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Abstract: The formation, consolidation and retrieval of spatial memory depend on sequential firing patterns of place cells assembling
in the hippocampus. Theta sequences of place cells during behavior play a role in acquisition of spatial memory, trajectory prediction
and decision making. In awake rest and slow wave sleep, place cell sequences occur during the sharp wave-ripples (SWRs), called
“replay”, which is crucial for memory consolidation and retrieval. In this review, we summarize the functional significances of theta
sequences and SWRs replay sequences and the mechanism of these sequences. We also discuss the relationship between theta and
replay sequences with the formation of spatial memory. We propose the research direction in this field in future and aim to provide

new ideas for related researches.
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Fig. 1. Theta sequences and sharp wave-ripples (SWRs) replay sequences “'". Spikes from 19 hippocampal CA1 place cells were

recorded during exploration and awake rest. Middle: theta sequences occurred during exploration of the environment. Theta rhythm

was dominant as the rat was running through a trajectory (top), and the place cells fired in a sequential way. Left and right: replay

events, including forward replay (left) and reverse replay (right), occurred during SWRs when the rat was staying quietly at the end of

the track. The replay events were detected by periods of ripples, shown in red block lasting ~50 ms (top).
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Fig. 2. Bayesian decoding of a theta sequence *'. Decoded image of theta sequences nested gamma rhythm. Left: theta rhythm with
spike time from the corresponding place cell ensembles (vertical tick marks). The numbers indicate the orders of place cells’ spiking.
Middle: Rate maps (Tuning curves) for ensembles of simultaneously recorded place cells, ordered according to their place fields’
centers of mass (color coded according to the center of mass locations on the track). The black bar indicates the animal’s current loca-
tion. Right: Color-coded spatial probability distributions (resulting from Bayesian decoding analyses) for the example theta sequence.

White dashed line indicates the animal’s actual locations.
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15 2Z T B HLE 78 Stark 25 B R B Mg T CAL
¥ [X [ theta /55 %1 F1 SWRs =% 51) 15 B AN 7 B 41
L) T FR AR O, HL AT DLW R ) K BRI E CAL
i DX A7 B 4T A 1 1 PR T R S AR RN (S
CA3 fixi X ATy IR R 25 AR N ) Rl 2 Al 4 E A
i A ITC N AL S 2 TR RIA AR . X Sehft 5T 25
SR B BT B A I 0035 5 AR A7 A P AR R
(1175 B0 HAS 2 Pt ER AN R N ROE IR, T R R I 52
JR R R A PR B, AR LR SR R A £ T 2 1A 5
ik AF] EL A FH AT B 22 T AR M B A

Theodoni 25 ™ $ Hy — > I 437 B 40 fifd fr) 90 2%
R, ZARAYFRH, £S5 STDP J U AHE B ¥ s [
W, AL BTG sl nT LU S 2 1R, A
1T 72 1 B FRORSE R PO 4% P 5 fl mT 3 e (1) 386 KSR,
SR 22 T 1) SR B B, T 3 R P AE SWRs T
FF 5. S 2]l % 57 B FF 2L M theta (15
FUTE, KT 8 T theta 75 48 R4 2 7= A2 (1) %% 5]
P FR A AR T theta T, %A Y X 4% K B SWRs
FOT B E RS 07 B AR 3l theta 51 F
ST B YIA K

4 RESRE

2% L PR, theta 541 A1 SWRs 5 iU 41) 2 4% ]
WAL R U 5 A R 1 26l . Theta /7 41 A B T
SRAT 25 (3R AT DL 2 ) S R A B A2 R, 9 HL
ST RLAE AR ] I A)AE 2 FRAUE BB ik
E PR gamma T [ theta £ 41 BES 73 5l 4w i 24
BT 2 A B 5 BT 5 845, fE SWRs EBUFHIH, 1E
Iv1) L J0 470 A 18 0 R HIR B () A7 B T A2 IR T, 77
fiE & S R B T MHEAZ R R 5 I 1 T 4
T i 5 e IR AN 7 T S B ) 350 B T ic A2 T, HL
IR E 2 B FERE R . 52221 theta J7° 51 1F 5
HIC IR R T B 2= CR B B J5 AR S o SWRs H ST
M RIE, I HAER B SR F theta J57 51 5 SWRs
HBUFHI A . SR, £F% theta J7 51 AT SWRs
HHUT B 1R S ML FATIAE AR AR 22 0] R v A A

e, R AR SR 75 A CA R 7 AT IR AR T

(1) Theta J7 %1 75 #5 T 19 2% JZ T 1) 2 68 45 4.
Theta J* 51 7£ i 5 5 X o ()R H BT 2 AR 2098,
{H theta J7° 1| 75 i X 26 J2 THI (1) Tl B 55 H Ath K o X 33
ZIA) (IR A R . AR R AR ) 1B R R IR
B — 2 KB S5IR 5T Theta J5 51 i 00 44 7] g
T AE SACIZ IR B A L 2 AL, T AT A R
FETFHR TAE LM 2 AR R, ARk 7 E ez
(AN [E] B B TE A R S 7R theta J55 51 7E 101246
FAFEI TR EH

(2) Theta J¥ 51 JE SICHLHIER FL . 4 HTAEAE 4R
FE O R A 1 55 ST g R i % G ARE B S % B AR AE
Mt il BERE VM RAER R 2 A2 TT DAARRE I 1 4 i
[X [f] theta J7 5 JE I G, FF 0T LK OB A & 4
(robust) 1] theta J3 51| ; HR i J2& {57 B 40 f SR T 7E BT 11
PRI I I i TR AR AR [ A A B
ST Gt B B0 A0 552 fAIE theta 7 41 A2 A% 1) ) RF R
TG Hb BT WL CAL M R ARG B 5 BT & R
SRR TS CAL X, oy fil B il S F At i X 11
FERITE RS B Rk, AT b D E R A A
[ECAZ A T EE, A% B — PG — I AR R LA
R M AT T AR T theta /5751 T k-

(3) SWRs HJHUFFITE BPHLHITR T8 . SRAE T
FE SWRs 55 71 7= A8 F R 7 A T K&
TAE BT, (HEJRIE S SWRs 5T 51 i e 545
MR EATRIE . H AT 3 UEHE 3K 9 1E 17 E %
J7 51 55 S 1) 2 TSP 51 S 3 A [ D TR 28 AL i 7 A
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