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Abstract: Phylogeny is a basic issue in evolutionary biology and an important topic in other branches of
biology as well, which focuses on the genetic relationship and evolutionary fate among various taxa. Using
molecular data to investigate the evolutionary relationship between organism is an important means of
phylogenetic research. Along with the development of sequencing technology and its decreasing cost,

phylogenetic research has gradually developed from the early stage based on single gene or combined minority
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fragments to the present stage using massive genome data to study the evolutionary relationship among
individuals, populations, and species. In this paper, the representative achievements of three sets of genomes
(chloroplast genome, mitochondrial genome, and nuclear genome) in plant phylogenetic research are discussed.
The characteristics of different plant genomes and their advantages and limitations in phylogenetic studies are
summarized. The main methods of phylogenetic tree construction are explored and the future research is
prospected. At present, the three sets of genomes in plants are suitable for phylogenetic studies of different order
elements and taxa. The differences in genetic characteristics between different genomes have different
advantages and applications in phylogenetic studies: (1) Chloroplast genome is relatively simple in structure,
conservative in sequence, difficult to recombine, and uniparentally inherited. It is an ideal molecular data
resource widely used in the fields of phylogeny and evolutionary biology. (2) The evolutionary rate of plant
mitochondrial genome sequence is relatively slow, so it is only suitable for early plant and large-scale
phylogenetic research. (3) The nuclear genome is biparental inheritance, which can comprehensively reveal the
parental lineage and phylogenetic network evolutionary relationship, and has great application potential in
phylogenetic research. Different tree construction methods are suitable for datasets with different characteristics,
and reasonable methods should be adopted in the process of tree construction to avoid the effects of long-branch
attraction and incomplete lineage sorting. In the future, nuclear genome will become the mainstream of
phylogenetic research, and its biparental genetic characteristics can provide sufficient insights into hybridization
and genomic introgression during speciation. With more taxon phylogenetic positions determined, biparental
inheritance such as hybridization, backcross, nucleocytoplasmic interaction, polyploidy, functional adaptation,
and convergent evolution during speciation and evolution will become the focus of phylogenetic research. [Ch,
1 tab. 78 ref.]
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YK E (phylogeny) [AETE it [ 3k IR SCHE (ORI IR ) h F 2 AR YR L CR R “AmZ
R IRIRSCA N HER T B AR R IR T — 2R R RS, B A L E] A R O R AR AT DA sE o
W) “RAc” TR, TR E e R C R4 py Ay, #nT LIZEXEM FHRBETACH
gl REAmEXZHA, BRI Z A e m At FaE ik b s, R AEAE S B9 s e
IR ZR AR . FF IR A A W) 2= WO ) B B i = — U2 B AE A A R R A A ) A A 2 22 ) 1) 2R 2 G
F, KIEFE M A YIS, ORI R A Y 2R R R R B B, P, e iE o i S R
FAREMRE KBRS, IR A2 Z MRS O RTEWE R MR ok, NMUERZ L BN
S, MR AR IEY B MR AL A RTHE, R AR R BB N AR

(e =Rl ReEa N2y 1MLV 5 s e N3] 3 S N K 7 il oo 18- S5 D5 2771 I 1 B~ S B2 B €zt L 2 SN
5T, (A3 IEH 4% (genomics) 15 8] TP AR, WA KB 0B EREHNH T RAELT
2% (phylogenetics) BRI, WA R G A F HH A (phylogenomics), X T RER MM ERFM F, BR
T2 [ M AR 0 A A R R A ——— P SR A K 4 (chloroplast DNA, cpDNA) 5 4 {4 & X 41
(mitochondrial DNA, mtDNA) #b, 8455 BE R FEF 4 (nuclear DNA, ncDNA) 15 T Kz 1[5 E
s, P, AN [E] DS 20 Bt AR AR IR L B B R s RE R 5 T TS [RIKF AR ) 26 B R e K & 2T .
ARWFFELRAR T HE AR R Gk B SR A AR, AR S R A B e LA R R R E
WS H A ET SRR FREEAT TR, DIBPABERAEY Rk B R RS

TEAZH TR PP 9 2R 3 81 A5 23 T IE s ORI R RN 2 i, IR RS R TR R e ik
e . YIMIE S A B RAE FEB I JE R b, AnAERRah M . RS L FERPRIR L MR IIR R B
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fiff E AR AR, DA T ALY A G A b R A Ty SR ) FE A SR (X 7 R A OO T A 12 K A B TR
IR A SRR AR, OIS B2 e A U IE, W ARMEIRTHEE —rI 4518, ARZH 2Z (]
I A Mo, BEE T DNAIEJER AWM, REKER G FIL . TR 0% 2 Hr 7 ik T 8
#, WA TRELT RRNRGENE . X TIRSR, o IRREA T 8E . Ao aRIEE. R
SREEDFEHFMA, Fib, R FEE a7 0 R Gk B X R RS LS R WS RE R L g
SR PRI T R LB EAEL T TR 1,5- B R A% R R R 1k i/ 420 KO£ (ribulose-
1,5-bisphosphate carboxylase/oxygenase large subunit, rbcL) o¥ i 2 K(maturase K, matK) %5 FA™ Y ity
IR A B 40 i 4% N 75 53¢ [R] B X (internal transcribed spacer, ITS)7), F|Z IR /01 A BLBAE, 3%
BRI RABEE R A B, BRG AT RN A A0 R R . i TR B R sl & /D $RE [ iy
HEMRRAK B SZEME BN AR . KFEE % (horizontal gene transfer, HGT). 5% [ i JE A
(paralog) LA N BEPR HEAL A8 5 B VRS IR R 520, = w20 e, DRI 4 i R 2R 00 o TP E %,
LRI P T B ) JRe RN Py AR A BT A 75 o ik 22 Y R R 2 B i 4t , R LB W IE AT
SRR “ B

YR AR R A A W5 U bt R G R B R AR IR 20 22 A8 A G TR I, R 58 AR Ta]
REUR IR SRR A AL S R AR, BN EAALSE I IR B R A 73 5 BAs i A= )
ZHPRGERERFR, WAl L R e R R RN A ALY . Rk B RNAS DS
AT A AR (R DR R g E o A, AR [RI 2B B B A (R R A . R R A, DA KAE )
HAETE R SRR IR R ) Bl R IR R B LB R, DT KT RE LB LR, PR RY
eI GR 1), W TRERNARRBTE 25T, RELEENAFTEMREEERSE LT LR, Wk
ARSI R GG R . FI M RGN E SN2 .

®1 ETARERAHEENENRELTHEITAR

Table 1 Research on phylogenetics of plants based on various genome datasets

iewaed e 223k
SefEY) 1 879F R SEHE i 56 cpDNA [13]
SRk 2 88 1R Rl 8O- Lt A B [K 24 id 7 51 [14]
BT AEY) TEAEAY A RTRTA R T2 024)84 6604 80 2% SR 1A KL K 4 it 751 [10]
S 467fnon-Poaleanffty i F A5 (19 834~ - LR A I R i 3 51 [15]
iABEF} Juglandaceae 17 IR IRAD-Seq . 19F4 R 584 cpDNA [16]
RAE}Poaceae L2TFPRAEH Y 58 % cpDNA [17]
VG %34 8 Passiflora AT A 68 M- AR L IR 4 A )7 1) [18]

TARHTESE IR PR A AZAZAR RIS 5751 . 24 cpDNA | SR ASE A T F 5] |

K5t %6 J@ Diplostephi
KidSeRDiplostephium D] fai Ak 3K 2H (double digest-RAD, dd-RAD)

BT AEY) 9 LRI 1 384~ LML IA KL X i P 51 [20]
HEAEY) 60T RN Y414~ LRI SR K i fith Fr 51 [21]
W HEY) LSRG SE AL BE 1) 1 5944 35k DR iy 77 371 [22]
SR ELY| 11O it S 2L 5 16 (1966 5 MK 4 DUAZ K IR 4 751 [23]
RAFI B 4B ARASRI A5 R 41 075 15 (19480114 DA% (R i 79 [24]
B4R H Trochodendrales 19 Rh L R 20 3 e 8214 B4 DR L IR 4 i )52 51 [25]
1-“F1EF  Brassicaceae 32PN ST LEL IR (1 1 13RS DUAZ 2t 5L P [26]
#fiFIRosaceae 12470 iR S 2R T 1 1) 88 2 I DL A At B R 7751 [27]

2 HMUWARKEH RN EREFALKE

20 MEGEERAREREERFZLZEERAFFHNER
I-2%4K (chloroplast) JeAH Y A AE A A HUF I RANEAS , JEAEYIEA TG 15 DR JCHLBR [ A AL
BRI, R ARAE A YR N IR S A DL & S R RE , AR AR A A TG S i i A o
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TEREY AR R T B AR B A w452 ) N AR R ISR DA . SRR T 29 1212
SRR AZ A ARG A AN A, AN R e N A A R o S R RS B T R4 P, ARt
SRARINAE ML Y BT, (EJE R TR R R B A A i M N, (T T RE 04 T (1 75 2O T
KRG EE, ISR —Fht [ AR, SRy P 41 AR &5 45 DLECFEAE T Ra ) 24
Frb, Bl AR A S R L TR 2 K /NGB R 120~160 kb, ZRADZY 110 ASFEA, 45 H - 3E R XU FRIR
DNA %+F, B RH$$E X (large single-copy region, LSC). /NFL$E U1 [X (small single-copy region, SSC)
1 XS f ) 8 X (inverted repeats, IRs) #IAG, WAFAE DAL AESE FY 103 SO 55 HoAh Z2 25 F BT[]
BF, IS AL R 2 P i R R B RO AR R SF , AR By RAEEA, £ RZEWFh i O SR E
(FEHRBEREAE), R TRZHAT LWL ER, SRR RS L TR HIRA MMER 5+
TH, MUGEER TS, H— e Z5H RRE a0 S o) 8 52 X 30 50 sh S FEF 5 R R b L BAA &R
GEBMESP, MTFEA LRSS, MRS A OO ENFIE L AR S B o T RR R, T
T R YR B F A Y 2= S g s 14 54

B9 2 30 o XA [ 0 o 18 - S R B DR A A0 . BRI, DT+ 381 S 2 174 -t 4 5 R 2 [
ik, IERIHZ P80 L 7 k3RS 2R SRR IS I AR R T RE LB 8, Rffe—2 2 RIMEZR
MR R T RRPEN TR ITE . ZHANG 55 BTt A A BR i 7k R LB,
i T S a R RHE Y Rk B LR s BARKALOV 5P SEF M-SR {ARSL R AP FIX BRI R E LB LR
HEATHENT , #8575 T Equisetum JZBRISHEHYI I EEHE ; LI FIRIR A 2 881 Fh g 1 i & 14 5 P 20 11
80 /™ EL & [A]i (ortholog) MY I wfidIE A, MEE T4 ML R SER M TFHY RE K EW, #IN T+
Y 8N FEE M 2240 W RGEHEL, R T2 KM HE R &, LI LR K A
4792 FIFALAEDI Y 80 ISR R FEIL A, WE TRIYUK TR MY R L EW, EF
BB RE R B LR MAT DAL TR SR, A, ISR AARSE A 1 —SESEARRRIE,, anBE & i
FENY . WETHIC, EEARAN . ZIF RIS AN T S W TS 0 T R 5L B 3L it
—HEIEWRGEREFELA, Mgk Fi)—Les5f 8k, Rl L 2 RN A, BIEFIIE R
FEADRRIVENE, (R RAERT DA —SexfEAb R ) R 40 % 1 ) 4 4D,
22 ZHNGEFNAHEREERZATERAZEFRNA

LAA (mitochondrion) [RIFEIA R & N A IR A —Fh>F: A EMEAMLAS, I8 TR0 o AR,
bR A A G s Re LN, S 5N —RIRIE . ISR AL FIBENE & A Y R,
BA T EENARAADI Y, SR, LRIRBHEA IS LY, g5 B B4
KA, HAEZ 2 gt L iR o = SR HAE P (R SRR FE R 4 — L 7% 50~60 FEA, 4R
TR SRR R Rt AR S A, SR IARSEIR AL oy i L SRR IE R A K, H AR IR K,
M 208 kb )3 2% Brassica juncea™ 2| KT 2 400 kb (&N Cucumis melo™, P3| H {5 2 Al & K 80K T
12 Mb WJH 5% M #8 Larix sibirica™, X Fh 25 5 F2JE H TERARE AR TIAR (4 01) MZR AR
PRI 2 431 ¢ 2 45 AR DNA 301, 2ot A I PR 4 g SR DRI | 56 R 2 45 4 AR5 R 2 R/ NFE A v
JEfR A AR L RIS AR LR — N ACRAE, RSO AR BE R 41y 4] 58 AR R
AR, (HHIER A EHERIR &P, MY SR RS W e o AL AR 2208, R [R) SO A
R Y S AR SRR 2 3 IS T IUERDL TSRS, LiiRLah SR R4 28 T 50~100 15552,
HB AT RS B Py AR RN F R B . kiR ny 2 2 g el it A B o AR NS R AR, L
S A W AN TG RE B R IBE 1 . S5 AT s 7o I TR S A A8, NI i 1 R 2 4
RIS B A G o MP S R I PR 20 13X Fh sl A 4 b 56 DR A0 285 49 Ak i AR ST B 438 1 A T o
R XS R RE R 20 s T ORSF YA IR AR A sh A AN AR b (A RE PR 20 78 2R 1 G A
SRRy RS E R, (BRI S5 0 7 AR SR, WA MR A 35t 1% 2 RNt Ak B S iy 2 LB,

I A5 R 4 Qg 2SR R Y o A R PR 2 45 R RE X TR BT B S AT B 4 A R R A oA A B
Lycopodiaceae fH )L MRS R AL 2 D) 1T K EmEHE, (H2A5R T LA oy e 5, RS
A KKAL . (HKIER) Isoetaceae FIE:AAE] Selaginellaceae A4 YL RLAARTE I H 25/ W e i 4%, 42
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T RENEHE, HK TRZIEFILHES 2 RNA(transfer RNA, tRNA) FEK, WEARER T 1S
5o X E AT ER ) 5 4% 0 AR SR A5 Aok AR i PR Al H T S B o R T A R B E R e K B
FE, W0 LIU SEPYFIH] 60 Fh & &2 1Y 41 DLORRSED A T IR AR ) 18] i) RGE K 28 . DONG AP Sk
T 91 Al FAHE AR Fh 1) 38 D IRSF I LRLARIE R AT RGE R T 4T, 45 R 4K = (magnoliids)
T )5 B A )+ OO A ) AR OC R . — T 5, AE SRR KL R 20 PR R b R B0, 7
RER BB, (AZRRFE N AR H S G SR I R R R T,
23 BREEAFEAREERGEZEERAFHHNHA

TEAHYI UMY 3 LR, R G E 3 Sy, Halfe(m 8 B TR, Y By K
Sy BAE AR TR ROE S HERERE, 285 FE RS TS EYIRE, BIEFAAER/N . B,
HEZ DL K FE PR 20 ()45 DB AR B K25, WL IT Arabidopsis thaliana WE:RIZ4H K/ 130 Mb,
IHEREEI LR/ 1008 Mb, 11 WUBEJE Fritillaria YR EE 20 /MUK 100 GBE . EAh, A% HED 20 D Xk
WAL, WEEEERNGEIE R MR G RRIEA R, BIMEXT FIr g mh o~ 280, BREABER —ER
XAraES), Bk, BIEREHLERG KT BA T RN T, AR RGN E 2L R
7‘3‘ I-'EJ [2, 58-59] R

JE AL ZH (cpDNA Fl mtDNA) Xf T & AHY KR R G L B A ELM0E, ERFEEE
ZRTH A SRR e R, HABARI RIS R s, 7E— 2Ll R G0 B oo hAE ARG
FRIO PRl A 5 R K st A5 A5 8 A% JE R A AE — B2 ) RSk B9 (B R R . (A% Ik R A gl
Jr AL BBk B s, AN E IR R, XFitEyliaBae i2ke, Rnt i TY MR 4
32 AL T SRS RR I, Al AT SE AR R BRI KR N T R AL B R EZE N R,
HAp, HETAZEERA R RS TR DTEMET A Y R B E R R A=Y, X TS 2 i
REKBRANMBIWEH S, WA 22 Chloranthus spicatus™ | WEE Nymphaea tetragona'® %5 5. 1]
P YRR R R A i e T B S R Gk B O R MY R Ak iy 4 P, RUIAZ B /K RNA
(ribosomal RNA, rDNA) N & &2 X 7510 HJE ITS FFIE MY R 50 & B WF5E 1Y) 5 A2 3 DR 20 50 ot
JZ A B S Rk 2 B I T G A B DL BRI DIARE D . S A eR S Aa AR L, s DA
FBERAEGRERZ, S ARSI A DB m R R NS, TR BB & A A
AR S BN BRILIH I FAN, FeF 44 (transcriptome) . FEKHZHR)Z (genome skimming) Il /5 . 1 [n]
& 4 (target enrichment) Fl 5] fb K ZH I ¥ (reduced-representation genome sequencing, RRGS) 55 R E
AF RIS DIl b DU, W] DU R G0 L & o P A AL T in 78 /2 45 B2 A U0 B DA R [
R DUAZ T DR A2 A AT 1 A sl 850 DU DL, AT DA 508k #5528 [RIUR A T4 e Skl
BT LIS TIC S 4 — R At i R R JR)F 51 (orthologous sequences), AT 7EFR K A L 7K -1
RO KR T H A 2E 058 TPl ok B 2 o v 0 Bian « T i sk 4RI (1kP)” 1) I S 2l 345 )
TEARHE DB R R HEWr SR A I I R G R T R AR, XA [RIAF W S 1) 4 56 1R 4 4% (whole genome
duplication, WGD) F-FHEAT /34T, HEWT 117 22 Bk DR SR AL I s 170 XA DA 29 Bl 14 S 2 L
i et B AR R UREFS DUAZ IR IR, X2 R) Asteraceae 2556 WV Asteroideae 1) RStk & KR IATHIFT,
R AE T3 WRHE Rl R G K B R ER, JHEm T 2B IR M T aedE:

3 ARREENAFWEESNE T %

3.1 FEEWEE

H R T I 0 A 8 s R A 5 40 4% (neighbor joining, NJ), it K18 £9%: (maximum parsimony, MP) .,
B RKISRE: (maximum likelihood, ML) 1 U1 - HEWT 1 (bayesian inference, BI)., 43215 T/ ME LI 55
MIREE, B T REAIK P | 3T Bk 1 iR 2 251 (single nucleotide polymorphism, SNP) Bl 542 H- iz 4
(single nucleotide variant, SNV) it (£ 255 73, UoKAE Oryza sativa®™ . K. Glycine max'™ . 3% Nelumbo
nucifera™ . 46 Prunus mume" 55, BEAH ST YR DL FAKCFHEGE R WD R G R B . K
fa] 235 HE T R rh R U H e DX — i, @& TR o2 R/ . sl Za Rl 5 BN
BMZMFHHRE . AMAR S8V BT ITS 341, 38 i e K 23R8 0 TGI8 Ciorus MRBR B LR,
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VA R b R 7 DR, TR kIR R R R T 293k, #P L RGE TR/ B 4, B i T8 0d
“He/NERT TSRO, PRI AR AR BB R A A RN | 1SR AR B A 25 S R, A AT RE ST AR AR I 5 |
(long branch attraction, LBA) (1[I &5, DI FE R MR A K 3K A AU AS SR AE — 2 . SOLTIS 4817 6 1| I i
KA F RPN RG KRB FRRWEN K. TCilifs Amborella trichopoda B 5t T=Hbf# Ty HE B
A A B A% O LW A AR ) B3 (1) 43 5, (HIE 238 /i1 228} Orchidaceae Al 4 4E A A HE 5 R &2 2] T 1F
WALE, T8 AT D GE 0 Al R AR A TR R B 1 G . S KASR = B AT R k0 R Tz 1Y
RGERLEWR I, ERp AU AU DR AKSEN 234 SR E o ik e & vp A
FEAEH ., LI 3 ROy AR T i ad A 289 (bootstrap) HEATHEIE AR LR 43 SZ AT (G

D1 4 iy 0k U9 2 3 PR e b4 e vk, T DA AR 6 g E AL B Y, 8 3 S B HE R (post
probability) LU BR 14570 S T EERR S, AT 20 A 25 k- Tk e . ZTERBE R BFM R T, EHE S
AWM HZFEM A ERFE KB RR, W WU EU il it SRR SE R8s, JE T /o RARUSR L A i
K] 2 3% X R AR H A7 2 B} Bambusoideae, #5 WE B} Oryzoideae Fil 5 24 K i B} Pooideae 43 32 (BEP
Clade) M RG KT RRMATHNT, 15807 2 FOEN—BOLR:; MU U BT F ALK 10 DL Hir 4
EUIHG T SARREH RN Y R G E AL E AP R DC R
3.2 HREBOGEMYEE

HATKER T R LB HHE A, NHREM SRR G kT R A 050 R A FE R AL 5 102 2 KR
FRIBEI% (concatenate method), RIHE: 2243 R 1 B HR K5 Z80:d 7 4 HL X Fn A B F5 4 e 5O A R, R AR R,
MR A R G R BRSO A R AR 2B TP S TR RCR , B — e B E L4 H
FREEEANRMITERMELMRAZLE LR, ENEN GC FiER . M blFEES | B
JEE R G MER S FE—RINAIRE, A e d 25 7= A s i £L R B0 Ak, Ml R 5L
AT HERINT, A [R] 2 Ab 3 S B RN B AR IR R L R 58 el R 41 (incomplete lineage sorting,
ILS) FFaSHEREAENRE LB E TWRIAAEWSR, HMiZmASE LT ERE, FEIEFEM S (gene-
tree conflict), {11 MU %510 JE - R il P 4% iR N DI if DNA ¥ %] (restriction-site-associated DNA sequencing,
RAD-Seq) £ #6 Fl SRR FE R A8, F9E TRk RS AT RR, 0L QT A BAIIE] 1155 np
5, T BRI g S, AR TR BRI A R A T AR, BAHLEE (coalescent method) T 4G
FET A FE R AL G B BE RIS, ORI MR BT A i DR A R S W R PT RE A R GE R BT, TRt ] AAR &7 b sk
A TERTE R SRR Mo, THBEERTRENANRE L EU T, ML TR, wiH
IRRE AP M S I LS R R B KR o ZHAO 5 S48 A T 4 25 DX 40 oz S 28 25090 A o i 2
(rosids) N R F KB RXLARR, GANWKRETHEKEMMHENRELREMNE AN : EFEFEH
Zygophyllales f{ & FAFTEZS M pPoE, HaR g r kW], PEOEATRER A RAVEE R, MHHE
b 7RI oo (R, WA BRI BRI EAR R S SRR R G R B, BT AT
REANRIEMI RE KT XFR,

4 RAEERZE

Y 3 ERNARA T RELTUIE, HASS A MENRRIE. A TN, ek
e DR ) 00 Py RV ZEL 2 A A P (A 8l R T v s Y R A A Rl R H RS AR &R
SR AR R TBL. i TR P A A o B DR P AR 2 A S A AR 5, HAE R AL 40
LROMPINFE BN R G L T O BA TN E . (D A0S L DN 2 A SRR L R AN RE S W) BT 1)
SRR ARSI N AB AR, RN ARG R RE S S I 2 (R R 58 70 WL e, {ELHG
DUPP AN AT A5 5 TR HLE AT RE Sy R T7 ik S D R PR T A% P AL B B IR A T A AT . (AR
TR, BEE DN B B R AN AR I REAR, RN AR R & O R R BT E R IT 1 . [
W, BEE ORI R G A E , WIMIE A R R A2 AE | M AR XGRS LA A .
YE. 245 DIREIE L LK [R) HE A A5 R R0RE 22 o R G0 A BT TS I R N7 o

5 ZFXH
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