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Pan-genome: setting a new standard for high-quality reference
genomes

Peipei Bian, Yu Zhang, Yu Jiang

College of Animal Science and Technology, Northwest A&F University, Yangling 712100, China

Abstract: With the release of high-quality reference genomes assembled by long reads from the third-generation
sequencing technology, as well as extensive re-sequencing and population genetic analysis, researchers found that a single
reference genome does not represent the diversity within a species. The missing sequences on the reference genome result in
an incomplete population genetic polymorphism map. The emergence of pan-genome can well repair the deficiency of
single reference genome, which include core genome (responsible for basic biological functions and the main phenotypic
characteristics within a species) and the variable genome (related to the genetic diversity or biological characteristics).
According to the core and variable genome proportion, the types of pan-genomes can be either open or closed. Here, we
review the current exploring of pan-genome for a range of species, to discuss the characteristics of pan-genome in various
biological groups. The pan-genome of mammals are more likely closed, while the pan-genomes of microbes, angiosperms,

and some invertebrates are likely non-closed. It is possible to complete the reference genome and obtain complete variation
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information through the pan-genomic study, which will contribute to the study of molecular mechanism for genetic diversity

and phenotypic evolution.

Keywords: pan-genome; presence and absence variations; core genome; variable genome
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Fig. 1 Pan-genome features with varying degrees of openness
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Fig. 2 Origin of variable genome
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Table 1 Comparison of pan-genome construction
methods
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Fig. 3 The growth of pan-genome publications
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Table 2 Representative pangenome studies
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il LA K SVs Xif P Fak A5 . IEAFSE4R L T SVs
FFE R 1 $% D1 %078 5 (gene copy number variations,
gCNV/s) Qni ] B 42 5% i 21 52 38 I 1k A 25tk i s
B, FEoR T s o i Rk PR 2 2 2 R ] 4 #y Bk TR AH AE
A5 R 4 27 R D) R 35 TR 4~ v A R B4R

24 Rk, C2F 10 AR 77 34
BLHE K (Zea mays)PW | B B0 g A
(Brachypodium distachyon)™ . #i#l(Capsicum)®
/N (Triticum spp.)#*°21 | H 1% (Brassica oleracea)® |
K AGLOSLAA - e gi44e] gty BB B (Setaria viridis)P®!
] H %% (Helianthus annuus L.)®® | kK 2 (Hordeum
vulgare ssp.)®"*® kT (Prunus persica)®, w5
(Sorghum bicolor)P* 8925 | g5y 5 B4 4y i 41 435 9
FRAE 4 B BT A RN 2 B 5 b, RS 5 R W
HER A — AT UL ] AR L TR i (10%~60%) ] AR
FETR 28 Bl R o 5 2 W AR A W e 1t 37 PR AR G
[ 33 4 35 DR R 850 T A% 00 32 DR LA B ARy 0 AL 4 o
FIFR IR KN Al iy Fk DR 2 A 5 T AR BBURE 22
R BEf SVs, Horp— ey Kl 75 5 R 37 i 3
KRR SVs M TR 2 EE R SR, K
RIIRIE . K/NF i, XS8R IR T iz FE 4
FFE 7EAE P i K H ) B 2 AU .

43 ERzEEA

7S N B reads 2055 T 9 fk B b K H: Y
ARG 12 Ui ) g () B AL, R EDRZH A R/
M 11.73 5] 12.14 Mb R4, il 2455 i 1) 3
DRI 3 5 B L, A DAk I A A4 2 ] 0 31 1)
VF 2 22 S AT Re S T NS0 Sl ool 5k R 40 25 44 32E A 1
SO 2 A X 1010 /SR R RE A B bk 2
A, 25 R TAE, $LAET B g AL
SRS B, 34 3 P 4 DG Bk 43 B (genome-
wide association study, GWAS) 25 E T LA, I M KA
RI-FROC RPSHE TR IR, AERLEE LRt T 5T
b AR A VAR D 0 AR SR PR 2 e R °1 ) 2019 4
B T AR U Yz B A . R R A (Sac-
charomyces cerevisiae) . & &Ek i (Candida albi-
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cans) . Fr#Y [ BRE (Cryptococcus neoformans) A4 i
%% (Aspergillus fumigatus) . 57 & B, 7EiX L6 ffiepr
T T RR I A LK - 80%~90% 8 T-1% 0 i [H 102

FEAR Y R] AR PR AT RE 55 8 AL AN T 3R 25 47 G

Xof 9y 0 REL S A% 0 e PR 2 A0 ] 728 S5 DR 4 4 23 B 2 T
F PR A ) A 0ok R AT B R R e LT 4 BRI A R AR 32
BRE, KPRERFEBOEREGR. BRI R
S WCRVEWIHIE, ABRR T, WG Bk
A=, BN AL AR S 2R B T
T Akt #2189 /N A T (Zymoseptoria tritici) s
SHUNERZER, 2019 4FHZ B R H BT E
T 58%IAZ L FE TR, A i ] A i R S LR o
PEACARAE T IR, BeAh, AR AR TR A
PSRN /N AR B 19 A 52 B 4, /2 T/
X R A R SN 4L, R T Yk E
HEJZ 12 W FE AR AR R A8 S B JE Ay, TR 2% BT
AR R 2 Hh A 5k BIL R A O 1 T A S (R 1681

S5HMEAL, BRAMERNEE LRt
PR SR o BT JE R A ] T AR UK B bR o2
AR SAE B, A BT B A DIk LA R S DR -3 R
F G IBRAIFSE o TR) I AIF 5 ¢ B AT 2 35k P 3 7 S0 1
HR AR, i 3 T AT LA B E B
5 R R O IR L IR TR, A B TR
P 5 V3 DA I [R) 30 L A DG A )

44 FHYizEREA

HAEr, MXFRAg sk, shz iR
HA A B AR A R, E 2L d7E A JE (Homo
sapiens) FIZ F2 8 . 2010 4F, Li &4 T A
AR BT 241 28 1 FE DR 20 DL S S B i NS 25
A, WET ARSIz R ZFREEA
AL B RN AL P AR I T ~5 Mb £S5 % B4l h ANfF
ERH T O, HEW o8 8 09 N9z L4 & A
S BN P ANTEAE Y 19~40 Mb 40 o 15 0 Fh A%
SP3BT 2 B X 2 4 TP AL B e R R AR T FL
SR A Z RS, R e LA B 2= T
BEAFIEIESE T A N 3L 4 )7 91 WP A7 A KRR
B R A% X3, I EL AT DA 5 3 5 B0 D0 Ak
BRI . XK AVKE W 15,219 A ASEFTIF,
{OEEER, ESHIEFNA)TFH), b5t ks
T 3719 ~#5 0.33 Mb B FH100, 2019 4EHHER)

WAZ BN H R P T ~29.5 Mb BT R3], M %E T
188 N7 4R 11 T A 3 R BT i3 1000 A Fi it 5k
BRI 2H B 434 2 B T ~46 Mb B3R5, R4y 4
J£511(56%)°8, Sherman 2529 F 910 A~ HEM S B A
AR ZEL RS R U B i L A A P9 R PR A L Y
S I Z i 300Mb 1875, X &5 M 1k i
R4 2 i 2807 50 N2 SRR 4L, X e iR Ui
B, B—Z % SR JE LA T S TR AR 1 A 2Kt
29T, BAF Y 7 v AT BE S S AR [ 1 N SRR A
HSH I,

B R RIEE B BOL TR G R AL,
JE B R Y R RO g | AR 3
PRI 2E % A 5 o % ) R AP RURL T, BT A2 9lME
S g s AR A S R o A A R R
SCo Tian ZECU TR 1R K Bl (4 12 4~ 414
HBTHMIZIEAA, tHE TS % I 4 (Sscrofall.l)
HARBT 72.5 Mb IEAETCR BT S, HAIM T g
5 4 it ) 06 B BE DN TIG3 ZESE R i 7R 4 PAVS,
I H TR R BRI Z B AR 2 5 I E iz A
PR ZH AR 5 1) FH LA 9 S DSk 2 25 4 Caprini 4 F 2 [A]
ALY T 38.3 Mb INESHILFA FAFFEN
BT, g LS 4 DR A R RN SR 4H B ot
— LA T MR A A, UEI T X SR
FRIT WYL A AT LB — PP IR T 25 3L N 4
TR A A R EL PR B SR, X Ry T
REE FH T HA B AU 3 B AT 5 40 2 BA fifi 327 3k
K204 Ry 2 7% A) 7 A O Jo k14 78 S 4R 6 TR O 1A
[ R ek b, B0 T2 B SE R 414317 . 2020 45,
WFFE A G SR [ 2 300 k419748 S5 B (<50 bp)#4y
T R — RSz R4, e T
FE 5 HE T AL PR 43 B g A v, X SR AE NS LAAM )
REH A shP 1 B 258917 FER AL e 2408, 8
HAbSh s st TEESH . R SR
H 6 HAMRE A e T RISz EEA, BT
S 3L Tk I IhREF S0, Hoh s 5 5%
PE SR A BEE T A FE N, DL oE 4R 4L T A T #ar
A Z R 225 JE AL 7 TR FRE SR

BT LR s LAk, WF5E N BLAHRGE T
g I DL A TP 2 SR H I R DL LA AR S
VR SCE FAXGE IS, X A AR A 4 1 3k
VREA S B REEME R D), Kz RN A
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o5 43 4

15,000 Al AL, o5 4z Ak D A AR Y 25%,
S35 B A S R, Rk KSR B 5 52 FI] PAVS
FISENR TR AR, R M AR G, JF
HZ 57T 5B AEAAHECHIIRE, XA 38 N
HAEREME. Lsh, ZHEA0TER R H g 2
FIBFSE 930 T N . W (Acari: Ixodidae) & 154k
T AP NS Py A, % 03z 56 DR 2 i A
FEHTR T AN [ WAL (1 388 % 235 A R D A A T B A7
AR RS, IR P T 5 AREE
FAE I A= JE RN 53 A7 A DG B B R S v e T
Z U2 st by b A 2 TR IR AR AR AR A
P A3 TR ) SR W R 9 T R T iR A . RE I (Hy-
menoptera: Apidae)f¥)iZ FEH AR RHIAERGZE LT
HESR H XoF A FE DR A R A L oA, ROR e 1 i
A3 BT S FE RN R ORE , I P DASR AR R i AR
FE S AR T SR S0P et gtk B T ol
BB I R (7 A s B, L B 000 P 0 A 35 PR 2]~ A
9%, R REETE AR B fiff AR AL LA A i85 15 8 o

FIRBFEERW], HETRY YRS HE R R
THRAGGENGET, Wm&GE, mAKEEREITRU
RS AR T L AR i AN SE e, I HLR M
T 575 HL TR AR R 11 35 DR K I DR AR b 1o FH 1) v
(ESCIR . S5 S5 g B v T Bl g e o vz R R 4 1)
P, RECGERE Mz R AP H], DL A E AT Y
KIZ5thz BN A, FRBEZ A W H TR shEs
FI R A5 S o

5 Sty

SEPI AR HTI, BIFFE N DR BOAY FEE
AR AR R it — s —f “Z %7 SN,
% [N 21 18 A % o 38 A% 0 A (B A BF 5 0l PR A
Py 22 0] AR 25 S (W SRR I 2 T R R R R
W Bt — 2 B, TR AR RORFEAR, T B
T BB RN BN R, W ] R R SR, A
PG AR B B — S 5 SE P AUA B LR — A Wl
AR R R . ZIENA i T 1A,
Y A T 0 ol 8 A R R L IR P SRR U 4
Wit S, fEdnR . HE L Shiay B 244
BB

7 iz 5 R 2 B BIF S P TS A A — 2 ] g ik £
e BRI AP R EE N H AR AR, RER
reads Il 3* Bl UE B € 28 REE fifp b7 R A 4 vp — 22 B AT
PRECVE R X8, R AT IC AR svst T (R
Je PR A — ARSI SE R | T B 2R TG
AR s AN, FENHRMRS . 4%, ZHEHA
AR SR, PP A TERE, FIl PAVS 25— R 5171k
BAPREAL R R AR , = BUR R FE AR BT 2 JE P 20
FFOIARE B LA, AR P A B i or — A S B Y
te SEIR b e MSWNIIUE: 11198

A Mg AN H T L sh Y, RN AT
BBV, YIRS L SRR Oy e, A
TARXS Tz TS o WL S A AR AR X RS,
W AT HE R ) R B i 6 TN X3S 5 2k P 4 51
AR IR, A X I AN TE R S iz BE D A A B 2
REAIG . XTIt D A B 5 T e o] LU 51 3 02 B R 1
MW, BEEZRENAG Y REEZ YR, 4
AEFLIEMERA PP A — N R R 2 R . i
AP R e N A~ W 5 D A ) 22 R I e R R AL
TR A B AERR AN RS B iz R
AW IR, A s iz S N 5 L ib
551, VN sh P st (AR SC I e T e Skt

ATz 5 DN LIS A% o2 1 O 2 T O R 245
P BURAL GE Bk 225 SR 41T, ARRS F AL e i o
—L WS ILH A, 12 SR HAE NS B K 21 e
AT M S R N AL AR R, TR SR 4 T
FE AR ] . B A h iz FE N AL A 07
NI B W (8840 58 3, M P 2 DR AR 2 B
T 3L Al B A DR T RE R TR 21~ BT ST R MERSL, DT AL
JEE AR e PR 4 2 Y IF S o
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