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Abstract

The species Brassica rapa is an important vegetable and oilseed crop, such as Chinese cabbage (var. pekinensis), turnip

(var. rapa), pak choi (var. chinensis), and Komatsuna (var. perviridis) . Rapid cycling Brassica rapa, known as Wisconsin

Fast Plants, are widely used organism in science education and genetic research. However there are few studies on the

transcriptome analysis in Fast Plants. In this study, we investigated the transcript profiles of five different tissues (bud, leaf,

stem, root, seed) in Fast Plants using RNA-seq. 87.7% of the total annotated genes were detected as expressed and 569 genes

were constitutively expressed across all tissues. We further defined 1,641, 875, 428 and 965 tissue-specific expressed genes in

bud, leaf, stem and root, respectively. A comprehensive expression analysis revealed that many auxin-inducible genes were a

tissue-specific manner. Notably, some SAUR genes were highly expressed in 10, 13 day after pollination seed, indicating their

putative role in seed development. The comprehensive analysis of RNA-seq data would provide a foundation for future

comprehensive analysis in B. rapa.
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Brassica rapa (RCBr) &, FHFEHEFICB T HHE LT
ILCHWENT WS, Zoti, w1 23y YR
O Paul Williams #1212 & - T7 7' 7 FFHEH) O AR5



Yoz ke - )IE R

W2 &3 & <479 B TS S N7z B. rapa DZFET
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(Aux/I44) # T+ 7 7 I VU —, auxin-response factor
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ffi¥) TRNA-seq x1T-72. F72, +—F Vnki
{5 Td % ARF, Aux/IAA, SAUR, GH3 D&EILT 7 7
) =DV TENTNOMFRIZ B B BIZFFHEBUD
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® genefilter (https://bioconductor.org/packages/release/bioc/
html/genefilterhtml) 3 & U ggplot2 (https://bioconductor.
org/packages/release/bioc/html/ggbio.html) @ 7% v 7 —
% vy, FPKM fiE% Z-score fb L TIER L 7.
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Table.l Statistic of mapping reads

Sample name Raw reads Filtering reads Alignment rate
FP-bud-1 47,552,981 47,515,481 95.71%
FP-bud-2 52,182,362 53,455,898 95.72%
FP-leaf-1 44,070,669 43,751,839 96.05%
FP-leaf-2 43,162,073 42,776,871 96.24%
FP-stem-1 53,115,878 53,058,521 96.05%
FP-stem-2 36,951,002 36,911,186 96.52%

FP-root 43,503,849 43,435,063 96.21%
FP-10DAP-seed 56,595,184 55,472,658 95.53%
FP-13DAP-seed 50,284,931 49,211,737 95.13%
FP-17DAP-seed 39,933,743 39,414,928 93.59%

B L7z 2h, EmE (Qe25) D46f[EY — FAE5H
N, TNLZZDOROMBATIHC, RFEINTWS

Fast Plants © %/ LK< v ¥ ZFafiholz b 25,

TNENDTAT T —1dMB% D~y THRTH -7
(Table. 1).
Fast Plants D7, # % WBIOHTORET—¥

b LI, BEEYOFEBIL FPKM E% v CERibL,

BAUFRIC BT BRI L OV LTI L7z, W UALR
BRLZIAY—IHEL, MiEZLIi2rIR5) 7
ENTVBEZErDL, ZMBICBVCHERIETFRIADR
o TW5AZ EAURENT (Fig. 1). 35,5281 D nF
(Z40492H D7 7 7 — 3 a v ENTW S EEFOD
87.7%) 1, L% kb —oDMEkIZ BV TR
N, 1,216MH 0@ (a7 134 TOMBRIC BV CTEBLOHE
Aansz (Fig. 2). F7-, %10, 13HHOFE Tl

DN, B OBIZTFHEIL TW72 (Fig 2).
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Fig.1. Dendrogram of four tissue transcriptomes based on clustering
of log2-transformed FPKM values of constitutive expressed genes.
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Fig.2.  The number of highly (FPKM > 50), medium (5 < FPKM <50), and lowly (FPKM < 5) expressed genes in each tissues.
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Table. 2 The constitutively expressed gene whose FPKM value were greater than 5 in each tissues

FPKM Arabidopsis
Gene ID iana 1D
bud leaf stem root FP10 FP13 FP17 A thaliana gene name

Gene description

Brara.A00999 3461 2032 3338 36.09 41.61 37.51 43.69 AT4G17920
Brara.A01511 1014.40 1203.17 1334.75 330.75 68.22 289.95 1277.80 AT4G23800
Brara.A02070 55.07 23.80 49.42 3484 4839 25.03 2251 AT1G66910
Brara.B01172 4483 41.07 4983 56.73 68.75  70.56  66.82 AT5G18450 XTH32
Brara.C02570 3721 23.00 21.85 2937 4136 3248  26.28 AT2G36870 HTAS
Brara.C02712 56.62 2554 25.64 29.08 30.80 28.70  22.99 AT2G38810
Brara.C03057 21.84 2299 20.95 14.64 29.69 24.52 17.66 AT2G45220 plant invertase/pectin methylesterase inhibitor superfamily
Brara.E01410 17.72 20.03 2341 17.36 27.74 18.86 15.73 AT2G42350 ACTI1 RING/U-box superfamily protein

Brara.F00547 11.65 11.75 9.86 1550 14.24  13.90 10.73 AT3G12110 actin-11

Brara.F02033 38.44 40.63 2236 4344 3328 24.78  28.21 AT1G09440 ADH1
Brara.H01691 63.06 3291 15,55 63.82 33.09 41.86 745 AT1G77120 alcohol dehydrogenase 1

Brara.K00094 52.27 39.62 27.79 53.77 39.40 29.93 38.86 AT1G05600 MAPKKKI3 tetratricopeptide repeat (TPR)-like superfamily protein
Brara.K01036 2257.47 1202.22 1414.23 2520.25 3027.83 4135.06 2213.38 AT1G07150
Brara.K01475 911.66 429.65 585.14 816.81 1037.30 1948.50 2143.62 AT5G19390
Brara.K01516  62.96 64.92 90.43 49.36 67.30 5048 58.19 AT5G18950

RING/U-box superfamily protein

HMG (high mobility group) box protein

protein kinase superfamily protein
integrase-type DNA-binding superfamily protein
xyloglucan endotransglucosylase/hydrolase 32
histone H2A 8

protein kinase superfamily protein

mitogen-activated protein kinase kinase kinase 13
rho GTPase activation protein (RhoGAP) with PH domain
tetratricopeptide repeat (TPR)-like superfamily protein

FP-10DAP-seed

{ZF75 FPKM ABL ED b D& @R L7228 24, IFF
W28 LTHBLL T 5 ER A5 TS5z, 2h
5 O i zx T\, protein kinase protein, tetratricopeptide
repeat protein, RING/U-box protein X° integrase-type DNA
binding protein 72 £ % 1 — R 2 BImF 8% HENT
BY, "NIAX—E Y TEETFTHLEEZONDI L
25, RI-qPCR 2 O3y tu— L& LTHWwWSE Z &
WTE FECHALERTHL L EZHND (Table.2).
#H, OB EBIUOBRozhETN 4 >OMk%E L,
RRWRFEH 2R BEFHOEEZITR o7z ETIE,
L6418 O AR F RSB % 7R L, plant invertase/
pectin methylesterase inhibitor, RING/U-box protein,
WRKY DNA-binding protein, serine carboxypeptidase-like,
ribosomal protein, protein phosphatase 2C protein, actinl?2
B X O protein kinase protein % £ % 31— N 5 B
HEIN Tz, ERENEBER L, 5HOER
T 235 7 2 1L, pentatricopeptide repeat protein, protein

FP-17DAP-seed

Fig. 3. Venn diagram of showing the overlap of specific genes at

kinase protein, NAD (P)-binding rossmann-fold protein,
alpha/beta-hydrolases protein 3 & U major facilitator protein
mERI— T HBIZTHIE TR T, ERERNEE
BEEFIL, A28 O BIZTF RN TH Y, basic
helix-loop-helix (bHLH) DNA-binding protein, p-loop
containing nucleoside triphosphate hydrolases protein,
leucine-rich repeat protein kinase protein 3 & 1" protein
kinase protein 72 E05E E LTV RN ER T 5
B LTI, 965 D MIZF 2R 2 TH D, major
facilitator protein, pectin lyase-like protein, zinc finger
protein, ribosomal protein 3 & U leucine-rich repeat protein
kinase protein 7 £ % 21— ¥ LR THFE T Tz,
BBV T, &9 7 aho 4 Dol e L

10, 13, and 17 day after pollinated (DAP) seed.

TNENICBWTREN BB 2R T BIZFORER
fTo72. ZORRE, ZBEI0H #T3,268fH, 2¢H13H %
T5,6001, ZZBC17H £ TA24ME O FF 5210 72 58 % /R 9 &
PPN 209 B20HOBEETIFETDR
T=VIZBWTEHED A SN (Fig. 3). KEI0H £
B\ T, pentatricopeptide repeat protein X° major facilitator
with SPX (SYG1/Pho81/XPR1) domain-containing protein,
PPR protein, SCR-like | % 31— N§ % BT HHERR S 7.
ZRC1I3H # 12 B W T X, galactose oxidase/kelch repeat

protein X°, hydroxyproline-rich glycoprotein protein & = —
N 5 BAFAHRERIIFEHL Tz, KEL7TH RO
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Fig. 4. Expression profiles of the auxin-responsive genes. Heatmap showing expression profiles of auxin-
responsive genes based on RNA-seq data in various tissues. Values represent the Z-score of FPKM.

FREMBEMEFEBICE L TE,
protein, dihydroneopterin aldolase 3 X U K-box region and

cysteine proteinases

MADS-box transcription factor protein % EDFEH L T 7z,

ZAL10, 13H O FIIRMITH I, B FHH
b5, Mo TRENFEHT 2 #ZFHD
%otz Ziud, RBELI0OH %2 513 H 213 Fast Plants
TRMADPFEZEL TV LEHTH Y, ZERLT7H RISFE T

DA 2 D IEFLDPHE L TV BRI TH L. 2Dz
& BIRFLRF R FEBUR R OFED, Z OBIZFHD

BEWITHEE L TWA I ENEZ LN,

F—F T VIR AEMICB W CEE R &E E Fo Y
RIVEYTHAD. FastPlants I[85 4+ —F o v pEHE
EFORBEXZHS»ICT L0, RSN TVWDS
Fast Plants D 7/ 7— 3 3 YIEMmH»P 54 —F ¥ Vo
Lf e L7z, TORR, 35D ARF #i5T, 38
D Aux/IAA BARTF, 137 D SAUR 15T, 37D GH3
BT AR Sz Chiifu R4 TlE ARF Ein 15331
8, Aux/IAA AT H3B5MH FE 72 £ AT 228 (9, 10),
Fast Plants D @R T8 & Z R > TWEH 2 0D, Rk
W& B4 —F 2 VIREBRIZ T OIVEEDBECHSRFEDOFER
BIANCOE L T aWaErsE 2 bz, gL
P BEMNIE A, D ARF, 61D Aux/I44,
26M > SAUR, MHD GH3 InF TIEAETOMIKIZ B W
TEREPA LN o7z ST, KRBT 5583
wmr B LR (Fig 4), +—% ¥ VISEHEETE,

MM RN I ERT L ONE L A SN, SAUR &
(RF ORI RMATIE, MR RME 2RI EETF %<
H o7y, B0, 13HZROMFIZHEWTHEI L Tw
LB W E LN E 572 SAUR D%
REIC DWW CILREH R 2 L 3% WS, TEDOGTAYE
BORRAT, RPN, AALFRRRATIC & D Y O R
FEICH Do TWDL I EDPRENTETW S (14).
04 X X+ D SAUR36 EIn T2 RN, FT-383F
WD B2 EDTRENTWEH (15), HF-IEERIIC
18 < A SAUR BIn T OREFEIZ OV TIERBEHOF £ T
HDHZ NS, SHRIBNPLETHLEEZOND.
KRWIFLETIE, B rapa & I\ CTHRED O T O MK
THLIWILTHRIT 27 24 7)) ¥ VBT ORE
1o TCwh. FIAA YT 747kl 220
MR TDSTHED &5 50 5 HE 5712 & - THEfs
FTOFEHDOF ¥ - F 72 PIET HEETHY), 7/ 44
YT v MEEFE, KPR E 2, RO AL
BIETOAERBTLBETOIETHL. HWTIE,

TFIEAL T T4 IR TB 25 2 &0
BENTw5 (16). REfFEECTHELNLT—F £y MY,
Bex AR CORBBINE A TBY, 7/ 6407
) ¥ MRIZFORBIMAIEN 2179 B, AR GERE %
LTHA).
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