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Evaluation and Application of the New Chicken Genome Version GGswul
KOU Wenyan, WANG Fei, JIANG Yu"

(College of Animal Science and Technology . Northwest A&F University , Yangling » Shaanxi 712100, China)

Abstract: The integrity and accuracy of the chicken genome hold significant implications for the study of vertebrate evolu-
tion and the understanding of avian biological characteristics. Additionally. it plays an essential role in deciphering the genetic
mechanisms of poultry and in the improvement of genetic breeding. The nearly complete chicken genome map was recently
published. but genetic variation studies using this genome as a reference have not been widely conducted. This study aims to e-
valuate the differences and advantages of GGswul and the current chicken reference genome GRCg7b. Based on 60 publicly a-
vailable chicken whole-genome resequencing data and 103 chicken transcriptome data collected, a comprehensive assessment
and comparison of the two reference genomes were conducted in terms of assembly quality, alignment rate, SNPs detection ca-
pability, and completeness of gene assembly. The results indicate that, compared to GRCg7b, GGswul has achieved a signifi-
cant improvement in assembly quality and has also improved the completeness of gene assembly to some extent, demonstrating
considerable potential in genetic variation analysis. These findings aid with a more precise understanding of the differences and
advantages between these two genome assembly versions and offer a reference for future functional research of the chicken ge-
nome and in-depth exploration of poultry genetic resources.
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Y Z VR L B 8 A R R e A ek R R T
TR ARG . AT O R A B AL BLH] e
7 LA A R TR 2H 0 2 1 5 1 MR B A DG 1Y G B
AR S TR A L PR A R R 2H 4 25 i W b b L AR SR
R AT 2 JE T W A ) S 2 SR A BIDRE I A E)
W75 5 5% F N —— bR AT . S
2 TR A JoT o 1) e IR B DR T 728 S M 1 4 T
I AT 52 M) 6F ) 68 366 R A0 IR 33t % BIL 1 7
fE A BRI, — A Rl A A R S
DR 2 2 T A AT A 5 R R 6 R A B

X (Gallus gallus) & Fx 5B B AV 3 ) AT 8
AW Z— R N T 28 0 E R TR, 2 BKRG
PRI % i 78 N 28 b o P g i o TR, X0t 2 A L
A7 3 PRI 1) Al sh 0 3 T R 5 3 PR /N i
RSP Se HBERARMUNREM 1/2 & 1/3°,
Wi o 0 B AR 2 26 KT 1 R R, 2 A WA B £ )5
X (galgal2-galgal5 Al GRCg6a) I i & %% (GRCg7b
A GRCg7w) J K 4 AH 4k 357 Fn & At X se 3k (X
T2 N TR I st AL AR S R A L 5L 2R
PRI HT L S HE R A DR SR AR S 4 4 DA S A A s
TR R 5 A A

SRMT S 1 A R A T 55 ) 46 2 0 56 35 X5 1Y
RN I I e TR S R N @ R ER Nl
GC &R EZFI &L &L DNA H ALK P-4 K
FU M) S LAY R 58 4 58 35 L A7 AE — BB PR 1
SETE Ay HT M BEORS . B W, YRGS N4
GRCg7b £ 7 39 J W YLt fhk , 55X i 4% 10 43 Hr 45 2
Cn=T) AFF, ¥ 9 P AN AE R 2 WA R M B, &
22 R s R F 9 A T o8 3 . A, GRCg7h K 41
A 12,2 Mb R E AT F , 3 267 51 5 32 L A 1k
Gy RN VF 2 B AL 5 T S HEBR B AT DA kE S U1
RIS A DRI IR O R . L F 2023 4F L A
i T A AR ST S S AL F 50 SR, 2R
X 18 15 7 S E oY 2 B T S % L 240 GRCgTb, LU
GGswul ¥R NS H W2 S KT Z
Ji& X 1) 5 B FE DR 2y B0 6 st A% AR S A AT RE 1
MU R R . B, AR WF S T W R S 5 5
P2, I xof JHG 20 26 Tt L D R Sk A Bl ke
R B AL AR SR BE DA R R L 2 B e A T
T AT T VPG 5 EeAE, DA A 4 T o6 i BT A 11 5
A it 5%,

1 MRS %

1.1 REHERKE
AR5 N NCBI %8 & (https://www. ncbi.

nlm. nih. gov) T # T GRCg7b fl GGswul #3& K
HFH), W A5 U 2 60 4>k B I 48
A G B XY 56 A AR A X S A Y 4 X 4
¥ (Whole genome resequencing, WGS) %z ,
P00 R BE R 10 X AR R ISR T OOk A 0
JIE IR L B2 R /0N L EE | JIEE L &5 B L UL A A
MRS Z M 2R 103 N E 4 (RNA-seq) BHE,
AR R F AR LR,
1.2 ERAAERE TR

ARG GAEP (v1. 2. 3)N 1A 3 I 41 i
a5 B IR python A getgaps. py GEit 3k
K41/ 18] B Cgap) WL & ALK BE, ff | BUSCO
(Benchmarking Universal Single-Copy Orthologs)
B v 5.4, DN N S R G 58 v AT DA L
rh R PR SR augustus B, 2EE NS
8 338 ML 153 aves_odb10 3 AR
1.3 EEFER

AWFFEAH ] RepeatMasker (v4. 1. 1P JE47 %
PR 4] 1) 55 2 )7 8 78 BE L 38 22 rmblast(v2. 13, 0+) K
18 2R5%, F| ] RepBase (JUA:20181026) #1 Dfam
B (AL 3. 6), BiJ5 .8 4 Tandem Repeats
Finder (TRF) (v4. 09)"" 3 — 5 % 3 5 211 11y o Bk
i (Tandem Repeats, TRs) JFF dE47 1 B, B HE
TRs BB H A W2 . L POTKBERT 6 bp
By A A] AF % H &8 1k B & (variable number tandem
repeat, VNTR) , & MK FE AT 6 bp AN
Bk # & (short tandem repeat, STR),
1.4 ERAEREREBEE

ARWFGE S % Nurk 457 {1975 %, 6 | Winnow-
map (v2. 03)™ A GGswul H X2 GRCg7b,
A sam SCHF, % 6 paftools™ TR JE £ 4%
K, 7 )5 1l ] bedtools (v2. 26. 00" T B4 Bt
KT 50 bp By LT X5,
1.5 EFRARLE3TE

AW I T 60 A WGS HHE A 103 A4
RNA-seq 5 ¥5, ¥ X L8 0 /¥ reads 43 51 b XF #
GRCg7b fil GGswul JEH4H E ., LAl A R 38 R 4
M Xk R, B AR L RN | S fastp
(v 0.20. OV I WGS B k47 B 4252 g . 4%
# . H BWA-MEM (v 0. 7. 15)77 LI BRIA 2 808
reads 73 L X &= F b A A, & FH picard-
2.18.7. jar (https://broadinstitute. github. io/
picard/) & ¥ ) MarkDuplicates T. H % & PCR &
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2., ZJ5 . fiH samtools(vl. 14)™ T HXf reads I
Xf 1 00 AT S8 T B BOAS FE AR JE TR [A] R PR 2 1Y
properly paired reads [ Xt 3317 5 22 8 73 #r
X T B 5 21 KA, B S i trimmomatic-0. 38.
jar 3 B AT B A UK L TS 6T Hisat2(v2. 0.
3D reads LIBRIA S B HL X 2 LR SR 41, R
Hisat2 fiy ) H 3G SCHF 2 B B AR 2 1 A [A] 2
20 ) reads overall alignment rate Fl T4 12047
1.6 HIZEHRZ S (SNPs) K

ARAFFEBEHLZEEL T 10 DMEEAS X SORE A Y 3 55
WEN 10~25X, FEF Lt picard THEBREREE
() bam SCOF L GATK (v4. 1. 8. 1) T HPY 47
SNPs 45 I , AR 48 LT b5 1 2 98 A% 5t & 19 SNPs:
(1) QD (Quality By Depth) << 2. 05 (2) MQ (RMS
Mapping Quality) <C30. 0, It #h, {# F python U
pysam ( https://github. com/pysam-developers/
pysam) 4 114 4% reads A9 F 14 L X i & (mapping
quality, MAPQ) ., L X%} 1543 (alignment score, AS)
A4St 40 (Number of mismatches, NM),
1.7 #RAMAEMEEXS

ABFTONCER T 103 e S Bl Herb 46 4
AR ABHE ARG L 2R I8 B LI 22 3P NG
PER NS I L S R R NI AR o< I
SPAdes (v3. 14, DM AR 43 5% 3% 6 A4~ 11 %
SRHEAE AT TN, BEJS, ] blat (The
BLAST-Like Alignment Tool) (v. 36)"% 5 21 %5 5
FMERATFI N 2 S B ERNA EGERT
95 20 RIGA A HeXF e .

2 ER50H

2.1 GRCg7b 5 GGswul EFAAEFREM LR
MR 1 MBS 45 R GGswul % 41 A
BF GRCg7b FEH A3 N T %y 50 Mb 19731, [A]
B, GGswul FePH 21 A9 21 2% ] B 40 & A1 K B W 35 0
D ALEI N2y 5 572 bp IS FUFH), B2 W
K B 14 A TEBR 4L A, GGswul 3 P 4 34 %
38 WA — % W B K — 2% Z e Bk, R
FE AL KR L [A] B Scaffold N50 Flfiz £ scaf-
fold ¥ B A7 BT $2 4. MR ¥ BUSCO ¥ 4 45 &,
GGswul % [H 4 f§ BUSCO 5¢ #% ¥ 15 4 35 %
97.1% . JF H R B Ak Fn i 2 i B 45 DU B AR () IRk 1A
WA i, B AL S iy A e e s e, 2P

Y L DR 4H 2 A0 3 B¢ s, GGswul 3ERAH ) GC &
HMELEFH S E R, FAEEREITIIT
I, GGswul HEP2H 1) 8 5 7 41 & & [l GRCg7hb 1
T 3.75%., WA EE T EIR, GGswul
BRI v 3G Y B )y 4 A R AE R Y A
(satellites) \AJ 2244 H 1 BK 8 & (VNTR) F1 47 53 BE
HE(STROFRHEELZIFH (K 1A),
2.2 GRCg7b 5 GGswul EE AR IER R X 84 1

i 1t GGswul 5 GRCg7b ) b %t 43 51 1
GRCg7b #1 GGswul H % %E F| 10. 2 Mb #1 70. 0
Mb (R R IR 51 L 91 H & 3R 3k 26 | [ 5 91 5 36
M7 5 XA &R (GGswul: 73.3%,
GRCg7b:47.2%) . BT WA~ FE K20 )3 4> 14 8] 119
Wi 25 S, X AR [ P ¥ 8 AT i 5 GRCg7b A
GGswul FEFAMAR TR ZRA L., HAEEMN
J& . GGswul WIEREFA P &R 20 AT,
VNTR #1 STR 4§ TRs J¥ 51 (Bl 1B), &£ GGswul
S5 DA 4T BB X a3 e DX I A 4 T i T . E
GRCg7b MR [A) 5 X S AL B ) 718 SRR, XX
SEIL AT Reactome B E M R, EM B FE
AR TE KL DR TR 455 L AN M A L B 5 L i R A A T
WS (E 2,55 s EE WA AEY

x1 BASZERANAEREITMH
Table 1 Assessment of assembly quality

of two reference genomes

EEE 10E
FrAE

GRCgT7b GGswul
e A CLR/NGS/Hi-C HiFi/ONT/Hi-C
BKEE/Gb 1.05 1.10
S 2 2 T B R 463 14
SZR B R B BE /bp 3383918 5572
i T 4 i 213 40
JIF-48 N50/Mb 90. 86 91. 36
KT 2K B/ Mb 196. 45 200. 04
583 BUSCO/ % 95. 50 97. 10
SEAE B8 DL BUSCO/ % 95. 20 96. 80
St H E & BUSCO/ % 0.30 0. 30
J Bifk BUSCO/ % 1. 40 0.70
Bk BUSCO/ % 3.10 2.20
GC & H/ % 42.20 42. 64
RIS YA E /% 4. 00 7.75
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Fig. 1 The types and length distributions of repetitive sequences in the GRCg7b and GGswul

genomes (A) and non-homologous regions between the genomes (B)
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Fig.2 The top 15 significantly enriched Reactome pathways with the largest number of genes in non-homologous region of GRCg7b
2.3 GRCg7b 5 GGswul EE AKX RS54 GGswul JEPIZH Y X R 32T, 5 0l 2 7E 4%
AT 5 BT 60 A WGS HEACH 103 4~ BT 2T GGswul SR LAY HXT R A9 H A7
RNA-seq FEAXT A2 H LI L0 R BEAT 58 BOHECT GRCg7b B 1725 1. 7% (K 3).,
. G5R WoR, T 2 B N A E 2 i o B
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Fig. 3 Mapping rates of WGS data (A) and RNA-seq data (B) based on two reference genomes
R2 ETARSZEEHK SNPs il 457
Table 2 SNPs detection results based on different reference genomes

A E= 1k SNPs it LU 5 b LU XS 20 R T A
CNGGD_BY01 GRCg7b 5599 013 56.095 1 93.609 3 1.101 8
CNGGD_BY01 GGswul 5 608 702 56.212 5 94.287 7 1.067 1
CNGGD_WCo1 GRCg7b 6 521 150 56.853 0 94.665 8 0.927 7
CNGGD_WCo1 GGswul 6 456 043 56.964 9 95.191 6 0.897 4
USGGD_WPRO1 GRCg7hb 5695 750 55.2750 95.004 7 0.840 8
USGGD_WPRO1 GGswul 5927 475 55.191 7 95.696 1 0.809 0
CNGGD_DXo01 GRCg7b 6 044 786 56.658 8 94.376 6 0.938 4
CNGGD_DXo01 GGswul 6 011 734 56. 766 6 94.919 6 0.909 3
CNGGD_JYSKO1 GRCg7b 6 845 568 56.536 5 139.569 7 1.518 8
CNGGD_JYSKO01 GGswul 6 819 383 56.688 7 140.213 5 1.483 1
CNGGD_PXY01 GRCg7b 6 446 316 55.420 8 137.861 5 1.631 2
CNGGD_PXYo01 GGswul 6 555 223 55.642 3 138.662 5 1.619 4
CNGGD_TFBB01 GRCg7hb 5 856 953 52.754 3 111.969 6 1.597 0
CNGGD_TFBB01 GGswul 6 004 676 53.138 4 113.187 3 1.601 6
CAGGD_LOCO01 GRCg7hb 6 102 972 53.390 0 135.062 9 1.987 0
CAGGD_LOCO01 GGswul 6 413 684 53.720 2 136. 331 4 1.984 6
CNGGD_YNLOCO01 GRCg7b 7 225 346 54.163 2 93.432 5 0.995 3
CNGGD_YNLOCO01 GGswul 7 264 987 54.415 1 94.420 4 0.959 4
CNGGD_MYO01 GRCg7b 6 870 132 54.214 2 116. 331 4 1.2350
CNGGD_MY01 GGswul 6 944 541 54.599 9 117.554 4 1.219 1
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2.4 GRCg7b 5 GGswul EFHAHK SNPs # il g
ST

FRZERBR GGswul LKA P ER S T E
I 5040 1Y) e X R, R B GGswul 3 K 4 78 78 S K
D7 T LAV AE B G RSOR . AR — 2 T
GGswul J PR 2H 7538 1% 748 53 46 00 75 T A 3R B0 . Sy Ui
DI e BE AL R B 5 ) A BF S BEALIE SR T 10 A4S
W3 TR BEAE 10 X DL B I REAR 04T SNPs Kl 25
BRI 10 MEEATE GGswul 4 5K 41 75 [ iy 3t
el #] 16 479 839 4~ SNPs fii si. lb GRCg7b
(16 170 405 4~ SNPY¥GAN T 309 434 4~ [FIEF,
YIRS FEA A Y SNPs B 38 n 17 29 30 727 4~
AL Bk SNPs A8 503 g8 B934 i Ak He Xt 2 GGswul
FEH 2 B 2% reads BT 38 LB X T it (MAPQ) | L
X353 CAS) B4 P 4 T, [6] i 5 0 $0i (NMD A
Wb (2,
2.5 GRCg7b 5 GGswul EFRAWEFTAFFILL
X4 R

AT 4> R 6 A AR 1) RNA-seq B4 17
TNk B A, B FE AR 4R AR B T 277 833 ~
409 907 MR AT I, K 3 A LIE X T
AN RIS AR ) 2 SR A5 B AH BT GRCg7h ZE R4,
AR XT B GGswul ZEHNAFHH 2 000~
3 000 /> 22 1) 5% s A W] LU ) L X

3 ETARASZEEANBRALLIER
Table 3 Transcript alignment results based

on different reference genomes

P X ) 2 2 IR 2 1 7 S AR

GRCg7b GGswul

e A 357 859 318 215 321 232

13,238 277 833 240 664 243 115

% L1 3Y 375 892 322 640 325 294

2P B EN 409 907 364 000 367 920

FL XS 301 858 256 002 258 436

F 3k fii 38 299 964 250 648 253 106
30w

AN H T 5E B 1 Xk [K]2H 9 8 A S FATTEE
T by Bt 5 A 0 40 ) 6 K] L A D R R e R A
SRR T B L A — A T R AL R Y
GEUR L TN 4k PR 2 Y P 3t A A S i A R g
FERZ A A EE R L AR T SIS S

FHF2H GRCg7hb, X GGswul He PR 2H 10 4 245 i &
SE D HeGF 38 A S R ) R ik DR A 2 o7 R 1 4 T T
AT T AT AR, 258 BoR . GGswul A
HEA RS e A BT, BT
i HEEPE Y PacBio HiFi F1 3% £k ONT Ultra-
long M+ AR BN . 8 GGswul H R 4H i) 52 4 4H
PERRAL T AT I F AR S HF . SEHT LT GRCg6a 1912
SHAF RIS M, AESHEEA T HA &S &
TRs WRFE . 173X 28 77 51 45 7T G PR 5 457 A 1 B 6l
ML PR HRR, EARFRF,GGswul FH
AR S TRs & &, i 765 GRCg7b
fe ) P8 ) X St 0 2% 3] T 4w H Y TR, 13X 3% 8
GGswul 784083 R 4 /) &2 2% 7 42 IX g 20 2% 7 1 B
157 Sy ekt

N IL Y] 7 5] (T2T-CHM13) 28 i T
2022 4, Aganezov 5N X Hopb A7 TR A PEAL .
TR BFFE SR, 56 5% 1) 2 25 e DR A X o8 3t A% 722
SN ELEI, R, AW 5T L4 4 4y
fifg ) % B R KA SNPs AL iEAE T GGswul
RRAE AR ST RE 1. 45 R BR . GGswul AN
v 7S DR 2 EE I B 1 L X SRR L X i L
REfE 4B 7 T 2 (A8 S 0 . B SNPs K il i 2 1
WUt Ah . T2T-CHM13 1 R 8 A7 85 e 3 T DL AE 45
FAE 5 (SVs) BF 58 H 4l AR i % = 4 19 AS S 17 ()
B RN A RN SV A THELRK T %, W
FEHL , GGswul &R ZH % 0 F AT BB W A9 1 SV I
At 2 A (14 A S I O A T RS A P AT . X R 4
AT 14358 15 15 B A B TR0 5 1 28 48 B RORn A =
REAH G st G hnic e R B ek R R R .

GGswul H PR 2H 70 52 T+ s 4 808 ookt 2 0y T
FRI B0 A AR FA L 3y RS B A BT AT A B 4 R
RN 25 5 3R GR FE R B4 T W BB B4, AR5
R E A 6 AR SR AT S, % GGswul S
PR 20 5 1) e 4 R AT TR VAL . X o A g SR R
B, GGswul AIREFE— & B2 B Lt iff T GRCg7b
W AR 58 A 2 %< B B E — 2P 00 Ak Y R T IXB
GRCg7b 111 GGswul EFEX B ER LS5
FE DR 3R R A N A g2 A OQ B A W o o AR 11 R
X BE LR E GGswul 58412 hnl g5 2 7
B RAE . XA BT 5RO b P A B DR 9 4 T
25 T A W) 2 B A L N 3 % X8 1 A ) 2 o 1 4 8L S 1Y
A
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B2, GGswul FE B 411 56 H 41 2% Ry 0 1 56 1
YR T — 3 A HERAESE . 7E GGswul
FER2H 0 L b, 5 5 iz B PR 4 bt | B R Y
AR H CRISPR-Cas9 & [H 4 5 5 A v £ A L AT T LA
R A 7 T XS b R U A AL R AR X R £
AR T 14 7 6 A K Ml A 2 5k R 4 2 F 5 0 ) F
TP TR RS Y 35t A 0 R RIORT R R B R
Bt 25 3o 4 AR B AR W7 2z BB R R L R AT YD A AE X Y
15t % 2 R0 ol U AT B 22 G M M 1) R

4 %5 i

AR 55400 25 1) W A 1 S 114 X% 35 (R 4 = ) Y
25 EZ W GGswul FENAMBE T LS % LM A
GRCg7b TEAF Pk F0 58 B 1k Oy T Wb 25 48 7, JF 76 2
HE R DR 24 5 A% 7 5 g AT 5 T B AR W L R Ol R
ok X8 FE PR 4 2 (0 R AT 5 FIORS 7 8 b R SR 4R 1t
—E5%,

5% 30Hk
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