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Genome and Genetics of the Crucifer Orychophragmus violaceus

Native to China

PAN Qi', LI Zai-yun?
(* Resource Institute for Chinese & Ethnic Materia Medica, Guizhou University of Traditional Chinese Medicine, Guiyang 550025; 2 College of Plant Science and
Technology, Huazhong Agricultural University, Wuhan 430070)

Abstract: The crucifer Orychophragmus violaceus (L.) O. E. Schulz (syn. Moricandia sonchifoli (Bunge) Hook. f.) is an
ornamental plant native to China and serves as the germplasm resource in the genetic improvement of the Brassica crops. In this
review, the research progress and status of its cytogenetics, cytological behavior of its intergeneric hybrids with the Brassica crops, the
chromosomal localization of some traits, and the discovery of the dihydroxylated fatty acids are summarized. O. violaceus (2n=24) has
the large genome size of ~1GB and the long chromosomes with the homogenous staining. The meiotic pairing patterns of O. violaceus
and its haploid reveal the polyploidy nature of its genome. The latest results from the genome sequencing revealed that the ancestral
diploid of this species should likely have the tPCK karyotype with x=7, and experienced one specific tetraploidization event occurring
at 600-800 million years ago, which gave rise to the extant genome of n=12 by chromosomal rearrangements and the inactivation of
centromeres. With O. violaceus as the male parent, the intergeneric hybrids with six cultivated Brassica species give the cytogenetical
behaviors specific to each Brassica parent, which are likely associated with the genome structures and inherent cytological patterns of
two parents. The chromosomes from O. violaceus are clarified easily from those of Brassica species in these hybrids, as they are of

larger size and more deeply stained. The traits of the serrated leaves, the basal clustering stems, purple petals and dihydroxylated fatty
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acids are localized on different chromosomes via the development of the Brassica napus- O. violaceus additional lines. The dihydroxy
fatty acids with high content are discovered in its seed oil and present the better lubricant effect than the castor oil. O. violaceus has
also potential medicinal value. Finally, the future research and utilization for Orychophragmus species are discussed.
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3% (Orychophragmus violaceus (L.) O. E. Schulz) &+ 16 RHE & 38 1) —Fuk —FEA AR,
FAAR B S AU R AL AR AR PRI 2R AN R R e A5 4 . Bk E™ T, ERET =25
A, BT AN AR P = A BIE IR TS St fe, Mt Ak = A 2%, MR B, R RGN
TR R, PS5 AR bR RS S ,  TTHERR IR (floating genera) @,
W e g N AL S B AR B R o R R A I JE R E W4 PR i & Sk B & #E (Orychophragmus
violaceus complex) & * °l, mheta A AT 5, IEH 2n=20. 22. 24, 48 PUFPEHD * O, & WLk
(Orychophragmus violaceus (L.) O. E. Schulz) B 2n=24, e A F 1L KT 2n=48 K255, nJRESE 2n=24 [
AR 7 A 0 RV DU 4R 4, 2n=20 (i 42 9l BiE 5538 (O. diffusus) « 2n=22 [ 9ikiE 3532 (O.
bupehensis) , —EH AR IS RHE S 5 WHIE B A BRZE R, Fenl 2 B/ R AT 58 55 b i 4
EEA . A, g E S (Orychophragmus limprichtianus (Pax) Al-Shehbaz & G. Yang; 5144 0 3T,
Sinalliaria limprichtiana (Pax) X. F. Jin, Y. Y. Zhou & H. W. Zhang) 4t A%¥0N 2n=28, HF/NA1E, 5iEE%
H AT e RO SR G R R .

R AMB G, BA S B s AR S A o R aT PR, nsqe. KA SR ki
ZIRR . KEEXREENENIIR S, i 20T 40 4 [F) 16 18 55 S (A IAE A% 27 . S S A A8 SR I R 20 1 56 77 ThT EA T
TBEAFGHERNFET . A SCHX LT H B T R BT 4. HS T REIOHLEE, N4 Rt S5 4R 4
2%,
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B3 (O.violaceus) HA 24 4 yetatk, AExtytark K g 2L, 25 A0S (D . #
Lz R T 2 B AR S DB O ARIIE R, M G R RZ Y (Karyotype) BT ) g3 g Hh
gk, SE @A G ZL (Fuchsin) Beta)s, A7 20 R gL ol 2 K ge i sy, B
B SR GRIR XSRS AT IR G IR 22 . DAL BI S H SRR DNA R EFEAT 1 3 R 21 JRLA 2% 58

(GISH) J&, FAMFSIERMBpOAERK EYsm (B 1, Bt ShEES Y Hit4
KA, x5 R ik GISH 155 B T35 2R A AR Ao RIS, i 553 M Ytk ] &
b B K ST (E2) , PR RA N EE RN 15 4%, SIHANMAEKH DNA & (4 1Gb)
I, AMH BRI (2n=38) K.

FIFHRE FISH HR, #1587 w gk B 5S 5 45S hEA RNA (rRNA)EFE A R (B 1), #£
18 458K 9 XoF Jettu (A 348 5 B 22 AMAFRAS— 1) 5S IDNA £7 /5, Hirfr 4 25 e i A I 5S rDNA XL
R —— B[R] — G o AR by — A R B R T B W AN 52 ' S BEAS [F) R N7 s, e s ) b I S R 5O S i, {HL
LYt A F AT HERT 45S rDNA B 7 8 S Y i I ARSI S 8 AR NAS I 458 rRNA B[ 7
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& BT 8 45S rDNA fi ri#4 5 5S rDNA 7 3L E A7, 5S rDNA A s fEIT 3 AL, 177 45S rDNA A7 i ££
eI AL (R B S R X BER L Ak, d— X ik B 45S IDNA AL ri A e ssidi it A8 H A=
(Brassica napus L., 2n=38, AACC)-i& &k i i fffk (2n=50, AACCO) 1] 12 %515 B e G ta ikt g —
getafk AA AN (B 2) .

AL~A2: LU E LI 4 DNA R AT 3D 4 G 2458 SR 188 85 38 e (0611, A1: DAPI (4, 6-diamidino-2-phenylindole) %eth ffidktathk (2n=24) ;
A2: K Cy3 ML AJF R 585 SAE R otk 51504 . B1~B2: #5534 lk I 5S A1 455 rDNA fir s 50 A7 2438 (FISH) &, B1.
W FISH J5 14 AIIE, 406 508 45S IDNA fLAL (8 4% , SR R 5SIDNA A7l (22 4%) ; B2: DAPI Rt )5 1Yt ik,

Al1~A2: The chromosomes of O. violaceus after GISH with its genomic DNA as the probe P! A1: The chromosomes after stained by DAPI (4,
6-diamidino-2-phenylindole) (2n=24). A2 The homogenous distribution of the red signal from Cy3 along the whole chromosomes. B1~B2: Double FISH of 5S
and 455 rDNA gene loci on the mitotic chromosomes of O. violaceus 1. B1: Merged image with 8 455 rDNA loci (red) and 22 55 rDNA loci (green). B2: The
chromosomes stained by DAPI.
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Fig. 1 The somatic chromosomes and rDNA loci in O. violaceus
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AL~A2: B NEER RS A — N R (2n=24+38=62, AACCOO) [f] GISH Z3HT, L% 53EFE K4 DNA el Z93e(E 9 ha el AL
DAPI Zefafigetifd, A —SEfIR S P EIRM G Bl A2: 24 Fhmic i B SR B RSB R S Qe B0R . B1~B2: b TR IR — /M 4t A 2= A
W, REERKEZTNFE (BL) , B EMAIINE RS DNA B Hbrid, B rHHAH 6 &k ik (Fikfs) (B2) . C1~C2: FIZE—
RIfEE (AACCO) [IRTHIIP, Gkl KB ZETAMEE (CL) , 12 ZFriCE SR OA R ERK, 3 &Ytk FRIBEREm T 0 (Fik
fi)  (C2) o D1~D2: 2n=40 i H W24 3-8 B30 R RROELAR A, # Kk I RACK R . RAARAR BRSOk (DD . BARZ %
HIE A SR AR HAT IDNA 755 (208 , HEAMAER (D2)  F&HEE G OMAT GISH {55 4. SSCP (single-strand conformation
polymorphism) $ AR AT R H ¥R SR rRNA JEFREES,  URIIK B i 53200 rRNA JERIFE, a1 N &R fhig 852 00 rRNA B B0 H i
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A1~B2: One hybrid cell with the sum of the chromosomes from both parents (2n=24+38=62, AACCO0)I™, A1: DAPI image with some larger and more deeply
stained chromosomes. A2: The merged image showing 24 labeled chromosomes by the O. violaceus probe (red), which correspond to the larger and more deeply
stained ones in A. B1~B2: In one prometaphase cell of the hybrid, the labelled chromosomes from O. violaceus are much longer than those from B. napus, and six
satellited ones are identifiable (arrows). C1~C2: In one prometaphase cell of the BC1 plant, the 12 labelled chromosomes from O. violaceus are obviously much
longer than those from B. napus, and the satellites on three chromosomes ones are clear (arrows). D1~D2: In one metaphase cell of the disomic additional line
(2n=40), arrows indicate the two larger and satellited chromosomes from O. violaceus (G). The rDNA loci (red) are detected on many chromosomes from B.
napus, but no satellites are formed. The two chromosomes from O. violaceus are labelled green by GISH. The transcription of rRNA genes only from O.

violaceus in the line is detected by SSCP (single-strand conformation polymorphism) method, which are the dominant over those from B. napus 2.
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Fig. 2 The chromosomal characteristics and nucleolar dominance of O. violaceus in its intergeneric somatic hybrids and progenies
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ER A RIR, D: 12 MR E: 6 NTH A B 3ANRIME. SAZHE. LAZIE GIELD S
A~C: Meiotic pairings of O. violaceus ™I, A: 12 bivalents; B: 8 bivalents. 2 quadrivalents (arrows) ; C: 8 bivalents. 1 octavalent (arrow) .D~F: Meiotic

pairings of the haploid **!. D: 12 univalents; E: 6 bivalents; F: 3univalents. 3 bivalents. 1 trivalent (arrow) .
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Fig. 3 Meiotic pairings of O. violaceus and its haploid
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AR 7Pk 07 5 LA AT B, 1 B 5 AR A S A B R x=T7 (1) tPCK (translocated proto-Calepeneae
karyotype) #%4. B n=14 MEGN tPCK HEEHN, Hr 9 ekt KR B S AL RN & 4
KL RG24 7 SR IAE R Getodk, HRI 5 SRt e g R BL N BIAER 5 SR Qe iR, OFE v 55 SR I e
A7 E AN IR B OO0 A0 TR s B AR M 2 B 2o AR Ay e B 240, 3 0 LR 3 2 PO X AT B
A SR AL, WA B 2 RV ECT 38 e RS0, W SRR R A (~1.3Gb) EEZ
BT EEFEH Y 5K, %552 LTR-RTs  (long terminal repeat retrotransposons) 5 DNA 41—,
BT 8 R 5 HA A e RN A ) R R A LB T, KRILEE SRE RGO R LB T R I
(Brassicaceae lineage 11D « 5Z=& BT, MAEIFE T RIE 1.
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LA B SRR, HEE @A REE A S A A2 5724 T 4, (HRA S H R AR E T
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R . B: hM L, RS P IR R AR IR R SO RTEFIRA (530 ¢ Co AR R 1, — SRR R S R IR I A

PRI S Qe AR RIS TT (i) AR NG MR P R AR 2 B AT, Wik B3R BUR R (R TE ) AR B 8. D: FHI L M
PR EOARTE RN R O RR B 225, — BB S PR RO R (Fid .

A: One pollen mother cell (PMC) at anaphase I in the hybrids between B. rapa and O. violaceus, with some larger and darker chromosomes (arrows) %, B~D:
PMCs in the hybrids between B. juncea and O. violaceus **. B: metaphase 1, some larger and darker chromosomes being lagged or not. C: metaphase I-anaphase
1, the two chromosomes of some larger bivalents still associated, but those of the smaller bivalents are separated. D: anaphase |, the chromosomes in two polar
groups present the differences in size and staining, and some larger and darker chromosomes are lagged.
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Fig. 4 Cytology of the intergeneric hybrids between B. rapa, B. juncea and O. violaceus
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A: EFEM 0 Ntk B A AR RIS E R B et 2R, — MR AE Y CUR 07 AR X I R, B HIEH 9 AN it B, g
Ak e s], C HIFH 8 Nk P, A A R MR R AL X I A
A: ten bivalents in B. rapa %!, Differential condensation and staining appear on each bivalent, and the heterochromatic pericentric regions are heavily stained. B:

nine bivalents in B. oleracea %!, The chromosomes are generally homogenously stained. C: eight bivalents in B. nigra ?°!. Differential condensation and staining
appear on each bivalent, and the heavily stained regions are dominant.
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Fig. 5 Diakinesis chromosomes in three Brassica diploids
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Bt &2 MAALA-MAALSG )i & S Yt i34 45S rDNA {755 HEE bt fA, 2R I1IX L% rDNA 7
FEH WA R S IR, FEIX AN N R ORI HH i SR IRNA RS, HAE MAALA i
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A: RS H RS R IR AN A P OIE B AE (. Fi— SO H BRI EAE, AL SRR R, IR SRk AR s, B
ARG, B: (RN R IEtalE. C~D: #i¥% 53 PAP2 SR ) H s AL 3k T ta e Jefe 2 0,
A: Flowers and the color of O. violaceus, B. napus and their somatic hybrids % The left flower is the yellow flower of B. napus %, The right one is the purple
flower of O. violaceus. The middle three are the flowers of the hybrids with different extents of the red color. B: The flower of the disomics with slightly red color.
C~D: The slightly red flower and anthers of transgenic B. napus plant with the OvPAP2 gene &1,
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Fig. 6 Purple flower color of O. violaceus and its inheritance
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