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[Abstract] Objective-To study the relationship between evolution and the developmental process from the perspective of DNA
sequence conservation, and explore their inherent principles. Methods - First, conservation rate (CR) was established by analyzing
the conservation of amino acid sequences of coding genes in 100 species to quantify the evolutionary conservation of genes. The
relationship between CR and developmental potential was verified by using the feature genes involved in embryonic stem cells
pathways. Secondly, cell type-specific genes and their characteristics in conservation were studied by analyzing the RNA sequencing
(RNA-seq) data of the three early germ layers (ectoderm, mesoderm and endoderm) and their corresponding mature organs (brain,
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heart, liver, etc). Then, chromatin immunoprecipitation sequencing (ChIP-seq) data of enhancer histone H3 acetylated at lysine 27
(H3K27ac) from early germ layers and mature organs were collected to search for enhancer sites and identify super enhancers in
various cells and tissues by using the ROSE procedure. Functional enrichment and signaling pathway analysis of genes was used to
examine the identity correlation between SEs-regulated genes and the corresponding cell characteristics, to clarify whether the SEs
identified in this study were consistent with the characteristics reported in previous studies. Finally, PhastCons program was used to
calculate the DNA conservation score (CS) of non-coding regulatory regions to study their relationship with developmental
potential. Results-In the coding region of DNA, CR was successfully established to quantify the conservation of genes. The gene
expression data of early germ layers and mature organs showed that the genes with higher conservation rate were more relevant to
the stemness and early developmental process, and the differences between the tissues from early and late development could be
distinguished by using CR. In the non-coding regions of DNA, it was found that the conservation of regulatory regions was also
correlated with development. The CS of the SE sequences in the early developmental germ layers was significantly higher than that
of the SE sequences in the corresponding mature organs. However, cell-specific typical enhancers (TEs) did not show such a trend.
Conclusion - During the developmental process, CR of genes expressed in the coding region decreases, and CS of super-enhancer

DNA in the non-coding region decreases.

[Key words] embryonic development; evolution; super enhancer; developmental genetics; conservation of DNA
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Multiple alignments Calculation of CR of genes Bins of genes
(n=100) based on CR
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Note: A. Calculation of CR and bins of genes. B. GO analysis of gene bins on aging and embryonic stem term. Vertical axis—calculation of percentage of

Bin's genes in terms. CR—conservation rate.
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Fig 1 Process of calculating genes’ CR and assigning genes to 189 bins
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million mapped reads) >1 [ 2% 5 33K FE I A 7 IR 57 5
Wor o KBRS Sk 3Rk i R A AR 7 2 8 1
FXRL A E (F12B) .

A
‘. Brain
(Skin, spinal cord, etc. )
Ectoderm /
Type A-specific enhancer
Mesoderm
v Heart Cell type A A SRt
° @ (Skeletal muscle, spleen, efc.)
hESC
Endoderm
&/\) \ CelltypeB — [/
Liver
(Lung, pancreas, efc.)
B C
1.5 - 25
P=0.000 P=0.614 P=0.000
P=0.000 P=0.000 P=0.000 o 1
Q _
1.0 g
8 g
2 2
g 05 s
o o 2—10
0 | | 15 | | | | | |
Ectoderm Brain Mesoderm Heart Endoderm Liver Ectoderm Brain Mesoderm Heart Endoderm Liver

Note: A. Schematic diagram of germ layer specification and organ development. hRESC—human embryonic stem cell. B. CR of cell type-specific genes. C. CS

of cell type-specific enhancers.
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Fig 2 Conservation analysis of cell type-specific genes and enhancers in development
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Tab 1 CRs of genes specifically expressed in early and later development of multiplex organs
Ectoderm development

Mesoderm development Endoderm development

x Brain Skin Spinal cord Heart Skeletal muscle Spleen Liver Lung Pancreas
Progenitor-specific 0.72 0.72 0.73 0.72 0.74 0.75 0.71 0.74 0.75
Organ-specific 0.70 0.69 0.66 0.71 0.72 0.65 0.66 0.65 0.68
P value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fold change 1.02 1.05 1.10 1.02 1.02 1.16 1.08 1.14 1.11

Note: Fold change—mean of progenitor-specific genes’ CR to mean of organ-specific genes’ CR.

WM, EFX) 22 P34 8 7 DNA JT %1, 24 PhastCons
BT ORI 5 K F W BOF 0 — 30k i A ¢
e (F2c, %2). i, TIRZEFNSE (b
BE) B3R RSP A 22 R WIRERE
MR UIFIE) MPRSFHEPEo Rl 25 2 B TR Ab
2 SMMBERXFNEFRIEEFHRTEITES ST

WZEBRIAE ORI APRTPE B 45 H B
Bt BTb o 34 R A B ) 23T A i R
(R2)o FEXNZIEOL, FoATRS R 5 5~ 2 5 v i) FE 241
SYEATIRA T, BRI 98 T R R S K
AR

Tab 2 CSs of cell type-specific enhancers in early and later development of multiplex organs

Ectoderm development

CS

Brain Skin Spinal cord Heart
Progenitor-specific 0.15 0.15 0.14 0.15
Organ-specific 0.20 0.11 0.16 0.15
P value 0.000 0.000 0.000 0.614
Fold change 0.72 1.33 0.87 1.00

Mesoderm development

Endoderm development

Skeletal muscle Spleen Liver Lung Pancreas
0.15 0.15 0.18 0.18 0.18
0.12 0.11 0.17 0.11 0.12
0.001 0.000 0.000 0.000 0.000
1.27 1.37 1.10 1.66 1.54

Note: Fold change—mean of progenitor-specific enhancers’ CS to mean of organ-specific enhancers’ CS.

2.3 R KRk i A1 23 7Y it B g Y R 1 Y

%5

$t i 7R R A A P 9 B e 22 TR R R 2
i, A AR SCHE T R TR o M A g . YUY
SRR FE S OU I E R RR TR, HRE 54
JiL S 003 e AR DG BRI, BRAR (i i S R PR (10 R 3R
ko PG, FRAT TG MY i R A 1 DNA T
SIS EH R . B ROSE #2)¥ Xf H3K27ac 1)
{5 S HEP R S e R 7 (BI3A), SR T 94
EMINRZ MBI R T . AU IR T3
ST PR RIGR T OCIE, BR TSR T oo L
Tl AR O R . BB B
SR ICHE . BRI S R 3 R, 34
R R AR T ORI, Ok FRE) A g
588~ 11 3 30 49 5 AP R X N A 4 2 A R AR
H3K27ac 55 (KI3B. C). MLAb, sl Xf A E
ABLR I JHT 100 kb PN LRI T I RE 40T, 8
BN & RAE S Z AR A 2= ThRe . IR . O
IR I P 768 20 344 3~ 9 s 1) 25 I9 0 1) i 4 A i 20
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PG AL IRV &S (transcription start site, TSS)
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mRNA Rank of H3K27ac signal in multi-organs
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Note: A. The procedure of SE identifications. B. ChIP-seq signal of H3K27ac in TE regions. C. ChIP-seq signal of H3K27ac in SE regions. D. Biological
process of SE-related gene. SE—super enhancer; TE—typical enhancer.
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Fig 3 Identification of SEs during the development of three early germ layers to corresponding organs
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Tab 3

layers and corresponding organs

Numbers of SEs, SE elements and TEs in three germ

Tissue type SE/n SE element/n TE/n
Ectoderm 839 5078 74 570
Brain 825 5654 50322
Spinal cord 942 6362 67 360
Skin 1390 12 679 73 065
Mesoderm 508 4054 79 411
Heart 1151 11 050 72112
Spleen 1712 15581 78 865
Skeletal Muscle 1 496 12 534 80 847
Endoderm 671 3770 57 547
Liver 777 3424 43 749
Lung 538 4304 57 040
Pancreas 1657 16 475 94 829
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Tab 4 CSs of SE elements in early and later development of multiple organs

Ectoderm development

“ Brain Skin Spinal cord Heart
Progenitor-specific 0.17 0.17 0.17 0.16
Organ-specific 0.16 0.11 0.15 0.13
P value 0.001 0.000 0.000 0.000
Fold change 1.09 1.60 1.14 1.22

Mesoderm development

Endoderm development

Skeletal muscle Spleen Liver Lung Pancreas
0.16 0.16 0.20 0.20 0.20
0.11 0.10 0.15 0.10 0.11
0.000 0.000 0.000 0.000 0.000
1.42 1.59 1.37 1.93 1.75

®5 —HEEREXREEBRGETFTHEEEEE FHRTFETES ST

Tab 5 CSs of SE elements and TEs in three germ layers and corresponding organs

Ectoderm development

CS X . Spinal
Ectoderm Brain Skin Mesoderm
cord
TE 0.06 0.16 0.06 0.08 0.08
SE 0.08 0.05 0.11 0.15 0.10
P value 0.001 0.000  0.000 0.000 0.206
Fold change 1.31 0.31 0.84 0.84 1.18

Mesoderm development

0.000

Endoderm development

Skeletal .
Heart Spleen Endoderm Liver Lung  Pancreas
muscle
0.11 0.07 0.06 0.10 0.12 0.05 0.06
0.05 0.06 0.04 0.12 0.06 0.04 0.05
0.000 0.000 0.000 0.000  0.000 0.000
0.47 0.83 0.72 1.25 0.55 0.82 0.83

Note: As the data deviated from the normal distribution, the median value was used to reflect the data and calculate the foldchange.
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Fig4 Correlation between conversation of SEs and development potential
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Fig5 Conservation of SEs and nearby regions
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Tab 6 Percentages of high-conservation enhancers in SEs and

nearby TEs
Tissue type SE/% Nearby SE/% Fold change
Ectoderm 3.18 2.83 1.12
Mesoderm 1.04 0.93 1.12
Endoderm 2.32 2.04 1.14
Brain 1.67 1.70 0.98
Skin 0.61 0.66 0.93
Spinal cord 1.60 1.77 0.91
Heart 1.10 0.81 1.36
Muscle 0.42 0.56 0.75
Spleen 0.78 0.92 0.85
Liver 1.35 1.07 1.26
Lung 0.78 1.28 0.61
Pancreas 0.96 0.77 1.25
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Fig 6 Developmental potential and conservation of DNA sequence
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