100 bp DNA ladder, P1 male parent, P2 female parent, A semi sterile plant, 1~5-homozygous fertile plants, 6~10-heterozygous
plants, 11~14-homozygous sterile plants.
B 5 BRI LI BEE Y 1S B 45 S 2
Fig.5 Specific bands obtained by restriction endonuclease digestion
3. i

REZHRYIN CMS 5Lkt Py 4% ae B AR I B R e e Rl 06, bR T B e AR 35 L, T
WHEEFERRRREMY, XLOAERQUEA SRR E B2 B, R HIRER.,
iMi{R % PPR £& (1A #E S0 FH AL A 7E LRI 1, W DA 2R A P9 1Y) RNA JEAT % 5 AT Bl 53¢ 5 (1 1 #0000,
PRlitk, fRZ%5E 0N RFFEF AT AL /L B PPR 2 OB ORI, BEXTIR 2 RNA 105 W # b T s, Al
BHARREO, (HE, AR RFFEEALE PPR EH, WK RR FH, RfI7 FEFUSFIE K R £
PRIUOT, ARHIF 78 % 58 1K . CMS-RN BUAE RINE MK EIEE GmRf1, WIRERH T 4mfd X LK 3 /> gt
RAF G A FURE R K A B 3 T TR G ThiRe,  JEIE [ B (0 SR A B 1) o 5] 5 2 N R A 52 ) A 5 5 DR
KB EEMIR R, NMESAE RAH FOAREERRE E M. 678 Wang 5 DT 50 0E 82,
Glyma.16G161900 Frémid AR H, WalLIYKE CMS-N8855 A HE R4 Fi B M. XEW GmRfl &
—ANERTFAR CMS KEAH RIS K LR .

HAREATEA 30 RANKGACHIERL &, HIH “=R7 EH K. THAE RN AR,
XSEH K GRE RACE RIS 5 2 W m, SEEEARE, RE5RERNIKREREIEMHRX
KFR. ERKFEMFEG H, “HWK 637 RNHR Z, HRATHREIREN CMS IKE &, XAhkS
“HAYK 637 HEAT MK R IED R3 A1 RAIB A5 2N, BEAEEERARE KRG CMS YR E JE Rf3 A1 R4 34T T R
ERBLI TR I, SR B R AT AR s Fi 2B AR 10468 B 1. Huang SRR R, [FIRTEAH RfS
A1 Rf6 B2 F FrARKIAER 75% NIEF AT E, MAZRMREILR 50%. XERYFER G2 MRE R E



LM S IRE RIOWERE S, BEMTCRIEAFD FARRIAR IO B MR . RS A HAT 2B GmRf1 71 GmRf3
e vebE, Sun FWICHK T —M5 GmRf3 051 CAPS dnid. ALK T HAS GmRf1 B%
BB dCAPS ARG IFERIERT H o X045 A EaRThRe I 70 TAnic, HEAT AN BE R B 5 2% 1) i ade %65 7E A
2 RFFEFI B IRE AR I B A% & ARSI, i 2% 58 K S gt 7 R R FH B 5 (k300 R AR S
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