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Transcriptome Analysis of Maize Embryonic Calli
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Abstract: The immature embryos of maize are able to form embryogenic calli through tissue culture, and
are usually used as explants in genetic transformation. The molecular mechanism in the process of maize
embryonic callus formation remains fully illustrated. To reveal the candidate genes that are involved in the callus
formation of maize, two types of calli (type I, well growth; type II, poor growth) from F; embryos of maize
inbred line CAL28 x Zheng58 were harvested for the RNA-seq analysis. 4419 differentially expressed genes (DEGs )
were revealed between two types, including 1571 up regulated genes and 2848 down regulated genes. GO
enrichment analysis showed that DEGs were mainly enriched in the pathways such as cellular process, catalytic
activity, and cell component. KEGG enrichment analysis showed that the enrichment of DEGs were mainly
involved in phenylpropanoid biosynthesis and the plant hormone signal transduction pathway. Among the early
auxin responses genes, eight AUX/IAA genes including /4423, I4A33, IAA41, and four GH3 genes were
upregulated in type I callus. A total of 2968 transcription factors belonging to 56 transcription factor families in
DEGs were significantly enriched. The expression levels of ZmEREBS53, ZmEREB206, ZmEREBI84, ZmLBDI0,
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ZmLBD24, ZmLBD31, ZmLBD32, ZmWOX5b and ZmWOX9b, which are from AP2, WOX and LBD transcription

factor families, were significantly up-regulated in type I callus. Genetic manipulation of these target genes may

possibly promote the formation of maize callus. Collectively, this study identified candidate DEGs with great

application potential, which provide theoretical reference for deciphering the molecular mechanism of maize

callus formation.

Key words: maize;callus formation; RNA-Seq; hormone signal transduction ; transcription factor
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JilCE AE NB 15 #7256 (4.1 /L NB 5537 5E (Phytotech , 57
5 N492), 1 mL/L 100044 2%,0.7 /L fifi%fiz, 0.5 g/L
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B& R 11, 10 o/L #5490, 20 /L iK%, 2 mg/L 2,4-D,
10 mg/L AR, 3 /L AW BEIE ) v, 28 CIEHG %
VG, S OIRR &0 2F . M e — i, 4kt 2 =
3o BEIFER I SRR g, AR RO DL o %
VAR 3R T TR (a2 K AT ) (1Y
(e R Y (R o3 A= i) o B2 TUEY i
ity e 2k .
1.3 ERNARE

A3 M B30 S TR AN 1T B i f R A iR, H 3 4>
AW E S T RAR AR FR A W R )
RNA 42 B 57 & (DP452) $2 B 177 41 41 RNA,
F FH 19 B AE HHEE I F K Al NanoDrop 2000c 7435
JEEE TSI AG I RNA (% 51 5 S BE . RNA (38 i
I P P 22 v G 3 BE DR R (AE 50 A7 IR m) At K
M I 5 & Ilumina NovaSeq 6000, 1 75 %%
a6 Go
1.4 FRFRABIRSH

X B e A EA T A 3, s DB AR5 Reads , BR
F23k 75 Y4 1) Reads DL R & N (R AR FIIRIL ) He )R F
5% ) Reads. f#i Fl HISAT2 (§% 5% A% B2 X ) 43
J2 & 5| ) ¥ Clean reads tb X 2| 2 %5 5t [H 41 B73
RefGen v4(B73 RefGen_v4-Genome-Assembly-NCBI) .
FFH DESeq2 #4775 A 22 5 3k 40 #r , 8 1f FPKM
(Fragments per kilobase per million mapped fragments)
(BT R A Y R 1, (W] R R IR Rk /N T
0.01 L ATRIE . 22 5k DR e 32 B 2525 22 et
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B 55 AR, i FH VENNY2.1.0 (https : //bioinfogp. cnb.
csic.es/tools/venny/index. html ) 7£ 2% K /4 X 1 1 A0 11
AU A 2R o S R I 2 S AR A T 0 A, [l )
H|log2 Fold change|>1 Fl g<0.05 ) 25 5 JL[RIAFE A ik
FrE AL
1.5 GOMMKEGG E&ENH

N T TR 3R Ik B (DEGs, differentially
expressed genes) A=) F I RE , AN 25 57 2%
FEHVETT T Gene Ontology (GO) & %4 T fl KEGG
SR, IR LA R 3 6 A 7 S A A, 3l A
F| p-value H , il 11 £ 1E Z J5 , L FDR<0.05 1 [H1{H
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1.6 qRT-PCRIGIE

Ry 5 UE 2 SR 2L A AT A 1 L BEALE R 10 4> 22
S B LN PEAT B E , GADPH(Zm00001d049641)
YR PR S R G RE i Primer 3.0 1% 315147, 5
YIFNE I 1. ¥ 1.0 uL cDNA 100 uL 2x SYBR gPCR
Master Mix 0.4 pL 0.4 pmol/L BJ1E 2[5 |4 .ddH,0
PR 2 20.0 pL B SO ARFR P, 35 3 A2
L3N EORE S L I HEOEE i 7500PCR R GEHE
ATSEMT G PCR AT, LA 27227 1A L R i) e 38
it i H EXCEL X} % s 25 17 5540 )2 qRT-PCR i
AR SCAE 5 HT o

Table 1 Primers used for qRT-PCR analysis of ten maize DEGs

BIL/EA Em51#(5-37) Bl 5193 (5-37)

Primer name Forward primer (5'-3") Reverse primer (5-3")
Zm00001d028195 GACTACCGATGAACCCGAGT TTCCTGTTGCCTCTCCCATT
Zm00001d020627 GACCTCAACTACCCGTCCTT CTTGCCGGCTTGACTCTAAC
Zm00001d035323 CCAATTGCCCGGTCAAGAAA CCTGATCTCTCTTGGCAGCT
Zm00001d020623 GCCGCTTTCTACCAGTACCT GCGGGATGATGGAGGAGG
Zm00001d020622 CTGGGTTGGTTTGTGGACTG CATCATGACCACCACCGTTC
Zm00001d020620 GCAGGGAAGAAAAGGAGCAC AGGCACTCGTCGATCTCTTT
Zm00001d020618 GTCATCTATCGCCCATCCCA GCGTTGCGATCAGATCACTT
Zm00001d020617 CTCTCCGATATGCTGCCTGA CACTGGAGTCTTGGATGGGT
Zm00001d020615 ATACACGGCCAAGACCTGAA GCAGTCGTACGTGTGAAGAG
Zm00001d020614 AGCTGACCATCTTCTACGGC ACTGTCGTGTGAAGGCCTAG
GAPDH CCCTTCATCACCACGGACTAC AACCTTCTTGGCACCACCCT

2 HER59H

21 RBILE
H 38 % CAL28 555 58 ghik ity & tERE 1 B
B B 25 5%, CAL28x K8 58 1Y F, 4N Iifs S %3 A i 3 A

AR, TR (A AR K AT IR (CTE A A )
NI G AnA ) o« AR S000 1 FORZIAR,
TENB B 3258 Fi R @440 i, Eik T i
W, 249 AR R A TS T B TR TR A 495 5
H1A 720 F11600 4>, IS 1 A 45 33511~ (T 1) 6
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Callus was induced from maize embryos cultured on NB medium; A: Type I callus; B: Type II callus; C: Type III callus;
D: Numbers of different types of callus
El1 CAL28x¥B58 F 4IBRau{ R £ 28
Fig.1 Callus formation of CAL28%xZheng58 F, embryos

2.2 HRANF (RNA-seq) R reads H X} 35 % FL KN 41 B73 RefGen_v4, H HL X%
T T YA 11 A A%, A1) Tlumina NovaSeq YK T 80% LA 1 (5£2). FIH FPKM iH45 2 5 i 2%

6000 FEATHE LMY . P 3L445 52.0 G 5 ds &,
Clean reads 2 & 1F 41, 308, 494~80, 526,076 Z.[8] .
Q30 Sz il P A B A 3 o /K, 6 VBRI Q301

FER A FRIB K, F T spearman A ¢ 2 FPEAL FEA
BT Z A AH P E R BT 0.9, B £
Pl R YR AT

7 95.09% , ¢ B 7 i i K 4F . HISAT2 4 Clean
*2 BRAHESITR

Table 2  Statistics of all the samples of sequencing data

Rl JE R FF A% 1B R FRAIER HEXT A% RHEMFIE diEQ30 T/ (%) B S
Sample Raw reads Clean reads Mapped reads Unmapped reads ~ Clean Q30 bases rate ~ Total gene number
I-1 43,892,928 41,308,494 37,512,326 3,796,168 95.10 29,467

I-2 51,276,054 47,596,956 40,316,465 7,280,491 94.87 29,091

I-3 48,142,508 45,440,942 41,309,275 4,131,667 94.45 29,232

1I-1 47,081,186 44,782,888 39,157,345 5,625,543 94.92 29,391

11-2 86,039,832 80,526,076 72,712,609 7,813,467 95.37 30,231

11-3 70,264,984 64,305,656 57,970,103 6,335,553 95.09 30,012

I-1.1-2 I3 R IR 4500 3 A 4 2¢ A 5 101 102 -3 R DAL 3 A e i
1-1,1-2,1-3 indicate the three biological repeats of type I calli; II-1,11-2,1I-3 indicate the three biological repeats of type II calli
23 EXRBGEABEXEREZEEST

T WFFEE N TR @A R A R 1 L
A FPRM T3 ZE A ) ek i, X T8  TTR i o
PSRBT AT e ARIE BN T 0.01 808
A, JA 28,601 PG RARIE A 7E TN

llog2 Fold change|>1 Fll q<0.05 by 2% 5 I 3 LK 1)
B(E . 5 RS A A b, TR A 475 1A 4419 422 5%
kLA, H 1571 AL A, 2848 AN FEE TR R,
RN A R T R R AR (K12B) .

2.4 (RT-PCRIIFERBEEFMTFIEME

5 A 912 A~ Kk DRI 4 S vk 3 ok, 10 A A £ v 4L gy R T UE R SN ] A BEMLIEER 104
1600 LR R R R (K 2A) . FIRFEBRIRIAIT 25 AEAY F R 255 5 LW JE 1T gRT-

TP 41 FPKM<2 By 5% se A, B i e hn vy PCR. ARlllfE ARl @2 2L rh BRI iy e as i, ATRY
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A': Venn diagram of unigene numbers; Numbers indicate the specific transcript numbers in type I and II callus tissue; B: Volcano map of DEGs
B2 SRR RAS
Fig.2 Analysis of the transcripts in the calli
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Scatter plots indicate the log2 transformed gene expression values
3 =R EBEZEEMFEN RAN-seq #1qRT-PCR &R X D H7
Fig.3 Correlation analysis of the expression changes of ten DEGs as revealed by RNA-seq and qRT-PCR
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Fig.5 Enriched KEGG pathways of DEGs
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fiR-3-¥24L i (C3H, coumarin-3-hydroxylase) .14~ Al
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Z 5 i S PP AT 2968 NG IH -, SR E 564~
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3101~ bHLH (Basic helix-loop-helix )% 5% K+ 193 4~
WRKY % 5% [H - . 163 4~ ERF (Ethylene responsive
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123 /> MYB (v-myb avian myeloblastosis viral oncogene
homolog) #1461~ ARF % s¢ [H 145 (K1 6A) . #E—2
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I 73%AP2 K G sk I FIRFRIE, 27% FIRERE,
WOX % 55 [H 58 5 25 5 e a8 L IR 1R 8 L i A4
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it AR SE R AP2 \WOX Al LBD 2544 5 R 152 i ik
K @ 2% 5 4, b ZmLBD10 . ZmLBD24 . ZmLBD31 .
ZmLBD32 FE iR 52 R 6.04%5 A - ; ZmEREBS3
(ZmBBM2) . ZmEREB206 (ZmBBM) | ZmEREB184
Feik 439 b 8.18.9.04 19.76 15 , ZmEREBI172
FEILRY 0 b ke S 08 H AR A TR 3 s ZmWOXS5h
ZmWOX9b Fikit PR T 5.0f5(£3).
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A': Pie chart showing the type and number of transcription factors; B: Up-down ratio of transcription factors
El6 ERREHREFHIN
Fig.6 Analysis of the differentially expressed transcription factors
&3 AP2.LBDFIWOXEREFHREHEZEFRNRIEZETH
Table 3 Expression change of some genes belonging to AP2.LBD and WOX transcription factors
A i FER R LR ik 5 (F-)) Gene expression (average ) R/ TR
Gene ID Gene annotation 1 il Up/Down
Zm00001d031796 ZmEREB172 0 82.00 T
Zm00001d002025 ZmEREB24 149.47 65.05 A
Zm00001d042492 ZmEREB53(ZmBBM?2) 12.02 1.33 M
Zm00001d034204 ZmEREB184 4.00 0.41 LM
Zm00001d017207 ZmEREB206 (ZmBBM) 54.30 6.64 -
Zm00001d027678 ZmLBD1 6.89 2.87 A
Zm00001d028721 ZmLBD4 7.76 2.37 A
Zm00001d033335 ZmLBD10 3.46 0.54 LM
Zm00001d043036 ZmLBD20 6.82 1.82 LM
Zm00001d051891 ZmLBD24 11.16 1.81 A
Zm00001d038013 ZmLBD31 8.58 0.77 A
Zm00001d038197 ZmLBD32 2.95 0.49 M
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FLH g5 LR R R Fikim () Gene expression (average) T

Gene ID Gene annotation il Up/Down
Zm00001d047921 ZmLBD42 7.76 237 |
Zm00001d029506 ZmLBDS5 22.44 153.82 TR
Zm00001d038717 ZmLBD33 10.34 251.78 T
Zm00001d010751 ZmLBD38 4.64 129.69 T
Zm00001d047752 ZmLBD41 1.78 3.37 T
Zm00001d047559 ZmWOX11 1.80 4.03 T
Zm00001d042821 ZmWOX5b 7.86 143 1A
Zm00001d043937 ZmWOX9b 2.67 0.53 F-if

3 i Ferh RS YA R T KEGG B 424 H I

TR LR T ) PR e 22— 2 7 AR R A
AERRES Y, B A DECE K B AR AT LAl
BRI A S IE . ASWE S A R
RNA-seq £ AN K [ 28 & CAL28%%K 58 (1 F 4l ik
B r I IR A A 7 s Iy o e e s
A3 R A A5 L SO SR DG 8 DR 2 58 T I TR i 45
BEAR TGS | A2 P45 ] oK A5 4L S U8 B i ik
FER A BT oK A A SO ) oL

MR G55 S RRAE A0 H 28 ok
LR E R BT 2 WAR P S 240 e 1 A
ZAEHPER R M R R SRR SRS Tt
[ R 20l PR R A K R TAA AL, AT
PLsg i A R A5 55 5, iRy FoR @44
PR 20 LA 15 5 . AR IT A A A R R 2 E
1 B 2 ARR % 5 DX A A58 5 e J 4 A A, ) 6k
ARRI P LS5 AU T A AL SURTE LT . SRR
iz (JA) FE40 V5 SR R 2B v R #5235 B 22 A
FH,IA RIS ERF109 R iE 56 K CYCD6; 1, M
AR AR FFAE . ZEARBER H , HA 15 A4S FIR
ZIM S50 E  JE IN 22 PR R G ZIM29 tE TR i s
ik B 45065 MY S FiRE7E KEGG
Mg R EEE, TR NS HERKER SR
R ORFIRAFA I, R RGE T S E
KAHALIE i R EZAER

WAL MR A LG SRR R i KA RH
i3, AT fig 5 POP (fifi 2 5t £ ik ) #1 POD (3 %8464
ity ) BTG PEAR G TERE AR ALt SR h
&I POD HTEPELERE I3 W R FF4a 38 0, = B4 A
F14) 8 figk AN I 2 25 (R 0 20, I S A L 24 4k
JEAET A s SR N B AR YA R T
HOR N BE I A= A R R B s AR R R i
SN P R 3K S 0, BELAS B A R B R . ASHIE

WBEMEE, G 69 NP, h 24
POD SL[H 2 533K, 124 BIRFRIE, 301N F R
1t 4 4k ¥ B PRX12 (Zm00001d002898) 1 PX18
(Zm00001d002899) 7£ 171 iy {75 4% ik & L ¥ K F
6.0 f5 o AMFF D WAV AL AE S5 Ak R P iG M T
K& Sy Ak BLJGH A 2 A A, X T RE S R N b e
Y& BGEFRAH SR K 7K A OG o R FE 3RS
FRIL U IR S5 R R s A S R ) ik, A
AR R K

AP2 \WOX ,LBD 4§54 5 [N 1 5805 5 @t i) &
ARG TEAN S INAMIE I R B 55 0F T, 2 3k AP2
B SRNF-K G FE R ESR 1(Enhanced shoot regeneration
1) 8% ESR2, B %45 v Hoxh 4 i 23 24 2 ) 0 o7 RE
TS AL . EoKH, AP2 K%
1 5% 5t [ BBM(Baby boom) 841, homeodomain
SR 5 S DR WUS Y REAE R R 45 4 4R
T A KR TAA AT DL e i S AP2 i
SR ZmBBM2 , 32 363K ZmBBM2 W IR E oK A
AE R BB TG . AT, ZmEREBS3
(ZmBBM2) F1 ZmEREB206( ZmBBM ) 7E 1 i {75 3%
R E T, TG IE BBM 4 5 R A B oK
Yk AP R R BN . wOXS fl wox11 (4343
A AR IR B 9l B AE$BL R ST K RS 4
AR ERE R AR,
ZmWOX5b Fl ZmWOX9b 3 1k 16 18 &y 455 b b
5.50 F115.03 1%, 2B X 2 4~ WOX #%4 s [H 116 B oK i
kA R RS EAE R . LBD %% 5% [N+ Kk
Sl & A K A S A 28 B 3R Y R T
LBD29 % 5 /@ 45 404U i ik F vp 4 i o 4 B2 1)
VTR FEAGEH, ZmLBD 10 . ZmLBD24 . ZmLBD31
M ZmLBD32 AE A h ik it 2 B Fikgh
R, Sk IR AR KR B AN 45 1
TR EREEREH R AT AR XEER
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