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Transcriptome Analysis of Browning and Non-browning Callus of Ginkgo biloba

Abstract: [Objective] In this study, environmental scanning electron microscopy and high-throughput sequencing techn
ology were used to observe the cell structure of Ginkgo biloba callus and sequence the transcriptome to explore the brow
ning mechanism of callus. [Method] Using environmental scanning electron microscope to observe the cell structure of the
browned and non-browning callus of Ginkgo biloba, and sequence the transcriptome of the browned and non-browning ca
llus of Ginkgo biloba, and use DESeq2 to screen the differentially expressed genes. Use GO, KEGG and other bioinforma
tics analysis methods to explore gene functions. [Result] Scanning electron microscopy showed that the cells of the non-br
owning callus were evenly arranged, and the cells of the browning callus were disordered and arranged loosely and disord
erly. Transcriptome sequencing found that there were 275 and 153 genes up-regulated and down-regulated; GO analysis res
ults showed that these genes are classified in cellular processes, metabolic processes, localization, membrane parts, cell part
s, organelles, catalytic activities, binding and transport protein activities, etc. Significant enrichment; KEGG analysis results
show that these genes are significantly enriched in phenylpropane biosynthesis, keratin, soft wood and wax biosynthesis, fl
avonoid biosynthesis, and plant-pathogen interaction pathways. PAL and CCR in the phenylpropane metabolism pathway Ge
ne up-regulated expression; transcription factor analysis found that compared with non-browning callus, the expression of
MYB, AP2 and NAC and other transcription factors in browned callus was up-regulated, and HD-ZIP was down-regulated.
[ Conclusion] The cell arrangement of the browned callus is loose or even broken, and cannot continue to grow. Differen
tially expressed genes are significantly enriched in the phenylpropane metabolic pathway. The up-regulation of PAL and C
CR genes increases the synthesis and metabolism of phenolic acid. It is speculated that the up-regulation of some genes in
the phenylpropane biological metabolic pathway leads to the accumulation of phenolic acids, which may be due to the ac
cumulation of phenolic acids. The main cause of browning of wounded tissue. This study lays the foundation for analyzin
g the molecular mechanism of Ginkgo callus browning through scanning electron microscopy observation and transcriptome
sequencing.
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1.1 SREMR AR

AT IRT 2019 4 10 R T F stk B ERBEFE ] 75% (vIv) CEHRIE 30 s, FRH] 2%I0K
FRENEHE 15 min, JEFJCW KIGYE. B FE AR YT, BURMEFI7E DCR Kr 7t b, B
A 20 g/L ZZ%EHE, 2.5 g/L 54K, 2 mg/L 2,4-D, 0.5 mg/L BA, 0.5 mg/L KT, 10 mg/L VC, 0.45 g/
L A&l 0.5 gL LEE, 0.5 gL /KfFEEA, pH A 5.3. HEFRFMRFFMEQSE) CHITEA BT,
10 d ¥ @A iR Eotsh. 5% 30 djE, @HEALRAHRIEL, %3 60 d EamaRwEit.
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B AR A AL B AL LU BIEURE, & Se ] 4% BV E 52 (4 °C, 12 h), FEH 0.1 molL K
IR SR 2 BE 3 I, TR 20 mine XA AME 30%. 50%. 70%- 90%-. 95%- 100% LEEFEAT LK,
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7, PR R-80 CUKFAIRATE. RNA MIFRHEC. B @ R s i — AR F 8 b Bl e A Yk
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HEAT UGG % . RIS EE Si i8] SeqPrep (https:/github.com/jstjohn/SeqPrep) #11 Sickle(https:/github.c
om/najoshi/sickle) 3k . BB V5l , XTi4E G B R GHAT Geit DL i SRl .

EBAT R H A ist, 48 TopHat2 (http://tophat.cbcb.umd.edu/)F1 HISAT2 (http://ccb.jhu.edu/softwar

e/hisat2/index.shtml) %4, FIH StringTie (http: //cch.jhu.edu/software/stringtie/) ¥ =ik & )5 41 (reads) Lt
FIFR AT IL K 2 I (http://gigadb.org/dataset/100613), AT 2H 5 B 4%
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Figure 1 The morphological observation on browning and non-browning callus of Ginkgo biloba
Note: A: Morphology of green callus growing for 30 days; B: environmental scanning electron microscopy of green c
allus growing for 30 days; C: Morphology of Browning callus after 60 days of growth; D: Environmental scanning electro
n microscopy of Browning callus grown for 60 days

2.2 REMFLER B R

i EEENFEAES Numina XF 6 ANFE ST 4 508, /15 1 45.66 Gb Clean Data, #-FF i
Clean Data ¥Jiid 6.41 Gb, Hr GC & & H 4t 45.47%, Q30 itk 7 L id 91.51%. FIH String
Tie XN F 1 reads FBedbiT413%, 3R13 T 65 096 MNEEEA, H i AKE/NT 200 bp (I 1332
%, BH&AD, KT 1800 bp M kAHHEKZ, H 20 424 5% (Kl 2).
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Figure 2 Length distribution of Ginkgo biloba transcripts
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BRAR AT  53% AL 20 285 Jim P 3 DR RN 3 S AR 5 75 K8l 72 (GO, EggNOG, KEGG, NR, Pfam #il Swiss-Prot)idk
ATEEXT, Gt o3 b 2k DR R S AR 1) D) e A 2 RN PV R AR O o 308 1A 6 TR 7 - 000 2 (1) R A L 225 SR I
(B 3): VEBEF] GO HdE FE K R EE N 22 922 N(74.88%), 1EBEF] KEGG Hd e iy FE R % &y 11 29
4 /M(36.78%), TEB:F] COG i L KB E N 24 492 1N(79.77%), THREH] NR B 1 R R 8k 26
783 /M(87.23%), R3] Swiss-Prot Hdh A 1) B A 21 432 4~(69.80%), VEREE] Pfam £dE e 1k R £
N 18 271 4M(59.50%), S EERIELH N 30 705 A4, vERERIEE AR R EEH N 27 014, HEERFEHH
] 87.98%.
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Figure 3 Function annotation statistics

2. A RIEEERGT

FTHE 1) Read Counts Zd dhA7 5E K 22 Rk oy, e %= Rl B 5 R B on (] 4), 3f 275 4
BeH BASRIL, A 153 MER N ERIA. &2 ERRIEEFREL “RKRGEWER” @7, Hb Gb_
37311, Gb_30322. Gb_27961. Gh_08374 % 16 A if#&iA, Gb_06019. Gb_26239. Gb_35939. Gb
28539 & 9 MR FIHRIL; fEiXEET, RNER D LAMNF(PAL, EC4.3.1.24) DL PRIFEBEGEE A & i B
(CCR, ECL.2.1.44) FFRIE, RNAHER 4-5 1% ME(CYP73A, EC1.14.14.91) FiRE. A MIEF(ECL.
11.1.7) ZERERRFLIL P REE L F2 MG (HCT, EC2.3.1.133). B -7 %) B 11 A (E C3.2.1.21) A Ak i i Sl (CAD,
EC1.1.1.195) % 3 R R IA S35 KA AE
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Figure 4 Statistics of expression difference

2.5 SREERFRIAEED GO FBRH A,

A 2 R RIAFE R GO DhReE BT 45 R Bon (B 5), 428 ARSI 1 196 1~ GO ThRgiEk:.
1 196 NIUIREEREE TAEYS R, /0 FIhae. i ix 3 A E2 GO . fEiX 3 MRGIF, A
A 319 NIIREERE, S ITA DIRETRE 26.67%; 7 T DIREILA 440 NIIRETERE, & A DIRETERE) 36.
79%; HHMIZH 73 LA 437 D ThREERE, (5 ATA DIRRTEREM 36.54% . X 3 NEHIX A4 20 N IhRE K,
VSRR 8 MK, MM A 7 AN, FUiEeA 5 M. AV R SR GO Wik 4
I FE95, 29.78%) FRHHEFE(91, 28.53%)F1ENL(37, 11.60%). NIRRT 3 4770 il & I E6 7 (161, 36.8
4%) 4IRS (118, 27.00%)F4Hfi#8(66, 15.10%). TETHhaedirh, £ ZW R MEIIETEQ218, 49.55%).
4545(179, 40.68%) 618 5 FITE (22, 5.00%). HRAT) GO DIREF B/ i 4h R os %2 R 3R IS BE N Z 4L i fE
BT FE. MAEIRE . gUBEgs. BEEfE. sy BEEOh. 45 5 ML T, SRR R 2 73R
I AT e A5 R Ak ok T AR PR 5
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Figure 5 GO functional annotation of differentially expressed genes in Ginkgo biloba

Note: 1: Reproductive process; 2: Developmental process; 3: Cellular component organization or biogenesis; 4: Biologi

cal regulation; 5: Response to stimulus; 6: Localization; 7: Metabolic process; 8: Cellular process; 9: Cell junction; 10: Or

ganelle part; 11: Extracellular region; 12: Membrane; 13: Organelle; 14: Cell part; 15: Membrane part; 16: Transcription re
gulator activity; 17: Antioxidant activity; 18: Transporter activity; 19: Binding; 20: Catalytic activity

2. 6 IREBEFFILEFE A KEGG INBE S #7

XTERAT ) 22 e RIA BE R 3T KEGG DR s S i 45 R 7w (B 5), 188 /M2 R JE Al 7E 51 5% KEGG i
W FE A, fEAT 19 % KEGG U@ R E  EENA: KNREME S 1), M. BRI R)
VAR5 ), REBAYE KAL), TBIREKE 1), FUIERREBEG 1), ERMEw. 5k
B 2B AR B (6 ), 2 BRI ARRE SR 1 AP0 4 (6 A), ek FEERERI(L0 1), FRiiER A
Y6 6 ), AEY-99 5 B AR EAE (AL AS), SBnRAEYA G ), RN B ), HimBEIs i ¢
), ABC Hig B H(4 4N), SN IR@4 AN), BEEBRARUHEB ), MR NERE &2 1), sk
WEA), PRERMEARNREEG ). H, RKRREMER S RE, 5 18.38%, HIEME. A
JRAES P EYIE R Y 11.03%, B EEA YA R LA RAE -0 I B AR ELAE 43 i) o b 8.09% . T VISR
ZWNBRED AR b, U 1.47%. KEGG Yfe & 5 7 i 4h 5 32 AR s i o IR R T e A2 ) 6 i 5 4R
EO X VE AN LAY Y
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Figure 5 KEGG functional analysis of differentially expressed genes in Ginkgo biloba
Note: A: Phenylpropanoid biosynthesis; B: Cutin, suberine and wax biosynthesis; C: Flavonoid biosynthesis; D: Fatty
acid elongation; E: Cyanoamino acid metabolism; F: Stilbenoid, diarylheptanoid and gingerol biosynthesis; G: Ubiquinone a
nd other terpenoid-quinone biosynthesis; H: Starch and sucrose metabolism; I: Fatty acid biosynthesis; J: Plant-pathogen int
eraction; K: Monoterpenoid biosynthesis; L: Phenylalanine metabolism; M: Glycerophospholipid metabolism; N: ABC transp
orters; O: Peroxisome; P: Tyrosine metabolism; Q: Brassinosteroid biosynthesis; R: Glycerolipid metabolism; S: Cysteine an
d methionine metabolism

2.7 EREFOH
W = R RIBRER AT SRR F o0, — w7 10 MESRTFHIE, W 17 M ERRIERER(E 1).
Hrp MYB Z % 4 4, NAC ik 34, AP2 KAl HD-ZIP K4 2 />, TCP. C2H2. WRKY. SRS. H
SF UL K LBD (AS2/LOB) KGN e 1 AN Z S RIEFERFMAEIL. MYB. NAC fil AP2 % 5¢ [H FEM 10 1
TR FHKIE, HD-ZIP #3%HFAER FIHRIE, 45 3R 0 IR S S DK 1 130K 52 A 1 0 4L U4
TR o
R 1 BRHEFREESHET AR

Tab. 1 Expression and regulation of transcription factors

5t ] eSS CK HEHPIyzRIE GB HEHFIy% LIt
Gene ID Gene family CK average FPKM GB average FPK Regulate
Gb_3488 MYB 1.30 12.13 L

2 Up
Gb_1311 VB 055 639 I

7 Up
Gb_0511 MYB 2131 10.46 T

5 Down
Gb_0188 MYB 0.03 0.89 R

9 Up
Gb_3504 NAC 3.23 7.67 L

8 Up
Gb_3254 NAC 0.65 457 i

9 Up
Gb_0137 NAC 451 12.74 L

5 Up
Gb_1813 AP2 0.22 218 L

9 Up
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Gb_1193 AP2 0.40 10.87 i
7 Up
Gb_1886 HD-ZIP 2.37 0.08 T
2 Down
Gb_1603 HD-ZIP 236 0.13 i
0 Down
Gh_2952 TCP 0.05 1.00 L1
8 Up
Gb_2179 C2H2 5255 2171 T
3 Down
Gb_1936 WRKY 0.02 0.77 G
0 Down
Gb_1182 SRS 23.95 54.34 LA
2 Up
Gb_1175 HSF 9.39 3.03 T
8 Down
Gb_1082 LBD (AS2/ In
; LoB) 20.74 78.25 U
3 Wie

T8 0 A AL S T A S5 K A 5 % 1 SCHRARGE - He Z5(2009)HIF 58 JBR XU T TR ik vl (o A 2R 2 R TN,
S 0 7 4 AR R A0 AR R R A BRI AR 4140 ) . Kaewubon 25(2015)F 78 &k BLAS T 22 884k i A 1 4h, B 8
IR HESITE Y, RIS, AR AR A e AR AL, TR IR AR R 45, BEThReRRRS, 4H
JI S 368 35 1 388 I 9 I T . Laukkanen Z8(2000)BF 70 R I, S4 0 H 2 EL, TR 2 B RE A
T L 3 B IR 2 PR B AN B R Bk 2k o X BE SE R S AR T M S B 45 R — 8, WA S 5
BT, PEASEAENN — P AEK KT

AR i SAERAL I BT LT T RS b, AR 22 3 RE N1 GO Thgi B4t 1 i
IRGN T I RE SR I A S 1 o LR U I a0 R T R BT 3 3 T AE A R A, AR 43
FEEER o 4B B2y DA S AR A 28 5 LR, U AR AL S AR A A 4L SR A AR K A i, A AL R b
A5 L ZFU T HE P 4 B o JE DA R PR 8 R A PR R LS, S AN 43 DA S A BB AR OE S TR 22 S R LR
FHOG, ARIE RN 22 RRIA R BRI W B, S 2B g BRI A4S

TERIRN, 2R BRI — MO A2 28 TR R A FH 2R TR I A I (PAL) Mot U Ak o R RE PR
2 AR RR-4- B (CAH) AL NPT B IR . TR E R JT FIREMIR . MRAE 4-F 5B A B85
(4CL). W R (OMT) SR sk SRR . MRS, 54l CoA BEIE KB, A i 255 (Weisshaar a
nd Jenkins, 1998). AL H, KN EEL PAL Al CYP73A ¥ AL W& TR, Hilid— &5
iy 2 A I HE TR S5 ) 1, B il i 4CL A0 CCR AR AH B ¥ (Kumar and Trivedi, 2018). {EAMEYIZRH
FeAR IS AR I OCEE BE AN BRI, PAL 56 BURAAREH ) 2 BAE G AR R AEHEZ 58 AN BE J5 1Y PAL V5 1442
T, AT RS M BR 2K 57 & B (Ghaouth et al., 2003). Wang Z5(2009)HF 77 & 31 3 i B2 F S A 38 J5 P
AL FIEPE DA RAE G . R, MRS &Y & EI9E R . Shivashankar 55(2015)HF 7t A& L I 1)
T PAL TSP DL ORI 3R X & SR I &5 v, AR 1 2R P e AR i g A = 4 5 1 T I e
A, Solecka Il Kacperska (2003)HfF 5T & I PAL [ & — PR 57 & 2 el iR 1 ik ¥ PAL HIv& 14, M
T B AR T B2 25400 J52 11 25 8 DA S AL 3 B e o ASHIT SR 6 S Ao M 46 SR B0 PAL SETR EAB AL AR 7
PR Zir B, RE PAL BRI LI FRIA T SECAEARB = g, DA R R AR R, HEI A R AR
SERMHLS M . FIE, CCR HEFRWIEMMI @ AL bR XS & e IR 46 19 18 119 A 1 34
I, XATRES SRR, R EGAL R EEL. Fit, WA EGALEKERES, KAKREDE K
R T RS AR Y, B BRI, vREEUE B SR M, RN &R
08 53 R R 1) 1 20K SR 5 T A7 4 K Ak ) 3 DR

Sof 22 S ik FE R (R B I T o, S5 R EJR MYB. NAC. HD-ZIP. AP2 FEMIHFN T8 %, X
S 5 S K] 7 ) 30 5 3 DA B s i R AR AR ) B A T T A YRR . W/ AR ILE % MYB
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SR T sikP BRSBTS B0 (5K 5848, 2018). JEflH GeMYBP3 A1 GtMYBP4 il i 0 i B s & &
HHIFERI I RIE, HAISLH b I & & 535 3 N (Nakatsuka et al., 2012). 7KF& R2R3-MYB ZR#: 5% [A]
F OsCl @i FITET =6 AL IR, MR S e & & (T &%, 2018). E4& 1 9whY HD
-Zipl HEW MHBI RIS AR 1) R A SR B & B e N, B S #h 1 (Ariel et al., 2010).
FRFIE ARNAC3 1R SR S PR i S 6 K 43 il , ARNAC3 FERRLE AL MI& &, BEm 2 7 S i 2 68
J1(Liu et al, 2013). %P1 BHA G MEER 20O et Rm . AL SR S0 & YR Dhfe
(Gharari et al., 2020; Paul et al., 2020), /AT 7448105 B SR A=Y BN, BR
A S5 A ELREAH R OB FT, (B AT DIARYE A i Fe 4 I & 0 20 2 e s A ik A2 Hh 35 % 7 MYB. NAC. HD
-ZIP. AP2 ZELFNFIRIE, xRN FELSEAEMAE, FARERKESEAR T AL, Bt
. Z2E5BFRNERNES 5 T @ HEWETITE R

HYEA LR LTS T B R — NS R0, Hh R 2RI A 5o TR A E L
SABALE) A HR AT R A0, 4R 7L AEA AL SR AT s 2R 22 S 0k R e 2 AR T
A J T I 5 R e 4 A ) A S5 2L R Ak T A R ) P A B B R

Z % LW
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