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Recent Advancement on the Knowledges of Meiotic Division (I)

HARN, Changyawl

Breeding Research Station, Hungnong Seed Co.

During the 100 years since the initial discovery of meiotic phenomenon many brilliant aspects have been
elucidated, but further researches based on light microscopy alone as an experimental tool have been found to
have some limits and shortcomings. By the use of electron microscopy and armed with the advanced
knowledges on modern genetics and biochemistry it has been possible to apply molecular technology in
gaining information on the detailed aspects of meiosis. As synapsis takes place, a three-layered proteinous
structure called the synaptonemal complex starts to form in the space between the homologous chromosomes.
To be more precise, it begins to form along the paired chromosomes early in the prophase I of meiotic
division. The mechanism that leads to precise point-by-point pairing between homologous chromosomes
remains to be ascertained. Several items of information, however, suggest that chromosome alignment
leading to synapsis may be mediated somehow by the nuclear membrane. Pachytene bivalents in eukaryotes
are firmly attached to the inner nuclear membrane at both termini. This attachment begins with unpaired
leptotene chromosomes that already have developed a lateral element. Once attached, the leptotene
chromosomes begin to synapse. A number of different models have been proposed to account for genetic
recombination via exchange between DNA strands following their breakage and subsequent reunion in a
new arrangement. One of the models accounting for molecular recombination leading to chromatid exchange
and chiasma formation was first proposed in 1964 by Holliday, and 30 years later still a modified version of
his model is favored. Nicks are made by endonuclease at corresponding sites on one strand of each DNA
duplex in nonsister chromatid of a bivalent during prophase 1 of meiosis. The nicked strands loop-out and
two strands reassociate into an exchanged arrangement, which is sealed by ligase. The remaining intact strand
of each duplex is nicked at a site opposite the cross-over, and the exposed ends are digested by exonuclease
action. Considerable progress has been made in recent years in the effort to define the molecular and
organizational features of the centromere region in the yeast chromosome. Centromere core region of the
DNA duplex is flanked by 15 densely packed nucleosomes on one side and by 3 packed nucleosomes on the
other side, that is, 2000 bp on one side and 400 bp in the other side. All the telomeres of a given species share a
common DNA sequence. Two ends of each chromosome are virtually identical. At the end of each
chromosome there exist two kinds of DNA sequence: simple telomeric sequences and telomere-associated
sequences. Various studies of telomere replication, function, and behavior are now in progress, all greatly
aided by molecular methods. During nuclear division in mitosis as well as in meiosis, the nucleoli disappear
by the time of metaphase and reappear during nuclear reorganizations in telophase. When telophase begins,
small nucleoli form at the NOR of each nucleolar-organizing chromosome, enlarge, and fuse to form one or
more large nucleoli. Nucleolus is a special structure attached to a specific nucleolar-organizing region located
at a specific site of a particular chromosome. The nucleolus is a virtual factory for the synthesis of rRNAs and
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the assembly of ribosome subunit precursors.

Key words: centromere, chromatid, NOR, pachytene, synaptonemal complex
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Figure 2. Life cycle of Chlamidomonas. Zygote(I)
produced by gamete fusion(F-H) undergoes meiosis to
give rise to four daughter cells(J) which develop into
mature zoospore cells(A) and reproduce by asexual
means(B-D).
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Table 1. Frequency of polyploid species among flowering plants in

various regions of the world.

Region Latitude(° N ) Per cent polyploids
Sicily kN i
Hungary 4644 N
Denmark 54-08 53
(rreat Britain 6061 BN
Sweden 5004 56
Norway a7l o8
I'inland H0-70 07
leeland (H:3-656 64
South Greenland 60-71 72
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Table 2 Duration of male meiosis(in hours for plant species,

davs for anima! species)

Duration of meciosis DNA/cell
or mitosis in pg
Mitosis
Helianthus annus 9 hrs 9.85
Pisum sativum 10 11.67
Vicia faba 13 384
Tradescantia paludosa 18 594
Tulipa kaufmannlana 23 93.7
Trillium erectum 29 120.0
Meiosis
Plant species .
Vicia sativa %‘4 hrs 8.2
Pisum sativum 30 14.8
Triticum monococcum 42 21.0
Vicia faba 2 44.0
Tradescantia paludosa 126 54.0
Lilium henrvi 170 100.0
Trillium erectum 274 120.0
Fritillaria meleagris 400 233.0
Capsella bursa-pastoris(4 x) 18 2.6
Veronica chamaedrvs(4x ) 20 2.8
Triticum dicoccum(4x ) 30 38.5
Hordeum vulgare(4x) 3 40.6
Secale cereale(4x ) 38 6.8
Triticum aestivum(6'x) 24 54.3
Triticale "Rosner”™(£x ) 35 66.3
Triticale Genotype A(8X) 21 82.7
Animal species
Drosophila melanogaster 1-2 days 0.085
Locusta migratoria 7-8 12.8
Chorthippus brunneus 8.5 20.0
Triturus viridescens 12-13 72.0
Mus musculus 12 5.0
Rattus sp. 17 5.7
Homo sapiens 24 6.0
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Figae 3. The chromatin fiber (top) has the beads on a
string configuration, the beads representing nucleosome
(Figure 4C) and the string indicating a DNA molecule.
Bottom picture shows histone-depleted nucleosome-free
chromatin or DNA

Figre 4. A model showing beaded structure of chromatin
fiber in electron microscope. a, natural configuration of
10nm chromatin in which the nucleosomes are in close
contact. b, unwinding part of the DNA to show the
lax beads-on-a string structure. ¢, nucleosome structure
in which the DNA wraps twice around the histone
core.
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Fgre 5 Pos<ible model of the lOnm chromatin fiber
to 0 ta s solenoid fiber.

25 nm
fiber
_/
T
‘ 5 )
s iz =2
o (. ; ==
- ! 5 =
s ¢ &9 =
—— o — g — =
¢ o )
\ ooy k>
) jfag S
b s KD
¢ & =
Y e%; KD

@ DnA (bi 11 nm (c) 25 nm {d) Foided loops (e) Radial loops
(0 A) nucleosome solenoid (0.5 um) (1 um)
stong

Figue 6. Oiders from chromatin f{iber to chromosome. In
enlkarvotic nucleus DNA (a) and histone octamer
nake ap chromatin fiber (b). Solenoid of coiled
Gromat:in f¢) becomes lolded and makes looped
~uctute (d) eventually producing radial looped
oructurie o) called  chromosome.  structures (a), (b),
nd (e¢) rest on solid experimental ground: (d) and
te) are more speculative.

Figwe 7. Appearance of chromosome observed under
fight tlelt) and elect: m microscopes.

Figure 8. Electron microscope of a histone-depleted
chromosome reveals a mass of entangled chromatin
fibers. The non-histone protein scaffold (bottom, black
color) still retains shape of the original chromosome
shown in the inset.
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Figure 9. Dicentric chromosome and two acentric
chromosomes at anaphase nuclear division. Kach
centromere of the dicentric chromosome moves toward
an opposile pole, giving rise to a bridge. Two acentric
chromosomes, lying alongside the bridge, are unable to
move to the poles due to the lack of centromere for
spindle fiber attachment.
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Fguae 10. (' bands identify constitutive heterochromatin
found at the centromere region.
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Figure 11. in situ hyvbridization of acrocentric mouse
chromosomes. The centromeric heterochromatin is found
to be repetitive DNAL

ok o] glohe 2l 2 F-9le] DNAZE RiEtE Adefel

old], SAE: o Aert Bast

ek s} b
Zoleh. puke Al EEAAAM GAAE HEe] Fifoe= o
=a17)7] 9l A= =LA 7) o]& <FA =l heterochromatin .

AqaA e F2E 2AE FHEsy] Y8 HCl = NaOH
2 A2)8tT Giemsa C-banding W o2 AL 3ld
constitutive heterochromatin-2- A1 4 gifgel] 2|8l 2 £ 5|
oo} Mulabr GAlslo] HAMMECE A & 4+ 3l
(Figure 10). £142] constitutive heterochromating 2~10
bp TFele] WFE DNAZF 16~100 AEe] TulE upaoz
6] ¢l=d|, in situ hybridizationd & 2w A9
heterochromatin®- $9 & ¢ 2 F¥ g 9 K
(repetitive) DNAE. ¥l satellite DNAZ}= A& o4 4 gk
a2 EY3] el A= DNAZE wh A3l ko] gl1
chromatinlfDNA) o] X &}4] coiling®|e] ¢lc}. Figure 11-&

o) el eld ol5o] ERlAE RE acrocentricd o] vh

Fgue 12. Hopkins' (1969) model of the centromere.
CHRTD, chromatid arm: SF-1~4, spindle fiber: M,
matrix: 500 A, width (50 nm) of chromonema.

I il il
5 A A ———3
CEN3 ATAAGTCACATGAT #———— 88 bp 193% AT} ———= TGATTTCCGAA

CEN4 AAAGGTCACATGCT +——— 82 bp (93% AT) —— TGATTACCGAA
CEN6 TTTCATCACGTGCT ~——— 89 bp {94% AT) —= TGTTTTCCGAA
CEN11  ATAAGTCACATGAT <—— 83 bp (84% AT) == TGATTTCCGAA

Figure 13. Base sequences of centromere (CEN) region of
yeast chromosomes 3, 4, 6 and ll. Region I consists of
14 bases and shows some sequence variability: region
I has 82~89 bases that include 93% ~94% AT:
region [l is a highly conserved sequence of 11 bases.

satellite DNAS2]9] label¥ RNAZ in situ hybridizationsl
B silver graino| F- & oflut EEF o] 9let

FU9AE hEEe disk ZoFS kA 9l o 7]e) spindle
fiber(microtubule) 7+ A} 2 v}, Hopkins: E4z)9] w4+
25 AxEn gz By 5440 2y A, &
d F719 ¥ dAEAE F e ukdg e 71 (Mol
F dA=Fe] oz BHAY F arm(fg)S 50 nmo
chromonemata®. 37 ¥ Mej3= spindle fiber?] bundlee]
Hatg)e] olckz dlcHFigure 12). Spindle fibery:= £ Aol
gb b E e, A EREG 7)o AT FSE o5 Et
Ly 94 HgHes Q23 EA ol Microtubule-
associated protein (MAP)o] DNAe| Agg}= 71L& o3
Ao}, Ao whde] ofd 7|, spindle fiber7} &
QAo Ad=ed s B levele] A% 52 A=A
& 4 ogldh e 29 F9Ae A 2 7x2H 54
(organizational feature)el] o)} 47} Wolx 1 2 A}
Ago] Az WAz Ao

3 % 7H(Saccharomyces cerevisiae) o = o}-2 1% AW E
of wvlsl ¥HE DNAZE A3 g o % glofx
DNA7} gheslel 2ejil F44 FdolMe o
& nucleosomeo] X2 a}A 2% o] gt} Yeaste] A3 3
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Figue 14. Organization of the centromere region in yeast
chromosomes. The centromere core region of the DNA
duplex is flanked by about 15 densely packed
nucleosomes on one side and by 3 packed nucleosomes
on the other side.

Microtubule
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Centromere
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{15-20 nme|
Chromosome 11 o
L o i
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Fige 15. General features of the centromere region in
veast chromosome 11. Region T, [, I occupy 107~
114 bp of the 220~250 bp stretch of the centromere
core, with region [ being centrally located. The width
of the centromere core could accomodate the single
microtubule (spindle fiber) that is inserted into the
chromosome during nuclear division.

4,6, 119] %314 DNA(CEN3, CEN4, CENF, CENIL)®] %
AMle ne FEL BAL AT Yok RS o 4
oltl E4A49 central core ( [99])x= 4 2529 E44 0
AR 82~89 bp FHol ldl o5 7)9] Y3~94%7}
ATZ. 5o oleh o wgon 1] %] G Wz %
region Il 3} regionlo] ¢]3=v], o] 3 regionllI-4- 11 bpE A ¢
7Vufed o] =8] conservedd} Tl region | 2] 718 14 bpE region
[ 2= {&5Ffe] b (less highly conserved sequence)
(Figure 13).

of A} e3oie] DNAe] whsf fikAld, Qo] f71418
Lo g ¥ed [, I |32 Apojo) oF7b zho)= ¢) =T}
ol <492l baseol ofifel 7w LA} F FoB

o] F-5 dlr=d] A|#o] A7Ivk = nucleaseq] DNase] o) ©j
g A EE 7]F22 A nucleosome?] H|UEE olojy
] centromere core ([, [, [1)¢] 322 2000 bpe] DNA
Z 15 nucleosomee], o} 2 &2 ok 4()( ) bp (3 nucleosome) 2]
DNA7} & donse]v packing) Fjo )} (Figure 14).

Figwe 15 &9+ 118 < A ) ] FUA oAgeld 1,
I. 1 < —,b_i %l centromere core®] 9o z}zF 2,000 bp,
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400 bpe] DNAZ} A™s}s] wjd=e] ¢lo}. Region [
centromere core2] FAloll X8 gl o) F-9]of wjde]
7kA B4 o]l Centromere cored] o] 20nmel )
microtubule(spindle fiber)2] 7= 20nme]TE o] coreol:=
gk 7] spindle fiberzte]l 4+41E = Al Ho 9)

angt GHH FdAe] Bx FRE o9l o] whes)
o Iy FAES AfE TUAE By Flde
heterochromatino] ¢)&= 5 X FIHE g27] oo &3
ol A A HEHA Fre v)eS T 2F T4

£ AL i & $E g A 2o

127} NORZRe

ol Al FA FSE AN Asel M HkiE
(constriction) o] 2}.31 gho}al wa)=d], A Fol= 94
of el = 8t T HEel e Aol vk ol dMAE= ¥
A8 %2 A AAT Aol BUAY AS F A
(primary constriction), o2 & FE2E (secondary
constriction) o] 2} 2= dho}, o] EHIAELS il 7};““7}77}0]
Sl 47h W, o g el kel @A EHknob)
2 Zol A7A EHi=d o] AL MifEkE(satellite) 2t F2
o} (Figure 16). A2 o] A28 3 FHoj= DNA B}
ZFof[ 4] fRNAE ml== 24 = rDNA7} £ 100, 3= 1,000
o] tandem#] 2.2 HFE- WG o] ¢l ILo|th oI7)e= {=
o] HAFo] 9l Folo]r] QEL o] HOE nucleolar
organizing (%* nucleolus organizer) region B%3l] 4] NORg}x
81, o]#l 94 E NOR chromosomee] e} gt}

22 ekl ol AMERS, 7HEEGel A thgro] 2o

Secondary
CONSrictions

Primary consiriction

Sateliite

N Secondary
constriction

Figure 16. Secondary constriction and satellite in the
metaphase chromosome in an onion root-tip cell (10 of
the 16 chromosomes) and in a human chromosome
(right, drawing).
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Figure 17. Pachyitene stage (left) and diakinesis of
melotic prephase [ in maize, showing ten bivalents, one
of which (No. 6) is attached at its nucleolar-organizing
region to the nucleolus.

A7) ARE HA oW A AAH7]) AE, Ed F7)7t
o= gleizich HEket 7o) A A7) diakinesis A -
7] Ao A7jed ojdee AR A, T il
spindle fiber7} B} asiels} Fodo] EiA] #49 £7]
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A 7o) ofef A g W FHEHIE ek 9] sier
&2, Mo el z}e]7} gl Apabgo] Zhibgl 4 E
AEE fTo] ok (22 #eEd A7) Akl Pt
°2 7ba FelsiAd Holoh Figure 172 &49 A¥ALR
ME R f{il R 9 B @’ 2 107}]9] 21?5“4’&’%
i Z A ol G [C(RED O v}
Epd ook &5 FRRESA efAb]o] 7 27h4 HZVP
Felo] Al E AR o2 FAF AL elAlr] A
5 ¥ sFo fRfas) U o) RS\
o Baloh g7 ol9h o] FA o] wix Fohwh
7Zropal bouquetzhil sH=d], of 7)o FEF 712 Figure 300]
M ukE =gt
12 [BIFF%0] 2 rRNA7} 21 nucleoplasm .2 &}of )
b EE g Zeinted odAe &
Jo] F-ZHo] glot: 7e 1A fFAA ¢ 9lsl
o, o] 2% Helzt: A °] 22 NOR od9elejA (=
NOR g42] NOR F-9]o] H-35o} glkrs & 4
t} (Figure 17).
\OR AAHE AL SATE 7423 gy dA A )AL
SAT gAaAE 1~4 MR gl7] wjFel] dteli= {79
0431 N TR 9l "1§- FHE] 8 N2 e <l
= 47t weldd {29 ¢k NOR 44 4o dAsl= A
2 ohu}l 7hEl AR genome2| 13, 14, 15, 21, 2231 ¢ A
= SAT Aol AHE &l o]7le] Hor Za),
=3 o Ao Aqk F717] dlgtel= & 12 & AfEelch
QdAA (DNA 7 1)2] NOR eddell= Aoz X 3
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Figure 18. Processing and packaging of rRNAs into
ribosome subunits. The primary 455 rRNA transcript of
the rRNA gene is cleaved and processed, producing
18S, 28S, 5.88 rRNA which are packaged, along with
58 rRNA coded elsewhere in the genome, into two
subunits.
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Fguwe 19. Diagram of rRNA synthesis and ribosome
subunit formation in the nucleus. In the nucleolus the
458 pre-rRNA transcript of NOR-localized DNA is
cleaved and processed to mature 18S, 28S and 5.8S
rRNA. These rRNAs and 5S rRNA made elsewhere in
the nucleus assemble with ribosomal proteins imported
from the cytoplasm to form immature ribosome
subunits. The larger 60S and smaller 40S subunits
mature in the cytoplasm and construct ribosomes.
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rproteinz} {"of A1 assemble® ¢} ribosome subunit7} %}
(Figure 18, 19). %3] %l ribosome subunit= A E4 2 25
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Telomere region

CEERS *ﬁ% cﬂ oA

= DNAE] °§7]HH a4, ﬂJH‘Z
oko] W 2300 base pair?] DNAS} A
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Figae 20. Replication of duplex DNA. Chain growth
proceeds in the 5’ —3" direction. One new strand is
svnthesized continuously, while the other grows
discontinuously.
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Figure 21. Upon completion of 1DNA synthesis, each
daughter duplex has a gap at the 5 end of the new
strand, which was left when the RNA primer in that
location was excised. No polymerase is known to

exiend a chain from the 5’ end.
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Figuwe 22 DNA synthesis in the 53 direction. (a)
Synthesis of new strand proceeds from P—3'0OH. (b)
Details of the synthesis.
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G F Belle F FF DNA sequence?} 9)3=d,
&l simple telomeric sequenceo] 31 & b}b}—‘z telomere-
associated sequenceo|th. Hal:= WA Fdel oL, k/hah
tandemly repeated DNAZ Fo] Q) Fxl= uli DNAo
AN A bpub Fli= Haket DNAZA oA A4
7}7ke] $1% 8] ¢lr}. Simple telomeric sequencel= vl 7
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Fgue 23. Two of the hairpin-loop models proposed to
explain the mechanism by which the gapped 5 end of
the new strand in a semiconserved DNA duplex is
filled in with redundant telomeric DNA sequences to
terminate replication. The direction of the arrowheads
on each strand indicates 5'—3' polarity. (a) The
telomeric sequence in the parental strand forms a
hairpin loop and anneals to the gapped 5’ end of the
new strand. After gap-filling at the 3'-OH end of the
parental strand, ligation joins the two strands into an
uninterrupted looped sequence. The loop is nicked by
an endonuclease, and the completed terminus of the
new strand unfolds. The terminus of the parental
strand (which was transferred to the new strand) is
completed by the addition of DNA monomers
complementary to the new-strand terminus. (b) The
original strand has a terminal hairpin loop, and
replication of the new strand would follow the hairpin
sequence. Separation of the original and new strands
requires a nick at homologous sites on both strands.
The nicked strands unfold and thereby separate, after
which each strand undergoes self-annealing and ligation
to regenerate a terminal hairpin loop.
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A 287] Y= 3-OH end’} D23 (Figure 22)
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ende} 5 end7} ligase & 4ol o3 AW 1ube]v] o F
olth. 2 virus Foll 543 DNA 34 whii g
g el Qloh GAA Tdell= WHE- DNA7E ¢l7] o Fof
gk 7bet Abe] DNAS] 7 §-&= o] H-$)2] 7lo] base-pairing
814 hairpin loopZ W51 & endel] dZo] v}l nE

2] DNA replication®] 73-% telomere®] RNA primer7}
ende] wlalelE o9} o whyo R a9 Hols}
X351, ojg] modelo] AAlFE T gl=d, Figure 232 1 &
F odlE Hebd Aol
Centromere, telomereS B3| A] G Ao Tt o =4
g A RS #F2s2 uighd.

w1 ‘”‘ln

do b 32 oft wle
o>

Synaptonemal complex2| FRE T JHiB

Zeid AR HAW 7 fHERAER] HAS 2
[Biftul®(bivalent) & FAlel=d, ¥ A7 Mz FL
chefd el 100 m Wele] 3% Tx9
%ynaptonemal complex7} F QA Alo]o] Ay7)7] wjFejr}
(Figure 24). A1 FifHel #i#kiH(leptotene)ol] o} AME

o) FE AL

|

Interphase

|

L«FLONEMA

Leptonema

Zygonema
)

T

Pachynema

Synaptonemal
camplex

PACHYNEMA
Canteal region

ZYGONEMA

Dyplonema.
Chromatids LEPTONEMA

Foue 24. Synaptonemal complex(SC). a, SC at different
stages of meiosis: b, detailed diagram. In leptonema
lateral elements are formed between chromatids 1 and
2 of one chromosome and between 3 and 4 of the
other. In zygonema central region is formed between
lateral element. SC is completed by pachynema. In
diplonema SC is shed except at chiasma.
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Figure 25. Electron micrograph(a) and interpretive
drawing(b) of SC in a pachytene bivalent. SC consists
of pale central region flanked on each side by a
banded lateral element. Central region has a dense
central element in the center which gives a zipper-like
appearance.

Fgue 26. Open-up of bivalent chromosome and chiasma
at diplotene stage. The bivalent shed its synaptonemal
complex everywhere except at the two chiasmata. Two
sister chromatids of each chromosome are visible
clearly.

AMA 7 dehs s7] A BAlE F ok dtpa(d e
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H A 2] lateral element A}olol] central regione] ¥ A= o]
T ATEAAT A AA = S AAsA gk o
o} ol M F AFEQAA Aloldl: synaptonemal
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H-9lel = =9 == central element7} A7) =
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loop-out&e] glvhs 7ol #HAls}el

#44(diplotene) ol = crossing over¥l chiasma ¥-9| 2 ]

region?| ¢}
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FEAMA T A2 HelA e, o] A7]elli= chiasma, F A
THAAA ] Frbe] AarEn| A sl FEol HAAHG
(Figure 26). chiasmael] ZF5-3] 2% synaptonemal complex™
157 A B (diakinesis) ol &= 441 Fo] w2},

ZHeEad A2 f{i 27]E leptonemal(slender thread, ffi%%),
zygonema(yoked thread, ¥f{}), pachynema(thick thread, k#%),
diplonema(double thread, ##k)Etx FAj&}= A}ete vrad), Az
o] A7) dAA Ae]E duar o, spE rERARe) faaselT
3} wjof 3= Tyzygotene chromosome;o] 2kl 34|, zygonematlj 4] 3 &
A ygotened 2 57} Wk o|Ao] AN 17l A%

]

leptotene, zygotene, pachyleneo]2t3 #]A], nema 4] tened 4133}
= Alzhol wAl ok

FATEAAT oG A M2 HTE] A o
4 221 glvh synaponemal complex zHA7} & 448 H A
28 FENAE dEoI Eoh HAKE oA
synaponemal complex’t §4 57 Aol AFRAAE o]
Zgro] o] . synaponemal complex:= 3=l 2ffilkth
Bog Kgfb(stabilize) A| A synapsisE& $h8A s} TS
8li=d), o] Z4| crossing over7} dold 4 QIA ek

Synaptonemal complex 3 Aol )%} synaptomere-zygosome
de & 2" Ao|Zl &x|jk i chromatine] o] %A #
8} E|o] synaptonemal complexS A d}=R] o 3] w)
XA 28] AEEt Zol 7ol AsfFIR ghe) King(1970) &
coiling ¥l chromatin% synaptomere2} il s}l o 7] o
. HilA] chromatin®] zygosome®| chargeX! i
o Addsia ¢l

zygosome©] Y2
#0712 binding®|e] synapsisE o]
oH(Figure 27).

YAl AT Asl = Walsl =) Alelaetn e
A A4 A L] 22 F71E 53kt genome?) W Sol =
dAA el o F/HE opEl G A sized] WEE 9ot
JA A size W3tol] ZA 7]ed3t DNAQ W3} Fo]|= DNA
amplification, ¥H&- DNA2| 4] Fo] gliw], o]zl wW3}s}
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Figure 27. Illustration of the synaptomere-zygosome
hypothesis of synaptonemal complex formation(King,
1970).
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Figure 28. Electron micrograph(a) of recombination
nodule in a pachytene bivalent and the tracing(b) of
the photograph.
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Figure 29. Electron micrograph(a) of a pachytene
bivalent chromosome section and two drawings of a set
of bivalents, one in paired condition(b) and the other
in a single line(c), attached to the inner membrane of
the nuclear envelope. b and ¢ show the appearance of
typical bouquel arrangement.
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Figre 30 A barley microspore mother cell in pachytene
suggesting bouquet arrangement of the chromosomes.
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Figure 31. Holliday model of crossing over between
nonsister chromatids during meiosis in eukaryotes.
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Figue 32. After a crossover between nonsister chromatids
in a prophase bivalent, each anaphase | dyad would
cosist of one chromatid with recombinant heteroduplex
DNA and one chromatid with an unaltered original
DNA duplex.
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Meiotic stage

Fgre 33 DNA repair-synthesis during meiosis in lily
flower buds. Early in prophase [ there is a surge of
endonuclease activity(breakage) and of ligase
activity(rejoining) coincident with a small amount of
DNA synthesis during pachynema, the meiotic stage in
which crossing over occurs by breakage and reunion.
These activities decline during diplonema and
diakinesis.
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Figwe 34. Position of centromere in the meiotic and
mitotic metaphase. a, Four of ten maize bivalents at
metaphase T: b, Drawing of metaphase 1 bivalent,
showing the spatial arragement of chromosome ends on
the spindle equator, and the centromeres oriented
toward opposite poles: ¢, In the mitotic metaphase the
centromeres are aligned on the spindle equator.
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