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Abstract: [ Objective] The simple sequence repeats (SSRs) in the mitochondrial genome of zicaitai (Brassica rapa var.
Purpuraria) were compared with those of other species in the genus. [ Method] MISA software was used to search the
mitochondrial genomes of zicaitai as well as 5 other major species and 3 mutants of Brassica rapa. The SSR sequence
distributions of the specimens were compared and analyzed. [Result] In the mitochondrial genomes, 168, 170, 167, 168,
180, 280, 185, 165, and 179 complete SSRs were screened. The sequences showed relative densities of 764, 774, 760, 764, 775,
777, 721, 744, and 771 per Mb with total lengths of 1562, 1577, 1547, 1562, 1664, 2564, 1722, 1524, and 1646 bp that
accounted for 0.71%, 0.72%, 0.70%, 0.71%, 0.72%, 0.71%, 0.67%, 0.69%, and 0.71% of the total sequence length of each
specimen, respectively. Among the 1-6 different nucleotide repeat units in zicaitai and the other major Brassica species, most
SSRs were mononucleotide, which was followed by dinucleotide, tetranucleotide, trinucleotide, and pentanucleotide, but no
hexonucleotide. A/T, AG/CT, AT/AT, and C/G were the common repeat unit types in them. [ Conclusion] The mitochondrial
genome of zicaitai was 219779 bp with 168 SSRs at the relative density of 764 markers/Mb and 9 bp in length. Mono-, di-, and
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tetra-nucleotides were the most abundant repeat units, which could potentially be developed as highly polymorphic markers for

species differentiation.
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[ #F 5% & X1 ¥ 3% % (Brassica rapa var.
purpuraria ), X ALRE, JE ARG WIS Y
AT SRR BRgE M, Sespaszamh i
AT RY R, BADUARALSER B H L Bt
%, PUB . PR RPURS S ZMEYEESY. B
AP, ZREDRKILRAERMIEE L, b
SRR P oA A, ok iR R N A
P WNER Sy, FEYIRRESE: MR, SRR
W AARBRIR AL . G AE S B DL N A B 5 5 A
R & A A PRI Re, BLE ) 2 0 H TP Fh &
EL MRIRGAT . FNBERE . MRS L
To 38t 2 BEVE Sy 2 07 T IS AT R 483
B2 RN AL DRI Bl L 0 BT R AR R TR A
PSP A Ay A AR IE S S 6 N IEAF (f
FEEFE3INAM) BFFE, DA ERENREGE
FEVE BT BT B R VEAN M o pr i B R SR AT
FEBE A . LA AR R Y SRR F %
ERIEAF RS, B AR, et
T, R HET, A FARICTT R BB AL
AN X S AR I DNA (19 )5 3 HEAT AL
AbEE, IFHT SSR AP FHRICHEATIRE, T i3 Al
FHK I ZE ik i Y 23 X3 514, STUEEEIEY 45 0y
B3 Wb 7 R IR R AT SSR AT, A e ik 451 A
63 Xf SSR 5| WGk A 42 [E (Y 45 fy 13 EEF FT5E IR
(1L ZHEPE, A W4T @ 5 10 4% ISSRARIE,
GEHT AT LR EM TR IRA B Z MR EL& LR,
Li %" 5 R4 W, M ak T — A 4253 4 SLAF
( Specific length amplified fragmen ) #5ic ZH Al 1Y 48 5%
EEFNSE U 1) 1o %% BE s A R, T AR A Ok
AR B R E L . ) R E )P 41 (Simple sequence
repeats, SSR) Xk P&, RmitBMHizic, HAZ
StE. BEFE . FFRR LY RS S
Oz B Fae o it e R rEEm
AL 1 BT K QTLs i ZiF 7 ™. A v i
1l 7 A48 IF & SSRERIC B A & — AP L
B AR RS . URFRUIAL]Y BT 65
A E , 23 E SSR bric I & H e f % i
Ydp i BL kAT, TR E 20 SRS A OC TAE Y
AROT e, LU e 0 OG5 ) & ] 7E perl 15 5 P4
N, s AT B TR G 3 AR F MISA (MicroSAtellite

identification tool ) HY AR, Z3 il X} 48K 28 ) 25 2 )R
6 MNEEARFD (ALFEFSE 3SR ) A LR L I 41
FASTA SCHHEATHIHE, FF X 0 168 HS A4 ] B 8 &2 5 51
IG5 .
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( Brassica rapa L. ssp. pekinensis ) . It (Brassica

nigra ). H W (Brassica oleracea ). % 3% ( Brassica
Juncea) . H 5BV ( Brassica napus ) 3% %M Lt
WSt ( Brassica carinata ) HJZRLAARIE PR 4 M\ 3€ [ [ 37
P ARAE Bl (National Center for Biotechnology
Information ) 4 & T 2%, H GenBank % 3% 5 43 il
o NC_049892.1°" . NC_016125.1"7, MN910310.1%",
NC 029182.1, NC 016118.1", MG872829.1. NC_
008285.1% 1 NC_016120.177, 2 A 3 4L i A )
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E MISA BRI BRINAA BRI B 4 YRARLE 8 IR
KU, Z ZEHEREZREE AR LD L,
W, . NSEHRESREIE3 RN E, 458
SSR [ K & 25 14 /2 2 4~ SSR F Bt [H] A9 I &5 (1K T 100
bpo Bt A EHE T Excel B HEATRE B, XF P 51 HF
TEFEAT o M of-2 i 3R
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Table 1 Mitochondrial genome sequences of zicaitai and other
Brassica species

GenBank 2Rk

SERES 3
e
LR Hxy ERAKRAD
. Number of
Species GenBank Genome
chromosomes K X
accession size/bp
e

Brassica rapa var. AA,2n=2x=20 OP729396.1 219779
purpuraria
FEH
Brassica rapa ssp. rapa

Brassica rapa subsp.

AA,2n=2x=20 NC_049892.1 219736

AA,2n=2x=20 NC_ 016125.1 219747
Campestris
PNEES
Brassica rapa L. ssp.

AA,2n=2x=20  MN910310 219778

pekinensis
I
Lo BB,2n=2x=16 NC_029182.1 232407
Brassica nigra -
i

. CC,2n=2x=18 NC 016118.1 360271
Brassica oleracea -

R

TR AABB, 2n=4x = 36 MG872829.1 256592

Bl’asslca]u”c@a
R RIES

. AACC, 2n=4x =38 NC_008285.1 221853
Brassica napus -

BAEM LS

. . BBCC, 2n=4x =34 NC_016120.1 232241
Brassica carinata -

219 747, 219 778 bp, 4 %l i ikt 168, 170, 167,
168 4~ SSR, AHXJ % & 43 764 . 774, 760, 764

ASMb o BBIF O RIR AR A, YLt k% H A BB =
16 2%, ZAi AR BE K 20 K/INHy 232 407 bp, L 1E
180 /> SSR, HIXF B K 775 4~-Mb '3 H ik R IRl —
ik, YR8 E R CC =18 4%, LRI 4 K/
k1 360 271 bp, 0 ik i 280 4~ SSR, A X % & A
7774~ Mb s SFIER SR DUAG R, Y@k A R
AABB =36 4%, Zihi{RILH 4 K/ K 256 592 bp, I
Jii 0 185 1 SSR, MIXF B 721 4~-Mb 5 H
AU S S R AR, B A K EH S AACC =
38 5%, ZkiiR L R4 K/l 221 853 bp, F: A vk
165 4~ SSR, HIXFBREJy 744 ~-Mb |5 R FEMK LW IF
SR AR, e iR % H S BBCC =34 5%, ki
A 3 R 20 R /Ny 232 241 bp, Gk HY 179 4> SSR,
FIXS Ll 771 -Mb

FEAR SRR I 5 20 IR 6 AN FEARFh f i Lok
FEHA TR RN SSR L, H ¥ Ak R 21
SSR f5e /b s H i 2 A R AL TP (1% SSR 43 A % A
[, TS SSR A3 B R iR AN 2SR AR RS
[HZH A SSR 1-F-H1K FE 14 9 bp.
2.2 ShREFELE SSR FEMEHERE S ST HHE

LRI AR SN 4 SSR BRI £ 5w, Hib
VIR RELZ Bootiis, Rk HA
SSR % f& 19 49.40% (83 4~ SSR i A% ), H ik~
VU A% R T T AL Ay G Ok A S Y 4
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Table 2 Distribution of SSRs in mitochondrial genomes of zicaitai and other Brassica species

EULL SSRULK S SSR¥ SSRI i 5 5 SSRPHJ IS SSRKJE i Lk
Species Total length of SSR/bp ~ SSR number ~ SSR density/(/l\Mb’]) Average length of SSR/bp  Length ratio of SSR/%
A
. AL . 1562 168 764 9 0.71
Brassica rapa var. purpuraria
T
. 1577 170 774 9 0.72
Brassica rapa ssp. rapa
. A 4 1547 167 760 9 0.70
Brassica rapa subsp. Campestris
. KER . . 1562 168 764 9 0.71
Brassica rapa L. ssp. pekinensis
BIF
R 1664 180 775 9 0.72
Brassica nigra
Hik
. 2564 280 777 9 0.71
Brassica oleracea
P
ﬂvﬁ 1722 185 721 9 0.67
Brassica juncea
S EibE
H ml * 1524 165 744 9 0.69
Brassica napus
WRIEM LT
R T 1646 179 771 9 0.71

Brassica carinata
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SSR £ 19 36.31% (61 4 SSR i i ) H110.71% (18
A SSRAE AL )5 = HALH R B & FA TS AR R A
MR, A HRA SARLA; KREBAEFRE
HEITRA . JEEE 6 NIRRT, SSR BIE K
HRELZNTCHBERE, RERKE _EHR. I

B, =BT, IETR, HAREAANETR
R OCRAL  BRIT A0 B R T A2 A0 L 4
IS, DU R 2 HoC bl moh, HARSEA R
B R 2 oo H AL b 3 2 SR S AR A —
B, HEERRIC ML (£ 3).
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Table 3 Number and proportion of SSR repeat types in mitochondrial genomes of zicaitai and other Brassica species

Y Fih PAZE IR IR ZRHR VUL IR FAZH IR
Species Mononucleotide Dinucleotide Trinucleotide Tetranucleotide Pentanucleotide

K 83 61 5 18 1

Brassica rapa var. purpuraria (49.40%) (36.31%) (2.98%) (10.71%) (0.60%)
e 84 61 5 19 1

Brassica rapa ssp. rapa (49.41%) (35.88%) (2.94%) (11.18%) (0.59%)
i 82 61 5 18 1

Brassica rapa subsp. Campestris (49.10%) (36.53%) (2.99%) (10.78%) (0.60%)
UNEES 82 62 5 18 1

Brassica rapa L. ssp. pekinensis (48.81%) (36.90%) (2.98%) (10.71%) (0.60%)
BT 85 69 6 19 1

Brassica nigra (47.22%) (38.33%) (3.33%) (10.56%) (0.56%)
i 137 106 6 29 2

Brassica oleracea (48.93%) (37.86%) (2.14%) (10.36%) (0.71%)
T3 78 71 7 28 1

Brassica juncea (42.16%) (38.38%) (3.78%) (15.14%) (0.54%)
H IS 84 58 4 18 1

Brassica napus (50.91%) (35.15%) (2.42%) (10.91%) (0.61%)
BRIEM LT TT 85 68 6 19 1

Brassica carinata (47.49%) (37.99%) (3.35%) (10.61%) (0.56%)

5 3 i

BRBER SRR N EAM (BIEAX3IANE
Fifr ) S A B DR 20 rh AR IR i A T 4 DU R
LPTE 8~10K, 43l i AL RIS A SSR ALY
99.77%, 94.05%, 93.90%, 93.90%, 91.76%, 90.51%,
91.03%, 91.67% £ 91.76%. AL, —A%iFRR & E
JLHE DB 4~6 1k, = H IR E L RocH NE 4~
8, MR H MR EE PRI N B 3~4 Ik, T
PR o A2 FROCHE LBy 3 k. ROk, SRR L
FARSEH A P R EE oo N e, HE
BEPAE 8~ 10K, I T 90%, HXKEINLH
e, =0 = W, HAZITRES BT UM
BRIRSE, SERASFIRZESAR,
23 ZRiAEFEYE SSR EE B ERMWAAILLE
S

YRS R 6 AR (PR3 3 AR
F ) SR RIL AL SSR i — 0 Hr (£ 4), Kk
P18 FhE B PR OC R, e f A AT 4 T
(A/T. AG/CT. AT/AT F1C/G), 4l 545 H SSR A
B 82.14% (1384 ). 81.76% (1394~ ). 82.04%

(1374 . 82.14% (138 1) . 80.56% (145 1) . 83.21%
(2334 ). 76.76% (1424~ ), 82.42% (1361~ ) Al
80.45% (1441~ ) ., 7TEXEHITMRELE Hoot, B
TRREZ o L AT S LXT R, 45518 674
(1539.88% ) . 68 1~ ( 1540.00% ) . 66 1~ ( 1539.52% ) .
671 (i 39.88%). 714 (/i 39.44%). 1124
(1540.00% ). 654> (1535.14% ). 684> (1541.21%)
704~ (4 39.11%), HRA C/G, 4518 164
(9.52%). 164~ (9.41%). 161 (9.58% ). 15/~
(8.93%). 144 (7.78% ). 251 (8.93%). 134
(7.03%). 164 (9.70% ) F1 151~ (8.38%); —#%
TR EE T L AG/CT H4axt s, 2510k 36 4~
(21.43% ). 36 1~ (21.18%) . 36 1~ (21.56% ). 371>
(22.02% ). 414~ (22.78%) . 624> (22.14% ), 454
(24.32%) . 341 (20.61% ) F141 > (22.91% ), Hik
JAT/AT, 53R 194 (11.31% ), 194 (11.18% ) .
194 (11.38% ). 194 (11.31% ). 194 (10.56% ) .
344 (12.14%). 1941 (1027%). 1841 (10.91%)
184~ (10.06% ); —. VU, AR EE HITHXS
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B, A SSR B 14.29% (244 ). 14.71%
(254%) . 14.37% (24 7). 14.29% (24 1>) . 14.44%

(261) . 13.21% (371). 19.46% (36 1~). 13.94%
(234-) F114.53% (26 1 ).
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Table 4 Number of SSRs of mitochondrial genomes in zicaitai and other Brassica species

TR BORE JEH = PNEP BIT g TR RS RIEMR LT
Brassica rapa var. Brassica rapa ssp. Brassica rapa subsp. Brassica rapa L. ssp. Brassica Brassica Brassica  Brassica Brassica
Motif types purpuraria rapa Campestris pekinensis nigra  oleracea juncea napus carinata

A/T 67 68 66 67 71 112 65 68 70
AG/CT 36 36 36 37 41 62 45 34 41
AT/AT 19 19 19 19 19 34 19 18 18
C/G 16 16 16 15 14 25 13 16 15
AATG/ATTC 5 5 5 5 5 8 5 5 5
AC/GT 4 4 4 4 7 7 5 4 7
AAG/CTT 4 4 4 4 4 5 5 3 4
AAAG/CTTT 4 4 4 4 3 6 10 5 3
AAAC/GTTT 3 4 3 3 4 5 4 3 4
AAAT/ATTT 3 3 3 3 3 4 3 3 3
CG/CG 2 2 2 2 2 3 2 2 2
AAC/GTT 1 1 1 1 1 1 1 1 1
AACG/CGTT 1 1 1 1 2 2 2 1 2
ACTC/AGTG 1 1 1 1 1 2 2 — 1
CCGG/CCGG 1 1 1 1 1 2 1 1 1
ACTAG/AGTCT 1 1 1 1 1 2 1 1 1
AGC/CTG — — — — 1 — 1 — 1
ACTG/AGTC — — — — — — 1 — —

SR N AR 6 N IEARFI, IR R kAR
P4l SSR & HLoT KMl i £, H k= BIT IR %
LI, EE HICHEM P, A/T. AG/CT. AT/AT
H C/G J&: 25 22 @ S (AR I P 4 rp AT 1) 8 WL AZ 0> SSR
KR, Hi, ACTG/AGTC MR HEA I, 12
H W A SR B/ ACTC/AGTG 268, BBIF . FF3EM
BRI L I HA A A P AR E] AGC/CTG 247,
2.4 ZRiiREEE SSR FERKERLLE 2

— IR, SSRIFHIIK B <12 bp B SSR ##ic
ZAMERIAL; P B 12~20 bp B bRid 2 &
PEIG ;. =20 bp BPEA RS 28N, RN R C
B ARBE G R B, SRR AL N 4 SSR F
K EEEAEPRLE 12bp AN, H 1394, 5 SSR A

B 82.74%; 4r A T 12~ 20 bp A SSR % & &y 28
A, 15 SSR BVELHY 16.67%; =20 bp LA I A SSR %%
HON 1A, A SSREEA 0.60% (& 1), A TH
Tl , 583 2R SEAR R SSR F BEK B fie AR
L, FFASEPRIEBL . H W RN T 32 2o Ak 3 1 4 v %5
ZAMMEEEZSERER SSREETE £, RIEMR
LU SIE A A JE R 2 v oK & 1L =20 bp 1Y SSR.

3 it

INHEAE B, PR E A 2 R E B R
PRI 45 0T, sesp B SRR O B YL Y
— AR, BT S N 41 R AR, X
FEEBEY M EGREEE L, THEgs" R
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O 53ei
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@ KNER _—
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>20 bp 8 HiE 8 hse
Brassica napus
W RFEMR LT

Brassica carinata

1 ERERZERZNFERATRFRKE SSR#E

Fig. | Number in SSR fragment lengths of mitochondrial genomes of zicaitai and other Brassica species

FHMK 2 i i i 23 Xt 5140, XFllcsE 21 45 4
R E M T IR UEAT T SSR A #r, A AR N
T[] SRk 06 REIT, AL IRmi peas . ey 2t
FIH 63 X SSR 51 WA I 45 {75 £1. 35 52 Ff J57 ¢ U5 114 st
feZREdE, MA ML 32 B £ & 1 sfe 2Rk
w7 R S T 10 4% ISSR FRID, AMHE T 47 A3
AR IR Z A E SRR, RN L
HAFEF R EL2rt. Lak 83225 A [H
5, AIBES BE AR IS AR R G, A
W98 & B ACTG/AGTC K AUE TR Rea 1y, HiE
RIS 6 /> ACTC/AGTG K8, HBIF | JF 3% IR %
M b HA HAh Rl b R RN ] AGC/CTG 2688, 7]
Ry 25 2 T P ) 2% 58 ARk 14 8 AR DR B (LS Bl

2Rk PRI R 2 SSR SRR LRI IRSE N 4l i (1~6
bp) WEERILIFH], SEEEA PR SSRAL,
SR AR SE P 2 SSR Y BN K FE T R SN, I LR
143 At B R A7 PRS2, i o L 25 2 8 2 ki AR SSR
BRI . AR I, SR ELRL AL R 4 SSR 1Y
Gy A RFAE 5 SR A S R AR, H SSR 94
T B 764 - Mb ', WK TI55 M0 % (774
ASMb ), TE SR AL B AR T RE A TE R
A A Varshney%m]ﬁﬁﬁﬂ\iﬂ, SSR i B JE 2
LS, B TR 22 RHEEN, B 575
PHEEBCHE BT L . O BOHE TR B SSR A aki A 4R A
DL K SSR I REFREATIA G, ARV E AT
B de# MISA ( MlcroSAtellite identification tool ),
FEAR R B & 451 T o0 B T 5830 28 RS 28R 6 AR
v E] ) 25 5, 45 B8 BL R B S R e M R U 1 22
S, kR PRE 5 ) A1) 9 T SR A AT I 25 S AR AL
WA E— 5%

AR, TR B FREL YooY
KL Y341 SSR FE ol b il &2 st Y, &2
PRPFAE R I R S A | e S SE E R At

23 38 BN [ 21 20 19 Tlumina 725 18 57 S5% 40 7 500908
43 H1 T unigene J¥ 51 SSR 1Y ZH B . 4 A A R FLRR
PE, FFERBPEFRESR (31.23%). % HR
HE (17.69%) M= iTmREL (19.74%) HFEW
A, AT, AG/TC. TC/GA. GAA/TTC Hl
TCT/AGA 735 R BAZAT IR . AR = H R 2%
Birp E S EEIT, AT A, LRELRIK
FLH 4] SSR W, HURETYIR . AT R RN DU AL A R
52T A oy i 3 R 4] SSR AL 1Y 49.40%
36.31% M1 10.71%, KREMAEHREL H0, AT,
AT/AT il AATG/ATTCHT ) I AT R . KR AN
T RERhFEYERILY, ARG EE
F4 9445 4R B 59 unigene £ 51 SSR AR T #9434 15
U B ASTE], AT e Lok A B A 0 4 A K
FERRI A Ko AEFE 25 22 Jm W b i Sk 1A 5 ]
ZH SSR (W H & HITA R Ry — 5, UL 25 2 E Ak
TRILH LT A LR ST, 5 Zhao S5 7 & B Fa 4 1 F
TR M, A, ARBFRE & 29 A BK
JE=12bp (AT R T, XL AEE T A
B 28, Al A )G AL ZREE T .
v Jo% 9% U8 O M K A F A i il B B PR AE O O 4R it
A
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