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Why are some genomes really big and others quite compact?

M AL A/ MR AL

BRAE, RER, R, A
rh Bl BE K A AR M RFFT T, RN 430072
* PR A, E-mail: xgxia@ihb.ac.cn

2016-06-23 Wi f, 2016-08-16 {51, 2016-08-18 #2537, 2016-08-31 [ 45 i & 4%

WE EEHARIENMNNEERTRTFIGEE, AN EMHHAM L E G R E T CHERR" WRE W
IARE. AXEBT K TEEARNGRE T =, Bk T EFHAA NG ER KB & AR R R FT R
ERAARBR, HETR 2 ERE LM T B w2 F A K /NSy 7T 8 B . AN A (03 o 32 5 A A
BH R BB A, EREAANEE A AE LR, ERERMEME, MEERA NI K, ¥ inlyDNAZ
B EAFAEREANTEEANETMERE R FEHDGDNATFT], TaE%EGTFH|0AEHE I AH B LTI
Wt i, HERAREEHBEZTERAA NS OMHCEREZF X E, ATSETCEER. RATA

ARFRERETERARNNEA, MEREEAREAEN T MR T EZWNER.

Kttt

K BEAZ TR (RNA) FIE AR A% 2 (DNA)IX 1 25 %
iR 78 T LAAE R A5 15 B2k, e stk A & 5
B B AR R AR P B FR 22 R i 4 b i) 2k PRI 4
L35 B A B it S AR S A R 4 1. T LI JE R
A FIAZIE AL | LRI PR L i SRR PR 4 ok
SCHY L D 2 — T R L I 4. BRRNASG #E4h, HiAth
A=Wy 11 B PR 4 35 B DNARA . B AR L3t A% 24N
21 A B R S (R B R L R A e Y 45 2R B )
W RGP~ A AL RN, (HAf s JORE A2, LN AR
JEA gt T B R E ML R B, B AR A5
YRR NERZEFEEME L EEMNREE
B, (H—E a5 B RO Rl LR 4. R
() R /NFR R CIE, A X — Fh A2 9 0 150 2 — A 4K
FE IR 20 1 /N5 W Fh R AL A7 22 8] R 56 R 51 AT,
AR SCHE R A 2 20 AT TSR 4 it
TR A RIS, WA T FRATTAEIX A () W

EEA, EEAAN, CHERER, H4, £H, EEFKX, %4 DNA 77|

1 RTEEHWH R

1.1 JERH RIS DI

M 201 20 604 AR A W I 4, b2 R IT U % JE H
RN T 248, YR — P THA
BOUNEER ARl e a A S RS R ok g
W = oAb Z R e s BRI, I Xt
PR 2 RN I ALET AT T R0 IR R, H A
B3 3 7 T 56 T sy ORI R R 4 R/ B
Yo I . FERE LN 2 2 A1, A 3 R 4 A n 2k ki 1A
e S R iy NN (U B SR 5 R = S S VA GRS
FEX A2 R e, 3 PR AL RN A G I AR A 7 A 6 1)
BFE P 20 & R, T 46 19 &2 P 3h 1 2 A 3k 1,
) Jik b g e el gk 8, 0 X an vk 1Y), R B A
Fi4 75 3 0 P K-mer i 11320, O o MO b R 1, &%
SOk MR, HEIEE DT R K.

SIS FAOokIE, Faem, fkiile, 5. WRATIEE ARSI BlAEE iR, 2016, 61: 3188-3195
Shi M J, Cheng Y Y, Zhang W T, et al. The evolutionary mechanism of genome size (in Chinese). Chin Sci Bull, 2016, 61: 3188-3195, doi:

10.1360/N972016-00728

© 2016 (PIERIE) Atk

www.scichina.com  csb.scichina.com




1.2 RN RS

AYtE e, TRl An i, R R R B,
P A R 24, gEm s A1, B R
B, OB i AR 0 A A T S # AR R A A B
18 Bk Rm AR e g 2y, ISR SE, A
s A ORI R 2y, MR R . ARt
MR 32T R AL £ B (32 R 3 PR Al 3 PR [ [XC)
SE R, PRI ) L 0 SR A Bt 3 R R B 22 st A [
B, BN AR B E B Ekik, KK ERA
AL S DS . SR SE A, A AR R
FE R 1 RN ] 0 e 1 b R B 22 TR A7 7E — 2 1 IE
I FR . NCBIFE PR 2 i 2 2l s# 1160927 1)
MSE L, AT B . TR A A B AZ A Y 3R
G AR G B R N A K ER A H . BR&
KWW EZAES, HEMPENS, W<
¥ W< B A A, FE DR K /INIGA(E 40 Jd 3 A Tl Y
DI (1), 33 B A 4k B O R 4 2, R ALK
NV i O 2 R T A R A R A R R E A S 1
MR, WP AR N R e I R 2 RN 1 o —
2R, B AN AL b Sz e 56 PR A AR i R34, B
02 2 1) A W T B TR ) R TR 2 R R 3R R AR 2 1
A5 8.

1.3 Cfitxie

BESRSE N AL ;& T — R AL (5 5, AT
(RERS Uk ibe - NP N NS R 7/ L el Y M R

JEAH SRR, SRMTBEE AT AIRA, AT R BN
2B /NN b 1 1Ak 52 % BB 22 R) LA 7 A ) X
R, XS e ClE RS Y, — R LN
HHR/INZE S KT HAE LR 22 5. tedn, WK
(Tetraodon nigroviridis) 3L P 21 Kk 24 4340 Mbl#223
0[5 Sk A B 28 5 E Y Bl £f1 (Protopterus  aethiopi-
cus), HELPKZH K BF #1130 Gb, k38051 I, 2 A
F Y FEF 4 (3.2 Gh) 14015 ; M R JiE JHE 3 (Genlisea
tuberosa)61 MbZI| & 1 [ 4 (Paris japonica) 150 Gb,
AN 6] B 7 4 4 %) ik PR 20 R /N B &2 R BB AH 22 24002
12828 A N AR, FE DR L R/ TR B S B A
() JC 48 25 I i1 (Polychaos dubium), 5 K 20 K/ 3%
SRILFN 670 GO, AN, IR A — a5 2k AR
ol L ZRABUAT] XA, LI R4 R/ INET vl B
AR RN e AR R SR, AT
CHEDRZHBOR, A=A A A P A T BE (]

2 R R/ IAHIGIR I A 2%

2.1 FERH RN TER

HE DR A /N 5 HE 8 0 PR AF A A G HR Y R R,
— AL Y A B ) e ) PR 2 R/ 4 i
M R/NRIELE: C=kX*, HHCHRCIH, X4 R/N, k
Mok W8 AR, (e — DR E A ES, 245 %
A T B TSR BE Z, SR 4/
AR/ R IEAN G I — 18 AR Z W A R A 21 1
TES P800 A Ay 41, 20084 % 2 14 [l B 1574

40.00
35.00 M=% N 7
o 4
o A
NRzED N z
T -
30.00+ ) 3 7
B R \ 7
= o “
& 25.00 N o Z
3 . N ’
E 20.00- N N 7 2
& N N 1 b
i 15.00 \ N 7 7 7
h A
N N 7 7 Z
Sl Z 7 7
N N z v 7
10.00- N N N A9 b
\ N N § 100 n 0
5001 " NN RN YN i
Ry NN NN 1 M M z
Ry N N NN 1 1 M z
Ry N N b 1 b
0.00 Il m |l & [ Ky N Na N Na ] 7z’ Z
. Ll T T T
g 2 ¢ <o S 6 s a0 = 0T E e - ©g288s8
o o o o o - un O
o ™

EFEKE (Mb)

B 1 EE . TRV W R A A W R R 2 DR/ N AR A T L

Figurel Thefrequency distributions of genome sizes of viruses, prokaryotes and eukaryotes
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The evolutionary mechanism of genome size

SHI Miduan, CHENG YingYin, ZHANG WanTing & XIA XiaoQin
Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China

A genomeisaset of DNA sequences encoding the complete genetic information of an organism, therefore more complex
organisms are reasonably expected to have larger genomes. However, eukaryotic genome size vary drastically and seems
to have no connection to the evolutionary complexity. Such an inconsistency between them is known as the C-value
paradox. Here we briefly introduced the history of researches on genome size, and reviewed the advances and hypotheses
of the researches on the relationships between genome size and evolutionary level, genome composition and some cell
traits. At the top level of biological classification, the increase of evolutionary complexity is notably coupled with the
augment of genetic information which leads to bigger genome sizes. Albeit there are overlapping between adjacent
groups, the genome sizes rank upwards as evolutionary complexity, i.e, viruses<prokaryotes<eukaryotes. The genome
size correlates with some cell traits, such as cell size, mobility, the rate of cell division, or even the rate of embryo
development. One presumption is that the coordinated variation of cell traits and genome size was resulted by
evolutionary pressure, and the alternative explanation is that the endogenous growth of DNA led to consequent variations
in cell size or other cell traits. The genome composition changes accordingly with the genome size. With the enlargement
of eukaryotic genomes, the increments gradually shift from coding DNA sequences to noncoding DNA sequences, which
includes introns and intergenic regions. Since genes are the most crucial molecular bases for the physiological functions
and gene number determines the complexity of molecular network in a cell, we conjecture that gene number positively
correlates to organism’'s evolutionary complexity. On the other hand, the introduction of noncoding DNA regions
provides more cis-regulatory element sites, more aternative splicing genotypes, and higher allele exchange frequency,
therefore endows a population higher genetic diversity and environmental adaptability. Thus noncoding DNA sequences
can be accumulated on genome during evolution because they may promote the optimization of genes and the evolution
of an organism. The bulk insertion of nhoncoding DNA does not apparently change an organism’s evolution complexity,
but interrupts the correlation between genome size and evolutionary complexity, thereafter leads to the so-called C-value
paradox. The evolutionary mechanism of genome size is often explained by two primary hypotheses: the natural selection
theory and the neutral theory with genetic drift. We believe the former determines the significant changes in genome size
on a mesoscale and the latter contributes to fluctuations in the genome size on a microscale. Molecular events may
impose on genome size in diversified ways. While mutation rate and repeated sequences as transposons intend to enlarge
genomes, some mechanism, as an example, piRNA can prevent a genome from growing. We emphasize the point that
molecular variations bring changes to the genome size and advantageous changes be retained by natural selection.

genome, genome size, C-value paradox, evolution, gene, intergenic region, noncoding DNA sequence
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