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Abstract

Chromosomes are the carriers of genetic information. The number of somatic chromosomes in
normal human is 23 pairs, and they have certain morphology and structure. Human beings have
lost tens of thousands of genes in the long-term evolution process from apes to humans. Studies
have shown that the missing parts of genes can reflect human selection in the evolutionary history.
Scientists believe that the loss and replication of DNA may be an important evolutionary motive
force. It is of great significance to study these gene changes. The number of Y chromosome dele-
tions in humans is obvious. Millions of years ago, there were about 1500 genes on Y chromosome,
but now there are only 40. Gene deletion is a kind of gene mutation. Gene mutation can occur at
any stage of development. There are many diseases caused by gene mutation in human. Gene con-
trols the expression of biological traits. Gene sequence from expression to protein is related to the
sequence of RNA, ncRNA, cDNA, CDS. This paper is devoted to exploring the relationship between
these sequences and visualizing these gene sequences in a visual form. In this paper, the variable
probability statistical graphical representation method is used to measure the fragmentation
probability of the special sequences of chromosome 2, Y, mRNA, CDS, cDNA and ncRNA in Homo
sapiens and map them into several 2D probability statistical maps, so as to compare and analyze
the distribution of different gene sequences.
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1. 518

HATAZE, BPE, KRERSERKEMIERKEIER AN 728 e i, B AT BLAIE R 41 £
FE M NI E RKE, FERKBZ MR EMARTIZ R REKBERMEREF, —yfpr=4 T
AR S G AR E . JUF AR B S 48 s gu ik, SRS R | L BRE T4,
MEM ORI 46 & Gu ik, UKL 2 5 4Lt fdo@ s b e i 2k Je e i & 3 F M i [1] [2], AZK 2
Syt AR b3 R AT DU S 12 (BFR 2A). 13 (B 2B) 5 Yetiih bR ——xF R, A 1.

“E 17 BoRrREH SYNTENY PORTAL [3]911#) SynCircos i A\ 4 Y (AR I R 70 A7 5 B 0
BRI AR G AR IE R AT AT 7 —— WU R R A e (a) B2 ARt fg bk R b e e e ik |
LRGSR 43 A1 6 Z P o (0) LR R N2 2 5 Lt Ak R R TR B16) I 7 AT 7E SRR AR I 2 2% e ik 2a il 2b |

NN R R I 7 Qe R G 3F 7 JRIRAS AR R AR AE A0 MR & A A, AR SO N SR 2R A
P HfEsE s, RO BIPE R 8 3 12047 T rT AT 98 . DNA PR NIBME(E Bk, 4ekFED
FER, ERERIE DT, — e A0 A B A5 B R & A Qe R BT 5 1) DNA SRR g3 B
#H(genome), [Al—HFHEEAIZH DNA & e 28 E 1K, AN [F4 P a] Ji DR 4H K /NI A2 23 8 8 ) 222 S Al K
— Rk, AR B A A R L R A B . BEE 4. mRNA /2 DNA ) — 2 8E/E AR i 5%
MR 8% 5 B R tE S E DA B — B PR PR . CDS (Coding DNA Sequence) /& 4ifit— Bt
HEYRFS], HaZ P H RS e IR E B R T8, A% S mRNA I LA R i 7 5148
th, SEAFRKELTFE4N M. miRNA. IncRNA. circRNA % ncRNA (Non-coding RNA)J&E T3 Ml i
T, it SEEE . mRNAL S TR, 0T DR 5 D8 3R 0 R 458 1 %A 2 T R 1 R 8 ) Rk
5 Thfe[4] [5]. ITERTTTRIL, ncRNA fE4HMIIEGE A0 TS TR kAR Fe a1 v T4y Vi 4 B 2 1) A
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Figure 1. Circos maps correspond to the chromosome sequences of humans and chimpanzees. (a) (b) from
http://bioinfo.konkuk.ac.kr/synteny portal/htdocs/synteny_circos.php
1. Circos BEIX R F AL MEEEREEFF. () (b)FIFET
http://bicinfo.konkuk.ac.kr/synteny portal/htdocs/synteny_circos.php

Figure 2. Diagram of the relationship between DNA, mRNA, cDNA and CDs
2. DNA, mRNA, cDNA, CDs z [&#x% Z[El

SR B PRI P B PRI A e 4 R DR P R T BRI B, (ER T SENL AR A Jg th A A B K B
R ARG Ty, W SR P A R R AL B I 32 IR T I R SRR EE, Bt LAARXS EL Py 31 23 A 7 12 R AZ T
Ao HETREEUE R RSBV S, I A 51008 SR B s BB R 126 2, BE T ELEL A 81 55 2
FEARRT L M ik i L o — 3K K AR P S R IR U G R MU O B T DU B R B R e 5, A
Yy S BB R R 1 A TT %, BURRRINEE AN Ik R B SEgEE AR 2
ARSI 5T A SR 2 JE i ) A R R B R R S AR, AR R g A A
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FEER P HNEAT T RAL, SRR IR R 4 S AR 2 R — Rl Ar A DG R RN A28 7[R & 1
LR SR F A AT A 45 R

H AT P T AR T EA R 2, IF H 3 24T TAELE DNA J7 41 1, RAEIR 2 i AR R R4S
TESFIBOR[T], AR LB, B0 DNA P0G 8 — e nf AR AL, BI85 K DNA P o1l%%
o= 4geii e, SEELT DNA JFHIATAL . EARZA AL T 1Y DNA 751 0] DL Bt Hi— 4% DNA
FEANRIVE, R R AZBR HEANE A K DNA [FA AT AAL[8]. DNA J3 51 XU ) & — 4k i) MR AR ALt & —Fh
B F I DNA 750 rf AR RS . X PP AR B T DNAATERIAR, 4 4 i3t gm i sl A~ 77 A 1 30 1)
&, (H/ZBEA DNA FHIKERE N, Ak g —Fias, G aguiiE Bk, Fitke gl
NHR W] REXT 8 43 8 245 B 20 . SOOI TR EMER ot rT K VE[9] [10] [11], BbAR ALV T4
Oy E IR AL BB S B . T ATV . EDWHLA A HOE R O B RS R O B B AR [12], F T AR ER gAY
DNA 751 59E4u65 DNA, 132 T 1R UF RS AP UL s 55 AR M g fish X DA K AR gt [X J5 RIRRAE 3 A R
[13], H HUbJ5 R T AR A B R e 51 AT AL o Y T AR R AIE[14] [15]. ASCE Ze il & T H
BT DNA JF B AT 772 IR s FEUO0T b B (R 27 B AR B 5 0 1 1 41 RO B R AT T v 48 B s i
PR A W B AR 6 N SEEE R T AT T AT AL R TR A BT

NI S

1) BB YR 7 B B 43 A 1 R A HE R

2) B EER P HE S MR S S B, KRR O R 2 R AT 40 AT

3) B YLOIR DNA 7412 8] }2 cDNA. ncRNA. CDS. mRNA 341 2 8] 5 R E&E A 1740 2 7 bk

2. EIHE DNA FIIR L34 = o

1) FEF 1 DNA F 5 4k

FRFARREE SR 42 H T 59— Al T DNA 75 41 H BIUR (1 a] WAL 7572 (FTFR Hao J5%), 7= A AL 4y
TEEE . XL U 7850 R W] DNA 741 AT AR AN Ja 35 1 45 14 1 AR AH S5 PE[16] . 2000 4, Daniel
Ashlock $2 H FERF 7T 78 HI3E TR BB R SE 1) DNA FEAI B3R5k, 351 N EAR, xRl
B ZIHLIEAT I A LU PP F AT PR 732 o 43 TR X mT RRAK B A8 i S R 18 3R m 5 DNA JP 31 A AR B (1)
XFREKF, RIS T EUR BB RHE A2 DNA P4 FRETERHE . 0 DNA P51 50 T BUE AL, kR
i) DNA J7 5 A1k

2) GC & & —Fh T WAk 72

FHH GC & &M MR R k2l T AL GG R A 7 8 GC & &I SRS L E
U S ok BRIV B A AR R R 2R A A R — e e B, KRR AL B O i R AT
N W SRFEXT A T BT EAR ] GC FrE . S IX L ) GC & EAH AR BN K [17]
N GC FrEfE R AR MR AEHIEH R AR, AR —RINE GC HFEMNMAM T
AT BRI () — LS HE 4377

3) T K EIE ) DNA P8I ik

BT IR JE EZ ) DNA 751 AT ALAGAR Y 2 oy 3 U 75 [ 18] 55 42 H 1, AR SR 1 A% 45 1) il 2 2 L) 7 =X,
W D AL 2 K 8 A7 kKR, FE R R AR A BB AR K — 4 1) DNA s 1R 4 ik — 4 %, LUK
FI AT A3 PE R HARE AT A S5 SR O T G I O 2 T R RE R T AL AL AL A DNA JP BT A4 b )
A s, FEENGIANT MBS, BESEETTFERERHRR. ZEMMEEEERKNE, 17
DAL BEAE B KT DNA P, AH 2 5 T K B UG P RRAR 5O DX 43 B2 AN & 4 0 o SRECH A B 9EA
A4 A,
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4) 1) DNA 78] AL A ——Colors

Color5 AJ ML 5 Z K DU EARFRE(A, C, G, T)/AlFRIRG L, %, ., SRUFEIE. F/N il
FEAN R B R R 7N DNA B — AN PSR R — A0S, KB n (B8RP 21 3L n AN /N e 3870
Ji e IR Iy P j(?‘iﬁ%ﬁlt%k:celi(«/ﬁ), Forr ceil Jym) FEUEE8]. FLSEELT %R

. MR4E DNA FAIMKE, S KT Hpr /R ik K k.
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Figure 3. Architecture diagram
E 3. rREWE

3.1 MERE

1) S=55,:5S,» 5 €{AG,CT}; SHEFKEFS.

2) m FoR S FHNG T B o Bk R

3) {A\GT.C}=D, VeD; AG,CTRREIUMIIERTHF

4) ¥ s FFAIALELRL 01 781 QY = {0y, 0y, 0+, Gy, 0 €{0,1}}» VeD, {AGTC}=D;

5) ¥ Q HEFHIKEN m HATHE, BBFIZRNEQ ={Q. Q. Q" Q) VeD,
(A,G,T,Cl=D:

6) it c ={cy.c;,-.C',.Cl}» VeD, {AGT.Cl=D:

7) AEAACERTEE P ={py, by Py Py By € (0,1} 5

8) A MM IE P ={p,, B, By, By B €{0,1}} 5

9) GiitdFA—fMiEHEC(PV), VeD, {AGT,C}=D;

10) geitH— BB C(PV), VeD, {AGT.Cl=D-
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3.2. BREHRE
RS A BRI R, 05— (G BRI LR IE C (PV ) fE BT, SIBLAk I (P
AR C(BV ) 1AL .

3.3. WEIRHE

W B 9 S DR SIS 2 ) 2D AT B U R M4, B b,
Bl A

TSR 4 HE B BRI TP A Yt A 5 M e, 7R AT MO AL B o P AL B — AR e
RRFA, A5 R TT 1R & R I U R 2 T I UGG S B U B RA
SRR, TIEA 450, A RLRIREL(A). SEISG). M (C)RIIRIETE(T), ST — &
PRIEDR I U 1 ALGLCLT ISR BT N 758, TR N: S =55, 5, 5,0 5, € {A,G,C, T} »
FAIKREF N 55, 4R B KR m 20k A TR B MG A T80T A (IE8), G (1%
mh), C (HIRENE), T (ISR, 43I CA, CG, CC, CT, RFCRICHRIMIAKL.

DL N RIS HOERE, SRR AR GeEE, MRS 2 Fh, AL 4 A
A E A [L0] e AR AR s BN R L TR S KA 4 b s U AL BRI R LA
AN R AR VT LT RO E 0 % 1 2 IR AL, 20 T A b for T
IO IR, AR E RO, AT ALEE, AR B AR AR [13].

4. AILILEER

AR S 2R FH #0713 B0 M e G v P 4 BB AT WAL B, DUREBR 5 R TR 037 )
REBRERLE. B Z oSS EREN M EREN, HEbmEm—aRhliEkes. K
HHRZLER 7 R SR AR R e v, IR RUR SRR D o ASUAT G IR B 4 2 s Al s 3 AR I X 8, 4R
JE B R I T BN SR AR B IR B A

MR GEOARTF, @SS ECT TR 4ER R R, s 45 d i A AR 1) A8 B
Foor B B m 3 P A 5L T 45 20 BORRAE 7 A B R « AR DU AR B R I AS [RI MR 5, 72 = AN 2 T BT R 49

4 R=A. G/MElE Y=C. T;

HIE M=A. C/PHE K=G. T,

SR S=G. C/3EE W=A. T.

DAERS A HIREZE . G IR E] “5 47 (al) (b1);

DABERE C IMEZRE . T FIMEZRE 3] “Kl 47 (a2) (b2);

DL JE A IS, C RS2 “K 47 (a3) (b3);

DLHREE G IMER . T BIMERAAE] “K& 47 (ad) (b4);

DL G 1%, C MMEZ1S3] “1% 47 (a5) (b5);

DASSERE A 2. T R3] “14 47 (a6) (b6)-

“HE 47 GRPERER NN 2 5 kT A1)

T — A HE AR (al, a2, a3, a4, a5, ab);

IH—4L R E > A B (b1, b2, b3, b4, b5, b6).

B 4” FoR, 4 BAKE m: 12005

BEALAR X: A (IRFERS), C (FumEnE), A (6-ZIEMENS), G (4-FFE-2-FRILmEnE), G, A;
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Figure 4. Normalized and non-normalized graphs of human chromosome 2
B 4. A2 SpemE—SIEE—wER
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PAKR Y: G (INERS), T (MREENE), C (2-FJE-6-FRHENER), T (5-FHEJRMENE), C, T;

BRI AR — — X LI B — GERFAE 34 [

t“E 37 AR — S IR — R B 2 R AR A — 1k R (al) 5 (a2) BIARFE 43 A s AT 5 (a3)
¥ (a4) 2% (a5) 5(a6) I RFAIE 73 AT s 58 N AHALL, (a3) 5 (ad) HRFAE 4 Aii s A% T (al) Bk (a2) 5k (a5) 5K, (a6) I HFAE 73
AR B RE SO AL, R DA MR [ — P A G R ERHTIA— b2 )5, (b1), (b2), (b3),
(DA IREAE 23 AT 5 80 — e ISt B e maps 2 R B PUANFAE 23 A BUECAARL -« 37 dhdkig
— AL BN b I HERAE 23 A5 B T 30411 R (a5) (b5), (a6) (bB), HFAE/M AT AL AL K, (ab)HFAE 40 A7 B A A AL
PRXFT R Gy C BHFEMES, (a6)FRME /A1 B IR ALFR AT B[ AL T BFEMER, W LG 2(a5) (b))
REIE A7 B AR A K, FRATTRNIE GC, AT ‘EAITZ [RGB 5% R /& Bt HANEL AT, M &l (a5) (a6) I 4h
R BATTAT LIS 5 AR TR B AR e A T Hp i A A — X — AN B 5 L R of B2 43 A W
(9, f), HAEIX S G AR 7 SRR — X3 — e AAE i 5 L AN 2 40 A (F, 9), (A BE AT AR
TEREAT A — AL B2 2 J5 15 216 B 1) (b5) (b6)HFAE 7311 B 7R 45 5, A (b5) (b6) HARFAIE 3 A [ v i s Hh il 2
5 FH AN 2 A1 0 — PR OGP, 7R BT B 1 B R 45 R s A TRT AR B (A5 B TE e AR Y B R —
Tl 5 7 S — DX 3 4 A MR 23 K D 2 3 1) MR E 12 DX 338 90 A B AR R 7

B 47 57 K57 BB GE BAE AR LT R IR 0 A 25 ok, BRIt Ak, Y etk
75 B B30 2 IR R IR SR AR o JRRITERIA N AMETEIR IR &0 e il e 55 12, Ak & B
JRFIE SRR R P AT T AT AR .

ABRYER G S5 3 T I, 669 IR SR A M e 5%, Fo b 80002 S L VE TR 3 sk A Ak i, SRT A3
291 RERE G i T 1 BT [19] 0 48K 22 B ARG b (1) 1 4% To A 4 % s AR i5 RNAS (non-coding RNAS, RNAS)
[20]. M “KE6”, “K 77 . “K8” 5 “K9” MEIRGRPHRATEIM “K 77 dit) CDS Ens5 “K
8”  cDNA S ARHCNFALL, fEMEEE 75 “I& 8”7 W IRATS R IUAE B 235055 1R 4H B #08 H B SR 4
e AITHEE A TXS CDS 5 cDNA ZIAIECR AT T2t 5t. & 97 hdEgmid RNA Al “[5 6”7 rh
MRNA FREFIE 7340 X K. mRNA A DNA ) —48E/E AR i Sk i #5H5sE (5 B AR &
BT A B — R IR - CDNA & S04, RO sk B T2k R TR it e [21] [22] [23] .
FAZAEDI mRNA 23 ith RNA () cDNA, {EHE TR AR .

2“5 107 X, (al). (a2). (a3). (ad)7r7ils2 AJE mRNA. CDS. cDNA. ncRNA /741 i) 4E
IH—A3F M AEZR, (al)s (a2). (a3). (ad)sE AZX mRNA. CDS. cDNA. ncRNA F5IHA—tbER. M
B s AT T RE WL B P Fih 7 VA ERRRAR B B P PP B o3 A AEE 22 e, (al)s (a2)+ (a3). (ad) X RiffT IR AE
EVEAABUT 04T, (al). (a2)« (a3). (ad) Bl NIAA I HH A EE R 240 A1 2 8] R AH Gtk o PRIV 3 )
G545 e AT R0 R 5 Rk AT 04
5. B4

AT REEE G v BB A R 7 VE R N S A 7 51 RN 28 2 B — SE R B AT rT AL, Hokpax s
FE A B R 5 il 7 LRI oA, AP 2 A e ] WA A AR DR A 7 B T T2 I 8% HH 4 38 PR B o A ) —
SEAFAE ) 1) 8 o A ST P AT ARG B AR L AR i W52 T S B H BT M7 e ) — BE SR R A T )
TS 2 [ R R A, R 45 A JE 7R 3 2 [RD S B2 (9 20 A R R o TE LR NS A 7 41 B R 5
cDNA. ncRNA. CDS. mRNA J7*5I| EI7R I GE8 5 5y M 5% e A1 TR R 3R RRAE 73 AT A7 AE — 7€ 11 7 B
CDS MERFHIES AT E S cDNA MERRFIE A7 /R AT mRNAL ncRNA 7775 S A ARBLR 43 A o AR SCw]
AR5 AN 2 Ab 3 24 35 TR 3 PR s A HE B 22 S I AN B M o S22 T 22 S R TR PP B 1 LR e A s R
TRGE T B ARARILH — S e R 7 41— PRI 5 L E AN o A B ARG, (B R HUANRER e it S
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Figure 5. Non-normalization and normalization of human Y chromosome sequence
5. AR Y REAFFIIFEEF—HET—LER
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Figure 6. Chart of human mRNA sequence
6. A2 mRNA FFIER
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Figure 7. Human CDS sequence diagram
7. A% CDS FHER
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Figure 8. Human complementary DNA sequence map
8. AZ complementary DNA 5 E=
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Figure 9. Chart of Homo sapiens non-coding RNA sequence
B 9. AZIE4RIL RNA FFIER
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Figure 10. Comparison of non-normalized and normalized sequences of human mRNA, CDS, cDNA and ncRNA
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