=P EF R E E AR EEBR

siget, FEMY, EBEL Y, EWS RNERS b, Bt makie Yy

(L FRHPEZ RS 220 Tarts torh 2 R VR 5 S SR s, R0 611137; 2. DUJIE MOl RLERT ST, Bi# 610065;
3. BHKEE, EHE 610106)

W OB N TIRNEIEHA AN AN [ B S AL DR 40 2 5, e JEE AR R MR kIR L IR, T J =

JEAME > FIRAERETE, ZOCRIA Nlumina HiSeq il &7 & w5 O H A JE A St . 40235, JF

HOAMER U E A SRS R H I RS, RIS = AR AR R, it = AN R A 2=

FER, NS5FRRM 11 AR T AR A EE T, Mo NI SBER . 45 RE: HAEA -S43

[KI41 /¥ Clean Reads 24 19 791 019, Q30 2y 91.33%, 2H 3¢ f5 B[ 2H 4 160 051 bp, GC &4 39.2%, ¥ tRNA

374>, rRNA 8 A4 . LLXF4rr R I —FhJEAN A ML IR LSC I SSC 2544, UL GC & Al tRNA 3 &,

AL R AR . NS AN T E NS M SRR 22 . HAEAN) D Re 8 4 B BUE AR, Mt

JEAMY A 6 ANF 4 Ay, EESAGT LSC X AR X, ¥ KRR KT . AZREA /N AR oh e 3 R 24

o RAKE NGRS —DERARENGMI EARLE R RBE, HIOGEER. Zi R\ AR R

A SRR R . A e, L& N = 2h L X 550 (RIBH B2 FHLS], 1XOR)E

AR R S 7 PR F IR IEA 1 13E 5.
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Comparative study on chloroplast genomes of the three Magnolia

species

ZHANG Min, YIN Yanpeng', ZHOU Luojing®, REN Bo', WANG Li% SHI Xiaodong®, HOU Feixia', PENG Cheng",
GAO Jihai*"
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in Southwest China, Chengdu 611137, China; 2. Sichuan Academy of Forestry Sciences, Chengdu 610065, China; 3. Chengdu University,
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Abstract: In order to investigate the good genes, cultivate the main superior cultivars and discover phylogenetic
relationships of Magnolia officinalis, M. officinalis subsp. biloba and M. hypoleuca, we compared the differences
among the cp (chloroplast) genomes of three Magnolia species and performed a phylogenetic tree of 14 species.

Illumina HiSeq platform was used to sequence and assemble the cp genome of M. hypoleuca. Then the cp genomes
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of three Magnolia species were annotated by online platform and performed with three Magnolia species cp gene
cycles. Moreover, the cp genomes of other 11 Magnolia species were downloaded from the NCBI database and
phylogenetic tree of 14 all species cp genomes was constructed based on NJ method. The results indicated that Clean
Reads of M. hypoleuca were 19 791 019, and Q30 was 91.33%. The total length of cp genome of M. hypoleuca was
160 051 bp, its GC content was 39.2%, including 37 tRNA and 8 rRNA. Besides, there were respectively six and
four more functional gene numbers of M. hypoleuca than the other two Magnolia species, which indicated it had
stronger viability. Compared with the cp genome structure of three Magnolia species, it showed that three Magnolia
species had similar IR, LSC and SSC structures, GC content and tRNA number, but there were differences in the
type and number of coding genes, the number and structure of introns and exons. Besides, the differential functional
genes of three Magnolia species were mainly located in LSC region and IR region, involving large ribosomal
subunits, small ribosomal subunits and unknown functional genes groups. Furthermore, based on NJ phylogenetic
tree, M. hypoleuca was closely related to M. officinalis subsp. biloba, next to M. officinalis. In this study, M.
hypoleuca had more abundant cp genome structure, composition and variation characteristics, which was the
molecular mechanism of its adaptation to low light and low temperature environment in high latitude area. And it
will also provide strong guidance for molecular breeding of excellent Magnolia varieties.

Key words: Magnolia officinalis, Magnolia officinalis subsp. biloba, Magnolia hypoleuca, chloroplast genome,

phylogenetic tree

JEAN (Magnolia officinalis). [U1iH &AM (M. officinalis subsp. biloba) & H A< &4 (M. hypoleuca) A
2R M ZTEREEMAR, T2 TEE. BAMPEESEX, BAKIRRE. S EAREA
ZIHFEZ PN HME (28, 20200, H FT A0 EANRAH SR 7T F AR PR B« IR A BT
B CFEWS, 2021 7M. A, HAEAERE 50, AR TGRS S, B&F2ImT 5
PR A IR, L S e T AH BT oAl oR =2 B A 558 (Kwon & Oh, 2015), A=Kt B2 Fl s #A R #R L
[FIZRAEY R, JEHREAKLYM, PAE4AE 60~90 cm HUEEFE KK (Oguchi et al., 2017), Z@EHTAILE & b
KR AR BAR R SR, HAEAM > TS 2 R B =, H =M AN i A M 2E e
172 5 BT USRI = 53 AW WU s 7T, e s 1 AR R M e & .

SRR AE A R AR RS, TEOGEERT. BBk AR BRI G P R B AR A, H AR
RIZH AL & R EBLE R, SMmBEEIRST, ¥ ZNH THEY S TR R G KGRIV, FHE 25 st
fEieAL . FEDR TREM > Ik B 5577 R A HEERH GBBLAE, 2021). BT, JEAMAIMIH EAN O H S04
FEIRI A HRIE , T E A 2 AE YRR H A JE AN Ak = SR R I IR AL A 72 45T b, A 7RI Illumina HiSeq
EOEEMFFEOR, X HAEAEAT TR EER AT, SEEA TR, M JEANH SRR B R AL xS, ik
B T2 ZRIRERTI, BIF=MEAZEEREE KR, =M ERA R K E /e AN €
EDIRERIAHIRIE N, A2 — @ REFE F o LT g AR KOl BRI e 1 A R AR B B AR A4 1k .

1 MRS 75

L1 MR K iAb 2

HAJEANE . 4l (@R T 2019 4 10 H 10 HR B VY148 SR i i X s i B2 245 0K 2% 24
Yl (30942 E, 103949 N, £8[E 5 2 it 53 5 % 5% v Ak o R 20095 25 78 T A RE i AR T AR 22 R 22
T J& H A E AN (M. hypoleuca) . = E AN r 44 2% T rh [HAE YV ME B85 % (http://db.kib.ac.cn/). 11



R TE B KT, R A o ARIEARAS (TESBUT 51528 ZYC190910) fRA7 T Rl iR R 245 K R 2
FE R SCAGTELE -

SRR BUE BN R« Jr e TR B Ja 2 T — 2 & A W (50 mmol L. Tris, 25 mmol L EDTA,
1.25 mol L™ NaCl, 0.25 mmol L™ V¢, 1.5% PVP, pH3.6) 11, 4 EZ4iit)E, 4°CF 200 g &0 20 min, I
I IO 2R e B(50 mmol L Tris, 25 mmol L™ EDTA, 1.25 mol L™ NaCl, 0.25 mmol L™ V¢, 1 mmol L
DTT, 0.1%F-1f1iE & [ BSA, pH 8.0), HiEEH, 4°C K 20009 &0 10 min, FF B, MEMATTET 4 °CfR
.
1.2 M-SRARBE R 4H S BRI

BRI RE, SRR A CTAB 3% (Matthes et al., 20200 7> B #2HL DNA. DNA &#il&# )5, M
AR LT, AT A BAE . KB R . 3 AL ERN Tk, T PCR ¥ S 7 S0, B
Je A F e B S F- 6 Nlumina HiSeq PE150 #EATIIRE . I F 45 20 R 4637 751 (Raw Reads), HIHI&H
WS KR BN Reads, A T REE B0 &, X Raw Reads #H47id . %, 5% Clean Reads, Fi
FREAE BT BREIEMEEPRWT: (1 LBrarEkr Reads; (2) I3E N & &l 10%[1) Reads;
(3) R EMEMT 10 AT 50%0 Reads. i€ 5 ) i B R REHLIME 2 000 2 Reads %4,
AT Blast #H LLXT NT ZEAS MIRE i 75 52 375 G
1.3 MSRAR R R 40 L BRIV ERE

JRUE 75 A T E X AYE B0 BdEE (7% %5 PRICA004348) . FIF Galaxy 7&4k-F &
(https:/lusegalaxy.org) X H 7 JE AN -3 44 35 PR 2000 3 45 S 33047 2H 2% (Yan et al., 2015), H R #JEFh (M. officinalis,
NC_020316) AU E4h (M. officinalis subsp. biloba, IN867581) FIH-Zk4AFE R4 FASTA S0, &IFE1EN
HAEFMZHFE R . il CPGAVAS2 7EZ6F & (http://www.herbalgenomics.org/cpgavas2) 5¢ 55 Ah
[ JEAD AR JE A i G A R PRI 2 )RR
1.4 RRNHTr

BRIEAN. M AR, XF NCBI ##E 2 F #ifai /£ 122 (M. grandiflora, IN867584). /&1t £ (Yulania
stellata, NC_039941). K% AK>% (Oyama sieboldii, NC_041435), £ %>~ (Y. biondii, KY085894). 4%
2% (Y. sprengeri, JX280401). LT K% (Y. denudata ‘Lamp’, JN227740). = Fg#lE A% (Parakmeria
yunnanensis, KF753638). 5 % 1 > (Y. zenii, MH607378) . & £ 2% (Y. liliiflora, JX280397). &% #k ( Liriodendron
chinense, NC_030504). bRk (L. tulipifera, NC_008326) 3t 11 Fhok 2 RHEM R H SR TE R H K s, H
A dE 2 ROERR R A oA 9 AR 22 RHEY . FIH MEGAX B, RTAMEE (NJ ) Mg HAEFE
N 14 PR ZRHEVI RGE K EW, WEH Il mrEsEZ SR (Yanetal, 2015).

2 S5 R0

21 HEAERAFR

I Mumina HiSeq a1 6 WP L3045 H A AN 2R4k 19 816 708 KRG HE, FERRESLAMIL
JRE ) Reads, 313575 Clean Reads 19 791 019 %%, Q30 & 91.33%. iEid7F £k 40 % & ¥l H A JE k4K 160 051
bp, FFA HHT CEIIA 22 FAEY SRR SE R 41 K /NER] (159 429~160 183 bp), JEAMHERAINA H /T & RIA
2R ORTE R A (160 183 bp), 177 T JEEAR ) -S4 JE K1 26 79 160 099 bp.

RN SRR I R B AT SR DY 4y X S 1, o LSC 43930 88 210 bp (JEAR). 88 145 bp (Ui
JEAN) A1 88146 bp (HAJEAN), SSC 4351y 18 843, 18 832 118771 bp, 2 BRI HAMNEE [ IR X (IRA
FIRB) 43724 26 566, 26 566 11 26 562 bp. —FJE4h IR LSC F1 SSC X[ GC {EAF/E—E I 27, H
' GC S ERE XA N IR X, 20518 43.2%. 43.1%F1 43.2%, LSC Xk, N 37.9%, ifj SSC [X 1%
(1] GC {f e/, U 34.2%. 34.3%F1 34.3%. 5 AR FhHLRAREERI AL ARL 2, =P RN yefl sk T
SSC #l IRA X, HrfiT IRA XK YA 1279 bp, JEAM, MM AN T SSC XK 4 311 bp, EEH
KIEAA 51 bp. BRItz Ah, HARJEFMEA R yefl JEFIEEER 7 SSC 1 IRB X, HJFHIHKEE 558 29 bp.
1279 bp.

I R HL R, R E AN AR rRNA BT IRNA e kR (% 1. R BE 7, VI
JEAMHELJEANZ 2 AN DU, TP S AR AN 3 00 7 4 ANF1 6 A FESmAS X & I 1, VI AR
HEMHEZ 2 MaigX, 1HAENMERZ, WRTHE D2 8 AN 10 A X iER T AN M E A
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NEH.
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Table 1 Basic chloroplast genes information of three Magnolia species

FAYE DR R S .
4tk &K o T X
GC(%) Total number of single ) ] rRNA tRNA
Name Length (bp) Coding region
copy genes
JEAH
160 183 39.2 126 82 8 37
M. officinalis
i JEE A
M. officinalis subsp. 160 099 39.2 128 84 8 37
biloba
F A JEE AN
160 051 39.2 132 92 8 37
M. hypoleuca

22 HEEAE T SPETHE

Xt = SRR ) S AR S DR AL B SR REAT 08, BRI 1 AR 2SR SR (A (R A G A B A, 19 M7
AT T AN T IZESR 3 MEERIKINE T S e FREMKE e —H (R 2). X 19 MEF B,
JEANE M RN 22 5 1 EERBE 114, Hh 9 MR BINZER IXAE | BNE T Unl, HERREUEZSTE 20
PAPD, 2 ANE NN EWETF Anll, B BREORE 2 570 2 LLAD, 387 1 AN ZER T BAEAE 11 AT (rpl2° i
EPII, 40 bp, BEIXIRLIY/EFM. M SN SR RE D A 72 R i R X80 o AR AP EAN R, HA R
FMFEE 2225, JUHGZ trnl-GAU ZERI) | RN & FHATE £ 920 MEHIR, H2RIEL T =FaREM D)
AESER (rps22t. yof 1" 1 yef15™°) (7 2), XLt 5L FT Y o JEAR 15 [ JEURI 1 T S A DR 41 2 T £ 22 St
/Ny T AR JEE R PR I S AR SR DR 21 £ 5 A A T e 5 T e LAt P S

FE =P JEANERAAR 2 4> rpsl2 ZERI AR, — DN IEHE ST 3 MNE T, AR T 1 AR T, Tk
IEH AR, ATRONBEER . PSRRI i B AT OR 7 TR S RARME BB RS JRF LR, L
W R I A BT RE, AWV R B =M SN rps12 B LANNE T o8 A HES,  HOAARY 3.
RZREAAR /N T DR R (B DR A AE W R b A G A Al 2 B EAE ) (Liu et al., 2020), [AIE rps12 #%HBR P41
Z AN EFNSRG R AT TR HE S . —Rh A SR A Z2 52 5 ORI yef3 2R, HoZ2 7 XIAGE 4 4
o NEWE TN, WM SSNET), HABERE ISR TN 7 102 MEHERK. ok, 5ARZEIEWN
2R AR IE N AL 26 65 trnK-UUU  tral SRR DL, ASHF FERExF =R JE AP R LEAZ 7 #r, & trnl-GAU . rps16.rpoCL.
clpP. ndhA. rpl2 MRS miR L 5 BAL R R B, BRI AN D EOR A4 € S ARSI 7

R 2 = BRI SRARIE I N &7 SME TR

Table 2 Comparison of introns and exons of three Magnolia species chloroplast genomes

JE AR [ S AR H A JE Ab
SEH o o _
s M. officinalis M. officinalis subsp. biloba M. hypoleuca
ene
Epl Inl Epll Inll Eplll  EPI Inl Epll Inll  Eplll  Epl Inl Epll  Inll Eplll
trnK-UU 37 2498 35 37 2492 35 37 2493 35
U
rpsl6 42 824 246 42 824 246 40 823 221
atpF 145 709 410 145 707 410 144 709 411
432 740 1614 432 734 1614 432 734 161
rpoC1
4
ycf3 124 733 232 729 151 124 734 232 727 151 226 732 232 727 153
trnL-UAA 35 491 50 35 491 50 35 491 50
trnV-UAC 39 584 37 39 585 37 39 584 37

rpl2° 391 661 431 391 661 391 397 661 431




rps12° 114 536 232 26 114 526 232 26 114 536 232 26
clpP 71 786 291 629 246 71 781 291 628 246 71 781 291 628 246
petB 6 784 642 6 784 642 6 792 642
petD" 8 701 475 8 701 475 8 701 475
rpll6 9 969 399 9 969 399 9 969 399
ndhB® 775 700 758 775 700 758 776 700 755

trnl-GAU? 42 937 35 42 936 35 42 936 35
trnA-UGC 38 800 35 38 800 35 38 799 35
b
ndhA 553 1082 539 553 1102 539 552 1103 540
trnA-UGC 38 800 35 38 800 35 38 799 35
a
trnl-GAUP 36 16 36 36 16 36 42 936 35

ndhB? 775 700 758 775 700 758 776 700 755
rpl2? 391 661 431 391 661 431 397 661 431

trnG-UC/
NG-GCC 770 48 24 767 48 23 768 47
BX A

s rps. AZMEA/N TS rpo. RNA

=

BEARIEEE; Ep. ShET5 In. W& T; a IRAKX; b.IRB[X; L.LSC[X.
Note: rps. Ribosomal protein subunit; rpo. RNA polymerase; ycf: Hypothetical chloroplast openreading frame; clp. Caseinolytic

Big; yof. FRMPIEHE; clp. M= A/KMBE AN pet. £k; ndh. NADH BEESF; rpl. #%

protease; pet. polypeptide; ndh. NADH dehydrogenase; rpl. Ribosomal protein large; Ep. Expressed region; In. Intron; a. IRA region; b.

IRB region; L. LSC region.
2.3 M-k ThRERE Rl HL R
FEMFERAR DY RRIE K H B, JEANE B G EAF ARSI 46 4>, JERIERIAAHRHE D] 69 4. HAh L[] 6

A ARINTBEIER 5 Ao M JEAM SR R B A FE R > 2 4> (rps3 1 rps15). fif H A JEAME LT RT#
TEAE 6 DNEFIER, T B4 TR FBA IR LRI REIER, B rps3. rps15. ycfl. ycf15*° & rpl22
(£ 3, HNSEZIIL (Pszczétkowska et al., 2020) HFEAL, HARIER FI/EFHIEAFAE— & 418, 1 ycfl5
BERFE e 258 (Amborella). P35 JE (Nuphar). 7RISR SE 460 TR P2 e ThRer), H2EN
f)& Clllicium). EifJE (Acorus). &g (Ceratophyllum). EEJE (Ranunculus) A4 H)3EAL L FE
4 5e4FE%k T (Shietal, 2013), TMiAK%:)JE (Magnolia) FIEAHURE (Piper) MFEAEEE T iXKIEH .
FAZNE FENE T DI R R ISR AT 45 R, =Rl AN AR I RN 4 1) 22 55 32 24045 T LSC [X
IR X, ¥ RAZHEAR R IE . RhE R/ NI AR A D e e R 2R, U 2 RN TDREEE R, AR 28

X REEUAFShRERE R S AR L A2 S IR A, DA Sl e A 22 7 IR SRR, AT s dt— PR A T

3 = E AN SRAA R Th RE L R LB

Table 3 Comparison of chloroplast functional genes of three Magnolia species

R DhRE 2 PSPLES H A JE AR JE AR [upee JE AR
Gene function Gene type M. hypoleuca M. officinalis M. officinalis subsp. biloba
ATP 2l 4
atpA, atpB, atpE, atpF, atpA, atpB, atpE, atpF, atpA, atpB, atpE, atpF,
ATP synthase
) atpH, atpl atpH, atpl atpH, atpl
subunit
Hoh RGN HE
HE . psaA, psaB, psaC, psal, psaA, psaB, psaC, psal, psaA, psaB, psaC, psal,
Photosynthetic
fEH ] psal psal psal
) system | subunit
Photosynthesis

Nt RGN %
Photosynthetic
system II subunit

psbA, psbB, psbCh, pshC,
psbD, psbE, psbF, psbl,
psbJ, psbK, psbL, psbM,
psbT, psbZ, psbH

psbA, psbB, pshC, psbD,
psbE, psbF, psbl, psbJ,
psbK, psbL, psbM, psbN,
psbT, psbZ, psbH

psbA, psbB, psbC', psbD,
psbE, psbF, psbl, psbJ,
psbK, psbL, psbM, psbN,
psbT, psbz, psbH




NADH it & Fg I 5

ndhA, ndhB?, ndhB®,

ndhA, ndhB?, ndhB®, .
ndhA, ndhB? ndhB®, ndhC,

NADH ndhC, ndhD, ndhE, ndhF,  ndhC, ndhD, ndhE, ndhF,
ndhD, ndhE, ndhF, ndhG,
dehydrogenase ndhG, ndhH, ndhl, ndhJ, ndhG, ndhH, ndhl, ndhJ,
ndhH, ndhl, ndhJ, ndhK
subunit ndhK", ndhK" ndhK
MR bif B4
& petA, petB, petD", petD",  petA, petB, petD", petG, petA, petB, petD', petG,
Cytochrome b/f petG, petL, petN petL, petN petL, petN
complex
BRI AL
Pifg IV A
L ik S
Ribulose rbcL rbcL rbcL

Gene expression .
diphosphate

carboxylase subunit

3 XN 5
Large ribosomal

subunit

rpl14, rpl16, rpl2?, rpl2®,
rpl20, rpl22, rpl23?,
rpl23°, rpl32, rpl33, rpl36

rpl14, rpl16, rpl2?, rpl2®,
rpl20, rpl22, rpl23?,
rpl23°, rpl32, rpl33, rpl36

rpl14, rpl16, rpl2?, rpl2®,
rpl20, rpl22, rpl232, rpl23®,
rpl32, rpl33, rpl36

K WE R /N T K
Small ribosomal

rpsll, rps12?, rpsi2®,
rps12-, rpsi4, rpsis,
rpsl6, rps18, rpsl9, rps2,

rpsil, rps12?, rpsi2®, rpsll, rps12?, rpsi2®, rpsi4,

rpsl4, rpsl6, rpsls, rpsis, rpsl6, rpsls8, rpslo,

rps19, rps2, rps4, rps7?, rps2, rps3, rps4, rps7?,

H a b

subunit rps3, rps4r,prsr:7 , rps7”, rps?b, (S8 rps?b, (ps8
AT DNA )
RNA ZE& il 7.

rpoA, rpoB, rpoCl, rpoA, rpoB, rpoC1,

DNA-dependent poC2, rpoCat poC2 rpoA, rpoB, rpoC1, rpoC2
RNA polymerase

subunit

6% 23 T 5 rrl62, rrn232, rrn23?, rr5°, rr23°, rrn23°,
K HER RNA ’ ' ' rr4.52 rrn52 rrns°, rrn16°, rrnd.5° rrml6?,

Ribosomal RNAs

rr5?, rrns®, rr23°,

rrn16°, rrn4.5°

rr23°, rrn23®, rrnl6®,

rrn4.5°

rm232, rrn232, rrn4.5%,

rrn5?,

ZTEAHNE A R
ME
Acetyl-CoA
carboxylase subunit

accD

accD accD

C MMMt 35 )
fif
C-type cytochrome
synthase

CCSA

CCsA CCSA

i HE

Hopth £E A Membrane protein

cemA

cemA cemA

Other genes id=l

Protease

clpP

clpP clpP

BRI A T
Translation

initiation factor

infA

infA infA

matK

matK matK




Mature enzyme

RENTHEEFE  (RSFIOFFRARHE  yof1®?®, yefl*®, yef2?,

cf152, ycf2?, yef2®, yef3, cf152, yef2?, yef2°, yef3,
Unknown Conservative open ycf2®, yef3, yefd, ycf152, y y y y y Y y y

cf4 cf4
functional gene reading frame ycf15? y Y

e psa. JGEdY: acc. ZFEEHEG A FRILEE: rbe. RERIZEMERILEE: ccs. C AN GRS MFER: cem. MR EIEE A
mat. FAAREREA; a IRAX; b.IRBIX; s-a. 1% SSR XM IRA [X; s-b. 1 SSR X! IRB X
Note: psa. Photosynthetic apparatus; acc. Acetyl-coa carboxylase; rbc. Ribulose bisphosphate carboxylase; ccs. TypeC cytochrome

synthesis gene; cem. Chloroplast envelope membrane protein; mat. Mature enzyme gene; a. | IRA region; b. IRB region; s-a. Across the
SSR and IRA regions; s-b. Across the SSR and IRB regions.

2. 4 WA ZBHEYIRIRG R R

M 1 AR, AE 14 PTG R SRS IR R ) ND R B (9 SCRFRIYLE 75% L 1D, REEA)K
JEAHAS B AR LR AN S R, X5 2 ARER SR 3 (KT, 2019). fERZEJEK 2 MR
FRErh, =MEAN RAORZE FfE R 2 RSHE i, K HARER S M EAMEY R R 5N E D], k2
JZAN e ARZBH A MNRPRH O AR, BT E= BE52, U8 E2 BEEE, BEE
ZLOEEERE, NS =RERSR G R hIL .

1 E = Hilania zenii MH607378

EUWE= ¥ stellataNC_039941
BHEEZ Y biondii KY085894
BEEZ ¥ sprengeri IX280401
£ X2 ¥ liliiflora TX280397
FITEZ ¥ denudata ‘Lamp’ IN227740
L =R Z Parakmeria yunnanensis KF753638
——— farit. & = Magnolia grandiflora IN§67584

I ARZE Ovama sieboldii NC_041435
«% S # Magnolia officinalis NC_020316

Wi+ 24 M officinalis subsp. biloba IN867581
H#A&E4 M hypoleuca

E 1t Liriodendron chinense NC_030504
JLEIER L tulipiferaNC 008326

K1 B AR =R R R AR

Fig.1 Phylogenetic tree of partial Magnoliaceae plants
3 Wik 54hit

K FUAS A R A DN 3 >R 2 R0 LA = JE A i S RS R4, DA SR = Fh JE b 2 18] 2 Fh A= 92
PR ZF T RJR R . GRIAEE T, MY 2632 236 AR BRI A2 A 1E A, (KT AR 2 PRI & AL
F, CO, FMLAE A RAEIETE, MMM ER AKKRE (EHS, 2020). @ik =FfEF oK
Dhre BRI b, RILHAJEFN pshC JEFTER R ERUAPRE RN T —A, Xn[REZ T psbC H:F B HIRE .
pshC Al pshD &) H RGP SBEIER, /N2 A 204 pshC 2 F )& ik A T pshD J7 51l 4% s A
k., JERL psbD-pshC &Y, EANE K EZEDEE T, @t s RENTIERG SR 4ERrae 1, 3%
B GRS UK (Gamble et al., 1988; Gamble & Mullet, 1989), MM #& & G4 AA& G A1 FsR B, HEm
INREM I AR K E . Ak, psbD-psbC K #1451 mRNAs 7] DA 3= D2 Al CP43 S, S i
0 D1, CP47. IAEGHERD RILEAE N FER, EKESS5HEMLE RS N PG T&AH, Ei
He M NERDOLE RS 1 IThRE (4RSS, 20200, pshD-pshC HaihBHIES 568 RGNV IKIE, 14
KHE AR B 22 5 0 i R R B R OB R G Wb s EEA (Adachi etal., 2012), IX7ELEM:
AT 6 RS psbD K A 78 Fp A5 BIRE S (UK S, 2015). [Hitk, HASEAMH SRR I psbC
FER R H A &S E % psbD-pshC E4485 D2 EEAME /1, X g2 H AR EFM AR EE P, & NEAL
45 55 1 DX AR IR FH 580 ' 0 18 PR S5 1R iR PR 2 —

TE R A s Z ) DhREIE R 1, rpl22 Sy H AR JE AR, HALT LSC X, J& T3 F A R D Re AL,



ATATYM%E (Feng etal, 2019). BRibAL, AT =FhE AN 22 5 2L R = B A0 T rpl22 B & iR A
g, BT rpl23 BT RIS BT, BIPERRBERRE B, ORI, R T LE =R R AR
hEERFERSE N ZER . pl23-rpl2-rps19-rp122 ( H A& E 4D -rps3 MM & 4b . H A & #h)
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RN ST AN FREFERRAE T GR/bAE), DhREE AN EAEE R A T s,
SARBR T HEAERSL, M S 5EER .. KR IERAEM E SRR AR, SR ZEYNE
YEEIR (Namgung etal., 2021), HAJEAN R &5 PR R R, X TOBEER T H 5 MY =5
P

tRNA 1EAZIR(E BACTFRE AR BEK TGRS, R ARMFETREZOER, HamEimhim
TR R B IE N fE /) (Lorenz et al., 2017) . A7 R ILH A JEA tRNA-ALA ELIHLADFI R EF 2 34, A
P i ia AR RN R IV 77, T A I N R ReH P 2 PR/ SRS (Mustroph et al., 2014), 4n%€#
HF. B THERE R, ZFEASEA T tRNA R Z IR . HAREA AR EEY) oA
Jydbu CanT By EEEY R, AR S ARG SR G E A KR E, R RGN E 2%
T, tRNA IRE— TR B E Z S NARR, 51— 7 HFERIEE RO R, HIEEEARE R
IEUS N B A G EYEAE, 2002), feAfifS Rk R & BRI m 7€ 1, X O EAML B S A 43+
TR FIEH T 2%,
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