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Figure 1 Diagram of tardigrade animal anatomy. Adapted
(reproduced) from ref. [11] (Open Access). A: A typical adult
specimen of Hypsibius exemplaris under scanning electron
microscopy. Lateral view, anterior to the left and dorsal to the top:
B-D: 3D renderings using nano-X-ray microscopy, showing dorsal (B),
lateral (C), and ventral (D) views of the entire body and all segmented
parts. Anterior to the top. Note the distribution of the large salivary
glands (yellow), ovaries and their two anterior ligaments (blue-green),
and storage cells (gray) throughout the body. Abbreviations: br: brain;
bt: buccal tube; cg: claw gland; cl: cloaca; es: esophagus; he: head; le1—
le4: first to fourth legs; mg: midgut; mt: malpighian tubules; oc: outer
connective; ov: ovary; ph: pharynx; sg: salivary gland; sc: storage cells;
tg: trunk ganglion

FERRA Th LI AN R R A, M AE D) AR LT BE
55 17158 B0 SRt R 3 sh 7 4 2K
122 FABERATRRS

GOV ENYIAT & T TR R S B E A R 4, i
— AN TR AR PR SR 76 SRR PR R (¥ T RN,



hERE: ARlE 202544 S5 FHoM

A Botd Wiab WHox3 WD Wftz £
g5 R M ah# w2
BRI ZEU) D r?
Abd-B1 q

HEFERR KN ARG F@mhE

* BERBEX

B 2 gobEhWR AL, B e (S ) B SCERI141OF BRI, A: G20 3T 5 Atz 35 S sl P i o 15 i e
IR K. 455 Ant: il f1; Ch: S Int: 48 N5 T 50 L1~L4: I Mn: R0 Mx1: 55— N80 Oc: IR; Pp: 25 & M fi%; Sp: 25k
FL3k; B: Hox A R IAI 1 FLER. Hox Bk PRI IR ISR I HAEVF 2212 75 IR s i ob P i 5 175 RO BLREAT 35 (0 BE €0, T 46
@, A g, 5. AFIBRETRYIM R, SPWINH. exemplaris, J5 AL I AR BE BU(Hypsibius  dujarding)SEFx LI2H.
exemplaris!"%; 15 [R5 RSBV I (Chelicerata) [Tk 44 (Arachnid) & 22 2 JE ] (Myriapoda) () 2 3k B i (Glomeris  marginata);
1 N N K w8 IS (Euperipatoides kanangrensis); ¥ 5% (Annelid) N £ F 44 (Polychaete) /)N 3k HUE (Capitella sp.). IR
BASE3R SE RIR /K B 2 RIS L C: R T G2 sl i T s A AR it e v (AR X I (8 €20 0 5 2R S B 2 9 i
NP5 SAE R GER M T UL B RR

Figure 2 The evolution of the tardigrade body plan. Adapted (reproduced) from ref. [14] (Open Access). A: The presumed correspondence of
tardigrade segments to the anterior segments of other panarthropods. Abbreviations: Ant: antenna; Ch: chelicera; Int: intercalary segment; J: jaw; L1—
L4: legs; Mn: mandible; Mx1: first maxilla; Oc: ocular; Pp: pedipalp; Sp: slime papilla; B: comparison of Hox gene expression domains. The Hox
gene expression domains are colored according to the positions of the segments they specify in many panarthropods: blue, anterior; orange, middle;
green, posterior. For the species shown in A and B, the tardigrade is H. exemplaris, and the H. dujardini depicted is actually H. exemplarisl'®; for
Arthropod, the chelicerate is the Arachnid and the myriapod is Glomeris marginata; for Onychophoran, the represent species is Euperipatoides
kanangrensis; for Annelid, the represent species is the polychaete Capitella sp. Darker shading indicates higher expression levels or broader
expression ranges. C: Hypothesis on the evolution of tardigrade segments: achieved through the loss of the middle trunk region (orange). Panarthropod
branches are indicated in red on the phylogenetic tree

123 AL A%
L OIINR RSB =2k, WA N,

JEFEBEBAR, RIS E B R, FEBhEA 1S3
ANAERF AR, AR P IR A AT B T4 o ) ds

LN S PRI T AT DA BRSO U e AL
Bk, EATE ARRIAT AT BAh, GD sk
JEBARAE — s REE BT AV I i is e, (EIF AN
—ANEIEA RS, KRR ISAF R AR, ©
MHER N, KIFFRUEAR R G IRE(E T XX h =
VEARS T 2 ik A7 IR

FE AN LA, T AL DA AR St 0 A £ AR
J B, AR RRA LML AT A sE it 2, JF
SORBEARIE, (RBETESEANULPA B b 1r) A Tt
L WY R BN RAT BSOS, TR %D 445
I R BEMUI AT i LR RSO [0S 2235 3)
Yo AR b 2 B s SO AN HES J7 3UAE A [P0 (8] 474

1785



SRl Gob B R IR 24 S A AL T 7 i

ZE5t, BURIEH NS~TR, XLEME S IR AL
R B WL BRI T L I AT R
PCE LG ST S W PGPSR T P R SR YA
WLAR, Wl fshiash, (i EmMIA s R G R

e

1.2.4 REYEHIME K

S5 B AT DU F B IR, 565 Ot B Pt 0 1 e S 201,
5 B IR R 2 T BRI AS R, G228 S e I AR T
A5 ThRe EAXT W . G0 R ok B IR R il
HEEERINTER. b, NERE R (Milnesium)
220 B BA B A BN, B SR B R o A R
MK 3 73 3 (primary  branches) F1 P AN R 73
X (secondary branches), {7338 % A2 N34, H
ER BT &E TN RASRRWP g5y
Xof B J m LR P S AT ) S i b, B 0T i
LA 2R /0 P2 BT = 5o B R AR 38 3h 2 2 8007 TH
B WS, MR A28 25w R
H R AR S P RN ) 547 78 S FE AR, 0
BT =0 P A = B T4 HL DAk EE R, 77 28 DU T B e
FEHFIIREOSL ghah, g BRI S 4T E S 5Ok
AAAE,  H R DR KA AT AR R, 4
(%% B0 3 P 55 R — BB T R [ 4 1R 8 Bl ik
B ST AR 22 5, ARAEAT 28 S 18] £ 25 1) 1
AR 024,

1.2.5 HFFRHVIR K 444

GOLEYIN BT AR Z R G 4R, "
el e R, SRR . G S i
BESE R N2 AT, M BN BT &2 50
fEIBZNIN ORF RAG . G0 s I AR B A A o 3 35 v
ARG RISCHEIE . FERUKIN, 222D shniicde gt
ANtun” R4, DRI, AT KRR, e,
PREESCRE B, BT 1k SRR, T B T 220 sh /e
WA 5E N AT

1.3 #if2H

KR, Z2bshmii ) AR FE &), RITES)
PIHIREAN B KOS R P 4R B B AR E 2. 2R, 7EJL
AT, WA TN E2 B AR G0 S T AR 42 0y
I 52 20164F, CzernekovafllJonsson! 287 it B

1786

FT HE HL(Richtersius coronifer) T sk T A REE 14k
T 2257 Z4 WA % 47 41 il (storage  cells). Quiroga-
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F 5 B

Figure 3 Segment alignment models. Adapted (reproduced) from ref. [15] (Open Access). Horizontal dashed lines indicate segment boundaries.
Gene expression patterns are modified from the model of Smith et al. "), Thin lines represent expression domains that are less useful for aligning
segments between panarthropod lineages because they mark structures that are present in many or all segments, or because their expression is weaker
relative to the main expression domains. The expression patterns for tardigrades are based on studies of H. exemplaris, while those for onychophorans
are based on studies of E. kanangrensis. The expression patterns for arthropods are based on studies of multiple species. The left side of the arthropod
anatomical model represents a mandibulate. The second antenna is outlined with a dashed line because this structure is only present in crustaceans. The
right side of the arthropod anatomical model represents a chelicerate. In the arthropod model, the lower transparency of gene expression colors
indicates that these expression domains are found in the studied species of arthropod subgroups. Hypothesis 1: One-to-one model; hypothesis 2: the
hypothesis proposed by Strausfeld et al. **); hypothesis 3: the hypothesis proposed by Lev er al. . Abbreviations: DC: deutocerebral segment of
Arthropoda; FA: front appendage segment of Onychophora; H: head or homologous segment of tardigrade; J: jaw segment of Onychophora; PC:
protocerebral segment of Arthropoda; T1-T4: trunk segments 1-4 or homologous segments of tardigrade; TC: tritocerebral segment of Arthropoda
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Tardigrades are a group of microscopic invertebrates with unique biological characteristics, attracting much attention for their extreme
environmental tolerance and special body structure. This article summarizes the particularity of the body structure of tardigrades from
the perspectives of the whole-body, system/organ, and cellular levels, including their simplified body segment architecture, distinct
features of the main systems and legs, body walls, and the special cell type—storage cells; in terms of the formation mechanism of
special body structures, the evolutionary origin of tardigrades and their homologous segmental relationships with arthropods and
onychophorans were summarized. The relationship between the loss of key genes such as Hox and Wnt and the simplification of the
body was explored, as well as the impact of the absence of the terminal addition mechanism on body structure formation. This article
reviews the research progress in the above-mentioned directions, providing a comprehensive and systematic understanding. Research
on the special body structure and its formation mechanism of tardigrades not only provides a new perspective for understanding the
adaptive evolution of tardigrades but also offers potential applications in the field of biomedicine.
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