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Experimental Teaching Reform of Cell Biology: Observation of

Chromosome in Prophase I of Meiosis
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('College of Life Sciences, Shandong Normal University, Jinan 250014, China;
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Abstract Meiosis is a specialized cell division process that generates haploid gametes from diploid germ
cells. Compared with mitosis, meiosis requires an extra set of systems to ensure precise halving of chromosome.
Moreover, the partial exchange of homologous chromosomes is the structural basis for the introduction of gene re-
combination during meiosis and the achievement of individual genetic diversity of offspring. All of these meiosis-
specific events are closely related to the process of meiosis prophase I. However, in the current undergraduate
experimental teaching of Cell Biology, it is hard to set up meiosis experiments, because of more restricted access to
materials and the difficulty of observing the morphological structure of chromosomes in all periods of meiosis I at

the same time. Based on the experience accumulated in scientific research, the authors tried to use Caenorhabditis
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elegans as material to observe the morphological structure of chromosomes in each stage of meiosis prophase I. It

aims to enrich the teaching content of Cell Biology Experiments for undergraduates through teaching reform and

practice. Students will gain a deeper understanding of the dynamic process of meiosis and the difference between

mitosis and meiosis, and then gain a deeper understanding of the significance of meiosis for the evolution of life.
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C. elegans carries two U-shaped gonad arms. These gonad arms take up most of the internal cavity of the worm in adulthood. To extrude the gonad

arms, the animal is immobilized in dissection buffer and cut behind the second pharyngeal bulb (red line). Loss of turgor pressure inside the animal

because of the cut results in extrusion of one of the two gonads.
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Fig.1 Schematic diagram of C. elegans gonad dissection
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Fig.2 Schemes of chromosome observation in prophase I of meiosis
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A 20% PR EE FHIER I ve B2k du AR IR (N2 2R dibk) . SEAEDAPI(405 nm)idiE FiEAr M2 18 . B: XF EIAHEAT IO K B AL #E

A: immunofluorescence microscopy visualize DAPI staining of C. elegans gonad at DAPI (405 nm) channel (20x) (wild type). B: grayscale process of
image A.

E3 C. elegans=TERBRDAPIE R E
Fig.3 DAPI staining of C. elegans gonad
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A: immunofluorescence microscopy visualize DAPI staining of C. elegans gonad at DAPI (405 nm) channel (40%) (wild type). B: grayscale process of

image A and mark the various periods of meiosis prophase I (same with Fig.3B). C: enlarged views of cells in each time phase of the transition zone,

pachytene, diplotene and diakinesis in image B. The transition zone includes leptotene and zygotene.
El4 C. elegansE=FEIRDAPIRE &
Fig.4 DAPI staining of C. elegans gonad
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A: immunofluorescence microscopy visualize DAPI staining of C. elegans gonad at DAPI (405 nm) channel (63%) (wild type). B: grayscale process

of image A and mark the variou periods of meiosis prophase I (same with Fig.3B). C: enlarged views of cells in each time phase of the transition zone,

pachytene, diplotene and diakinesis in image B. The transition zone includes leptotene and zygotene.
El5 DAPIREN B S HATHBR B ERTS
Fig.5 DAPI staining to observe the chromosomes morphology of meiotic prophase I
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HTP-3::GFP

DAPI
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A: 63% WG BAREE T AR hip-3.: gfp 2 HA FH IR 1 % 58 6 | (GFPHIDAPIRUEIH ) o B: 44 I AFEAT I AL EE, I BRiE DA 23 24 AT AT 45 AN IF 347

T X AR AR L] . W ORL IR A E L R R

A: immunofluorescence microscopy visualize GFP and DAPI of htp-3::gfp gonad at GFP (488 nm) and DAPI (405 nm) channel (63%). B: grayscale

process of image A and marking of the various periods of meiosis prophase I. The transition zone includes leptotene and zygotene. The yellow dashed

line indicates the complete C. elegans gonad.

El6 hip-3:gfptk HETERRDAPIZEEE
Fig.6 DAPI staining of htp-3::gfp gonad

A,

B Ty Rt e A E A e R .
Po(EAK. JEHED, mTBMULMERAE —E
MR PRTE, PA BRI SR fE AR SE R s
A RIHE . PN, 82 HRURS SEA FH AR LA R
TR IEAE AT BC I E] 82 By, — AR BAJUA 4 (BT
MRERE HONE, I A TEA R KB R 5 T W
IRE T I A R U, R A R IR
TR Z (MBI TIEZT), JAh, JORAEH BE4H
EIREL 7y REIEA R D, /5 BRI Fr A e 0 5% 21k
Hoy 2 &N AR 1T 2R s AR I TR G Sk
W LAY B IR LS . B o, ZRIRBFR T M,
BOb 25 oy BAS I TR Rl FLvk, 2k e i
B, HLE A B A R A T 2 e S TR R 5 ]
JERIFES, 1o 2EHT IR S A B S TS

UK, SR R AGS LA fl o, 2 RTS8 P A
JIR 2 RSB DI, A A GE R L B AT AT 9L
T3 AT IR LR S LS SR T H T 8, — 5 T
AT DAL 2 A O A L5 B B — U SR YT T
AR, WAL > 2 547 2270 21 DX
iy mR R DU A E I A ], R R RIS AR
W5 A 2R P R OB AR IR AR, IR X sk
By R PR . BeAh, R IZ I H )55, AR
FAMST AR (P dU IR . MBI ) SE)RED), AT
HAZRE 9O AT, 24 2 1 F photoshop Xt
Fi BEAT T AL P .
52 SKEIEMATITIHE

(1) ARRRASTE o 208 TR BRI R A, FLAH D
AR EOR LU ™ b . AT AL IR S, £
BRI AR E20 °CIEIRIE TR, A HLBIR. (2) %



S G Y SR HO O SRR

VSR ML) E AR R NI PUTE =2 2185

WL 2 H A R A 0 A FE A I 52 B0 — e )
AN RI R L AOHESN 7 3, SR80 224 30 1% A e €
RIS RMNR R E . (3) ZiRfEE. A
56 25 LA N BT 2t 9 0T e o B 70 2R AR
IR IO BT O MN HE 73 15 DL S 3 PR A 58 BE P Y
PRIEHL, 2% SE R AR AR L A T A DL AR A
ST, SERD BRRA A, SEIR S R 5 TR .
5.3 SCIURYTIEEME

(1) LI 22 HE AT R A . 2 SEI6 T LR 8
B 1o A S8 2% A DA S DRI 22 HE 16 % oh 22 AR S8 A
ARSI B A A e R T A SR e, AT R
PEo SCRRT RN BOM IR, ZOmiEL % PPT . il
PERLA A T AU 352 2 s IR I AR 7 VR L 2 i
F R B I A & O B A R 7% . [RIR,
FEVFR IR SR Y i AL 9 A AR A BT T
PR OE LA REEREZL . LT
% I OT RS , MR [ (LA . 22 A S
AT, UMDy AL, 2SR ST WA, 24
WRYE LIS RS s . BN, diG Lk
25 SR DAL SR D e R 28 T i L 11 1) AL, AR Dz sk
B H e N E. (2) LN ERTEEM. %
S AE 40 LR 63> SOEREE T 1A DLW 52 3
IR AT I A R AR AL, R RT AR B 5 5
Bk RIEFH L. Foh, ZOUOCHIE AL dR]
LS N S 56w (i 2 2 K (M 6), 7870 s oy ¢
R R RT AR FH T AT [0 5 016 A 2k P 2 e gt
(ENEDE
5.4 SCIURYHET AR

A S 75 AN B AT 2 s SEIS AR, LB IR
SEAFTTH, BT 5, A, 2 TWEE, AR A K
WA THCRIER . SO0 BB S A oy
FHAGUEN 2, 48K 2 Bk T 6 Bl %1% 58
B e, (8 17 M AR A N 2R W 2 SR UR PO R A% S
Koo A6, ZRRRME R AR, BT BLK
I TR DR AT, S s VR AT AR At 143 1 A I 18] ORFee o
(EAE R, 1% SR H O UM — € 20K, 7 %
POMBEIRL BB IR . MRE] H 7 S IG AL, I RE
AR E R BB RIEBOR. B B2 1503,
FUARPTISEAL . H AT R REOR K E Hes

FH RN, SUREOTIRYE B 5 BT Rt
BT SEIS H S N, IR RE A e S G MR BT R
ARG -

S EHK (References)

[1] HILLERS K J, JANTSCH V, MARTINEZ-PEREZ E, et al.
Meiosis [M]. Wormbook, 2017,1-43.

[21  WRE 2R B A R AL 1 R B K T RERIT ST D). 5F
i LRI R, 2020,

[3] GAO J, COLAIACOVO M P. Zipping and unzipping: protein
modifications regulating synaptonemal complex dynamics [J].
Trends Genet, 2018, 34(3): 232-45.

[4] ZHANG Z, XIE S, WANG R, et al. Multivalent weak interactions
between assembly units drive synaptonemal complex formation
[J]. J Cell Biol, 2020, 219(5): €201910086.

[5] LIUY, ZHAO Q, NIE H, et al. SYP-5 regulates meiotic
thermotolerance in Caenorhabditis elegans [J]. J Mol Cell Biol,
2021, doi: 10.1093/JMCB/MJABO035.

[6] MINOGUE A L, ARUR S. In situ hybridization for detecting
mature MicroRNAs in vivo at single-cell resolution [J]. Curr
Protoc Mol Biol, 2019, 127(1): €93.

(7] B, ERA, RAER, 55 AR, AM]. dbat mE
FUH HIRAL, 2020, 278-83.

[8] KALETSKY R, MURPHY C T. The role of insulin/IGF-like
signaling in C. elegans longevity and aging [J]. Dis Model Mech,
2010, 3(7/8): 415-9.

[9] TAKANAMI T, ZHANG Y, AOKI H, et al. Efficient repair of
DNA damage induced by heavy ion particles in meiotic prophase
I nuclei of Caenorhabditis elegans [J]. J Radiat Res, 2003, 44(3):
271-6.

[10]  ABJ5 7R, J3 B 5 AR, ER 9, 4. A2 S fia g, 3
M]. dbut: S5 AR thiRAL, 2020, 137-8 .

[11] HASSOLD T, HALL H, HUNT P. The origin of human
aneuploidy: where we have been, where we are going [J]. Hum
Mol Genet, 2007, 16(R2): R203-8.

[12] CAPALBO A, HOFFMANN E R, CIMADOMO D, et al. Human
female meiosis revised: new insights into the mechanisms of
chromosome segregation and aneuploidies from advanced
genomics and time-lapse imaging [J]. Hum Reprod Update,
2017, 23(6): 706-22.

[13] 2z B, MYt QM0 A5 9200 20, 3hRIM]. JE3t: Bl
fiR4L, 2015, 52-54.

[14]  ARAREE, BRMr £, FTR a0, sty RESLim R it fe 5 4t
i) £ B B[], A% 22 (XU G D, CHEN X F, KE K
R. The optimization of experimental material for the meiotic
division and technical improvement on chromosome preparation
[J]. Journal of Biology), 2014, 31(1): 100-2.

[15]  WJEsR, RER, TR, 55 100 BT Ko 24an i S g
WAL E[T]. LB E AH(GAO T R, SONG X J, WANG S Y,
et al. Study on the changes of cells and chromosomes in pollen
mother cells meiosis [J]. Laboratory Science), 2017, 20(6): 6-9.



