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Abstract
Fagales plants possess high ecological and economic values. The genomes of some Fagales plants
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have been gradually sequenced, and previous studies have analyzed several key factors influencing
the evolution and functional innovation of Fagales species, among which polyploidization plays a
significant role and is crucial for understanding the position of Fagales plants in the history of bio-
logical evolution. In this study, we analyzed the genomic data of 12 species from four families of
Fagales and constructed an online database named PCGB. In the study of the polyploidization pro-
cess of Fagales plants, the database revealed that, apart from the whole-genome triplication event
common to angiosperms, only plants in the Juglandaceae family have undergone a separate whole-
genome duplication event, while species in the remaining families have not experienced any poly-
ploidization events. After conducting homologous structure analysis, constructing a multi-genome
joint alignment list, and drawing a multi-genome joint alignment spectrum for Fagales plants, it was
found that there were a small number of discontinuous gene loss events during the evolutionary
process of these plants, and chromosomal rearrangements occurred in some species of individual
families. This study provides guidance for further exploration of the evolutionary history of Fagales
plants and offers a platform for the research on their evolutionary journey.
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1. 5|15

7t} H (Fagales) 2 W1 HHEY) N I—"N3d, 72 BV KZ ATARFREAR] (2], BAHRMH, BAE
prt R, ZEEE 33 NMEY 1055 Fh, F B SO R Juglandaceae). #EAFH Betulaceae). 7% 3FF}
(Fagaceae) f1# 1 FH(Myricaceae) . 7%} B Y EA W AT AT FNME, SAPCE AR LAZ PSS,
RELETETR, 2MMIBZEHNRREEEY), MARHS 7RI AR A, TR, REE
IS S K B AR b, FEFRHEMRAIC KR, Re it SO A SRR R AR R

4 3L R F44(Whole Genome Duplication, WGD), Bl £ {54k (Polyploidy), stk ibid e —
ANEE IR [3]-[5]. E AR 2 B FER ZH ) 2 ), A5 15— A2 R DR 20 i 2 A AH R R DR A
FE DRI A5 8 55 2 T B Pl B S SR 05&E B Re N i R EL 2 e VF 2 S, DU R T YD
FEHHAI RN E ] T 2 RN AN fERYE Rrh, Z2E0FEMRZERE, INMER T AR
e HTZHIEYIER . 2B HE R FE R ) AR RN D RE I 2 FEAL, 1B R AR L BE 2 R Al ik
FE, MIIAE HON IR AR AT B AT SE SR RIS B 7]

fEFAEDE B0 12 N 7e HEWHT S0, i 78, RIESH. RaKkE. SH
AInfE e, DAwbgese sk H iR RIR S5 i A s . SRR e s R il S e i 7 S H R 2k
R 2 AT 2, it — 2Bt e 5k B itk i A e 3 B
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2.1. EYEREBIENE

FEAEAE )3 R 4H #5034 2 P1aBiPD (https://www.plabipd.de/)Fl NCBI (https://www.ncbi.nlm.nih.gov/)FIi
FHO PRI RRAE R, R T 12 MHEE LR LR 5T H R R A SR, EanE S an
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Table 1. Genomic information of representative species in the Fagales

1. RIERRMIHEFEREARER

B 4 ] 4 HE POERES e
2 [ LAz Ak Carya illinoinensis Cil 16
HIRERL
Ak Juglans regia Jre 16
S Betula platyphylla Bpl 14
JNE T A Carpinus fangiana Cfa 8
MEAR T}
% Corylus heterophylla Che 11
BRPHFEA Alnus glutinosa Agl 14
FRM K ] Fagus sylvatica Fsy 12
i Quercus lobata Qlo 12
o2 AR ZE I Hi] Lithocarpus litseifolius Lli 12
AR T3 Quercus rubra Qru 12
Bk Quercus robur Qro 12
Bt} e Morella rubra Mru 8

2.2. FFHILEx SRR 54

i 7 51 B TR BLASTHE PN AS AR R AL 2 ) SFHRAH AR S A 2 51, S SEME N 1e—5, P31
VLHC 7% > 100, {3 ISR Z M X 70 M T 5. WGDI Ay i AR Ak DS AL P AT DRI AL ) 1 R 4 B, R0 0F
S HRCHE DR 2 P9 O B AR e (R L ek Py B

K1 R 1A BLASTHEOW SEE Ak 5Bk IG 0S5 R, 55— 5 Y Ah 36 [ L AZHE 3 A,
5 H8 AR AR R, X A R AR B, RS T SO R A A Y
kS 5ERS T =5 F O —ZE i b, SVUI9RT & BT 0 B XL, 5 T8
D EER DR BC AL, BN AT BN X TR R H - 57 -4 D B IX ISR SEE ) A B IR AR 7 i, 5
J\FIG RS XISAE S HEY A b bR R, B URES 21 9 B XA H AR A R G 5 2 kA kT,
it FION R S R, f)e— PN e S5 R 9T 70 H .

23. ETTREAHNRIRIEEMREREX S

B RIVE AL ZE M B A WGDI, 48 2% 753} B R A FE DR 4 Py 356 TR 28 ) 1) [R) L 2 PR SR TR . SR BRI
[F) 52 KA ) E-value /T 1 x 1075, [®JUE v BAT2HME KT 50, LIRS BOW 2R R & &Kt 5, M43 2
FeF 40 35 DR 2H A 0356 R 2 ) B A e A ) TR DR L 2R Bt (6]

N T X5 AN ARG S A B Rh AR ™ A B SR 2R FE R B, {8 WGDI 5 Ks BEHHE 1 [R] C
HEREURER(Ks), FT RN FIVRIE R Z 80 22 5K 385 bi Abese & L2 A Ks (4550, RERIED
SR AR RN A, (o BEHu FRIL M Bl AT E, (R A 2 R B B, B
Azt T Ks AR 1A A BELL SR R [RIVR 2544 B (] 2(A)) R 2t X B | Ks (140 & 231 (1] 2(B))
I ZEAE X B A% %5 BEAL T H (B 2(0))s
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Cillg0002 Jre7g0001 94.889 763 39 0 1 763 1 763 0.0 1436
Cillg0002 Jrel2g0004 86.387 764 103 1 1 763 1 764 0.0 1333
Cillg0002 Jrel2g0005 60.406 394 148 2 102 495 86 471 1.41e-164 489
Cillg0002 Jrel0g0588 39.556 541 306 12 125 655 104 633 1.34e-107 343
Cillg0002 Jrelg0869 39.114 542 307 13 125 655 116 645 5.30e-104 334
Cillg0002 Jrel2gl316 38.674 362 213 5 129 487 104 459 1.21e-74 250
Cillg0002 Jre4gl498 38.933 375 210 7 128 487 163 533 1.14e-72 248
Cillg0002 Jre7g2125 38.122 362 215 5 129 487 108 463 1.68e-72 245
Cillg0002 Jre3g0255 40.947 359 183 8 149 487 183 532 1.67e-71 245
Cillg0002 Jrelg0350 38.889 360 204 6 124 477 130 479 1.05e-70 245
Cillg0002 Jreld4gl6e57 38.564 376 211 7 128 487 163 534 4.44e-70 241
Cillg0002 Jrel0g0243 37.598 383 222 7 130 506 174 545 7.58e-70 243
Cillg0002 Jrelg2295 38.904 365 200 9 128 476 134 491 1.50e-68 237
Cillg0002 Jre9g0309 38.056 360 214 5 131 487 248 601 6.57e-68 236
Cillg0002 Jre2gl027 36.744 430 224 13 130 536 122 526 9.42e-68 233
Cillg0002 Jre5g0482 42.136 337 180 5 150 476 123 454 1.22e-67 231
Cillg0002 Jre7g0929 35.641 390 201 4 130 477 507 888 7.49%e-67 240
Cillg0002 Jrel6égl079 39.353 371 182 9 131 472 303 659 5.45e-64 227
Cillg0002 Jrel5g0244 36.612 366 211 8 129 488 45 395 1.37e-62 215
Cillg0002 Jre6g0290 36.612 366 211 8 129 488 45 395 7.73e-62 213
Figure 1. Display of sequence alignment results
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Figure 2. Ks distribution diagram
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Figure 3. Database system architecture diagram
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32. Bl

PCGB #&ft 1 4 H 0 AF (5CHs, T Ak d (R 40 22 18] LK ik PRI 2H 9 B 1) 22 L R R 2%
I HE DT A R R AL A DA S PR 2 2 TR SR 2 P BE BT, R o 1 s i B R G 1 (] 4).

P c G B Home Genome Homology Tree Synteny Download SR/

=IBENSELUEEERS

AR REEE

-)
[
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B

Genome > Homology > Tree > Synteny >
Genomic information refers to Homology refers to the similarity A phylogenetic tree is a diagram Synteny refers to the conservation
a comprehensive description between biological structures, that shows the evolutionary of the order and orientation of
of the composition, structure, functions, or sequences that relationships among various genes on chromosomes across
and function of all genetic is due to their shared ancestry. species or organisms. different species, indicating
material in an organism. shared ancestry.

Figure 4. Management system home page
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33. MEER
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I3 Ry FON BB A AT AR AR L O A RO AP %S B R IR e
SH R A ER, T ERR T 563 F AR5 (0 P SR R ISR (1 5).

3.4. BRI HTIELR

(7)Y B R O P T DA P HE BT (1 S A B RS Bl 3l B i S AL R MR R 2 R 1Y) Ks fEL(EP )
AL TR BB R SR B ER B ARG FAR), AT BAJT (33 X 7t A [RLgE Ak e p= A 1 R R R e, 3k
2 2L R E B 2 A RAG RE M 2 — Y S YRR, DL AR B

FERXAMES A, P BLEFE— NS EYM, RIEIEFE— N LR, DB EATH I EEx a5 2R
ZEYMEE L BRI OREEY), AR N — MR AN, B R A B> ZAS R AT )
i, PRI EE R A S5 M EON T B R RS YA A B TR R Tt e B R AL an T e, T
(EBN BIE T .

THEE/R T AE(Betula platyphylla)-5 #&(Corylus heterophylla) 4 [R5 32 K 5 FE B (K 6), 1ZEIER: A
HEEBRIINERT RR RO 101, I HRZHGLEAN REH, A BMR 9 SR OMART 7 HA, 2R
B ETHRIL 55 4 S50k, HARQREANEN SRR ERIWGRKERHE, BHXHAYIF
RBONFRIE .
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Figure 5. Fagales plant genome information diagram

0
REWLE Sk

REEHE SEREE

16

5. R EEMEREARESE

B )IBTE&Hm B B#MEKR RWAER 5

34764

Corylus heterophylla

3

45927

12

4 5 6 7 8 9

10 1

Betula platyphylla
~

12

130,

14

RAT

N

E

ERHE
60000

53671

50000

ie L2 40000

30000

26283 8

20000

10000

AREBHA AHHE B Bt

Figure 6. Dotplot of Betula platyphylla and corylus heterophylla homologous genes
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3.5. SEUSIIER

MBS — N IR T e H RGUREM(E 7), s T PrB I IMAE S FE N IR R, BLLA
VIR Z B I5CR (7] B kA JEEnt, B IR Bos s R Z B e R, JF
JE 7RI 2 7 SRR 0 D 0 22 A AR AL T A
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Figure 7. Phylogenetic dendrogram of the Fagales
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Fagus_sylvatica

5B AN TREA B TR T SRR R IR R SR 2) FLP AT AR B AR R RIS R, I s et
PRI IAH I PRI SR ek o BRI R Ji o 1 A2 R A SR 4 1D (Bt b 456 19 1D) 2280 (1 1D
(1% A DA HEAT B 3 K 173 BT ) LA B R IR e ik BB . Behh, FRATIERME T N4 CSV SUAFI
e, T3 AR JE AT B R SRR IR T

Table 2. Fagales partial genome alignment list

2. RAEMOEFRBRKSLEITIR

Bpl Jre
Bpl1g0001
Bpl1g0002 Jre12g0225
Bpl1g0003
Bpl1g0004 Jre12g0226

Bpl1g0005 Jre7g0411
Bpl1g0006

Cil Cil Cfa

Cil2g0230

Cillg0452

Mru Agl Fsy

Cfa5g1054 Che8g0051 Mru8g3077 AGL6g0064

Bpl1g0007 Jre7g0412 Cillg0454 Cfa5g1057 Che8g0053 Mru8g3078 AGL6g0068 Fsy4g2550
Bpl1g0008 Cillg0455 AGL6g0069
Bpl1g0009 Jre7g0413
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Figure 8. Genome-wide joint alignment map of Fagales
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3.7. TEER

TETFHTUME, AL T % PCGB ¥OREEN 12 BRI ISR, Bk A =Kk SR AR
SOy BRI B SO R B AUSCE, P AT DURE R F E IEEAT R B4
4. +1ig

I 5 S R B A DA K BRI R R K 2 (1 A TR L0 P R 58 18, R HE A (R i
FORUHEAL I s 3R A0t T B S FF . S AMLTERI L A h e 2 B C B MR R, 20 25 R
IR, S HIRaAR . SR A, SRR EREIR, AR G R R R ER
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538 BAIE N RUT A I — 00 52, RS R b (BRI 380, AR 25 R4
ATREAE R AR T S B, R R . KRR TE DU A R e . BeAh, Bk BRIE N
(AN RV, TE@ SIS R BT RS AN, FAM PO IREE ., s, RESUAMAE
AHE R RERE, A PSR T B IR, SO R 05 5 BTl ] Rt AR R M S
Vo TEUL, R T 4 AR 12 AR HAD, R0 HEAT R R ST 2 R SR, R
Ho I, % T 5 B2 SR ET & PCGB, AR F0X LRI B 2R RV 5 5% R R = &
PRAET T i

TR BE SR T BOAO TL,  FER P 7R A R AR B R B LT 2 SE DAL A L X S5 AT AL
%, IR B R RGR B L, RIS R (LRI RS B FTR A T SERE.
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