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Abstract The Polima system of cytoplasmic male sterility (Pol-CMS) is widely used for hybrid seed production,
but with high probability of occurrence of maternal false hybrid due to the fertility of Polima CMS (Pol-CMS) line
is greatly affected by the ambient temperature, therefore, the detection of maternal false hybrids is the key to purity
identification. The present study, the SSR markers were designed based on the flanking sequences of Pol-CMS
restorer gene Rfp, and application of SSR markers in hybrid seed purity test of rapeseed. The main results were as
follows: the sequences of Rfp were subjected to basic local alignment search tool queries against the Brasseia
napus genome to determine chromosome positions, and 32 SSR markers were developed based the upstream and
downstream sequences of Rfp. Among the 32 SSR markers, one codominant marker was polymorphic between
Pol-CMS sterile line and Pol-CMS restorer line, the PCR product length was 162 bp in Pol-CMS sterile lines, and
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184 bp in restorer lines. Based on the PCR sequence, two insert fragments (15 bp and 7 bp) were identified in
Pol-CMS restorer lines. The SSR marker co-segregated with plant fertility of individuals in the 'Fengyou737' F,
population. The purity of 'Fengyou737', 'Fengyou32(' and 'Fengyou958' were identified by means of by means of
PCR-SSR markers and field-planting, and the results of two ways were highly consistent, indicated that the
codominant SSR marker tightly linked to Rfp. and the marker can detect paternal and maternal false hybrids.
The present findings will provide technical assistance for hybrid seed purity test and genetic diversity analysis

in rapeseed.

Keywords Brassica napus L.; Pol CMS; Restorer gene; SSR

I B S4BT AS B (polima cytoplasmic male steri-
lity, Pol-CMS) 72 3 — A~ B A 7= 4 {8 i H 1 B Jh 52
o1 R 5 MR AS B SR, B2 H A ob [ s R R
I 2 M E S RS0 B IE(E R, 1995).
ZARGABERUAENZU TERAERAT RIS
EFEHAFFEEH, HEHEREERERY) N TEEH
ZH(Yanget al., 1996). iZHEUAEH R EME 5 ZH
g i BE 2w, 76 K T AR 24 A il ot 2 5 B ROk B
LEENG, FErERERM. BT ERESF
AAE R, AW S AR — B, B E M 1
P B AR AE. Fil, il HE =2
A0 A0 AT A B FP 14l FE 5T B %5 7€ (Jean etal,, 1997,
Natasa et al., 2006; 2010; Zhao et al., 2010)- H 8, /#
FAREEANEETERHFLAERK. BREERED
kA FhRid BeR =K 3. o, [A] T H ik Y
BEROEKEAHEARME. SEthdl, &R AR
SR A, B TR SR A 2 AR, X T
R H S MU B RS R 5T, %3
AR SEFR R 52 3] 17 R PR A - 2 T2 [H 4 DNA FF
SR> FhRic, a2 90 =S¥ HA K Rk ki) SSR
pric (£ B RkEE, 2010; 5K % &5, 2013a; 2013b), HAL
EHAEE, ZEME, HHEXHEHAMA 2 FrRidm 5 %
FRPRIC R EBOR XY 8 5 AR, AT
(EVEYD S Fpoli FE A B0 %5 8 I B E R 2 T hRid 3R
RBLIEEEE, 2009; SKREEHEE, 2013; F R, 2014;
4 E L5, 2015; £ IRS5, 2016). {HEEE B Fh5TIE
g 2 FEME H &% %2, SSR Frid ik TEE C#k
K. IR, BRMEERTHEREEN, FEER
RAMEAR T K — BT, (F 7 i A S8 0 2% 22 1 b,
EaTEmN FEEEEMNMEETBENSR, SEEE
b ol B %5 52 B 0 MR M DA DRAE (R K B 55, 2009; 857
FESE, 2015; ZEi§#E), 2016)-

il Pol-CMS B E R 2 1 BEEH R
(Yang et al., 1996). ¥, FHNTAHZEEFEE T K
BEMEEEMNTIE, H AR T —RINEEHKESR

EESH) 2 TARC(RPE RV, 2007; B 50425, 2008),
Rfp =W W % )5 7 MBE AL T N, 8L N, ZEBLR
F. ELF| 2014 5, Rfp #5E ML H WA M HE R N, %
GiEF, FEE S TIRC oI Rp FHREE A X
RS IE R A, 292 k XK. ZXEESR 74
ORFs, 9 ORF2 IRA W HE S B MK E A X (Liuetal
,2012; X8, 2012). JG#, 1Z2¥EN ORF2 T H A
KAE R TSR L. SRR, ORFR2 EAE ik
S {7 HE(Chen et al., 2014), #E—F 751 7 Hr i &5 5
U, ORF2 M14a5 X< 1 953 bp (X1 [H FE A7k KR,
2016). [FIEF, A SEFH 158 e R AL S B o
AT 2011 SEF1 2014 FFEREARE AR, AT
bric T RIREE TR R ZE TS

AW e X H BT Pol-CMS 2242 Fhali i % F 1y s
il R, FIH Rfp iR X FHE S, EHER
A B e EEH 4T H #5851 BLAST 730 #r, 5
58 MkEMX PPR ZERAMMERFY, REEH
ML X3 & SSR #5ic, 3+ F T Pol-CMS 2: 72 i i
0 i B 56 e BT 9, DAMH A S 2R A Fh Al B 46 2 T AE
P UL Y AER . S R AR I i

1 ERESH

1.1 B EEEZEH SSR fRiEFE

A F A1 B 225K K R (2016) 2 16 1) ORF2 1Y
1 953 bp FFHITETE HE R 3¢ A, B EIRB —
e R 9 X ([l U 99%), e X I |, FilF 15k
XN LR 75 32 4~ SSR A7 &, fEZR i Rk T 320
SSR 51 9. % 32 XF519%f 10 3 6Ll E A M
F:[H 40 DNA #17 PCR §3%, i 3K13 1 X SSR 5]
1 RfpSSR19 (F: AGTTAGCTCCTCTGTGGTTTGC,
R: CTACAGCTCGATTAGGGATCGT), HAr Wi i fir
TH s 7 gt = BE PR 41 NC 024 803.1:34 437 588~
34 437 748 &b, E K 4 MPAB RA 6 MEKE R
] EBEEHHENZEEE ), AT ZRKE R191E
SR FrR BN S RERA, AT 2P I
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FER/AA 162 bp, Y E R4 18 F BE R/ A 184 bps
57 E FMLL.WE 2518 F BrPAAE 15§ 7bp 1046
A(FE2). ¥ RfpSSR19 g /= vE H s &Y b= kT
b BB, ZbRic L F Rp BHIREEGG67 A L iEm
-3 962~-3 801 bp [X B, iX F B AW 503K 5 AU b1 id
RfpSSR19 5 Rfp F=[R 'S % % 4 -

1.2 F, o Bk 2tk B e E Al

B {E B, X Pol-CMS Z% 22 & Fh ‘v Eil 737" B 22
G F S T 7§15 &, [ %A SSR ##
ic. RfpSSR19 Xt B HLIEFEAT 192 4 kR T P &Y

500 bp

200 bp
100 bp

AR #) AE R)
Male parents (restorer line) Male parents (restorer line)
95-5 SC3 SC4 320R L2R XWR I3R [69A 31T7A 167A 17A 20A

M
s
-—

— — R WS W WS e wmm WD WS — —— — —

A 1 5149 RpSSRI19 7E 12 3 4<[a] (1) PCR 4 1

T M:

100 bp DNA Ladder

Figure 1 Banding patterns of the 12 parents of hybrids amplified by RfpSSR19
Note: M: 100 bp DNA Ladder

17A
20A
SC3
SC4

17A
204
SC3
SC4

TAGTTAGCTCCTCTOTGATTIGCCCAGTGCTCAAGARAACGATCTATICCTIT[[=~————- CTCGTCTICOTTCOTCAGTTCGAGCTICTIC
TAGTTAGCTCCTCTGTGGT I TGCCCGETGCTCAAGAAACGATCTATICCTTIIT-----—- CTCGICTICGTITCGTCAGTTCGAGCTTICTIC
TAGTTAGC T CCTCIGTGEI T IGC o GG GC T CAAGAAA CGATCTAT TCCT I T I TTITCT I TCTCGTCTICGTTCGTI CAGTICGAGCTICTIC

TAGTTAGC T CCTC I GGG I TTOCCCGETOCICAAGARAA AT CTATICCTI T ITTICTIICICGICTICAITCGICAGTTCOAGCTTICTTIC

RO L LI L T L ERO I s s s AT T TGATTACT I TICTTCGTCAAGGTATGT I TACGATCCCTAATCGAGCTGTAG
ATCTTICTICTICTITCTCOC T == == === e CAATTTGATTACTITICTTCGTCAAGGTATGTITACGATCCCTAATCGAGCTGTAG
ATCTICTICTICT I TG T TAACCC T TAT TTCTCTCAATTTOATTACT I TICTTCGTCAAGGTATGT I TACGATCCCTAATCRGAGCTGTAG
AT T T I T T T T G T TAA T TAT T T TC T CAAT T TGAT TACT T TTCTTCGTCAAGETATGT I TACGATCCCTAATCGAGCTGTAG

B 2 519 RpfSSR19 £ 2 )~ Pol-CMS A~ M1 2 /MK E & PCR §7 #8740 I 1) Lo Xt

Figure 2 Sequences comparison amplified by primers RfpSSR19 between two Pol-CMS lines and two restore lines
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B 4 Ghalim A i 7377 AR SCRIRR il ZE PRI DNA [ SSR-PCR 474
i ke BEAS R A
Figure 4 Amplification pattemns of SSR-PCR in 'Fengyou737" hybrids purity identification

Note: Arrows: Female parent false hybnid

AEEE R P RILGE 1), FIHFRFE A SSR drid 3 E M
() o 45 T A 45 R e — B, 9 ML O 26 2
SR ZE T 4% U, i B BRIC RpfSSR19 X 4 H 5
Gl el oh e T Al B 55 e 55 R R T e .

2 i7ie

il 3¢ Pol-CMS 222 il RGFIEA T RIBAEH
Ja o] 8, < 3 DR o 40 1 R M, el 4 A ol
PR A RS, — H RS AT
AR R B A Y (Zeng et al., 2009). ZA<HT 77 5t TS
Pol-CMS 22 Fhali i 5 e skl i oK, FF A 5 Rip &
[R5 25 U RR 7 SSR FRicd, 854 7= M R 56
FOH, ZARiC AT H T /A~ [F] Pol-CMS 2% 37 & Fh 1Y) 4t B
EEE, HEEsEREMHEMEEGE —8. &
Mo 1 B ATl A0 Fhali i SSR B E PRI 7R
BEXT 24 A8 4 & 1Y 5C B A M 4 F [PR] 2H 03 P ke 1Y)
] (b 25, 2006; JE 2F 55, 2007). Kk, 6D T A
R ENRCSI Y&l S i TIE, BIRT %
JE IR FIRT RN, B R T HE AR B R H . [F]

#2 1 PEudn Fp 20 22 R o H (] AL 22 5E B0 SSR bl 8 fE ol i

i s il 1 308 SSR pRic HAEH T e r
£ BOFE & Fp A A F B AL (R R ARG 0, 52 AR P22 A
HLBRIE 2 B 2 R s m A2 B R, S B4 1 5 H (A
EME eSS E —ERENERE M.

Hul, & T PCR ¥ W4 FHrid 80K, Fr il 2
SSR fridHE R THELZ . EEMR .G REE
fEfiE, HEEEESEFREEERE T HEH,
2007; BRI EIZE, 2009), BN 4 A2 R E N AR
U E MR T i AW R A T3 8 SSR FRicRIIE A&,
HRMALT Rfp F R EEERE G 5 _EiFRY -3 962~
-3 801 bp X Bti%: 5 SSR #7id, AT 5k E EH
() A LA 2 A A, AEBR 0 b FHZ bR ic nT ) e i B2
o 2 B o e AN B 2 A R AR RABR R F - R, F
HHER AN S eGSR SHEMESEN 2H%KE
RN — B, fEZ s Fh Al S e o BLSfRE W

AR BEAR (RN, AT T Pol-CMS SRA M
RAFPFRHE . AHT SRR RIBF SU 2 R o] A
EERAIGEE R S — R R BOR A T i -

Table 1 Punity of field planting identification and SSR. identification of hybrid samples

ties FF an 2 5 SSR % 5E Al (%) FH (8] P i 45 5 AR (%)
Cultivars Samples No. SSR punty (%) Field punty (%)
iFith 737 737-1 89.5 91.6
Fengyou737 737-2 92.3 91.5

737-3 87.9 90.2
i 320 320-1 89.3 92.2
Fengyou320 320-2 88.8 89.1

320-3 87.9 9().8
i1 958 958-1 92.1 90.5
Fengyou958 958-2 90.3 93.6

958-3 §8.5 91.7
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M TAF RN 9 MEmA TSRS 1240, KPAF RS {7, Pol-CMS (KB & 7 17(3% 2);
S AE T H R 20, (B 27 4% LU, HEJl  Pol-CMS 78 fhFk kil 7377 ‘il 3207, ‘i
AR TAHEMESESED, B TRMER 958" 4% ‘il
H R E R RIS BORA BT 5 15 ik, 3
Te HIR A & VE S 2 M R W Seoh, AR FUR G
PR EAR T RAKE R [E 8 2 S EUFE 22 bp 1
22 57 » A FH Bt i Wk FBC E Kk 2 35 T ol L () i, /)

i — 5 5l PR I R R BOR /N ZE 5 R A bR
i, PASR Al P 5 7 1 AR R -

IMEERE
3.1 38 pk

R L H E R i 3E Pol-CMS 25 %2 fhfp o A 737’ B3 F, Bfk
7 212 for i SR A 0y 8 5 Bk iR

Table 2 Name and source of 12 rapeseed lines tested in this study
Hiw MEaR KR

No. Matenal name Source

1 20A TLPE BEUE4E i Pol-CMS AT &
Pol-CMS sterile line transformed with germplasm from Jiangxi
2 317A 16A 50 {Kdn & 317 AW H] IER3E ik Pol-CMS A &
Pol-CMS stenile hine bred from reciprocal cross population between 16A and double-low hine 317
3 167A 17A A1 R E Rik Pol-CMS A FH
Pol-CMS sterile line bred from 17A
4 17A ‘M SATE PR 10 T R R Pol-CMS A &

Pol-CMS sterile hine bred from Xiang5A' with Pol-CMS and double-low line "Zhongshuang10' by hybndization
and subsequent onentation selection

5 169A ‘il SA” 15 SC4 FIZRIE Pol-CMS 1N &
Pol-CMS sterile line bred from "Xiang5A' with Pol-CMS and double-low line SC4 by hybridization and subse-

quent orientation selection

6 13R ‘il 137571 Pol-CMS 2 &
Pol-CMS restorer line transformed with Xiangyoul3'
7 XWR Wb A3 8 & H A Rk Pol-CMS R & &
Pol-CMS restorer line bred from Pol-CMS hybnid in Hubet
8 Z2R ‘il 2 5 HAE RIE Pol-CMS R E &
Pol-CMS restorer line bred from Pol-CMS hybrid 'Zhongyouza2'
9  320R ‘Fih 730" 54 & 320 [FI7E Rk Pol-CMS % H &

Pol-CMS restorer line bred from 'Fengyou730" with Pol-CMS and double-low line 320 by emasculation hy-

brndization and subsequent onentation selection

10 SC4 PO 1B 17 Pol-CMS K8 &

Pol-CMS restorer line transformed with germplasms from Sichuan
11 SC3 VO S5 6% 77 Pol-CMS &5 &

Pol-CMS restorer line transformed with germplasms from Sichuan
12 95-5 AL 324 & H 3L Rk Pol-CMS K E &

Pol-CMS restorer hne bred from Pol-CMS hybrids in Hubes
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o, dE R T8 A (E 9 Iri 38 39, BRI &
LENDPX 81T, 7K 2.0 m, 1788 0.5 m, 5 &R, £
Ea=§: i ENCIEE

33 B EEEES SSR FFiC A&

XN 05K K R ( 2016) A A Y ORF2 (1] 1953 bp
Fr 3, o3 Al 42 B 25 B il S B DR 4E F0 | Y b 2 2R 1A
#H | (http://brassicadb.org/brad/)i {7 BLAST 457, i
ESEHEWE MK Rp H A& B [H U5 69 4 3 4
B PR T A B SO P 5.10.15k X474k SSR
{if #5., JE it (hitp://wsmartins.net/websat/) fE £k ¥% i1 SSR
Sl G, IR SSR 5| MEARKE R4
BERHEFEA DNA FiHiTPCR I 1, ik EF ER
151 ¥1E A Rfp :HHESFRIC

34 BliESBERELES BREIE

£ 7~9 M3, WK B il 737 HA F
BEA/NX AT 192 A PR EEAT 3 W46 5, FRER UL B9
PRFEA 4 DNA, A A Lad i % 2 /9 51 P84T PCR
1738, 7 18 =042 3.0% K BR NG HERE B AT Ik 70 &
B e FE R A IR R Ge TP SR IR L B8, DR A
PRAOY M R . BAe ], ME LR 192 M 5
MR E MR

35 FUMERNSFIRCEEELEE

BRI 3 SRR R R IR R e, 2 IR R
il CTAB i 42 HL4h JIF 2[R 41 DNA (BF %1, 1993, it
T FT, 6(2): 89-91). FIHIRFBHEASAT RMIK
8 #[a] PCR ¥ &= BH ERA5140, X iEMmT737 .
“FEIh 3207, T 9587 Ml FREE dh 4l IR 4H DNA
BEAT PCR 4738, ¥ 18 /=44 3.0%09 B B ¥ St e R AT
K8, e E R AR RGP M S I8 L 7,
AR AT . SSR 4 (%)=(FS W bR E - BE AR Y
8 - AT R 1 007K Al # 2 -
3.6 FAMEMEHBEFESGEER

B 3 AR A Fh oY R R IR AR R TR R A E
Mt il s, BHFMEMEE KX 8 T, Tk
2.0 m, 1780 0.5 m, 351 4&Fr, 245 F WA W, B
R W A S S e /XSS A WE % E
ali B (%)=(fF MR 2 - A8 HRE - 5 R E)< 10076
P -

fEE Tk
F R4 A BT ARG SE58 Wet F A SL B BT 5T A9 9A

11 N E A 2= R0 — 05 58 BREUR 704, 1 30K
M EE: ZE H G KBS X2 5L
Bt B S5 o ¥ s YO A il S AU R e 3
BAT MBS EUE B F R E i EE R
ISAUNIE 552 S0 i 6 s (RN o S RS T
G A A AR IR i [ R Y DU

Bt

AT 5T eh W m AR Mk R 5 B L B 6 B I H
(2019YCO2) M [H K it 2 7= Mk 5o AR 14 52 (CARS-12) 3%
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