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Abstract: Magnolia officinalis is a famous traditional medicinal plant, belonging to the Magnoliaceae family and
Magnolia L. genus and being widely cultivated in China. Its barks, root barks, branch barks, leaves, flowers and fruits
could be used as medicine or food. However, the whole genome information is little known for this plant species. In order
to obtain the whole genome sequence information of M. officinalis, the leaf DNA was used as the material, and the third-
generation sequencing technology of Pacbio Sequel was used to establish its nucleotide sequence database. Then genome
assembly, function annotation and evolution analysis were carried out by bioinformatic methods. The results were as
follows: (1) 140.91 Gb the third-generation data were obtained after the original sequencing data, with the Read N50
about 13 784 bp. The assembled M. officinals genome size was 1.68 Gb, contig N50 being about 222 069 bp, and the
integrity of single-copy gene being 81.0%. (2) 98.40% of the genes from the assembled sequence got gene annotation
after being compared with functional databases such as NR, KOG and KEGG. The result of KOG gene annotation was
that the protein function of M. officinalis concentrated in the general functional prediction only, posttranslational
modification, protein turnover, chaperones signal transduction mechanisms. GO functional classification indicated that
the genes of M. officinalis concentrated on cell components and biological processes. KEGG analysis found that the
M. officinalis genes mostly involved in metabolic pathways. (3) By comparative genomics analysis, the genomes of Vitis
vinifera, Arabidopsis thaliana, Oryza sativa, Poplar trichocarpa, Ginkgo biloba, Amborella trichopoda, Camellia sinensis
and Cinnamomum kanehirae were aligned. It was found that 20 801 of 23 424 genes in M. officinalis could be classified
into 12 129 families, 515 gene families being unique to M. officinalis. The genetic evolution tree constructed from the
genomes of the selected reference species pointed that the M. officinalis ( Magnoliaceae ) was closely related to
Cinnamomum kanehirae (Lauraceae) , and the divergence time between the two species was about 122.5 mya. It is the
first time to use the third-generation sequencing technology to analyze the whole genome of M. officinalis in the study,
which is conducive to its further development and utilization, and also provides the information for the study of the whole
genome of other medicinal plants.

Key words: Magnolia officinalis, genome, the third-generation sequencing technology, gene annotation, medicinal plant
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it N 2835 R 2 3 1) 5 A, S PR 2R 0 ) e R
(AT JR RS20 7 B3, JE L DA — AR P B R &
Ji& Ry L3 SR Y 3T A A 4 B R AL A Y
ERE , JHE PR 20 K /IN 2 48 A P o B 5 44 56 (R 4
()42 H8 DNA B 3 XF 50, 2 BF 5% 40 o 356 PR 2] = 1) ik
filf, AR22BHER Y 10 I 5y 22 v ) HU L& T L
BIFRIR R AR KOG T AR 22 J& Wl it S R 56 (R 241
WP AE E N AMIF I 3 22, WNZ=1E SC5F (2012) (L et
al. (2013) 3@ i 454 FLX % A0 & 50 P &
ST —FfJEE A I S A 35 DR AL s o T e 3 R L T X
SYIEANBGES RN, IR G015 TR =8
YR i 4L L 2% ( Magnolia grandiflora) 244 4 5
LA, R AR RS Rl B 3 I A3 R TR
ST R MR G KRB 8t 74 M ER
{508 Cui et al. (2019) Xt JEANF] & P Fh K & A >
(M. sieboldii) 4TS A FER AT, 345 T 111
AR A FE N, AL EE 78 N E A S A 29 A4
tRNA FER AT 4 4~ rRNA FE[H

J& ¥~ ( Magnolia officinalis ) N K % F}
( Magnoliaceae ) K % J& ( Magnolia L.) #1%), £ 5= F
VU ZRER A A0 PG 0 A5 b, B AR R AN 2 TR B — g
PHEY (B4 ,2019) , JRAMY B B AR EZ
AT TR IR A . Ak, JEANME
KRR, PSR EL s 44 55, HoMp 7 ml M,
W H 23 L2 TR R I JEE AR Jhy 3 b 25 44, H 32
TR A0 DA 1 B TS R SR Y 1 2
W 5T WX PR G P R B R AU SR Bt
i ggE AT B A 25 BRAE D (£ S0 95 5%, 2005) , A
ROF45 (2015) Gl 5% st 5T 1 ARG 261
Y A=W E GERAR  fam KPR R (MVA)
TRARAH 5C K A 8 42 il 28 U AR ) B S P
il s BE/NAR A (2018 ) 7E L L it 1 IR A B 92 B A IR
AR P rh RN R IR A S A R R R
TR AR DGR AN AL R Y15 R o

JEAME FARPR R T A KRG, 7 B AR, E T
Y R Bk, it A N LB B i EANR 2
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FRGEIR o (ke RESE,2013) o AR, YR E TR
ANPIBIF SR L 3 A 45 B, L 1Ak D0 R B PR RO i A5
FHEA> A W 2 Al i = DORUR T i, S SUR A
) JE AN | I JEE AR B 48 2% 00 IR G AR 3 7 10 1 & B
PN A G 2 ANEE ST E M,
RIEARAERK KT PO PS5O0 B PR 3 45
J5 T B4 ) A0 75 N 3 A 5 ik e, i R RIS 9 U R
AR, JTFEAEIRA . L, AHIE 58 56 F 2 Ab ikt
FESERALE BB =, 0120 X AN 47 4 56 PR 4 U
JPAESE AR A5 1 56 D 4115 80K & i — 20 3 | AR
WAL ST SR, S PR R 25 FAE YR B b B i
B AR AT A BGE R 5 IRE AL 2R A
Tk i) A5 B e ai

1 #HEF®

1.1 E#MEm A DNA fREX

JELANAF PR 8 BT AR s 24 K 2R 2 R A )
el , >R 4k 97 6 &0y TS 95 T R I R, 2R KT Yk 3R T
J& , T 75% S BEWE VU 3 W, T, -80 C R £+
#=H,

KH CTAB & (VbR ,2018) $& HUE Mt
DNAALRRUNE . (1) il R A S )5 o 3 &2
B 5 (2) B O TR T 7S b gk = R Ak
B (CTAB) ,65 C7K ¥ 1 h, 10 800 1 + min™ 2§
> 10 min, B 5 (3) B0 5 A SR
S (24 5 1) , 7 IR2),4 °C .10 800 r - min
BP0 10 min, BB, EE IR (4) 7] EE A
SN TR, 250, 5 L35 5 (5) A 75%
CBE, B0, 3 B (6) BT, N A TE 2% il %
fif 4 CORAEEH .

1.2 XEMERNF

fii 1] g-TUBE 5§ U] & 4T Wi & Ah DNA #F 5 ) %
FTWr &9 DNA FE & (5 mg) 2 1% ik 7 &
(SMRTbell Template Prep Kit) #4751 1116 2 K ¥
1652 T a4 3k s i #2453k 7= W 8 ] BluePippin
Size-Selection System #F 17 H 0y Jr B i ¥ , I il &
AMpure PB ik Bk 3t 47 4l Ak el i, ] Wi 7= g e FH 5
1516 52 355 & ( SMRTbell Damage Repair Kit) #E1T
TG I XHE R 7P W 1T AMpure PB 7

BRAAG 0 5 fe 2 SCPE R ik s 8 5 7 Wy i A
W BE (Qubit) B K/ (Agilent 2100) 4 32 5 I 42 K
I BRAS S0 SO, SR F A = ARIFF- 5 Pacbio
Sequel FEAT LTI 7, B 4f Hh 48 i2E A7 PAL | 2 D
JE A B v TR A B T Ak R A A R S
A
1.3 EERABERITM

X} PacBio 3~V 5 77 A= 1Y Jit i B4 a4 47 2ok
R AV B, 15, I Canu (Koren et al.,
2017) FAEX; R U8 T 1B ST 002D A RS R
JH} LACHESIS ( Belton et al.,2012) {4 %) 4] A 21 24
J5 R 51 HEAT RELH AR 0 HE R R E 1) 8 R
Scaffold % 18 % K 50 kb 47 Wr, #J JH Hi-C ( high-
throughput chromosome conformation capture ) $f K
(Marbout & Koszul ,2015) T #7225 W o1k i8 7K
IR T 9 WL 51 SR A 18 A 1 IX e, SR 5 38
I DI PR Hi-C 33 o TR Y o7 ' B A i s, A
M1 578 SOV ) A 20 2 56 DR 2 1% 24 s, D vy i PR 2L 44
B, W4 245 R A H BUSCO v5.0 ( Simao et
al.,2015) 3R R EAG AL B Ay e 86k, 5
Embryophyta_odb10 (48 & & A (AR 1 6144117
SERAZ O EE R X, 2 il BAE A R PP AL Hi-C
LRSS R, [ LACHESIS # Ml T H AR S 80h (1)
CLUSTER MIN RE SITES = 52; (2) CLUSTER MAX
LINK DENSITY =2;(3) CLUSTER NONINFORMATIVE
RATIO = 2;(4) ORDER MIN N RES IN TRUN =46;
(5) ORDER MIN N RES IN SHREDS=42, ]
1.4 /= 5 ¥

ffi F§ LTR FINDER vl. 05 ( Zhao & Wang,
2007) . RepeatScout v1.0.5 ( Price et al., 2005) |
PILER-DF v2.4( Edgar & Myers, 2005 ) #1454,
BE T2 b FIUIN 0 Sk T (Ab initio ) F 53 A 2
AP A B 0 R R A 1 A A % G
PASTEClassifier( Wicker et al.,2007) #4752 ; &
i, 3T 5 2 7 5 B Repbase (https://www.
girinst.org/repbase/) B IFAE R B Ay JE RN B R 241
RO 2 8 B e f )5, 8 33 RepeatMasker v4.
0.6( Tarailo & Chen,2009 ) % 3 T+ 2 47 1Y B 3
JE o JEE AN HEAT A2 4 A T

BT ISk T (Ab initio ) 1 [R] Y5 4y R T3 00
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(Homolog ) P 7 Jit 341 JE2 AN 356 D] 20 2 47 5 DA 0
F X F a5 AT, . B4, ] Genscan ( Burge
& Karlin, 1997) | Augustus v2.4 ( Stanke & Waack,
2003) . GlimmerHMM v3.0.4 ( Majoros et al.,2004) |
GenelD v1.4 ( Blanco et al., 2007 ) . SNAP ( version
2006-07-28) (Blanco et al.,2007) #E47 Mk T ;
SRIG,fHiH GeMoMa v1.3.1( Jens et al.,2016) #Ef7 3
TRV R BTN ; e, AU EVM v 11 Sk
WITEAGRI R WM SR R XS AE 2 A% RNA 15
M, 445 T microRNA . rRNA & tRNA % B H I HEMY
RNA , 4373 F Rfam ( Griffithsjones et al.,2005) %4
JZF1 miRBase ( Griffithsjones et al.,2006 ) (4 % I )
FHl Infenal 1.1( Nawrocki & Eddy,2013) #£47 rRNA Fl
microRNA Fijill ; #] H] tRNAscan-SE v1.3.1 (http://
lowelab. ucsc. edu/tRNAscan-SE/) ( Lowe & Eddy,
1997) il tRNA ,
1.5 e EEER

X 1 45 21 59 2L A 51 5 NR ( Non-Redundant
Protein Database ) ( Aron et al.,2011) KOG ( EuKaryotic
Orthologous Groups ) ( Tatusov et al., 2001 ) . KEGG
(Kyoto Encyclopedia of Genes and Genomes) ( Minoru
& Susumu,2000) \TrEMBL( Boeckmann et al.,2003) %
I RERE ZEM BLAST v2.2.31( Alischul et al., 1990) Lt
X (BB XL B {H e—value<le—5) , 153 3L H )
REVE BE. Ak T NR B4 Lo 45 51 i ) 41
Blast2GO( Conesa et al.,2005) # 47 GO ( Dimmer et
al.,2012) Bl E ) DR
1.6 LL R EF AR

LB IF (Arabidopsis thaliana ) . 7K F& ( Oryza
sativa) M W ( Populus trichocarpa) | 4R 7% ( Ginkgo
biloba ) . JC WM & ( Amborella trichopoda ) . %5
( Camellia 4 K ( Cinnamomum
kanehirae ) | /) % H ¥ %1 b X ( NCBI %4 4% /%
https : //www.nchbi.nlm.nih. gov/ ) , & F ¥ 51 Hb X} 45
SR B HURE PR P 90 RN R R AT RS, A A
[F) 79 AR LA K ) AR A7 B TR G 02

ffi F OrthoMCL (Li et al., 2003) % 4 ( Z %
Pep_length: 10, Stop_coden: 20, PercentMatchCutoff :
50, EvalueExponentCutoff; =5, Mecl; 1.5 #1.2-4.0) X}
R 9 NIRRT S AT KR S S, SR AN

sinensis ) |

FENARFA IR ZIR . SEA A OrthoMCL 2R2E 1Y
SE AR IAPE DU P 91, FR 08 DL 1 e 9 Al
H Muscle ( http://www. ebi. ac. uk/Tools/msa/
muscle/ ) FAFFEATFEH) ELXT, {# ] PHYML( Stéphane
et al.,2010) 24 ( %4 : —gapRatio 0.5, —badRatio
0.25, —model HKY 85, —bootstrap 1 000) i 13 ML
(BCRALAR R ) # gt kAL RS, W 5% 4[] 1 £ O
%, FIH Timetree ( hitp ://www. timetree. org/ ) 2% if]
A Y Fh Z (8] 1 4k A7 B 18], JF 38 3 memctree
(http ;//abacus. gene. ucl. ac. uk/software/paml. html )
5t P ] 9 23 AR ], SR MCScanX ( Wang et
al.,2012) FAEo 56 A B (B5: -5 10 ,-b 1, HAlh
SR BIN) L5 EZ YR 4 ( Cinnamomum
kanehirae) (Z%.-s 10 ,-b 2, HABSHEERIN) FH
A AMLLAE 3BT, G 3T AH L %) 2 1 5 PR At
LR X P (Block ) $H .

2 EREA

2.1 EFRANFE

I = AR Y & X5 R AN Fr AT 4 B R 4
W X5 5 4 B 04 reads BT & (8 3E 47 900 46 2o 0%
FEAC T B A B reads, 411453 140.91 Gb
AR E R , Read N50 24 13 784 bp, it K reads
MR 128 492 bp, P K R 8 654 bp, M7
AT A R SR AL R TR
2.2 EEAAR KT

Fr Bl Canu B0 X5 R AR 1) 8 20 21 26 45 5L DL 3%
1, WA JF 9 G0k Hi-C 2 4 20 28 5 35 R 2
KN 1.68 Gb, Contig NSO 24 222 069 bp, iz
fJ Contig & 2 700 203 bp, GC & & N 40.65%,
Hi-CZH3E 5 Hh 3 A 1.67 Gb 1Y% 51 B i 2 A
WP HoE S E) 19 R4 afk b, di bk 99.66%, 1M
ERE I FERECE N 11 470 4%, 5 16 99.20% . TE5E
PGk 0 7 91 v B8 8 B o T A 1]
I BE R 1.53 Gb, i & A e 4K 7 51 B K B2 1Y
91.21% , %N P FNECH b 8 689 4%, h e v Ye £
P BB B 1Y 75.75%

ZH 2% I B FE R 4R FH BUSCO 4074l 7E 41
B L P R F] 1391 52K BUSCO FE A,
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Hrp5Z R e D) 1 307 4>, Fragmented BUSCO 75
IR, A 148 D EEHFE Embryophyta_odb10 %44
e A 4R 3 BUSCO P Al 2k A 241 58 % i Oy
86.2% , LI R A AL 5E B . il 1l Hi-C HiBh 4l
BEE SrHT (1) JEEAD 19 A G 014 5320 7T LA B

R, HAg—r X AR B AR5 2
TAEXT LA E , UL Hi-C 238 i Je R 45 2R
SR 1 A7) 18] (X A 26 o7 ') A2 HL 98 32 iy, T IR 4
U FF B 22 6] CHE X A 2 0 ) 19 28 LA 5 9 i
55, UE B PR 2 21 2B OR BT

1 BHERAFINHERKER

Table 1 Genome sequence assembly results
HEM HEH RKESM T A
B 4K BE 1 ah K- BE
G SR HAERKE NS0 fiy 1 N9O iy {1 MR G
L Contig length Contig length Contig length Max contig
Assembly method ~ Contig number . content
(bp) of N50 of N9O length (%)
(bp) (bp) (bp)
Canu 21 %% 13 347 1 710 407 060 180 351 56 620 3512 806 40.68
Assembled by Canu

Hi-C 4% 11 562 1 684 361 614 222 069 61 049 2 700 203 40.65

Assembled by Hi—-C

)

g

$tatk Chromosome
5 B

]

Las -

LGO-LG18 f{# Lachesis Group 0— 18, # A A5  ZA AL bR 3418
KA bin TEA LR O ARTEA L HIWF

LGO-LG18 represent Lachesis Group 0—18,and the abscissa and
ordinate represent the order of each bin on the corresponding

chromosome group.

1 JEANER Y Hi-C g1 e ks B AR

Fig. 1 Hi—C assembly chromosome interaction heat

map of Magnolia officinalis

2.3 EEWMLER
FI ] RepeatMasker v4.0.6 #4175 & J¥ 51 fil
fFE 4% 1.37 Gb EEFII I EFMER L, 5 1

81.60% , A EE L P3| (LINE) 15 2| H & 7
G H g 450 863 2%, it LL 8.47% ; B BIAE E ¥ 5
(SINE) %t H M 18 530 4%, 15 It 0.2% ; KA i 8 & 7
FI(LTR) %0 H A 997 318 4%, i Hbd4.04% ; 4 S I [i]
FAEFH(TIR) B H K 145 539 5%, it 4.5% ; fai B
HAFFFH(SSR) FH H10 5065%, i kL 0.47%

XoF JEEAN F B PRI 45 2R (3R 2) Bon 4R 18 T
23 424 MEFAHRSIER K 1 096 AR 1 g 5L
L3 72 4 microRNA &, 575 /> tRNA JE [H
1 449 4~ rRNA JE[H
24 EEDEERS SN

Wit KOG e B (K 2) , J& A3 N 41 1Y
13 845/ P AR A5 70 e, o T 00 1) A9 5 5 DR R
59.11% . Ml LI i 2 AN 3R D) fE 32 22
EhECBMIEEBMm, E D RS FEA
( posttranslational modification,
chaperones) (0), 5 & 10%; “15 5 % S HL#l”
('signal transduction mechanisms) (T) /i b 9% , Hiik
ik K AL A W) ds R AR 5 ( carbohydrate
transport and metabolism ) ( G) 5 “ ¥ R ”
(transcription) (K) S5 N RE, & 5 kL 5%, “— kTN
RETHIN " ( general function prediction only) (R) i Lt
22% o X SEILPR 22 Sk Ak n] DLXS A JE AR 5T
JEEANE HE A 2o i rp X B 58 0 107 A AL ] 52 1 B
R

protein turnover,
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Table 2 Statistics of Magnolia officinalis

gene prediction results

Ji A Yy Fh SHEH
Method Software Species Gene number
Ab initio Genscan JEAN M. officinalis 36 942

Augustus JEEAN M. officinalis 43 814

GlimmerHMM  JE4b M. officinalis 42 639

GenelD JEAN M. officinalis 78 769

SNAP JEFN M. officinalis 23 024

Homology- GeMoMa PG IT 22 928
based Arabidopsis thaliana

IKFE Oryza sativa 25212

[6] H %% Helianthus annuus 37 376
3% Nelumbo nucifera 27 011

Integration EVM JEFN Magnolia officinalis 23 424

I JEAMER A GO TERE(1E 3) , HhA 13 438
AL BAT GO WERZIRE, o P00 21 i 5 5 R £
57.37% ., Y& 7> fii #5 “ 4 ML (cell) | “ 45 57
(binding) |\ “M#EALIEPE” (catalytic activity) ., “ 4l i
I FE” (cellular process) | “fLif i #2£” ( metabolic
process ) 5 DI E Y A& X o 4f8 D0 4 b A5r T 7 B 1> 23
R AL I i 33% , 00 T EhRE S 21% , LEY i
PR 45% . AT UL, 0 45 3] J5E b B Jk P 32 20
AR A A R b B A A

i id KEGG i B B (141 4) X FMY 8 253
AP EAT T3 R R o IO B A S A O
35.23% , HAEREAR N 5.40% 19 A
(cellular process) . 4.50% (1 “ ¥F 53 {5 & 4b #”
(environmental information processing) . 29. 85% I
“UBE[E BAL B ( genetic information processing) |
55.09%F1)“ G (metabolism) .5.16% Y “ HLIA Z
42" (organismal systems) , il KEGG 1438 i i1 B
HE—20 T JEANBE R AE A ) 2 72 B T RE, K
H 2 5T E B bR I S A TE R AN R
BRI (ko00500) | 2 HE R 19 4= W & 1 (ko01230)
Lt AR (ko01200) Jy 3 B2 A AQIF I 6
2.5 tEREEAF ST

i 3k RN 5 A A R O K AR A A AR
A TCMRE SR R R R R T A Hx, k BAE

3x10° -

2x10° -

$i% Frequency

1x10°

[ I
Bu

W
Lz

uuuuuuuuuuuuuuuuuuuuuuuu

IEE4y 3 Function class

A-Z. ATAL B 7 BE A (AR 3R 2R TR [ Y KOG I g
A. RNA T AMEM ; B. Je@BiEs Rzl 112, C. AR A=
PR A DA MR R B A0 4 3, g 8 R ) I
E. ZAERa A ; F. BT RE i A G. Bkkik
BB AR H. B RE 2 AR L e B i Ak
W J. B, RS R E Y A NG KBS L Z A,
HAMBE; M. 40 A BE/ 40 i 15/ S0 B A= ) & ni
N. 41MEiZ3h; O. BF/E &, & A B e, fE18; P AL
BT MR Q. BB WA M& W, iz i
s R —IIRETUN ; S, DhREARKF; T. {55 ¥ S HLH;
U. sk, 7r W ez, V. BiEyLsl; w. fish2s
5 Y. G Z. AR AL,

A - Z. Different letters and colors represent different KOG
functions of genes. A. RNA processing and modification; B.
Chromatin structure and dynamics; C. Energy production and
conversion; D. Cell cycle control, cell division, chromosome
partitioning; E. Amino acid transport and metabolism; F.
Nucleotide transport and metabolism; G. Carbohydrate transport
and metabolism; H. Coenzyme transport and metabolism; I. Lipid
transport and metabolism; J. Translation, ribosomal structure and
biogenesis; K. Transcription; L. Replication, recombination and
repair; M. Cell wall/membrane/envelope biogenesis; N. Cell
motility; O. Posttranslational modification, protein turnover,
chaperones; P. Inorganic ion transport and metabolism; Q.
Secondary metabolites biosynthesis, transport and catabolism;
R. General function prediction only; S. Function unknown;
T. Signal transduction mechanisms; U. Intracellular trafficking,
secretion, and vesicular transport; V. Defense mechanisms;
W. Extracellular structures; Y. Nuclear structure; Z.
Cytoskeleton.

K2 KOG nREER /ARGt

Fig. 2 KOG function annotation classification chart

TR AS 2 1) 23 424 DNSEE PG 20 801 A FE K AT
PAAr2E30 12 129 58006, b A 515 A K 5K
JEJEAN BT R A B T Ay 2R A5 0L IR S R
%3,

itk — L HE EAN R R G R, DL DR
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SFEEW; 1. 488 J1. MAR xR0 K1, 4UMa8 R0z ; L1 R aphi F4Lag; M1, 4URBEEE 47 ; N1. 403647 ; O1. a1
AW, A2 BB TG, AL G B2 MR GRS E TN, C2. MLih M D2, RS St B2, 255 TG 30,
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A1-U3. GO function classify. Al. Extracellular region; Bl. Cell; Cl. Nucleoid; D1. Membrane; El. Virion; F1. Cell junction; GI.
Membrane-enclosed lumen; H1. Macromolecular complex; I1. Organelle; J1. Extracellular region part; K1. Organelle part; L1. Virion part;
M1. Membrane part; N1. Cell part; O1. Supramolecular complex; A2. Transcription factor activity, protein binding; B2. Nucleic acid binding
transeription factor activity; C2. Catalytic activity; D2. Signal transducer activity; E2. Structural molecule activity; F2. Transporter activity;
G2. Binding; H2. Electron carrier activity; I2. Antioxidant activity; J2. Metallochaperone activity; K2. Protein tag; L2. Translation regulator
activity; M2. Nutrient reservoir activity; N2. Molecular transducer activity; O2. Molecular function regulator; A3. Reproduction; B3. Cell
killing; C3. Immune system process; D3. Metabolic process; E3. Celluar process; F3. Reproductive process; G3. Biological adhesion;
H3. Signaling; I3. Multicellular organismal process; J3. Developmental process; K3. Growth; L3. Loconotion; M3. Single-organism process;
N3. Biological phase; O3. Rhythmic process; P3. Response to stimulus; Q3. Localization; R3. Multi-organism process; S3. Biological

regulation; T3. Cellular component organization or biogenesis; U3. Detoxification.
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Fig. 3 GO secondary node annotation classification chart
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Fig. 4 KEGG function annotation diagram
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Table 3 Gene family classification statistics
e [, AR BORMEINE ARSI
. FEREH Total family Unique gene
Species name Total gene number .
Cluster gene number number family number
T4 Amborella trichopoda 16 986 15 343 11 651 290
R Ginkgo biloba 35 905 23 405 10 153 1 870
HM Camellia sinensis 36 951 23 049 12 661 1091
LA Populus trichocarpa 41 335 33 324 14 530 1 400
448 Cinnamomum kanehirae 26 531 22 242 12 284 636
JKFE Oryza sativa 38 852 25 545 12 766 2172
JEAN Magnolia officinalis 23 424 20 801 12 129 515
I Arabidopsts thaliana 27 369 23 127 12 804 997
% Vitis vinifera 26 346 19 271 12 726 760
L L,
4x104 _ " Magnolia officinalis
B i
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mo KFE
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$ 3x10° - -
g o
- Arabidopsis thaliana
5]
5 L) )
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IS
2 2><104 - ?‘aﬁjellia sinensis
S
& Vitis vinifera
JoiE
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g%f';go biloba
0.2
e - 6 WRbi L R
##h Species Fig. 6 Evolution relationship among species
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Fig. 5 Family clustering statistical histogram _—
Ginkgo biloba

A TR Ly B A A — 28 4 A1 o A
HAT, 5% TR AN 25 AR W) 0 e e 22 ik 2 0
WRERAREEIN AL, th TR A A0 3 T s AL 5
B FT DI IN AR K, st 2 2%, HZ2 kS
e JBE 1Y R SR 4] R Bt 4 ) e i ke AR O IR ufE (R

40.0

K7 Byfhial o fe st i)

Fig. 7 Time of species differentiation

B ,2014) , AHFTERAT IS AD 4 L K 2 41 S
B R A8 IR AR 22 SR PRl B % DNA



1260 OO0 oW

41 %

o
o 8
6’ 010000121 LG4

QPKE!
ont
QP\’\BMBQQ
hY
o o
@“X@@
o
83 i
8 |

@
8 o©

T 15000007080

LGO-11 435183 Lachesis 41 0-11( HE/R T 12 FgeaikIbgi:)
LGO-11 stand for Lachesis groups 0—11 (only 12 chromosomes are shown).
K8 ek
Fig. 8 Collinear diagram

SRERAFI], NI RAR LR E A
FH R U5 A E A OC R AR T S5 LW 4751,
JELAN A DR 20 1) 5 B, 2 2R AT 25 W A 0 1Y) G
THIBIE M EE 4 TR E Y B
A BT A5 S A AR OCEHE R AR A5 B2 7 i 4)
W, Foe 200 32 1 o AR FE DR TR RN 35 O 8 ( /N
BRI, 2017) , 3% 7 I R 1 75 5K 38K 14 25 A4
P — s g k. AENA TN G

SEF TR T RE S DX 21 2 (T B8 IS, 2009) $i
BT RS S B SR A A A A X 25
FEL) 4 UL A7 1 - S 14 5K il 6 A ik
Fefbr IR oG TAE R AT UR DT S50 R
PR IR DAL L, 2 fifp DR J5E AR B8 U5 T % R T AS 8
AW — A ROR MG, AT 580 1 X =AM Y 42 5
PRI e R A 23 2 18 % 0 b i AR,
HAb 25 AR Y i 2R AN P i 2% o 4



8 101 FHERN . BT Pachio 5

AR AR g JEL AN I PR A A B 1261

Je Bt — 20 I M o 25 B IR R BE A 5 o A o
SLn, LR it 2 44 i AL B FZEAE T

SE .

ALTSCHUL SF, GISH W, MILLER W, et al., 1990. Lipman
DJ: Basic local alignment search tool [J]. J Mol Biol, 215
403-410.

ARON MB, SHENNAN L,ANDERSON JB, et al., 2010. CDD
A conserved domain database for the functional annotation of
proteins [ J]. Nucl Acid Res, 39(Suppl.1) : D225-D229.

BELTON JM, MCCORD RP, GIBCUS JH, et al., 2012. Hi -
C: A comprehensive technique to capture the conformation of
genomes [ J]. Methods, 58(3) : 268-276.

BLANCO E, GENIS P, RODERIC G, 2007. Using geneid to
identify genes [J]. Current Protocols, 18(1); 4-3.

BOECKMANN B, BAIROCH A, APWEILER R, et al.,
2003. The SWISS-PROT protein knowledgebase and its
supplement TrEMBL in 2003 [J]. Nucl Acid Res, 31(1):
365-370.

BURGE C, KARLIN S, 1997. Prediction of complete gene
structure in human genomic DNA [J]. J Mol Biol, 268(1) :
78-94.

CONESA A, GOTZ S, GARCIA-GOMEZ JM, et al., 2005.
Blast2GO: A universal tool for annotation, visualization and
analysis in functional genomics research [ J]. Bioinformatics,
21(18) ; 3674-3676.

CUI YF, LI C, ZHANG Y, et al., 2019. The complete
chloroplast genome of Siebold ’ s magnolia; Magnolia
sieboldii (Magnoliaceae) , a highly ornamental species with
attractive aromatic flowers [ J]. Conserv Genet Resour,
11(3): 299-301.

CHEN Y, LIU YS, ZENG JG, 2014. Progress in plant genome
sequencing [ J]. Life Sci Res, 18(1): 66-74. [ BB, MigR

Py, B, 2014, *E%ﬁléﬂ{'ﬂﬂfhﬂmﬁﬂ e [J]. A6
ﬂ%lﬂ?ﬁt, 18(1) : 66-74.]

DIMMER, EMILY C, 2012. Eberhardt R; The UniProt-GO
annotation database in 2011 [ J]. Nucl Acid Res, 40(D1) .
565-570.

EDGAR RC, MYERS EW, 2005. PILER; Identification and
classification of genomic repeats [ J ].
21(Suppl. 1) i152-i158.

GRIFFITHSJONES S, GROCOCK RJ, DONGEN SV, et al.,
2006. miRBase:
nomenclature [ J ].
140-144.

GRIFFITHSJONES S, MOXON S, MARSHALL M, et al.,
2005. Rfam: Annotating Non-Coding RNAs in complete

Nucl Acid Res, 33 ( Database issue ) :

Bioinformatics,

targets and gene

34 ( Suppl. 1);

MicroRNA sequences,
Nucl Acid Res,

genomes [ J ].

D121-124.
JENS K, MICHAEL W, ERICKSON JL, et al., 2016. Using

intron position conservation for homology-based gene

prediction [ J]. Nucl Acid Res, 44(9) : ¢89-¢89.

KOREN S, WALENZ BP, BERLIN K, et al., 2017. Canu:
scalable and accurate long-read assembly via adaptive k-mer
weighting and repeat separation [ J]. Genome Res, 27(5):
722-736.

LI XW, GAO HH, WANG YT, et al., 2012. High throughput
sequencing and structural analysis of the whole chloroplast
genome of Evergreen magnolia [ J]. Chin Sci: Life Sci, 42
(12) : 947-956. [ 2294 3C, WUOK, E—, 45, 2012. fif
AEE 22 e 4 R DX 4 vl 0 B A A (0] o
FIRRE AR, 42(12) ; 947-956.]

LI XW, GAO H, WANG Y, et al., 2013. Complete chloroplast
genome sequence of Magnolia grandiflora and comparative
analysis with related species [ J]. Sci Chin Life Sci, 56(2) :
189-198.

LI XW, HU ZG, LIN XH, et al., 2012. Whole chloroplast
genome sequencing of Magnolia officinalis based on 454 FLX
high throughput technology and its application [ J]. Acta
Pharm Sin, 47(1) ; 124-130. [ Z5F53C, S3&RI, AN,
%, 2012, FTF 454FLX =530 B AR 0 AN S 4A 42 3k (A
LHIMFP BSIHBGE [T]. 25242440, 47(1) : 124-130.]

LI L, STOECKERT CJ, ROOS DS, 2003. OrthoMCL;
Identification of ortholog groups for eukaryotic genomes
[J]. Genome Res, 13(9) . 2178-2189.

LIN H, HAN XW, LAN SR, et al., 2019. Determination of
genome size of two orchids based on flow cytometry [J]. J
For Environ, 39(6) : 616-620. [ Akiffy, #Ele I, 281,
5, 2019, H T AR IR A T 22 Ja AR 4 DR 2 K/
W [J]. ARSI, 39(6) @ 616-620.]

LIU YH, WANG L, YU L, 2015. Principle and application of
single molecule real-time sequencing [ J]. Genetics, 37(3) :
259-268. [MIGE S, EHf, T3¢, 2015, HI37 ST
FARMFEBRS A [1]. #:4%, 37(3) ; 259-268.]

LOWE TM, EDDY SR, 1997. tRNAscan-SE: A program for
improved detection of transfer RNA genes in genomic
sequence [ J]. Nucl Acid Res, 25(5) ; 955-964.

MAJOROS WH, PERTEA M, SALZBERG SL, 2004. TigrScan
and GlimmerHMM: Two open source ab initio eukaryotic
gene-finders [ J]. Bioinformatics, 20(16) ; 2878-2879.

MARBOUTY M, KOSZUL R, 2015. Metagenome analysis
exploiting high-throughput chromosome conformation capture
(3C) data [J]. Trends Genet, 31(12): 673—682.

MINORU K, SUSUMU G, 2000. KEGG: Kyoto Encyclopedia of
Genes and Genomes [ J]. Nucl Acid Res, 28(1): 27-30.

MA XJ, MO CM, 2017. Prospects for molecular breeding of
medicinal plants [ J]. Chin J Trad Chin Med, 42 (11):
2021-2031. [ Hy/N4) B, 2017, 25 MY 00 7 B
JEH (1], 22, 42(11) : 2021-2031. ]

NAWROCKI EP, EDDY SR, 2013. Infernal 1.1 100-fold
faster RNA homology searches [ J]. Bioinformatics, 29(22) .
2933-2935.

PRICE AL, JONES NC, PEVZNER PA, 2005. De novo
identification of repeat families in large genomes [ J].
Bioinformatics, 21(Suppl. 1) : i351-i358.

SHA LP, 2018. Examples of CTAB method, SDS method and



1262 OO0 M W

41 %

salting-out method for crude extraction of plant DNA
[J]. Teachnol Midd School Biol, (21): 65-67. [ ¥PHRH,
2018. fliRAEY) DNA HLFEIRK CTAB ¥ SDS #:-5 ik
[J]. e, (21): 65-67.]

SHI XD, GU YX, DAI J, et al., 2018. Gene mining and
analysis of Magnolia officinalis secondary metabolite pathway
based on transcriptome [ J]. Lishizhen Med Mat Med Res, 29
(1):247-250. [ B/NAR, JCRRI 7%, fR0F, 4%, 2018. & T
Bl 21 10y JEE D U AR U W e A e DY A i % oy A
[J]. WEEPEEZY, 29(1) ; 247-250.]

SIMAO FA, WATERHOUSE RM, IOANNIDIS P, et al.,
2015. BUSCO: Assessing genome assembly and annotation
completeness with single-copy orthologs [ J]. Bioinformatics,
31(19) ; 3210-3212.

STANKE M, WAACK S, 2003. Gene prediction with a hidden
Markov model and a new intron submodel [ J ].
Bioinformatics, 19( Suppl. 2) : ii215-1i225.

STEPHANE G, DUFAYARD JF, LEFORT V, et al.,
2010. New algorithms and methods to estimate maximum-
likelihood phylogenies: Assessing the performance of PhyML
3.0 [J]. Syst Biol, 59(3) . 307-321.

TATUSOV RL, NATALE DA, GARKAVTSEV 1V, et al.,
2001. The COG database: New developments in phylogenetic
classification of proteins from complete genomes [ J]. Nucl
Acid Res, 29(1) . 22-28.

TARAILO GM, CHEN N, 2009. Using RepeatMasker to
identify repetitive elements in genomic sequences [ ] ].
Current Protocols, 25(1) : 4.10. 1-4.10. 14.

WICKER T, SABOT F, HUA V, et al., 2007. A unified
classification system for eukaryotic transposable elements
[J]. Nat Rev Genet, 8(12): 973-982.

WANG LQ, JIANG RG, CHEN HF, 2005. Research progress
on pharmacological effects of magnolol and honokiol [ J].
Chin Trad Herb Drugs, (10); 155-158. [ E 375, VT.2% %,
WRALDT | 2005, J5EAN B 5 F0JSEAR B 25 AT A 0F 50 0 i
[J]. &2y, (10): 155-158.]

WANG YB, LIU Z, ZHAO AH, et al., 2009. Application of
functional genomics in the study of secondary metabolites of
medicinal plants [J]. Chin J Trad Chin Med, 34(1). 6-
10. [ EBU, XE, BEte, %, 2009. IREREHNH¥Tr
VEAE2G TR O A A e S TR T (0], R R 2y
ki, 34(1); 6-10.]

WANG Y, TANG H , DEBARRY JD, et al., 2012. MCScanX :
A toolkit for detection and evolutionary analysis of gene
synteny and collinearity [ J]. Nucl Acid Res, 40 (7):
e49—-e49.

WANG YH, XU WJ, MA DW, et al., 2005. Chromosome
production and karyotype analysis of Magnolia officinalis
[J].J Sichuan Norm Univ (Nat Seci Ed), 28(2): 242-
244. [ EBRAE, TR3CR, Db, 45, 2005 JIJEAMR (1K
HIVEFIRZ AL HTRESE [J]. DU 2 24 ( F SRR
W), 28(2) : 242-244.]

XUE ZZ, ZHANG RX, YANG B, 2019. Research progress of
Magnolia officinalis authenticity [J]. Chin J Chin Mat Med,
4(17) : 3601-3607. [BH2E, iKHmbE, Wi, 2019. JEAME
HPERRTEERE [1]. PRI, 4(17) : 3601-3607. |

YANG X, YANG ZL, TAN M, et al., 2019. Analysis of
transcriptome characteristics of Magnolia officinalis and
development of EST-SSR markers [ J]. J Nucl Agric, 33
(7): 1318-1329. [/, ki, WL, %, 2019. JEEFR
SR LA 730 S EST-SSR ARic i FF A [J]. A% R4,
33(7): 1318-1329.]

YE LJ, ZHANG ZR, SUN ZX, et al., 2015. Determination of
nuclear DNA content (2C value) in the main genera of
Magnoliaceae [J]. J Plant Classif Resour, 37 (5): 605—
610. [ MFFRIT, FKAESE, FhEREE, 2015, AR 2R 2R Fh
B DNA i (2C~H) BRI [J]. AV 2K SRR,
37(5) : 605-610.]

ZHA LP, YUAN Y, HUANG LQ, et al., 2015. Identification
and bioinformatics analysis of Magnolia officinalis MVA
related genes [ J]. Chin J Chin Mat Med, 40(11) . 2077 -
2083. [ AP, 3z, BT, 9F, 2015, JEF MVA &2
FHOGHE DR % 5 R A=W A5 B2 b (D], R R 2 20k,
40(11) : 2077-2083. ]

ZHANG LF, HUANG §J, JIANG JL, et al., 2013. Study on the
current situation and resource development of Magnolia
officinalis forest [ J]. Fujian For, (2): 28-30. [ 5k JE#%E, #%
WA, ST, AR, 2013, JEANE PRBUIR K BEHIRIT 2 (9 AT
g8 [J]. gl (2): 28-30.]

ZHAO X, WANG H, 2007. LTR_FINDER: An efficient tool for
the prediction of full-length LTR retrotransposons [ J]. Nucl
Acid Res, 35(Suppl. 2) : W265-W268.

(HfERE F #)



