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SEORBHARE TR — AT EREHRE

sz 1 ENYE
MAE, H=X
SR T R S R BT S, B 650500; 2t [ kB2 B Al B AL S
W BB A B2 15 AR T 7R 4 925 5 M 4 ek, BRI 518120

WE KE(Glycine max)2 HEZ R EAIE AEY, HEE KL E R AV EHRIZIHA G P R 324t 7 =B HIR
Bnillo A, BANEFEARE B REA BRI RIS EER, ZERARANRRE AR THFE. £H, FE
BlpBEidvl 5k F AV ERT T I & B AR R T A2 89815 K TR ik B 26 AR R AT R, I 4 B 13/ 3
BRI, MY T 02 B AR RNSR I K 32 3k R 4 A (&) B (K] 40 (graph-based genome), %558 1 /N REAA (1) 48 K 22 B4 9748 7 8
W, B T REMB A, B0 FHMAMARER R, R R EIE RS IR R T4 B W0 S E3M S0 2 K25 7 A0
SRR A Fo A ol Rl 200 258 TR (0 5 Ak TR AR A0 G R DL B 85 W 730 S5 o R 5 1 B i 5 DR 3 12 R M X3 7 M S B T R I o T
RAEDFE R A AR T — BT AR, R I 3h K T L AR 5 1 45 . MR AT R SR 61387

XEi

RE, ZRRH, BERA, $EER, REMIR

I, E=23C (2020). 360/ FEfREHE AL R AR —— K E 2 JER M 7. Y53 55, 403-406.

K&.(Glycine max)ifii T-H [E, KZJ7E5 0004F
AT E AR SR T R E YL, TRIRAR R X A EY,
WA KT E A S b e B LY R A A B
H 421 & (Carter et al., 2004). #E&iit, 4t AP
F60 0003 A [F] S B K & Ao BRI, L5 r
78 S Ry R Z PR 2R A B AR AL T B
PR, VR ERE, DR AR RN IRATIT S BRI AR
Kt TimAa I LA

TEF T SRR A AL S SRR A,
TEAE B LN SRR, K T A L #
S B IR ok % e AN A TR 1) 18 4% 42 7 (Huang et al.,
2012). IXFAR S %08 17 VE 2 T S 5 L R A 7 5
T ISR A B AR AR UL, 22 SR DR 2L a5 2k 1 S [
HAE B UL S S HER AR 22 S A oK X3k (1 45 B T i
BRCEE, IR, KB B, #5055
SR TOVEE E, ARTX LB R H (5 B A
HE B Y2 ThEE (Lye and Purugganan, 2019).
DRt B — 22 B DR ZH R 4R /s P o B2 0 3 & 78 S 1
FA R RAS “COAERMANLE” .
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2 B DK AL BN R BT AN R BT L ) A
FERAME R, 12 BB T 08 1) R i At 1 i
TiE . WA KR BRI T SO (I Pacific
Bio-sciences (PacBio)fl1Oxford Nanopore) Fl%# Bl 21
$ 45 R (nBioNano genome mapping#1High-throu-
ghput chromosome conformation capture (Hi-C))[¥]
T+ 5 % B (Jiao et al., 2017), RMAS. & &t [
I of 22 AN R A EAT PF 4 O AT R, 814572 ik R 4t
T TR, B OB SN AR SE DR 20 20 TR T
I} (Golicz et al., 2016). VTR, BFFLA G EX KT,
7K #% (Oryza sativa) #1 % Jifi (Lycopersicon esculen-
tum) &5 H ZAE YRGS T R Tz B AR (L et al.,
2014; Zhao et al., 2018; Gao et al., 2019).

i, P EBEER AL 5 R E A A
R0 AR B AT 1) [ BA KT 2643 K SRR R HEAT T A
MR, HBEAEO KRB NMERA, WE TIESH
1E FUR A R B K 502 i R 41 3 (Liu et al., 2020).
AR IEFEI 2640 MORL A B T2 AR AR, b
ATt G Bl A2 89847 K W7 B YA I AL Ok R BEAT 7
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Mo Hordr, Bt 72 027 Mk, FEEEABEAER 5N
6N RHE, X6 KB 4 Al i AR AR, 2%
1% 3O B AR Bl . 9t 7 A AN 144 BB A (B, AN
FhBEF T IER) . 285, FIHPacBiosf 75—+l #4240
4% FF45-4BioNano genome mappingfHi-CH At
ITHEBhZA%S . AT T Contig N50K: /% °418.8-26.8
Mb, & [K 20 4125 K /N 992.3-1 059.8 Mb, Ltz
HOAASE FH AR Eici 0 7 40 B A2 K A3, A
HIPELL ST T U1 00045 (Li et al., 2014) . H K4
R IREIR, PIRANE R4 54553 microRNAS .
1714>small nuclear RNAs. 439 ribosomal RNAF
56 5224 gnf B, FFHHBUSCO 4% L[] 5 2k 5] o
1 () 35 (R 4 52 1 995.6% (Liu et al., 2020). i
BB A PN 5 B AR R 2R 5E 1 E
FEfilf

T N K S 2R v B R B H 22 BRI 9T 1)
—ANE . BEE IR HEE PG, e B R K
A H M2 1 %, BRI H & 2125 s, J
DRI SR R 2 H Bk~ 6 30, WA S )2 e DR ZH e A
PEFE TR TR ) AR R K . AN FE A
57 492 FERI KR, Hh 4520 623 %0 F R X
J&~ 28 679 E L 75 B PR 50 M 27 A S B R K
ko FERISE AR B R T3 R M, %O R
TR A AR IR R D RE . B T2 ZE R4, 1
WE e ¥ 23 T 14 B 3[R 41 (graph-based genome),
2 29 B BE R ) (FE AR ) 77 1 4L (Liu et al.,
2020). HHXFTEASHERERAKYL, KRR

25903, ):)?)
m R’ o

Bl KEMTRSRRAL R
KNSR GO R MR, e eI Fs
(BHEDI T “HB7), BB BRI T “E7 ).

Figure 1
germplasm
The left part is wild type (hieroglyphic Chinese writing of
“shu”), the middle is landrance type (traditional Chinese
character of “shu”), and the right is modern type (traditional
Chinese character of “dou”)

The seed phenotype variations of soybean

BEE 22 (R (ARARRL) P H RIS A R R A S, R 2
A GG AL S R M St T SN SR ) (AR ) S A
R, BRI R Z R — R, BA X
IRAN R — SRR H AR .

I R AL R LR AT, %8 T RER R B
St 5, AFET23 862 M7 AE/Ek kAR St (presence/
absence variants, PAVS). 27 531/ 1% H 25 7
(copy number variants, CNVs). 21 886/ 5 fii {f
(translocation events, TEs)#13 120 4™ 8] £ & 14
(inversion events). X645 4 AR Fe K B2 B 4 A 7
1-200 kb, fF{E/GRAAR RS N4.71 Gb, VI
ANFER K N167.09 Mb, Z5H78 5 (1K 4 5 3k
(Al 4 K FE 1) 16% 0 1% 8P S 7 5 R (%) = 0 /5 40 R
R MR %5 58 o o V2 BRI 4H 45 4 PR S R A b K b 3t vy
TR B AL AR S 5 S RS BE ANV

Liu%(2020) 1 72 K BN B R 4 PAVS K 1) 4%
e 5RERH I K FER ARG, A OC R Hm750.98, XK
WIPAVS & it I A A/ 4[] Ji DR 21 K i 22 S ) o 22
K% . [ R I78.5%PAVSKIE T E R 5, F£H
T YA A B ZE R 20 oA i B IR ) .

5 IR 2 1) 35 ) A S e 5] B S PR AR S ) o R
JR AL, 32 35 PR 2H DAy 2 T AT 1R ) T ORI SE A R 32
BT AL o A I BRI B R E T KT
(1) b DX 38 LA R 2 B o B3R 5 MK 2 AR AN AE & 11
KEFEN, A SERGHATFEAGFEEMNER
(Watanabe et al., 2009). iZHf Fiik &K IEIFE K ) £
NG EE R R A, Horh AT B R E3-tr-1 N 45 178
S FEURHTRL A B, e AR T E3 R
13.3 kbR 2k, fE3FN T it [ (19G210600) &k A=
FERRE, TERCHT I sk A (Liu et al., 2020).

S 2R R R R R R, ARSI AR R AR R
Toth, 1R PG R (Tuteja et al., 2004). ik
RAZ AL T8 Gt R I7 o5 R DR i 4 1), % X 3
1A Ym S & Bl 4 i (chalcone synthase, CHS)H
DRI o RIS b bl XSl i) — A e I EE R A 51 R 1 X
P L G R R 5 i S 5 R RO BR, S B0p
R TIEM R (Xie et al., 2019). JE# X 107 s FE K 41
X357 51 (21505 Kb) [ ELE 23 BT Fl 43 1 A= 1) 2 e
SE 1 AL RO SRR AL, JEVEANE B 1 EAT] < A]
R FR o BEAR I 29 43 A4 K} AT BL 43 DR 50 5 44 7Y
(H1-H5), MR CFh e 10 BF A Fh BT N HL AR R . H2
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FeAE T 214 5004 RTHLIX Bt 23.4 kb Fr B Lk & i,
I I A HE N BICHSHE M 7% . H37=4E T 414 2004EHiTH1
JUIRSIAL R E il . HAFNHS 337 A4 T 216004 1T, HH
H3Gk 2 e 4di A= 42 (Liu et al., 2020).

SEMAR R BRI R IE, & AR 2 T
B BRI . BEFC%EE T 17 696/ T3 K] K T 1)
iR S, FIH AN H 2 e S B AT 0 b, K
MHE AL 021445028 S 5 FL DR ) R IA AR AE B 35 %
Bo BB T RMEMEK LT MMEICE, HRIK
AR T EEpHIE . fEmpHIEM T, 2ot
R FEUAE T KM Fe,0:JE AFLE; fEMRpHIAE 1%
R, BT TR, A SRR R
(Morrissey and Guerinot, 2009). LiuZ£(2020)%5E T
1M TFe® IZn® Wik is | A B s T XK, KIEAN
1.4 kb Mutator #% & 1 . b8 & 7= 4 T Hap-1 Al
Hap-2 Fh skl 2 41 43 41 & Bl Hap-278 f 1
BAR G R 250 BAR B AELE 2 35 (1) Hb 3 7
A, Hap-1E Z o M fEARLR X, THap-23 2544
fEmAi X . FREMRA X DIk o8, B
fICpHAE, BRES v 25 5 i Al R Wi T v 46
WX G 6 AR, T3EpHER =i (Dai et al., 2009). £
A 1o i s K () Hap-24E 1 46 52 X el B A 50 4 1) 3
PE, 27 SR 2 ) e A E T AR T K BN RAR
Y Nof L 358 v B R AT PR v A R

A FE A2 IE Ay AR 2 i 5T A A K H i
% FEDNZH 20 3 o0 B A U R FE AR AT . SR
KA (1 B 5 B B R AT, AORLE SR
FEREARAZ I IR B S5k 3] 7o a g, oA ElEY)
FR) L DT 2H 2 FU R L 28 B4 56« [, 423 00043 #4
AR B 2 DT 2H B K 9 oK AR AR AT . PHRIRAZ IR . Fob
BTN A BN FH AR AL S O S . It AT AR
BER27 MRS B R A Rz R, iR e g
RIZH B 98 L IEE N 2 228 JE DR A M2 FE R A AR, A
75 5 RORH TR T 42 90 428 ) 0K 7 HE S R ) 45 4 A8 S
N RE. 1T k20104 R AT K AR 1A 5 KL A
#H(Schmutz et al., 2010)2 &, K& JE K4 B 7t 4
X —> BLAR R

Buft £5EdART, PERLAFIRR LR
TR RIEF AR FEERBE T RS HE
B LPE1TRFEAFREERLERFTEDFHL
P & B4 R R, A — AR TIRE I E.
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A 360-degree Scanning of Population Genetic Variations—a
Pan-genome Study of Soybean
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Abstract Soybean (Glycine max) is an important oil and protein crop. The abundancy of genetic diversity within the
species provides an essential resource for traits exploration and breeding improvement. However, one reference genome
is inadequate for discovering all genetic diversity of a species. Pan-genome provides a new solution to overcome this
limitation. Recently, Prof. Zhixi Tian’ Group and Prof. Chengzhi Liang’ Group from the Institute of Genetics and Develop-
mental Biology, Chinese Academy of Sciences, selected 26 representative soybeans from 2 898 sequenced accessions.
Together with three previously published genomes, they constructed a pan-genome and a graph-based genome of wild
and cultivated soybean germplasm. The core, dispensable, and private genes as well as all the vast majority of genetic
variations within this species were identified and characterized. These data comprehensively revealed allelic variations
and gene fusion event of maturity gene E3, the haploid types of seed coat color gene | and their evolutionary relationship,
and structural variations affecting gene expression and regional adaptation selection of ferric ion transporters. This study
provide a new mode for crop genomics, and will facilitate genetic variations identification, traits exploration and
germplasm innovation of soybean.
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