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W OE. N TWRAL HAJEAN JRAS T AN SR A PR 4 25 5 O a0 JEE A R R A i SE D] I R =
JEFMY > FAERESE , 7% SCHF Mlumina HiSeq w38 & 077 - 5 8 O H AR JE AN SR AR ATI0 7 1%, 91 5
LA AN T JEA b S (AR PR 2 3 [R]3  , AR AT =AWl e A R PR RT3 7 28 o = i PR 4 1) 2 S
A, 5 RBH 11 ARG PP E T SRARIE R 2 LU X, F 8 NT A%, 25538 . (1) HARJEFM SR AR L
ZH (%) Clean Reads 7 19 791 019,Q30 4 91.33% , 4H%¢J5 BRI ZH 4K 160 051 bp,GC &4 39.2%, % tRNA 37
AL, tRNA 8 4, (2) Hexd b & 30 =Fh B AN ELA FILLAY IR \LSC F1 SSC 4544, LA K GC &8 A1 tRNA BCE {8 %%
T FE IR RN N T RIAh B B 25 SR AR 25 57 . (3) HARIE AN e D H B EAR | M 5
a2 6 A1 4 A4, EZ4AE T LSC XA IR X, ¥ RAZ AR R SE Ao A /N 7 3 F R HTDh e 56 R S
(4) ZRGE KRG A aE Rt — 0 WoR HAJEAN 5 M RN EZOC R BOR , HUORIEFN, 2R RV H AR S
AT (R A e DR 2 548 2 RORT AR S AR R R I R 2 B b DX 550 AR TR PR Y 3T AL X O JE AN
FA R SR PR R TR S,
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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 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 were as follows: (1) 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. (2) Compared with the cp genome structures of three Magnolia species, three
Magnolia species were found to have 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. (3) There were six
and four more functional gene numbers of M. hypoleuca than the other two Magnolia species, respectively, which
indicated that it had stronger viability, and 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. (4) Based on NJ phylogenetic tree, M. hypoleuca was closely related to M. officinalis
subsp. biloba, next to M. officinalis. In this study, M. hypoleuca has more abundant c¢p genome structure, composition
and variation characteristics, which is 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

J& ¥b ( Magnolia officinalis ) . Y1 ' J& k) ( M.
officinalis subsp. biloba) M H AJEFM (M. hypoleuca )
H R R 2= 24 8 T P 22 T P il AR A ) 0 A
TEhE | H A E S X, B K R AR
TR N2 45 22 R, A (B (32485, 2020)
FI R = JEE AN B AR S BT 5% 32 2248 ih e A~ T
Wi PR 2 S % 05 8] A 25 7 T (A 2% TR A, 2021) .
SR, HASJREANE T [ ™ B, AR T A
Wi, B2 0T 7 B B A e AR, an
i 5 BE 3 A0 b T A AR 22 Jm 48 W) 3 58 (Kwon &
Oh, 2015) , A= K 4 32 1 AL 2 A< R L ] 26 4 ) 3
P, IR AR R W], LAEEAF 60 ~ 90 em Y 2 1%
JAC (Oguchi et al., 2017) , 2 fif Hr Ml 3% & JE AR
Pymp e KRR G BAR AL R, SR, H AR AN Y 43
TG A AT SR =, H =R AN G A R
FIHLIERE ) 22 5 B B IR Bk =2 73 5 2 1y 2 Lo
WEFE, BEMTE IR T JRANEL R AL AL T

- (A AR ) A L b b AT D B 2 e, Ok
SRR I LA K 28 BE R 1Y 6 il b 3 E AR
HeATENA A R AL (5 B, 45 1 i PR ST, 8
Iz TR T R RS R B WS, DR

FHRED R AL A LD T AR T3 B 55 T &
HERETAER (BH5%,2021) , AT, EANHTM
JEANC A MR A R A G i B TE 2 AR
) H AR AN e = i SRR SE R A9, S8 T Ik,
AT A Nlumina HiSeq 38 &0 5 4 AR, X H A<
JEANEAT T SR SE AL T, 5 REA AR AN M
I JEE A I S AR L LR A L %, iR AR T3 22 22 S 1A%
IR P, B e = AR Z 8] 1Y R % OC &, i =
FEFNEA o A K kB i 71 R 5 M 55 D e Y
AHCHE D, 76— 2 B b ok DA B i 1) AR K ol B AL
FERR 1AL R AR B AR AL AL TR

1 M5 7 &

1.1 ¥R R A2

H A JE AN BT 6 4 i, £ B i it 7 1 2019 4F
10 7 10 H R A WG] 48 B8 i i v X #5824
K225 AR (30°42 E,103°49’ N) , & E %
2l S5 R L R v 4V ) LA S BT R R Y
KW T AR ZBKR 2 W8 H A JEF (Magnolia
hypoleuca) ., =R ERN Ay 24 S % T E A A
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& BB % (hup://db.kib.ac.en/) o MRl R
PR IS T, R A 45 1. SETERR AR (BF B0
5150 ZYC190910) PRAT T U HR H 12 25 o7 v =
2L G AL T it

- (A 4 B BRI T < B e i R T A D
JEE BT — & & A W (50 mmol « L' Tris, 25
mmol - L' EDTA,1.25 mol - L NaCl,0.25 mmol -
L' Ve,1.5% PVP ,pH 3.6) 1,4 |22 i1t 3k, 4 C
T 200 g B0 20 min, B, INAF IR B
(50 mmol - L Tris, 25 mmol + L' EDTA, I.25
mol + L' NaCl, 0.25 mmol - L Ve, 1 mmol - L’
DTT,0.1% 4 1fiL i 2 11 BSA, pH 8.0) , 5 i # &
4 °CF 2000 g B> 10 min, 3 b, A DUE T
4 CHRAFHH,
1.2 MR E F AR BANN F

BEXE b & 0K b BE, SR B R 9 CTAB 3%
(Matthes et al., 2020) 77220 DNA, DNA £
GG, S P HURRT Wy, PR EEAT R Bealifl R
w3 N A GEHE P HEk , EAT PCR 9P
JRCIN PR SC %, e Je A ] g 3d R P &5 Hlumina
HiSeq PE150 #A7ill 7, D45 21 (04 [ 4d i 5 13 471
(Raw Reads) , LTI & A 47 42k 09 KT 1Y Reads,
R T ARUEAR BT &, X Raw Reads #7138 it
¥ 155 Clean Reads, T 5 22M5 B, BdE it
JEM FELZLIRANT . (1) BB HL 1 Reads; (2) 1
U8 N it T 10% 1) Reads; (3) Z3BR B i (B AL T
10 FYBRIERE T 50% 1Y Reads., 18 8 14 0 i fk 4
JEBAHLAMEL 2 000 4% Reads 447 , i 13 BLAST #kF
FEXT NT PERS AR St 2 5 52 375 G
1.3 HEEEERANARMTR

JE4G P 1 b A% T AR AR R O B
(FE%'5 PRJICA004348) . 4&# ] Galaxy fE £k
£ (https : //usegalaxy. org ) Xf H A JE - 5 & 5 [A]
LI 45 R AT 412 (Yan et al., 2015), H F#
JEAN (M. officinalis, NC_020316) Fl U] if J& £p
(M. officinalis subsp. biloba, JN867581) ORI
LN FASTA SCHF, 5 IR 1R 8 H A AN =%
FERCHE, PRl it CPGAVAS2 744 (hitp://
www. herbalgenomics. org/cpgavas2 ) 5¢ i J& £b | M1 i
JEAD | H A JEEAN - S R 5 D 4 1 R
1.4 BESH

BRIZAN (T ARSI, 3T NCBI B i v T
off 1€ L 2% ( Magnolia grandiflora, JN867584) &2

A6 E 22 ( Yulania stellata, NC_039941) HHEKE E =
(Y. biondii, KY085894) i X & >% (Y. sprengeri,
JX280401) . £ 4T E = (Y. denudata ‘ Lamp’
IN227740) \FAEE 2 (Y. zenii, MH607378) 45 &
22 (Y. lliiflora, JX280397) . K & K 22 ( Oyama
sieboldii, NC _ 041435), = ® #L 8t A =
( Parakmeria yunnanensis, KF753638 ) . % % #fk
( Liriodendron chinense, NC_030504) .4t 3% %S 2 #k
(L. wlipifera, NC_008326) 4t 11 FhA 22 RHE Y 1Y
I 2o A ke DR 2 5080, G rb A 6 2 i 8 2 48 AL )
FHAL 9 FpoR 2 RHEY, FIH MEGA X B, 5k
TRREE: (NJ ) My H AR JEANEN 1Y 14 FR 22
FHEYI 0 R 58 T W, WEL I 0 B e ] =2 8] 1 53
é’%’i?&%(Yaﬂ et al., 2015),

2 EREA

2.1 HEREEEAFER

i1 Tlumina HiSeq =i & U 71 & Iy 23K
3 HAEANH LK 19 816 708 &5 JE A5, # &
Sk AR BT & 1Y Reads, 3£ 38 45 Clean Reads
19 791 0194%, Q30 4 91.33% , i i 76 Lk 41 %% &
P H A EFME K 160 051 bp , 454 HETE FIAYA 2=
FAE Yy - R AL R 4 R/ T (159 429 ~ 160 183
bp) , JEAMHSRARIAA H AT E A 2% 280 P 1) B K
FEHZH (160 183 bp) |, 117 [T JEAN ) I 2 AR 3 R 21
160 099 bp,

PR P G A R AT X EL A LAY (% [ 3 X
S, Hod LSC 4351 88 210 bp (JEAM) .88 145 bp
(MR ) A 88 156 bp ( H A JEAR ), SSC 4351 4
18 843 .18 832 A1 18 771 bp,2 Bt/ [a] HAMREE K IR
X (IRA Fl IRB) 43 51°M 26 565 .26 566 F126 562 bp,
=FPJEAN IR \LSC A1 SSC X311 GC {EHAFAE— & )
250, Horp GC B di s 1 XA IR X, 439 K
43.2% A43.1% M 43.2% ,1.SC XK , ¥4 37.9% , 1M}
SSC X3 (1) GC {EHe /N, 145351 K 34.2% . 34.3% FlI
34.3% , 5 H A Fp o G A I DR 2H AL ) 2, — ol
JEANT) yofl T SSC A IRA X, Hof i F TRA
I LRI N 1279 bp  JEAN M0 JEAM F SSC X
WK 4 311 bp, b HAJEANK 51 bp, BRILZ
Gh, HARJEANREA 1Y yefl FERIAES 8T SSC AT IRB
X, PB4 2 29 .1 279 bp,

T L L PR 2 S5 A LA, e B =R R RS i 4
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fy (RNA LIRNA ORI (1) . fEREMEcR ) AN I 2 | AT II# 40 502 8 R 10 4+,
T, I AN A 2 2 AN B UL TR k4R T IR 101 AR (1 258 3 R 20 T i £
S HAERME B T 4 AR 6 A, TERTS R RIS R AE 22 5 T I A SRR 5 1
BEOFT, M LA S5 AN L2 2 AN EC T H S0 245 4 P T A A T 5 5 S R

x1 —HEMNREERERER

Table 1  Basic chloroplast genes information of three Magnolia species
2K GC & it LR AN TIPER pe .
%T}T Overall length GC content Total number of C ;:"jl]]ﬁ%rlxul " rRNA tRNA
ame (bp) (%) single copy genes ocing 1eglo
JEAR 160 183 39.2 126 82 8 37
M. officinalis
e AN 160 099 39.2 128 84 8 37
M. officinalis subsp. biloba
H A JE AR 160 051 39.2 132 92 8 37
M. hypoleuca

22 HEFHNEF IEFIEE

Xof = R AN ) P 2 R 3 DR A R SR R AT
BT, A BRAE 3 A A AR 22 208 i 2 K 356 [ 28 g A 256 1A
19 MEENSF SN2 570 3 AR
WEF B THREMKETSSE -8(EK2), #*
X 19 25 Bev JRAN 5 T RN Y 22 S 32
KN A, HP IR EMNERXTETENE
F(In I, EHRRECE 25578 20 LIN) ,2 e T2
WEF(Inll ,ZHRBEEZSTE2UN),EH 1
A5 BEAEAE 12840 8 7 (rpl2" B9 EP 11,40 bp,
I DX Ay JEE A | Tt JEL R i S R R P 2 25 S A
KEYXIR) o FET RIS IEFN R, B A JEFMT
TEE L 25 HE ral-GAU R 1 22N & T It
HIEZ 920 TR, R 2R L T = fekik
AT REREN (rps22" yef 1™ Fl yef15°") (36 2) , X 88
S5 FLIR R JE AR 5 I JEE S ) i SR AR B R 4 2
() 719 22 S B /0N T H A JEE IS 14 W g A i R 2 7 45
FFN T RET5 R A B

TE = FPEFNTERAR ) 2 4 rps12 FEH 1, — A~
EWESA 3NN T, M — AR T 14
F, CIEIEHE RIE AT RE ML A, A ) - G A
PRI 57 i AT DR ST 1 5 98 A8 T (B A sl 2R 45 ) IT A7
RS, HL SR e B 52 2% (%) 2 1) B 42 45 3 A%, AR
WL &I =R E AN rps12 (LA S 1 K B2 1]
S| Z7IINERyTE | 3 105 o= WA 7 8 % NV N 8 - % - S R 2
DRz A6 A ) b Ak 2ok 78 bl 21 8 ZE/E H (Liu et
al., 2020) , Btk rps12 4% H R 7 91 1Y 22 55 ] Ol )&

ARG R AR E LS =R R4
K2 S i K yef3 FER H 25 7 IXBREGA 4 > (1
FMENEFMIE MEIET), BAREFNY
TRANE I T 102 DR, A, AR
) 1) - g A B PR 20 25 B B K -UUU | trnl 55 AH
L, A T 58 B X = A 1Y LG 8 o3 A & B ernd-
GAU .rps16 .rpoC1 .clpP .ndhA rpl2 SEFLIN 10 AR B A
M FEAALRRR MRS T RN D BUR =
R S AT RN

2.3 MG IREEFE L&

TE SRR I RS L R 20 B, JREANS A OGS
FHAHOCHER 46 A~ R R IRAR G 69 4~ HAth 5
6 N SARHINREHE 5 4> M AN HE R 3
FARFIER Z2 2 A (rps3 F1 rps15) 11 H A JE AN EE
THIPIA AFTE 6 D225k | FRAR b T RE P K5k
AR T R R AT EEFE R, B rps3 .rps15 yef1 yef15°°
Kompl22( 3% 3) i35 5 2 BB A ( Pszezotkowska et
al., 2020) IRESN, HAth 5 N ) A TG A7 A — 72 4+
W, yef15 F K 7E I 25 I8 (Amborella ) | -3 % &
( Nuphar) (5 mHF0% 65 S 45 I I o AL vh o2 T
iR, 2 N JE (Nllicium) B & (Acorus ) |
410 8 & ( Ceratophyllum) . & T & ( Ranunculus ) 55
YR e &% 4 Ak T (Shi et al.,
2013) , i A 22 J& ( Magnolia ) FVE U ( Piper ) # %)
BEADREA T I AEA

GAARXHNET T 5+ DIRe 451
SIRTEE IR SRR AN SRR R R 2 Y 22 S E By
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Table 2 Comparison of introns and exons of three Magnolia species chloroplast genomes
JEF EINYEY H AR JEEAR
k7 M. officinalis M. officinalis subsp. biloba M. hypoleuca
Gene
Epl In1 Epll Il Epll EP 1 Inl Epll Inll  Epll Ep 1 In1 Epll Inll Ep Il
trnK-UUU 37 2498 35 — — 37 2492 35 — — 37 2493 35 — —
ps16 42 824 246 — — 42 824 246 — — 40 823 221 — —
atpF 145 709 410 — — 145 707 410 — — 144 709 411 — —
rpoC1 432 740 1614 — — 432 734 1614 — — 432 734 1 614 — —
yef3 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 o
mpl2" 391 661 431 — — 391 661 391 — — 397 661 431
ps12 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 — —
rpl16 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 — —
ndhA 553 1082 539 — — 553 1102 539 — — 552 1103 540 — —
trnA-UGC" 38 800 35 — — 38 800 35 — — 38 799 35 — —
trnl-GAU" 36 16 36 — — 36 16 36 — — 42 936 35 — —
ndhB* 775 700 758 — — 775 700 758 — — 776 700 755 — —
pl2” 391 661 431 — — 391 661 431 — — 397 661 431 — —
trnG-UC/ 24 770 48 — — 24 767 48 — — 23 768 47 — —
trnG-GCC

T trn. 5538 RNA; atp. ATP & 5 ; rps. HEAR/N T FE; rpo. RNA BE T yef. TFHCRITEME ; clp. BSEE H /K45 F Bl ; pet. £
ks ndh. NADH B ; rpl. BHEIARIIE; Ep. 4PEF; In. N F; a. IRAX; b. IRBX; L. 1SC X, F[d,
Note; trn. Transfer RNA; atp. ATP synthase; rps. Small ribosomal subunit; rpe. RNA polymerase; ycf. Open reading frame; clp.

Caseinolytic protease; pet. Polypeptide; ndh. NADH dehydrogenase; rpl. Large ribosomal subunit; Ep. Exon; In. Intron; a. IRA region;

b. IRB region; L. LSC region. The same below.

AT LSC XA IR X, ¥5 KA B A 0 3L A% 8 1A
AN IR T R S DR S L R 2 R T
B AR T AC 22 J& v ax 2 e (L AE T RE 3k P 1 45
FAREAE A8 5 RN, DL K5 38 A A 0 22 5 1 DG B
P A RpifE— B RAWEIE
24 B ARZREUHELZEXR

HIFE 1 AT, 76 14 Pl 204 R i S A 3k R 41
FIEER) NI KBRS SRR TE 75% L 1)
TG SR T A At 2 R 2 B v i T A ST 1
R, X5 ZATHRIE AR B (BREL,2019) , FEH:
g Y 2 NIRBISFE R, =R R AN K LK 2% o
WEERAE R, Hod HARJEAN S M0 R AR 55
GRR I REY), R AN, HA )R 55 A —
MRBEOUFE B AR Y T E2 KX
2 RYEE BEES BAES FHREZE
115 =AM R 2 5 5 il Iz

3 Wik 5 4k

A5 AT FH 42 35 DR 2 D0 7 ok 2 256 R Lk A =
JEEAIN A I S A 35 PR 20, DA I Ok 4 ) = )R A 22 ]
ZR A 2R 22 B R, IRIR AT,
FEL B St 52 B A0 G AR B AR RO B E,
IR BB 12 35 BRI B30 L CO, R E TRDE R 58
I1 36, DA 52 M A 4 A W AR KR B ( E B S,
2020) , L =FEFNT SRR A T RE LA FLE, &
IHAJERS psbC FERTER 3 ER T WE G I T —
AL XA BEZ% T psbC BRI B & & i, psbC Hl
psbD JENCA R G0 1 A OCHE I R 91 4 /N 22 B s
LRIK pshC FEH A R A T 7% psbD 75 1056 5%
A B psbD-pshC Z AW, E A0 % %K 32
FGIER, WA RS WA G U4t
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Table 3 Comparison of chloroplast functional genes of three Magnolia species

FEHThHE B ERNEYI JEAR EIPEYI
Gene function Gene type M. hypoleuca M. officinalis M. officinalis subsp. biloba
e AVER ATP A 5 atpA, atpB, atpE, atpF, atpA, atpB, aipE, apF, atpA, atpB, atpE, atpF,
Photosynthesis ATP synthase subunit atpH , atpl atpH , atpl atpH , atpl

KA ARG I psaA, psaB, psaC, psal, psaA, psaB, psaC, psal, psaA, psaB, psaC, psal,

HPERE

Gene expression

FAbFER
Other genes

RATfEdE
Unknown
functional gene

Photosynthetic system I
subunit

YeB RGN 3
Photosynthetic system Il
subunit

NADH it SRl 17
NADH
dehydrogenase subunit

YRR b/f A
Cytochrome b/f complex

T EIRA TR A
Ribulose diphosphate
carboxylase subunit

A AR

Large ribosomal subunit

A/ N

Small ribosomal subunit

AT DNA 19 RNA
R A
DNA-dependent RNA
polymerase subunit

A
RNA Ribosomal RNAs

CERAHTG A FRACT

Acetyl-CoA carboxylase subunit

C RN 3R 5 Al

C-type cytochrome synthase
JEEZE 1 Membrane protein
FE 1M Protease
BRI T

Translation initiation factor
JREARF Mature enzyme
LRST BT e) E2HE

Conservative open reading
frame

psal

psbA, psbB, psbC" | pshC*,
psbD , psbE , psbF, psbl,
psbJ, psbK, psbL, psbM ,
psbT, psbZ, psbH

ndhA, ndhB*, ndhB", ndhC,
ndhD, ndhE, ndhF, ndhG,
ndhH, ndhl, ndhJ, ndhK"
ndhK*

petA, petB, petD", petD",
petG, petl, petN

rbeL

mpl14, rpll6, ml2", mi2",
ml20, pl23*, mpi23" ,mpl32,
mpl33, ml36

mps1l, mps12°, rps12" | mps12",
rpsl4, rpslS, psl6, rpsl8,
ps19, rps2, ms3, rps4,
mps1", mpsT", rps8

oA, mpoB, rpoCl, rpoC2"
poC2"

16", rrn23, rrnd.5",
b b b
rrmS”, rrS”, 23", 16’

rm4.5"

)

accD
cesA

cemA
clpP
infA

matK

yef 1, yef1*, yef2", yef2',
¥ef3, yefa, yof15", yef1s'

psal

psbA, psbB, psbC", psbD,
psbE , psbF, psbl, psb],
psbK, psbL, psbM, psbN,
psbT, psbZ, psbH

ndhA, ndhB*, ndhB" , ndhC,
ndhD, ndhE, ndhF, ndhG,
ndhH , ndhl, ndhJ, ndhK

petA, petB, petD", petG,
petL, petN

rbel.

ml14, rpll6, ml2", mpl2",
ml20, rpl23", ml23" mpl32,
pl33, rpl36

s, mps12°, mps12" | rpsl4,
ps16, mpsl18, rps19, ps2,
mps4, mpsT, mpsT", ps8

rpoA, rpoB, moCl, rpoC2

rrnl6” | rrn23°, 23",
rrnd. 5", rm5", 5’
23", 23", rml6’,
m4.5"

s )

accD
cesA

cemA
clpP

infA

matK

yof 1, yef2", yef2", yef3,
yef4

psal

psbA, psbB, psbC" , psbD,
psbE, psbF, psbl, psb],
psbK, psbL, psbM, psbN ,
psbT, psbZ, psbH

ndhA, ndhB", ndhB", ndhC,
ndhD, ndhE , ndhF, ndhG,
ndhH, ndhl, ndhJ, ndhK

petA, petB, petD" | petG,
petL, petN

rbel

pl14, rpll6, ml2", mpl2",
ml20, mpl23, pl23",
mpl32, rpl33, mpl36

s, mps12°, mps12" rpsl4,
rps1S, rpsl6, rpsl18, rpsl9,
rps2, ps3, rps4, mpsT",
psT", mps8

rpoA , rpoB, rpoC1, rpoC2

! b b
rrnS”, rm23°, rm23°,

l b
rrnl6”, rrnd.5" | rrnl6"
rrn23", rrn23" | rrm4.5",

rrnS*

,
accD
cesA

cemA
clpP

infA

matK

yef 1, yef2", yof2', yef3,
yef4

I : psa. JeEA%; psb. JeBRGUENA ; rrn. HEK RNA; ace. ZBERHRE A FRILEE; rbc. —BERRAZERHRILEE; ces. C BUMAE AR B AL
HE cem. AR ; inf. BIPEEIGE T mat. BUATERER ; a. IRA X ; b. IRB X ; s-a. $ SSR XH1 IRA X ; s-b. 1585 SSR [X Al
IRB X,

Note: psa. Photosynthetic apparatus; psb. Photosystem I protein; rrr. Ribosomal RNA; acc. Acetyl-CoA carboxylase; rbc. Ribulose
diphosphate carboxylase; ccs. C-type cytochrome synthesis gene; cem. Chloroplast envelope membrane protein; inf. Translation initiation factor;

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.
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FA4E 2L Yulania zenii MH607378
BAEE2 ¥ stellataNC_039941
YRE2L Y. biondii KY085894
Y F 2% Y sprengeri JX280401
Y22 Y Jiliiflora 1X280397

— EJTE2L Y denudata ‘Lamp’ IN227740

g . Parakmeria yunnanensis
ZHBPIARE K E753635

18 E 2% Magnolia grandiflora IN§67584
KA AR2E Oyama sieboldii NC_041435

¥ Magnolia officinalis NC_020316
U JEE KD M. officinalis subsp. biloba IN867581
H A JEAh M. hypoleuca

I: W8 %Mk Liriodendron chinense NC_030504
JLERS MK L. rulipifera NC_008326
IR 7 NS B 7L N W A i )

Fig. 1 Phylogenetic tree of partial Magnoliaceae plants

FFRE 7, £ 5 i SR 19 & B BE ( Gamble et al.
1988; Gamble & Mullet, 1989) , b\ T 42 /& i ¢ 44
EA1E R, sEmont A K EF ., It
Hh , psbD-psbC FE P Wp[a] % 5% (1) mRNAs 7] LA B 36 7
A D2 A1 CP43 1, 5 [ 0y D1, CP47 TR
BHEWERHEE AW T SE&EA, LM 50
GOt E R LA W 188, 7RG &1 T
¥t G FRa 1 WYae (JEIR$,2020) , psbD-
psbC B EREHEZS 506G RS 1 WAL WL, 7
A KIS AR B 25 S it b R S R Yok
B RS hk D5t F W AE FH (Adachi et al.,
2012) XL RAT I 0GR G T psbD K&
PR F 9 rp A5 BRIE S (VR VKT 5, 2015) . BRI,
H A JE AN R I psbC e DA 36 W HE L4 B ik
£ psbD-psbC H G K5 D2 H M 7, X A] BE
S H AR JER AR A B B TP G 1 A L A B b XA
TR ' T 38 PR 1 SRR 2 —

FE R AR S BRI DR SE B rp rpl22 Sy HOAR
JEAMR R, H T LSC X, J&8 T3 [ kA 6T
BESEIN, 0T FH T Fh % 5E (Feng et al., 2019) , It
Ah ABIRGE K B =R R AN 22 S L R A T
rpl22 @ WL KL B AT AL mpl23 TR K
HRETT, BN EORR R E AW, AR A
B, ICHER DN FAE =P AN P A AR 3 M 450 22 57
mpl23-1pl2-rps19-rpl22 ( H A JE AR ) -rps3 (NI JEAD |

H A J& D) -rpl16-rpl14-rps8-infA-rpl36-rps11-rpoA ,
I =AY SRS OC FR A, M JEAN | H AR
FSIEAN AL R T R T ps19-mpll6 Z
[B) S AT A% R 25 BB IR B rps3 rpl22 FEPIIFL 5T,
() ) 33 R N 7 i 2 A T BE L R A I & 5 A1 i
TR A T 8w (90 ), PhEEE H R %L
AT A TR, Y SRR T O AE
A iR 5r 2 5 E LR AT IR IR 28 FNIE By 45
B A B B, SCHE R Z A W ) AR o
IR (Namgung et al., 2021), H RJEFH 40 F &
MIARZARAR L DR, X R BB TE I T R 5 iAW)
PR

tRNA E 4 4% R 15 B K - R 2 1 5T 2 e K
43 P8 i , 7R 2R 1 BT B R b R A A% ORI, A
A6 52 el AL 490 4 1 1L 32 38 1V BB T ( Lorenz et al.,
2017) o ASHTFSE % B H A JE AN (RNA-ALA FEH: A
PIRPISEANZ 3 A, BA P 5% 1z AR R N = R 1Y
T, T S S TN R RE IR 2 b Hb B 34 B )
7% ( Mustroph et al., 2014) , WNFEWH -+, B T4
RS, = FEAN SRR T (RNA X 1) 28 5L TR
PP H A AR g A S A 4 v oA o b
Ui (40T S5 1 & ) A ) e, HC A B8 b 55 G AR AR
A S WA R A KR AR X RO IR B 3E
ZAF T (RNA A RE— 5 WA R 2 i i B N &
M2 , 55— 5 T B AT T 2 1 0 R 3 % O IE AR
P55 B 1) 9B IO 8 11 T 1) 45 B (1 A8 YA
2002 ) , e 2l 5 Rk 45 B 58 A I S X K
JEAME R AR > TR A TR T 2%

SE Mk :

ADACHI Y, KURODA H, YUKAWA Y, et al., 2011.
Translation of partially overlapping psbD-psbC mRNAs in
chloroplasts: the role of 5'-processing and translational
coupling [ J]. Nucl Acid Res, 40(7) ; 3152-3158.

CHEN K, 2019. Study on the structural variation of chloroplast
genome in Magnoliaceae and screening of hypervariable genes
[D]. Hangzhou: Zhejiang A & F University: 7-15. [ Fxil,
2019. A ZRHEA) - Lk (AL DR 20 25 ¥4 78 S 0T 50 B i 728 ik
PBYGE [D]. FOH . WM 7-15. ]

FENG DJ, LIU X, LI XG, et al., 2002. Relationship between
tRNA abundance and gene expression [ J]. Chin J Biol Eng,
6: 4-8. [MHFRIT, XUH, ZEMBRI, 4%, 2002. (RNA FE5
RENFRIRRIRR [J]. PRAY TRIGE, 6: 4-8.]

FENG Z, ZHANG L, WU YY, et al., 2019. The Rpf84 gene,



8 1] SRABSE . — R JRAN IS AR P AL 1 LU 1401

encoding a ribosomal large subunit protein, RPL22,
regulates symbiotic nodulation in Robinia pseudoacacia
[J]. Planta, 250(6) ; 1897-1910.

GAMBLE PE, SEXTON TB, MULLET JE, 1988. Light-
dependent changes in psbD and psbC transcripts of barley
chloroplasts; accumulation of two transcripts maintains psbD
and psbC translation capability in mature chloroplasts
[J]. EMBO J, 7(5): 1289-1297.

GAMBLE PE, MULLET JE, 1989. Blue light regulates the
accumulation of two psbD-psbC transcripts in barley
chloroplasts [ J]. EMBO J, 8(10) : 2785-2794.

KWON 0J, OH CH, 2015. Naturalization of landscaping woody
plant, Magnolia obovata potentially invasive species [J]. J
Mt. Sci, 12(1) . 30-38.

LIU SS, WANG Z, WANG H, et al., 2020. Patterns and rates
of plastid rps12 gene evolution inferred in a phylogenetic
context using plastomic data of ferns [ J]. Sci Rep,
10(1) : 9394.

LORENZ C, LUNSE CE, MORL M, 2017. (RNA
modifications: Impact on structure and thermal adaptation
[J]. Biomolecules, 7(2) : 35. Doi:10.3390/biom7020035.

MATTHES N, WESTPHAL K, HALDEMANN C, et al.,
2020. Validation of a modified CTAB method for DNA
extraction from protein-rich maize feedstuffs [ J]. J Consum
Prot Food Saf, 15(4) . 331-340.

MUSTROPH A, BARDING GA, KAISER KA, et al., 2014.
Characterization of distinct root and shoot responses to low-
oxygen stress in Arabidopsis with a focus on primary C and N-
metabolism [ J]. Plant cell Environ, 37(10) : 2366—2380.

NAMGUNG J, DO HDK, KIM C, et al., 2021. Complete
chloroplast genomes shed light on phylogenetic relationships,
divergence time, and  biogeography of  Allioideae
( Amaryllidaceae) [J]. Sci Rep, 11(1): 3262.

OGUCHI R, HIURA T, HIKOSAKA K, 2017. The effect of
interspecific variation in photosynthetic plasticity on 4-year
growth rate and 8-year survival of understorey tree seedlings
in response to gap formations in a cool-temperate deciduous
forest [J]. Tree Physiol, 37(8): 1113-1127.

PENG M]J, 2020. Resources and genetic analysis of Magnolia in
Baotianmanshan District of Nanzhao [ D ]. Zhengzhou:
Henan Agricultural University; 2-40. [éﬁ@‘ﬁ%, 2020. 23
BN FE K 2 XK 22 & A 5 DA O M 35 4% 23 A
(D] KBIN: ATEARE : 2-40. ]

PSZCZOLKOWSKA A, ANDROSIUK P, JASTRZEBSKI JP, et

al., 2020. rps3 as a candidate mitochondrial gene for the
molecular identification of species from the Colletotrichum
acutatum species complex [J]. Genes (Basel), 11(5) : 552.

SHI C, LIU Y, HUANG H, et al., 2013. Contradiction
between plastid gene transcription and function due to
complex post transcriptional splicing: an exemplary study of
y¢f15 function and evolution in angiosperms [ J]. PLoS
ONE, 8(3) : €59620.

WANG L, LI YL, XIONG H, et al., 2020. Effects of
temperature stress on leaf structure and photosynthetic
characteristics of Castanea henryi seedlings [ J]. J Jiangxi
Agric, 42(4): 692-699. [ T 8, ZEHimn, REXK, %,
2020. B IE O HfE S A B SEAY SOt R TR AR T
[J]. VPSR R4, 42(4) : 692-699. ]

XU AL, XIAO GL, BI XL, et al., 2021. Rapid analysis of
chemical constituents of Magnolia officinalis Wenzhong
decoction [ J]. Tradit Chin Drug Res Clin Pharm, 32(2) .
252-258. [ 50N, HWLAK, EREERR ) 45 2021, JEAMEH
A ER S RS BT (D], A2 S Im IR 25 B, 32
(2): 252-258.]

XU BQ, AN MM, JIANG KY, et al., 2015. Cloning and
functional analysis of the chloroplast psbD gene of
Phyllostachys japonicus [J]. J Zhejiang A & F Univ, 32
(4): 557-565. [VFoKiis, &mit, ZAlLL, 45, 2015. {&
W ORAT 2R 1A psbD FEN A s BE S TIRE M BT [J]. VAR
MOR“E2AAR, 32(4) « 557-565. ]

YAN A, LAI XJ, LI XD, et al., 2015. Analyses of the
complete genome and gene expression of chloroplast of sweet
potato [ J]. PLoS ONE, 10(4): 1-25.

ZHAO Q, YU JX, QIN YW, et al., 2021. Assembly and
sequence analysis of chloroplast genomes in rapeseed based
on high-throughput sequencing [ J]. Chin Trad Herbal Med,
52(6): 1744 - 1750. [ @ #, N AEX, BFE, %,
2021. KT i I e 043 Sk 1 I AR DR 2 ) 2 2 M
FEHHT [T]. 2y, 52(6) : 1744-1750.]

ZHUANG KY, 2020. The WHIRLY1 protein in tomato
WHIRLY1 is a bilocentric protein and a bilocentric protein
under temperature stress [ D ]. Tai’an: Shandong

Agricultural University; 6-20. [ EAE S, 2020. JREMME T

AL 5 A O AZ XUE A WHIRLY 1 8 11 A S B 43 H7

[D]. %% INZRARMRY:: 6-20.]

(HfEHE FEB)



